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If you want to get into the
Radio Profession, or if you're

Beicw is the his
mitters and receivers,

greathdwTrammg
made greatey/

THE BEGINNING OF RADIO, 189%8-1902

1 Mareoni app. Theee “jiggers'
sed by Marcons in first Radio cxperime

Wi

¢ trang-

in it and want to get ahead

READ THIS ANNOUNCEMENT!

Ifore’s a meassage of importance to every man who hapes
to better himself along the lines of Radic Never before
has chere been 2 Radio training course that could be made
to fit the needs of all—both experienced men who wish to
better themeclyes and inexperienced men who wish to start
from the 'begmnmg I'hmk ig ane now. I am prepared
to help the beginner start in Radio from tlee very hcnmmng
And I am prepared to help the Radio dealer, the experienced
Radio_operator, the Radio service man, the colleze en-
guu.\nng student, the g 3 ihe Radia fan,
the “ham,” the factory or breadcast man who wants to
et a more responsib

avstem of Radio home-studv t !

las now been developed, improved, tested, und mram in
it not only will help anvowe who wants to ges into the Radio
on, but more, can te adapled b ost any man now engaged in Radio
(Radio engincers of expericnce and s XCU ptLd)

1f you want to got into Radio, or if vou're already in it and want to add o your
% lm\\ledge and get ahead. let me send vou my free 64-page book of information
about this pew and greater Radio training system.,

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

If you'rc carning a penny less than $30 a week, you're not earning what you
r.huu]d be able to got out of Radio. TLhorsuzhlv-trained Radio men—men whoge
knowledge of Radio is practical (\ml completely rounded out on every 1
carn up to $2 230 a wee Radio iz a new indus with plenty of fine
positions unfilled. are countless o portunitics in Ra for a man fo earn
a splendid salary, But these are not of iti § ouU are conserncd,
unless vou are fuliy qualified for them. is through knowls
edge—training — Sractical; complzie truining that fits you to get and Lo hold o better
position in the Radio field.

For the beginner, I have a comolete ing that will take him fram beginning
to end, To the Radio dealer 113 pive the technical and proetical wledge he has
to have. I will round out and bring up to date the experienced Radio or
knowledge. I can take a Radio scrvi man who has a pretty good idea of the
“how' but very little idea of the “why,” and give him the practical and theoretical
knowledge he must have before he car hope to climb higher on the Rudio lad,

I u take the college eagincering stndent, or the grad « enginesr, whe wishes
to epecialize in Radio, aud give him what he needs.

What other line offers sucb an opportunity asz Radio?
in 1920 to $500.000,000 a year in 1926; from 1,000 persons engaged in Radio in
1920 to 300,000 in 1926, That's its rd,
and the muny other inventiony coustantiy being
boom for thrn fure.

If you're zlready in the Radio bu~
advancement and miore money. Iy
do their best at work that interests thrm

Send Coupon For Free 64-Page Book

My free 64-page book is filled with f1L‘(> and photos relative to Radia and idts
u;lpurlkn[u =, and tells ny greater tem of Radic training.
Under my practical metheods, vou can sm-lv at home in wour spare minutes; ann
et a !harouz.h clear, practical and expert knowledge of Radio in from 4 to 172
The time regunired depends on your previous knowledge, your ability, and
3 n: vou can spare ior study, You keep right on with the joh vou have—no
necessity for your leaving Lome of living on expensc.

This proposition is open to anvhody whe is not satisfied with his job, bis prespects,
or his Radio knowledge. Regardless of how much yon knaw already (or if you
don’t know the first tl about- Radio technically) T 11 fit my methods to Suit
your needs. Ne particular amouni of general education i3 nceded {o start—many
men I've trained didn't even finish the grade schoals.

If you want to enter into any correspondence
you write will coue dmeLl\, to e and will Le Lel
cotpon at the right, or wul,e me a letter (n.hy

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

“Oldest and Largest Radio Home-Study School in the World'*

WASHINGTON, C.

From $2,000,000 a yvear

Tl e accomplishmert of iclevision
s made promise the same sort of

stay in it. But prepare wourzelf for
not in Radio yel, get ine N always

¢ vour own situation, 2axthing
ricgly conduleatial 1d the
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SAM LOYD’S
Tricks

&
Puzzles

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

Here's a new book of onc 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, rcbuses, and a 26-page
special section of scientifie puzzlers
for mechanics, engincers and scien-
tific minds.

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

S0c— AT ALL
NEWSSTANDS
or order direct

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

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

FINGERPRINTS are used
throughout the world as a
means of apprehending criminals—
but fingerprints are but a small
portion of the secrets of your char-
acter that your fingers, your palm,
cven 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 i3 a brand new book with all
the latest information—written in
such a way that you can quickly
master “Palmistry.”

* YOUR HANDS [

= ' 96
L 7.
! : i
. 9x12
e——7E i ches

SOLD EVERYWHERE
or direct from

EXPERIMENTER PUB. CO,, Tne.
230 Fifth Ave., New York
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I)upulur M:nggrc

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—large 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-
¢d—so order now. Delivery with-
in 24 hours.

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

Only 50c¢

If your dealer cannof supply
vou, order direct

EXPERIMENTER PUB. CO., Inc.
230 Fifth Ave, New York
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to getinto 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 in QQnaxs

ACK of experience—age,
Lor education hars noone.
I don’v careif you don’t
know an armature from an
air brake—1I don’t expect
you to! I don’t care if you're
16 years old or 48—it makes
no difference! Dont et 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'll 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
electrical apparatus ever as-
sembled , , , costing hundreds
of thousands of dollars ., . .

real dynamog, engines, power plants,

Prepare For Jobs
Like These

Hers nre g few of huadreda
of positlons open to Coyne-
trained men. ‘Our free em-
ployment buresu plves you

fetime employment sarvice.
Armature Expart

AR LE $100 & Week

Substation Operator

$635 & Week
Auto Fleetrielun $110 & Week
Inventor = = Unlimited

§150 a Week
Service Etation Owner

2200 a Week
Radio FExpert - S100 a Week

Now In Our

- ..all real actual work 4 4.
building real batteries . . .
winding resl armatures,
operatingrealmotors,dyna-
mos anc generators, wiring
houses, ete., ete. That's 2
glimpse of how we make
you a master electrielan in

days, teaching you far
morethantheaverage
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 abouta joh,
Coyne training settles the
job question for life. De-
mand for Coyne men often

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 2 week is only the beginning of your
apportunity. You ean 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-
fricity. Every obstacle ie remaved, This school is 28
vears old—Coyne training is tested—proven beyond
all doubt—endareed by many large electrical con-
cerns, You can find out everything absolutely free.
Simply mail the coupon and let me send yan the big,
free Coyne haok of 150 photographs . . . facts . .,
jobs . « . 2alaries . . . opportunities. Tells you how
many ea&rn expenses while truining and how we assist
our graduates in the fleld. This does not obligate you.
So act at once, Just mail coupen,

Get this
FREFE

Book

autos, switchboards, transmitting New Home
stations . . . everything from door- Ihijiscrcew, trepreor.

bells to farm power and lighting . « . E“{".‘:;:E‘“’;'h‘?l‘n:'.‘f:}‘;
full-sized . . . in full operation every

o
modern Elec

k3 m™ost

tricnl Eguipment of all Mr. H. C. Lewis, Pres.
day! Hods, Weom Bt be o | COYNE ELECTRICAL SCHOOL, Dept B7-92a
No Books—No Printed = fedor i 500 . Paulina St., Chlcaga, Kl

De‘ar Mr, Lewis: : a et ol i
Withont obligation send me your ree catalog and &
detsils of Rallroad Fare to Chicero, Free Employment
Serviec, Rodio and Automotlve Courses, and how I ¢an
*'earn while Jearning,” I understand I will not be bethered
Yy any salcsman,
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No dull books, no baffling charts QE
|
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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
Jong as we can hear voices over a distance, tosee 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 sigh? 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 he 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 vour 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 perhaé)s 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.
Tt 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 itsclf in the immediate future, and, as usuval, 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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CHAPTER I

| Television Experiments

OT so many years ago expernnental

| N radiv, or wireless, as it was then

called, gained u tremendous hold

everywhere,  But we believe that to-

day we have something not only as interest-

ing as radio in its experimenial form, but

something far more interesting, that is,
experimental television.

The suggestions given in the following
paragraphs follow closely the television sys-
tem used in the recent sticcessiul demon-
strations by the Bell Telephone Laboratories,
and while there are otlier methods of carry-
ing on experiments in successul television,
such as that of Mr. Baird, and details of
which appear in another chapter prepared
by Mr. C. A. Oldroyd, well-known English
cngmecr, we have paid conside rable atten-
tion here to the Bell system, as it is for one
thing very simple in its make-up,

Like all simple machinery, however, we
learn from the experts who devclapcd and
demonstrated this perfected television ap-
paratus that the parts must be carcfully

ol Lhe shait should be approximately 1080
revolutions per minute.

The beauty of this simple set-up uf (ele-
vision apparatus lics in the fact that the
experimenter can always have recourse to a
so-to-speak standerd model,- by means ‘of
wliich be can Lry out his photo-clectric eells,
ncon tubes, diaphragms, amplificrs, cte, with-
out having to worry about the faet that the
transmitting disk is probably retating out o3
synchronism with the receiving disk. Ifach
of these disks are perforated with 50 small
heles laid out on a spiral, as described fur-
ther on in detail.  The mam +hing to nots
in all television apparatus is that the holes
in the rotating dl s in any system must
be at the same position at any Ziven instant,
As soon as we ent the shaft in half that
joins the two disks in the apparatus showsn
in Fig. 1, and have to provide a means for
synchronously rofating. the transmitting and
receiving disks when separated at a distance,
then we bave another problem on our hands,
A special chapter on synchroaizing means

SLIT ONLY OPENING IN LIGHT TIGHT

BOX. SLIT SIZE OF DIClTURE.

PHOTO ELECTRIC CELL

current, and i conseqlience a distortion or
Dlur in the reprocdueed HllagL at the receiv-
ing disk.  The Bell engineers placed the
first three vacuum tubes inside metal tubes,
the audions being packed in mineral wool,
znd the metal tubes in turn suspended by
rubber bands. The number of stages ot
amplification to be used will depend upon the
characteristics of the neon tube behind the
disk at the receiver, and alsc upon the plate
voltages and the type of tubes employed in
the amphlm The number of stages re-
quired will ulse be dependert upon the effici-
ency and electrical characteristics of the
photo-clectric cell employed. The Case
thalofide cell is useiul for experiments, hut
the best is the potassium cell. Experimeits
may bhe ried with good guality seleninm
cells, Innt these usually have 100 much lag
to be useful for this purpose. There is a
new HKnglish make of sclenium cell which
is claimed to have practically no lag, but as
phato-electric cells can be purchased in the
market, and in view of the fact that they

@.—LAMP

£ OR MORE STAGES OF \
| puoro  / RESISTANCE COUPLED e Ao
VIEWING HOLE MOVIE PROJECTOR i gLECTRIC ¥ AMPLIFICATION. BEHIND DISC
SIZE OF IMAGE \ % CELL HIGH -MU HOLE SI2E —sammmo \
TO CURRENT il TUBES. OF THMAGE ™ adeeT
5 r F1G.3 W ILLUMINATED
NEON TUBE : DISC-"" SHORT FOCUS LENS
TO AT AND'B* BAT TS
5 ED (usE sm?:s%’::sm ANPLIFIER LIGHT TIGHT,
ENCLOSED INSTEAD OF NEON = BOX \
\ ELIMINATORS) TUBE T
PHOTO ELECTRIC !
| Tt T0 CEEL= i
Y CURRENT 272 i
= SUPPLY
i DIAPHRAGM .-~ |
i
PERFORM !
N SUBBOFS / \
LIGHT DIAPHRAGM 1080 R.PM. !
PLATE, REVOLV NG MOTOR -7 /
y FIG.1 HOLE SIZE PERFORATED __ 2
OF IMAGE  DISC o o=——m—eee .. -
FIG.2

The simplest experimental televizion machina which will help to demon-
strate the principles of transmitting the living imare over a wire, is shown
in the picture at Fig. 1 above.

and accurately made. Usually, unless the
parts are very poorly made, some results
will be obtained, but every effort should be
made to have ﬂ)L various detauls 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 Bell Telephone iab-
oratories in all the preliminary experiments.
As will be seen, the receiving apparatus af
the left, together with the transmitting ap-
paratus at the right, are connccted to the
same commeon shaft, which in furn is driven
by a belt or otherwise from an ordinary
D, C or A. C. mator. It does not matter
with this apparatus whether the motor speed
varies a little now and then. and the specd-

will help you in this particular problem.

Rederring once more to the illustrations,
17ig. 1 and l"ig. 2, we see how a motion pic-
tura projector of a small home type may be
used, as it was by the Bell engincers in
sorme of their ea:ly experiments, to flash
moving dmages through the holes in the
rotaling 1ransmitter disk mio a photo-elec-
tric cell. The light fluctnations caused by
the motion picturc images are iranslated into
floctuating  clectric currents by the photo-
electric cell, and these minute currents are
amplified bv three or mor: stages of resists
ance cotspled amphhmlum As this vacoum
tube amplifier will, in mzny cases, have to
handle frequencies running frem ten up to
20000 per second, resistarce coupling is the
type of amplifier to use. At lcast the first
three tubes of the vacnam tmbe amplifier
will have to be ve-y carefully mounted in a
super-resilient manner, by means of rubber
bands, ¢tc,, as any shght mechanical vibra-
tion will causc a distortion in the amplificd

The diagram above shows how the moving picture images fall upon a photo-
electric cell, which causes corresponding current fluctuations in the am-
plifier and necon tube circuit.

arc p_m‘nralh instantancous in their action,
i. ¢, in the recovery of their electrical re-
sistance after light has ceased ta fall on
them, it will pay to procure ane of these.
The electric motor should be of about
I to %4 horse-power if it is to drive two
ol the small 16-inch disks, as shown in Fig.
4, or it will need to be a motor of about one
horse-power possibly todrive l'vnn[the large
38-inch diameter disks, shown in Fig, 5
Caution should be obsu'ved n drwzng two
of these large disks at 1080 revolutions pcr
mimxe, as they would be liable to wreck
the Iaboratory if they ever got loose al thal
speed. At least a l-inch diameter shaft
should he used for the large disks and sup-
ported in substantial bearmgq while for the
small 16-inch disk a ¥ or % inch diamcter
shaft, preferably the latter, will suffice.
Three bearings are hetter than two it the
shaft is ta he any longer than 2 ft, and.
take care {o place the driving pulley ¢lase °
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 filled tube, and cach
tube is tested out in the laboratory and a
characteristic corve plotted for it,

It was pointed ont by the engineers whao
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 alb their laboratory, it is
necessary for the experimenter to try ouf
whatever meon tuhecs he can get hold of,
One of. the simplest and cheapest types
possibly is the Westinghouse spark “C”
(neon 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.
7. As shown in the diagram Fig. 8. about
140 to 160 volts is usually employed 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" batteries and not eliminators of
any lind, as a steady current is very es-
sential.

As the diagram, Fig. 8, shows, the neon
tube at the receiving end of the television
system should be connected dircctly in the
plate circuit of the last amplifier tube. The
orid bias or “C” baticry potential on the
last vacunam tube in the amplifier must be
carefully adjusted and made high enough,
so that normally when there is wo illumine-
tion on the screem or object at the trans-
anitter, the neon tube is dark. In other words,
the bias vollage on the last amplifier tube
must be adjusted, so that the neon fube
glowws only swhencver an incoming signal or

o
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currenl ” from  the iransmitter arrives and
impresses itself wpon the grid of the last
zacuum 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 one made
of ground glass. It is to be pointed out
however, that as the image al 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 wusing a motion picture projector,
a regular objcct, such as a doll, or elsc 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
phota-cleetric 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
aof powerful unshielded incandescent or arc
Tamps.

MOTE HOW HOLES OVERLAP DUE 07T : FIRST HOLE
70 D BEING LESS THAN DIA. NEXD%%EOS"XTD:ETr&E. 1N SPIRAL The proper neon tube lo
HoLEs THROUGH IMAGE .~ £ use hehind the perforal
> SLOT AT disc in the tele-
RECEIVER vision apparatus, is one

size of the imaga. As
shown at the right sev-
eral small tubes may be
utilized in an experimcn«
tal apparatus, placing the
tubes close together.

prit ol dett s
P form a . BA,
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The holes in the disc used in the Bell television apparatus are laid out on
a spiral in the manner i ted.

Laying Out and Drilling the Disk Holes

In the diagrams, Figs. 4, 5, and 6, some
details are given which will cnable you to
lay out the spiral of small holcs 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. the
first place, care should be taken to purchasc
sheet brass big enough to cut the disks irom,
which has been kept on a shelf and not left
standing on cdge 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 he
taken to obtain brass, if at all possible, that
has been stored flatwise on a shelf, is
cause of the fact that sheet brass which has
heen stacked on end will tend to have a
slight bulge in i1, and experience 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 piecce 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 else with a radial arm cutter, such as
those used for cutting holes out of radio
panels and sheet mctal 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 te
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Here the subject is xllwnmled by powarful llghls, the reflected l\gllt Tays
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. Tiguring on an
image  approximately 1-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 c1rmunference marks on the face of
the disks with a pair of dividers. Dividing
the height of the picture P by 30, gives
us the difference in radius for cach cir-
cumference mark between the top and the

Figs. 3 and 10 shoty meitiod of arranging invisible infra-ray illuminants for

use at the television transmitter.

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

Reference to Fig. 6-A for the moment
will make this a little clearer; lere let
us supposc that only four holes have to
be drilled throvgh the disk on a spiral
path; the dotted circles at the fop show
how the holes line up in the course of one
revolution of the disik so as to completely
cover the lm‘.ge.

very important pouu to remember is
that the diaphragm opening, placed close be-
fore or just behind the revolving disk at Lhe
transmitter aml receiver, is to be made the

P=3 LARGE P SLIT WIDTR QF IMAGE
PHOTO  ELECTRIC OR = PITCH BETWEEN
CELLS T JHOLE CENTERS P{

The arrangement of the
transmitting apparatus m

LARGE CAMERA P
LENS. ( FAST

AS POSSIBLE)
SHORT FOCUS.

r/ h!
REVOLVING DISC-~

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 (.02 ”) for a 1-inch high
image, we take this value, less .001 to .002
inch, which will cause the disk lLoles to
overlap slightly as they pass by the image
opening in the diaphragm. us the ra-
dius difference would be .020” less .002” or
0187.) This will tend to give a more
perfect reproduction. The diameter of the
holes to be drilled along the spiral 1s 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. becomes evident
when you have drawn the 50 radius marks
irom the center out te the cdge 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 30
holes on a spiral, dropping down ote space
or division each time you lay out a new
hole, and at the samc time working around

the Bell television scheme.
Here'a powerful arc light
is focussed through a lens
on to the rear of a per-
forated  rewolving disc,
The constantly ging
pencils of light flash on
to the mam’s face, for in-
stance, and when reflected
they fall on one of the
three large photo-clectric
cells  mai P in the
picture. The photo-elec-
it::u: cells :lause variations

BALLAST --=~ the ectric  current
RESISTANCE i ik
the lizhls and shadows

the image.

1o v. D.C.

size of the image, i e, its heighl must be
sufficient to come even ‘with thc top of thc
outer hole on the disk, and
alsv with the bottom of
the innermeost hole on the
disk; while the wid:h of
this dxaphragm opening is
equal to the pitch or dis-

pitch of the holes would he 3060 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 zhat 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

Prohably one of the best ways to mount
the disks rigidly on the shaft, is to pur-
chise or hwr made a pair of stucl or brass
flanges of fairly large diameter, and then to
dr'll a ring of holes through the disk and
the flange, securing the disk to the fange
face by means of machine screws of about
No. 14-200 size at least, using 12 to 16 of
these serews on each ﬂange, equally spaced.
The flange can be sceured to the shaft by
drilling 2 hole through the hub of the ﬂan"c,
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 nat release when rotated at 1080 rev-
olutions per minute.

Circuit Details

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

LARGE CAMERA LENS
( SHORT FOCUS)
\,
.,

CONDENSING
LENS .

tance between the centers AT T ———
01. two holes. The distance . {14 S s

is approximately % inch X et
for the smzll disk, as c---— A---

shown in Fig, 4, where the \

dotted lines at the top of
the disk indicate the sizc
of the image.

For the large 38-inch
disk shown in Fig. 3, used
for producing a larger
image 24-inches high by
2-inches wide say the di-
ameter of each hole would
be 214 divided by 50, or .05

inch. The circumierential
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sively, many fimes a sccond.
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with a diaphragm placed close behind it for
instance,  This diaphragm has a hole the
size of the image, as explained previously.
Behind it is placed the photo-electric cell,
and this is connected with a resistance coup-
led amplifier, Note that the photo-electric
cell 35 conmected through a coupling resis-
tance to the first stage of vacuum tube
amplification. It was pointed out by the ¢n-
gineers who successfully demonstraied the
Bell apparatis n\mlly, that the conunon
method of connecting the photo-clectric eell
to the first stage of amplification without
any coupling resistance or other medinm,
proves verv unstable and is undesirable,
Propers (. battery bxas is to be used on each
stage of the V. T. amplifier.

In Fig. 8 we scc how the object at the
transmitter is illuminated by fwo or more
powerful incandescent or other lamps, the
reflected light irom the object, such as the
iace, being reflected through the revolving
disk holes and dxaphra.gm onto the pholo—
electric cell. 7igs. ¥ and 10 show how
Baird caused a subject sitting in total dark-
ness to have the image of his face trans-
mitted by television through the agency of
jnvisible infra-red rays. If a bank of
incandescent lamps are used in a metal box
properly ventilated with blinds or shields

TELEVISION

Bell Telephone Laboratory Television
Transmitter

In the diagram Tig. 11, we see how the
Ball Telephone Laboratory (elevision truns-
mitter is arranged.  Here an arc lamp in a
light-tight but ventilated melal box passes
a poweriul beam of Light through a con-
densing Iens of lurge size, the condensed
beam of light being focussed on the rear of
the revolving disk and the diaphragm just
ahead of it. The diameter of the focus
spot is equal to the diagonal of (he image
opening.  This diaphragm may be a shiding
metal plate affair, the distance between the
plates being made equal to the distance be-
tween hole centers on the disk.  The dia-
phragm in any case, will be evident. is used
to permit but one hole at a time in pass
a ray of light, either out to the ocbject

or inward onto a photo-clectric ccll, de-
pending of course upon which type of
iransmitter is used. A suitable lens is

placed after the disk, i. e, between the
disks and the object.

As was explained in the detailed ar-
ticle written by Mr. Secor, and which ap-
peared in the june, 1927, Science & Inven-
tion Magazinge, and also Ih« June, 1927,
Rapiy News, and reprinted in chapter V11
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The experil tal televisi hi

AMPLIFXER

SYNCHRONQUS A.C. MOTOR
(OR A%CRU]RATE CLOCK- WORK se

cabinet, and also one bank across the top.

Fig. 12 shows how C., Irancis Jenkins,
the well-known Washington, D. C., in-
vestigator of television and radio ]n(‘Lurc
transmission problems, does away with a
periorated disk at both the transmitter and
the receiver. Mr. Jenkins causes @ pen-
cil of light to travel over the object by
means of a flat glass prism, revolved by a
motor 11 the usual war. This flat glass
prism corresponds fe the rotation of a reg-
ular prism, and it has been very carefully

and mathematically worked oul. Suitable
Ienses are employed with the transmitting
Prism  as '«hn\\n One of the latest ap-

plications of this revolving flat glass prism
of Jenkins, is the pru)eclmn of motion pic-
tures \udlout the use oi a shutter or inter-
mittent mechanism the film traveling through
the projector continuously,

Perforated Belts Instead of Disks

In she illustrations, [Figs. 13 and 14, a
nluluc'n idea than that pnnously described
is suggested. One investigator, whom the
authors have been in touch with, Mr. L. J.
Schramek by name, stated that hc had ob-
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shown at Fig. 13 and 14 above, has been tried out full

y its Mr. L. J. Shramek. The per-

forated helt represents ome way of causing the light ray h;) gxogresswely traverse the image al the lransmiller, and also 1o boild up the image from
ight H

the successive

over the ventilating holes, it will have to he
fitted 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 searchlight is to be used for carryving
on experiments in moctovision. or sedng
in the dark, as demonstrated by Baird
recemly, then the diagram Fig. 10 shows
ihe position of the hard rubber sheet at
the end of the metal barrel fitted on the
iront of a searchlight, so as to keep it
several feet away from the pyrex or other
glass front on the usual secarchlight hous-
ing. No doubt air would have to be cir-
culated in and out of the extended cas-
ing on the front of the searchlight, in
order to keep the heat down, and a waler
cell would also help.  Anather 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 cleetrieal
features of the Bell television apparatus as
actually demonstrated, use is made in the
Bell transmitter of three new and extremely
large photo-electric cells, P.  These large
photo-electric cells devised by Dr. HElbLfl
lves, of the Bell Telephone Laboratory staff,
arc similar in principle to the usual type,
but measure 4-mches in diameter by

inches long. One cell is placed at cither
side of the transmitler disk cabinet, and
onc cell at the top.  The consequence is
that the rapidly changing reflected light
beams coming from the face of the subject
are bound to iall on one of the three photo-
electric cells; these are connected in parallel
to the two wires leading 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 phote-clectric cells,
or selenjum cells of the new quick-acting
type, are used instead.  These hanks of cells
should be placed at cither side of the disk

pulses in the neon tube at the rvecciver.

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-
stead of the revolving perforated disk.
When the transmitting and receiving mech-
wiisms are scparaled, synchronous motors
will have to be used to keep the two belts
revolving in purfect step with each other,

As the diagram I3z, 13 shows, the holes
may be laid out by drawing a diagonal line
along (he enfire length of the revolving belt,
allowing space al 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
langer the helt, the greater the height of
the picture and vice versa. The belt should
be made of some stff cloth material, or
painted photo film may be tried for ele-
mentary experiments,  The belt must be



opague,  The holes may bc spots where
the paint is scraped awav. The trouble
with the belt machine as a regular prapo-
sition, is that the belt may break at any time,
and is liable to become irayed and worn.
A diaphragm or “Slin” plafe having an
opening the size of the image, is placed jusi
behind or just abiead of the rapidly moving
perforated belt; a suilable (camera) lens
is placed before the moving belt at the
transmitter,

Fig. 14 shows the rcceiving television ap-
paralus embodying the moving perforated
belt, a neon tube being placed behind the
eye piece, and also a diaphragm having 2
hole the size of the image or picture, placed
just behind or just before the helt. It 45
understod, of course, that the television
signals coming from the photo-clectric cell

TELEVISION

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

With regard ta the number of holes in
the moving belt or disk in the previously
describald machines, it may be wondered why
50 3s invariably recommended. This 1s
due to the fact that the less the number of
holes or perforations used in the disk, belt
or other light mtcrruptmg device, Lhecoarscr
the “grain” of the picture. ]|kc-w1~r the
more holes vou use, the finer the grain of
the picture, but 50 lxas been found to be a
happy medium. As aforementioned, the
main purpose of the diaphragm is to [rame
the picture and prevent more than one hole
at a time passing light, elher Lo the eye
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from the neon tube or again from the
illuminated face or other object onto the
photo-eleciric cell of the transmitter.

A great many cxperimenters have re-
ported more or less success with a cath-
ode ray tube for reconstructing the image
at the rceciver, as the reader will see by a
studv of the lustoncal articles appended
Lerewith. It is the strongesi suspicion of
the aunthors that in this cathode ray oscillo-
graph or Hraun tube, lics the solution of
the practical television apparatus of tomor-
raw. The cathode Tay has no inertia and
can be traversed across the target, or fluor-
escenit =cr«.cn at the end of the tube, at any
desired speed by a scries of electro-static
or clectro-magnetic fields. This system
as so far tried our ig explained in some
of the following articles,

Baird Television—Experimental Data

FTER countless experiments and
years spent in research, Mr. J. L.

Baird of Lundun (England) has at

Tast succceded in making his system

of television a practical proposition. Dem-
onstrations of his Televisor hefore leading
scientific societics have convinced even the
most sceptical spectator that the problems
of televison by radio had been solved at last.
The apparalus used is shown in the pho-
tos; in Fig, 1 weo have the transmitting
televisor. A bank of powerful clectric
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 usad owing to tha gveat heat from

e lamps
necessary 1o illuminate the image.

Fig. 1.

for instance, is to be shown in the receiver,
The iHllumination is very intense, and for this
rcason 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 cemer,
a clear space is wisible; the transmitter
itself lies behind this aperture, it ‘“‘sees™
the subject through the hole and converts
the oplical image into electrical fmpulses.
A ticrophone picks up specch 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
sor is shown in photo Fig. 2, The
wsary instruments are contained in the
cahinet, the adjustments are made by means
of the small knobs visible near the hase of
the sef. Ou the screen at the left the
scene ‘scen” by the transmitter is repro-
duced, the Joud speaker at the right adds

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

For the present, the image reproduced in
the receiver is in black and white only,
but the inventor assured the anthor that he
feels conlident of Dbeing able to  transmit
scenes in their nataral colors whea improved
apraratus is available.

The working principle of the televisor
is explained by the diagrams; in Fig. 3
we have the transmitier in d(‘llun On
the left is the smbject whose image is to
be transmitted, ior instance a face. A
short distance from the subject is a large
metal disk carrying sixteen lenses of equal
focus length. These lenses lie on two short
spirals as a common center-line, so that
cach 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 transmission, lens No. 15 may
have arrived opposite the subject, it forms
an image of a narrow section 'md projects
it upon a photo-electric cell of special de-
sign which is shown at the right. If the
image happens tc be bright, the cell will
pass a comparatively heavy current; i the
imagc projected is dark, the cell will pass
little or no current.

1§ we use the transmitter in its pres-
cnt form, we shall find that the images
falling on the phnto-tkctn-. cell are merely
blurs drawn out into a marrow bamd.  Tu
get well-defined impulses, the image thrown
by the lens disk 1s broken up by a rapidly

MoTo2 TRANS-
» % MITTER
~TRANSMITTING
TELEVISOR~
FIG.3

Tlne chl;ram above shows arrangement of shutter

with Jens disc and photo-electric cell

ln cne of the lelevnsmn machines devised by Mr.
J. L. 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 iraction of a second later—be held back
hy the spoke u[ the shutter disk. A small
clectric motor “B” drives the shutter disk.
The electric pulsations which take place
in_the photo-clectric cell are greatly am-
plified in the usual way and finally led 10 a
radino transmitter, or else 1o a circuit if

One of the rccently developed forms of

televisor with loud

ﬂae Baird
speaker at the r:ghl. s shown
in Fig. 2, above,

transmission 1s to take plice by wu’e.
Through the ether, they re:xch the receiving
televisor, its construction is shown in Fig,
4. After the siznals 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
ol 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.

Morcover, the lenses must he 4n f:hru-e,
when at the transmitter end lens No, 15
s at the uppermost point, lens No, 15 of
the receiver lens-disk must occupy the identi-
cal position at the same insiant. A special
synchronizing system holds the two disks
automatically i phase, (Sec chapter on
Syachronism.)

In our diagram, lens Na. 15 is just oppo-
site the ncon fube, the light passes through
the lens and produces a light spot on the
recelv m" screen indicated at the right. On
the reeceiving scree, the spot of hght will
appear relatively in the same position as the
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IMAGE PRODUCED
BY LIGHT FROM
NEON TUBE .,

FROM RADIO
RFCEIVER

1
OBSERVER ON
OTHER 5IDC
OF SCREEN

TELEVISION

The diagram at the left
shows arrangement of the
revolving lens disc together
with neon tube and trans-
lucent 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 screem, the image
being built up by the rap-
idly changing spots of
light thrown on & screen,
due to the joint action of
the light pulses from the

LENS .-~ e 4
DISC gu nh:l:: :idtheewrl:i:?l‘:g
~RECEIVING okt
TELEVISOR~

FIG.4

Dbright section of the subject’s face which
was analyzed by transmitter lens No. 13 at
the particular instant and which caused the
electrical impulse. If, for instance, the spot
appears in the center of the field covered
by the transmitter lenses, it will be indi-
cated on the receiving screen by a spot ol
light placed in the center of the screen.

From couniless more or less bright light
spots, the image is built up on the receiving
sereen,  Our cves cannot separate the indi-
vidual light splashes, its inertia is too great:
and as in the movies, the light spots melt
into one continuous picture.

1t is very interesting to follow the repeated
changes of electrical and optical jmpulses,
the transformations they undergo when a
simple subject is transmitted via radio arc
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).

Falling on the photo-clectric cell, the
three light impulses produce three bursts of
current (4), they are amplified (5), and
finally sent out as radio waves by the
transmitter (G).

The receiving televisor detects the im-
pulses ceming 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 behold a
picture of our small gray square. All these
changes take place in a minute fraction al
a second.

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

This picture shows one form of the Baird television
transmi!

mni apparatus with invisible infra-red
sources of itlumination, placed at either side of the
central apparatus, which picks up the reflected
rays from the subject’s face. Fig. 6.

overcome this difficulty Mr. J. L. Baird
tried rays lying ocutside the visible spectrum
for illumination, Infra-red rays are invisi-
ble to the eye, but they affect the sensitive
photo-etectric 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

and collisions can be avoided with certainty.’

The television transmissions can naturally
be heard with any standard breadcast set
tuned  to the wave employed. The transe
mitted scene is heard as somd, each object
having its own characteristic sound. Mr.,
Daird has used this fact in his visual phone-
graph, (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 from the latter are led to a scnsitive
micrephorie, the resulting current is ampli-
fied and Ted into a receiving televisor.
the screen, the scene comes to life once
more, and the process can be repeated as
oiten as desired, just as a phonograph
cvlinder can be played any number of times.
(See diagram, Fig. 7.)

This trick of recording the fleeting visual
impressions of someonce’s face for example,
seems thoroughly uncanny to say
least. In fact, on first thought, it would
scem  almost  impossible, but  once we
stop to analyze the action taking place in
the televisor of any type, we find that over
a given period of time, say ofie second for
exammle s 1he image current from the photo-
electric cell is a continuously and progres-
sively pulsating one, as the diagram Fig.
7-A portrays. In attempting to record the
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The diagram above shmgs‘ progressively the stages gone through in transmitting and reproducing an

image by the Baird television system, type employing revolying lens dizcs at both transmitter and

receiver. The subject being transmitted in this case is a small gray square at 1, and we see how it is
reproduced finally at 11,

televisor, at the right and leit are projectors
sending out invisible rays. These comprise
banks 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 fields
for the iclevisor; in wartime, for instance,
searchlights sending out infra-red rays could
be used to spot an enemy approaching under
cover of darkness, without the latter being
in the least aware of it. In this case the
receiver can he mounted below the projector,
and in line with it.

Fog does mot stop infra-red rays to the
same extent as the visible rays, and it is
hy no means impossible that shortly ships
and airplanes will carry Dlack-ray televisors.
Tn a heavy fog, or during the night, the
look-out will he able to see well ahead,

televisor current witer being amplified, the
current pulsations are passed through a radio
receiver unit, which is joined by a piece
of rubber or metal tubing in ‘the uvsual
phonograph recorder.

All inventions suffered from childish ail-

‘ments in their first years; think of Marconi's

first radio sct, the first automobile, the first
phonograph and the first camera. A few
vears’ work by a band of experis 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 10 2 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. TA

One of the cleverest stunts that Mr. Baird has ac-
is the recording of a television image
on a phonograph disc or cylinder.
aurve m-bwe at Fxg.lm ives some idea dl.he
uctual o e'” current as creal
tc-e]ech-i:' cell and amplifier. o by

At the right we scei:mv the Baxrd phonographic
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Picture Transmission Experiments

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

telephone or other circuit, is a very ab-
sorbing and mtercstmg field for experiment.
Arnther- very interesting and less difficult

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

Fig. 1.

METAL STYLUS
{PIECE OF WIRE]

BATTERY,

METAL PLATE
OF TINFOIL

GROUND
(WATER PIPE ETL)

e

One of the first steps in electrical "plcture transmissnon" is shown in the illustration herc-

wrth The two tors move

ately ﬁ:; same speed. Thrnvu;h electro-chemical

reproduced on the paper at the receiver,

back and forth alarp the platens at
action, the dots and es are
whenever the transmitting operator’s pencil

pencils

touches the metal plate.

branch of electrical science is the art of
transmitting line drawings over a wire or
radio circuit, and then reproducing these
dra\ungs ona rmolvxng cylinder or disk at
the recciving 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 erdinary photograph is about fifleen
to forty minutes. Bricfly 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 periect picture,

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

Avery sim-
ple  home-
made ap-
paratus is
shown here
for demon-

is connected to a water pipe or other earthed
metallic system. At the transmitter the op-
erator may use a piece of wire or other metal
electrode, 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
metal pencil is moved across the plate at
the two stations should be fairly similar
but need not be exact. At the receiving
station we find the operazor using a metal
plate on top of which is a piece of ordinary
writing paper which has been moistened in
a solution of potassium iodide, Yon 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-eighth glass of
water. The authors found that a metal lead
pencil containing biack lead, iormed a better
clectrode and gave better signals than a
rlain picee of ‘'wire or cother metal. The
1-'msm|thng' operator does not need to use
moist potassinm iodide paper unless he cares
to have a check on his signals. All he has
to do ordinarily is to movz the metal stylus
along back and forth slowly, forming tele-
graph code dots and dashes by makmg con-
tact between the plate and the stylus. Each
t‘me a dot and dash contact is made as the
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SENDER

TELEVISION

RECEIVER

TINFOIL FIGURE
OR ELECTROTYPE

WIRE 1S GROUNDED:!
ON METAL FRAME

PAPER MOISTENED WITH
POTABSIUM |0BIDE AELTING,

SPEED
EGULATOR

PAPER STRIP GLUED

SPRING BRASS .
OR PHOSPHOR BRONZE WIRE BRUSKES

AROUND TUANTABLE
AND TINFOIL OR COPPER-
FOIL SEGMENT GLUED OM.

Fig. 3

~ A pair of phonograph motors, or rather two 1 hil can lly be procured without much
trouble nowadays since the advent of radio broadcas . The dingram above shows how two disc
phonographs can be utilized for tr itting and receiving a drawing or other image by electro-

chemical means,

stylus moves along the receiver, the operator
who is moving the metal clectrode back and
forth in contact with the moistened paper,
will see 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
transmission across the continent, as well
as across the ocean, by wire and radio is
accomplished, is shown at Fig. 2. Here two
old cylinder phonographs or parts thereirom
may be employed if yon happen to find
them available, Failing this, the two cylin-
ders may be easily made from a pair of
tin cans, The end of the can, such as a
baking powder tin, is cut out and the can
is supported on two wooden disks on the
common driving shait shown.

A handle is fitted to one end of the shaft
supporting the cylinders, so that when turned
the cylinders rotate, and also a pair of gears
at one end of the instrument causcs a
threaded shaft, A, to rotate in a fixed re-
lation to the revolving cylinders. Next you
will need a pair of carriages, each of which
1S to carry a contaet wire or brush, as the
drawing shows. A stationary guide rod, B,
serves 1o keep the carriages in an upright
position as they are propelled along by the
tevolving threaded shaft A. In order to
propel the carriages along the moving
threaded shait, half 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 Fig. 2
and cut this through with a hacksaw. Solder
one-half of the block to cither 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

eh i
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This picture shows how an electric buzzer or bell
may be arranged to act as a recorder for the elec-
trl:ll;c i ‘“ i oftawing;dnn'z
other pictures. recording secul

the regular e;o arm of the phonograph.

o m'

st r:? =
{ LEPMING MITOR

Simplified elcctrical circuits for synchronizing and

also for transmitting and reproducing the image

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

Swireria T S ren
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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
tinioil, or else an old electrotype, is curved
and secured on the cylinder. 1f a tinfeil
image is used, it will have to be mowmted
on a piece of paper taking care that the
tinfoil is joined electrically by a_piece of
foil or wire to the contact -ring at the
end of the cylinder. Every time the brush
wire on the transmitting carriage makes con-
tact with the tinfcil or with one of the pro-
jecting ribs on the eclectrotype, if this is
used, an electrical impulse will be sent over
the circuit to the receiving cylinder.

At the receiver we find the metal cylinder
covered with # sheet of writing paper which
has been soaked in a solution of potassium
iodide for instance. Every time an elec-
trical impulse from the picture being trans-
mitied arrives at the receiver, 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 arc
preferably rotated right handed from the
handle end of the instrument, and the car-
riages will then move from right to leit.
If you desire to have the carriages move
from left to right, a third gear may be
placed between the twe 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 15 well to
keep the thread on the shait A as coarsc as
nossible. A piece of No. 8/32 rod may
he used on a small machine just to try it
out, but if a heavier piece of rod about 4
inch in diameter, threaded with about No.
20 thread is used, it will be much hetéer for
vour first experiments, as the pitch between
the limes on the cvlinders 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 use as fine a pitch as one hundred
threads to the inch on the carriage propelling
shaft A, once vou have built a more per-
fect form of receiving instrument on which
the reproduced lines will not run together.

LURRENT
N

Using Two Disk Phonographs to 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 emploved in the manner shown
m Fig, 3. i course here we have stepped
over the boundary line and “declared war
on the enemy,” said enemy being in the
form of the synchronization 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 transmitting and receiving 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 neighbor’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 Llurntable at the receiving instrument
should he 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 Fig. 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 piece of tin or copper foil.
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Details are here given for the construction of a
phonographic recorder suitable for use in repro-
ducing drawings transmitted by clectrical 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 either end will flash.  In other words,
they will flash once for cvery revolution.
The average phonograph turntable speed
is about seventy revolutions per minute, You
will probably want to slow this down a
little bit for picturc transmission, as this
speed is a Dittle high, at least at the start,
as the authors have found.

There 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 he found intersting, is that shown in
Fig. 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-
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By means of the attachments shown ahowve, and which can recadily be fitted to any disc typc phonograph,
it is possible to transmit and rcproduce a Jarger i ¢ than with the arrangement described and fllus~

trated previeusly, wherein the reguiar tone arm of

e phonograph is used to traverse a recording pen

across a small dizc,

foil image 1s likewise grounded Lo the turn-
table shaft. Every time the metal point
(which is heing propelled across the re-
volving image by the regular needle and
sound box of the tone arm, running on a
standard rccord) makes contact with the re-
volving image, an electric current is sent
aver the line to the receiving disk, and
here the current pulse passes through the
potassium iedide impregnated paper. Each
Lime a current pulse 1s received ai 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 bex and
regnlar tone arm carrying the recording pen
across the paper or cardboard disk The
pitch of the grooves on the standard record
s too fine and the lines come too close to-
gether on the receiver record disk. It would
be much better 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-
twenticth of an inch or even a coarser pileh
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 acrpss the
record, lies in the use of a stif bristle
brush fastened in the chuck of the sound
box instcad of a phonograph ncecle. 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 transmis
ratus, and numerous other ideas w A
lead to some interesting developments are
given in the present chapter,
wiring diagram for use with Lhe tweo disk
phonographs shown in Fig, 3 is given at
Fig. 4. One common battery may he used
for hath synchronizing and recording circuits,
but it is more satisfactory and a little sim-
pler to usc scparate batteries.

Use of Synchronous Motors

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

A schematic |

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 rceciving disks or cylinders with two
syrchronous motors, thenthesimplest way to
rotale them in synchronism and at the same
spead is by means of a chalk mark placed

TRANGMTTER

Simplest form of electric writing machine or Tel-
autograph, utilizing four variable resistances and
four elect s or solenoids, Fig. 8-A

on the turntable of sach machine, or else
by use of the synchronizing 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 synchronism,
If the lamp is not lighting, he will know
he is not in synchronism, and he 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
phenograph speed governor if the motor
drives_the disk through the wsval spring
mo:or governar, as is sometimes done.  In
other words, the speed at the receiving in-
strument is 10 be regulated and watched
for a certain period, 5o see that the machine
is in exact synchronism. 1. e, in perfect
speed relation to that at the Lransmitter.
Af-er synchronism has been satisfactorily
established, a buzzer or wig wag signal
may be sent to the weceiving 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
stasted 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 methads, some sxperimenters may like
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to play around with the photographic method
of recording the image, The American
Telephone and Telejizraph 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 mewspapers 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
sec 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 am
clectromagnet 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 ento 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
commererally,  The lamp wsed will, of
course, have to be placed in a light-tight
box so that only the pencil of light irom
the lens strikes the photographic film. This
pencil of light is sharply focussed by means
of the adjustable lens barrel. With suitable
Ieuses you can focus this light beam down
to a small point, say about™1/32 inch in di-
ameter or less. Unless yon can focus the
light heam smaller than this, you will need
to use a thread not finer than 32 pitch on
vour carriage propeller shafe.

Raising and Lowering the Recording Stylus

The illustration a: I'ig, 6 shows a different
method of recording the transmitted picture
image, wherchy the recarding stylus s
normally raised above the yaper, but cach
time a picture signal arrives, the magnets
draw it down against the paper and a line
is drawn. You will probably find various
iorms of ink recorders are troublesome, and

Telaut‘;)-
grap

which  will
provide a

Iot of pleas-
ure to the

WEIGHT OR swuna»”' 5
Y BE Uzl

gl

——cABiEs

stations and
in many
other busi-
nesses, in-
cluding
banks, The
principle,
on whic

the Tel-
autograph
works is
that of

varying

electrical
resistance
of two sole-
noid or alec~

o€ SUPrLY

WA Acsnrance
x e
.. BUPPLY. OF TEWSHTTER

AETLIVER
50LENO 105

i

Fig. $-B,




16

for your first experiments a very soft lead
pencil point will probably be as useiul as
anything, The authors tried out ancther
form of recording stylus which utilizes the
green or Dblue lead, such as used in the
Eversharp and other pencils of that type.
It was found that if the paper disk on
which the image i3 1o be recorded was
moistened with ordinary walcer, that these
volored leads would draw a clear line in-
stantly and positively., If you do much ex-
perimenting along this line, you can easily
devise a simple magazine stylus which will
feed more lead to the point automatically
45 required.

It is desirable to fit the magnetically con-
irolled recorder, as illustrated al Fig. 6, with
a small roller fastened on a flexible spring,
this roller keeping the paper flat at all
times and normally awav from contact with
the stvlus pencil. For your first experi-
ments, you may utilize an old clectric bell
or buzzer clamped to the tone arm of a
phonograph, in the manner shown at Fig.
6. The small detail drawing in Fig. 6 shows
another scheme for recording which utilizes
t\pc\\nler r:bbou. Here - thc metal “stylus
arm:when it i§ pulled down by the magnets.
causes’ the “typewriter ribbon to come iin
contacl ‘with the paper through a slot ia the
metal giride plate. The typewriter- ubbon
will’ have to be rotated by hand once in a
while ta present a new surface, or this can
be done automatically if so desired.

Recording the Image Full Size of Turn
. Table

The xllu:tra.txon at Fig, 7 shows a schcmc
whereby an image the full size of the turn
table may be reproduced by the previously
describcd 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 shait propelling in turn
a travelmg carriage fitted with a split nut.
The carriage may be made of brass or other
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malerial, and may not be made all in one
piece at first, The hole for the threaded
shaft is drilled and tapped 1o the proper
siz¢ tap, and the block, il made i onc
piece, is then cut at right angles as shown,
with a hacksaw. An ordinary hinge is
saldered on, so that half the block may be
opened when the two retaining springs are
snapped apare. A pin at either side of the
main carriage block ordinarily holds the
springs hrm]\ 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 pesition again. A sliding
tubufar clutch or coupling is fitled on the
vertical shaft carrying one ol the unm.
gears, this sliding conpling being n

so that a new disk of paper can be slipped
into place, As the turh table ordinarily
rotates right-handed when viewed from the
top, it will be nccessary io usc a leit hand
thread on the propelling shaft (and 1.. H.
thread in the carriage unit) i arranged in
the manner 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
cenlet, and the right hand thecaded shalt
is to be used, then a sccond gear will have
ta be emplny(‘d. 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 elecirotype
js to be fastened in place and transmitted.
It should be kept in mind that if clcctro-
types are used in any of these machines,
that it should be a line cut and not a half-
tone cut, as the apparatus here cmployed
is mot 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 companjes, for trans-
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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 scnse of the word, yet after
all the 1claumgmpu or electric w: rmng ma-
chine, is really “one of the family,” Many
rcaders will no doubt find it interesting in-
deed to experiment with a simple telauto-
graph or writing nnc‘nne, mauy of the com-
mercial machines g in daily use for
train digpatching and in many other capaci-
ties.

The illustrations at Fig, 8-A show a sim-
ple arrangement of an elementary tel-
avtograph  wherein the four solencids or
suction type electro- -magnets the connected
mth four variable resistances or rheostats,

1, 2, 3 and 4. As the stylus, which may
be an erdinary lead pencil, is caused to write
a name or draw a picture at the transmit-
ting end of the line, the recording pencil or
peir is moved in a correspondm,, manner and
reproduces the script or pxcturc It will
be seen that as each resistance unit is varied,
the strength of the current flowing through
the respective solenoid at the receiver is
also varied; and likewise the pull on the
core oi the salenoid,

In the commercial telautographs there
are, of course, a number of refinements,
such as a magneuc pen lifter, which l«.eps
the ink irom contact with the paper when
the machine is not in use, The image is
drawn on a continuous moving steip of
paper {rom a roll, in the commercial ma-
chines: and if you have an opportunity of
inspecting one oi 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 telautograph is shown
in Fig. 8-B.

Methods of Synchronizing

\CF the experimenter has obtained
some pracuml results with the sim-
plest television apparatus, wherein the
transmitting and receiving disks are

mounted on a single shaft, which obviates -

the difficulties met with in synchronizing

mmsum&& &Ecé WVER.
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The simplest means of operating the_transmilting

receiving disc of a television outfit is to drive

cach dise 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
40 cycle, 110 valt A. C. synchronous motors.

These motars are usually self-starting and
arg available from various manufacturers
of clectric motors, or they may be con-
structed from D. C. motors if the experi-
menter is a fairly good electrician. A few
lLints on {his subject will be mentioned a
little further on.

The illustration at Fig. 2 shows another
hint_for the experimenter and particularly
usciul mr picturc transmission circuits.
Large- size pllouograph motors may be usced
‘with the ordm.ary spring _motors, or better
still the spring motor drive is removed or

RECEIVER.

TRANSMITTER

60~ 20004
MOTOR WMOTOR
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[n the Bell talevizion apparatus, the tr-.nsr.mtling
recciving discs are driven nspnchvdy hy
cycle and 2,000 cycle motors, as shown in du-

have,

disconnected from the driving gears and
speed governor, these gears being connected
with a new drive shaft, 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

TRANSMITTER RECEIVER
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IRSTERD OF SPRING.
weT,

F1G.2

Very good results may be had by utilizing gravit
dn:ye 5- th heavy wei '{ts hoakedyu to ph‘o:orgrn
motors, in the manner illustrated above. They

give surprisingly constant speed when so arranged.

we hau what is known as a gravity motor,
and i7 these are properly built up they give
a very constant speed. They are hardly
useful for television requirements.

The diagram 2t Fig. 3 shows the Rell
Telephone Taboratory synchronizing 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 shalt with the
disk, onc heing a 60 cycle motor and the
other being a 2,000 cycle motor. In the
elaborate, yet highly simplified Bell television
circuit, the cycle A. C. and the 2,000
cvele A. C, are fed in parallel on to a com-
mon circoit, as will be seen. Each motor
is supplied with its proper frequency through
suitable ilters.  This, of course, is too intri-
cate a detail for the average experimznler
to be bothered with, and Fig. 4 shows a
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 Tig. 4, the 60 cycle
motors at either end of the circuit are
operated from a 60 cycle 110 volt A. C.
circuit, for instance; while the 2000 cycle
(or lower irequency) motors are operated
from a common 2,000 cycle A. C. circuit.
The experimenter does not have to use as
high a ireguency 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 accurale the synchron-
izing check. As will be found, 60 cycle
synchronizing motors driit a little from
time to time, the plus and minus compon-
enis of the speed checking out or bal-
ancing up at the end of a given time. But
as will soon be realized upon a Iittle theught
on the matter, any drifting of the motor
from truc synchronizing speed is out of
the question for perfect results, and the
Bell engineers have solved this problem
by using the 60 and 2000 cycle motors
together on the same shaft. In fact so
accurately does the 2,000 cycle motor main-
tain the speed, that i some cases an or-
dinary D. C. shunt motor is used to carry
the brunt of the load instead of a €0 cycle
motor., In one form of the Bell apparatus
the 60 cvcle 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 cbtained from a 2,000
cvele 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 operated by a
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Fig. 5

radio voceivers, so as lo produce a suitable current for operating a 500
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above shows how a vacuum tube may be utilized in commection with a tuning lnrk-and a palr of

or higher cycle A, C. motor.

Fig. 5A shows simple synchronous molors.

pair of radio recciver magnets and  coils
comected with a vacuma tobe in the man-

ner indicated. Tt is desirable to use a
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This diagram shows a simplified form of dual
motor drive for television disc.

correcting magnet, the circnit of which
may be closed once every minute by an ac-
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This dharan;"shoys independent and seﬂ:g.omainod form o{ _srachronous, motorudeﬁsed by Captain R. H

for

as it utilizes an

is p

s very
oary shunt wound direct current motor with the addition of two slip
mounted gn the same shaft with the armalure of the motor.

revolving meon tube. When the fork contacts are
is mcreazed or decreasad, as expiained in the text.

vings and a small commutator
armature. shall carries al one end a
closed under certain conditions, the motor speed
The clock checks the tuninz fork onc: a second.

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

This high frequency motor is built of
two laminated annealed (transiormer) steel
disks provided with a snitable number of
teeth, and they are magnetized north and
south respectively by a stationary coil.
This magnetizing coil may revolve and be
supplicd with D. C. through a pair of slip
rings and brushes if desired, The A. C.
windings are placed on laminated amnealed
steel cores, as the diagram indicates,

In Fig. 6 the method of synchronizing
an ordinary shunt wound D, C, motor, as
carricd 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 miven mo-
ment, if all the contacts- (tuning fork and
commutator) are found closed, then the
variable resistance, R, in the field cireuit
of the motor,is short-circuited and the speed
of the motor is reduced; due to the fact
that the field reccives the full strength
of 110 volt current from the D. C. supply
line. At ancther instant, let us suppose thal
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 case the shunt
field winding, T, of the motor will be
momentarily short-cirenited, and duc to the
creatly 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 satisfactory
for picture transmission purposes, it is
doubtful whether it wonld prove eflicient
for television. The synchronism of the
motor is easily checked at any moment
by watching a revolving meon tube which
is securcd to the shait of 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 vihrations per second. The tuning fork
closes the neon tube circuit once each cycle
of the fork. The motor speed is 2100 T.
p. m. or the thirticth multiple of the fork
irequency. The neon tube, therefore Te-
ceives a current impulse 4200 times per
minute, or twice for each revalution 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 15 above
synchronism speed, the illuminated neon tuhe
will be seen to driit 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 scveral 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 kmee or on the cdge 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 speal 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 dick, should be
drawn with India ink, so as to appear as
black as possible.

STROBOSCOPE TABLE

Tuning No, marks

R.P.M. R.P.Sec. Fork or divisions

[} romx max ss
| vsio miome

L) SIMPLY BY TWISTHG

RIFLECTION SEEN
ON NICKEL PLATED FORK

TELEVISION

One of the simplest ways of
eul:azking synchronism between

e an 4
machines in the television gs—
tem i5 by means of a Strobo-
scope. Several ways of using a
tuning fork together with -
ferent designs, are shown in the
drawing at the left. The au-
thors found one of the sh'nplut

to a
nickel-plated tuning fork, which
when vibrated, caused the black
lines on the revolying disk at
E to become stationary when
the disc speed was in step with
the wvibrations of e fork.
Where a computation shows
that an uneven number of di-
visions are necessary, the de-
sign may be m;de 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 vames
were necessary. The reflected image of
the chart marks can be obsc;ved very
nicely indeed on one oi 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. B

In designing the stroboscope charts, it
is best 1o use as high a number of ma:rks
as possible, such as 128 for the case cited
in the first line of the table. It will be
seen, 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 one revolution per second,
cuch as met with in phonograph turn-table
speeds.  This considers that a 128 pitch fork
was_ used. i

If N equals revaolutions 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=F%; M=5 F=MY¥N.

In some cases it may
occur that an uneven
number of marks on the
disk will result. It is
hardly possible to di-
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Synchronous Motors

A The ‘c‘xpcrimcnler who is interested in
improvising his own synchronous motor,
had betier look up the subject in books
on A, C. motors available at any library.
\ iew hints are given by means of the
dmgrgms in Fig. 8, which may heclp 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
of a belt or crank, or else with an auxil-
iary starting motor as shown. If the
motor is a ¢ volt one, and the step-down
transiormer has a 6 volt secondary, then
6 volt lgmps are used for the synchron-
ism indicators across either side of the
main switch. With the connections shown,
!.hc motor will be in synchronism with the
incoming A. C. supply, when the lamps are
dark., In th¢ middle of a dark period,
the A, C. switch is thrown in. Of course,
the ficld oi the motor is already excited
ifrom 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 batterv or other motor is pro-
vided with a scparate A. C. winding on
the armature, connected with the usual
slip rings, synchronizing lamps and A. C.
swiich. The D. C. armature winding is
comnected with the uswal commutator and
brushes, and once the motor is synchro-
nized by speeding up. the armature with
an auxiliary motor belted to the shait,
the field excitation is quickly swiiched
from the battery to the commutator of
the machine itself. Some of these small
synchronous motors are started as series
motors on alternating current, the field
winding heing quickly switched to D. C,
excitation in conmection with the usual
commutater and brushes on the machine,

» STARTING MOTOR

TRANSTORMER
vide the marks up in an g
uneven manner such as |
7.1, as given in the last >
line of the table below; 2

=

15
§6V.
here a black spiral may

be drawn on the Stro- ey e ox. fox /'
hoscope chart instead of sy, oamx.

the usual radial marks.
By usingr 2 hlack spiral
it will he seen that this
can be made any num-
ber oi units long. and
fractions of —units, asd
occasion may require.

SYN. LamP
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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
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CONTACTS =

Simple synchronism indicator utilizing ordinary

t 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 ol a spiing
clutch and auxiliary motor for bringing the
synchronous metor up to speed and syn-
chronizing. Once the synchronous motor
has been syuchronized, pressure on the
lever is released and the spring shown
opens the cluteh 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-A connect the
two commutator bars I80% apart for a two-
pole machine).

Other Synchronizing Means

In the diagram Fig. 9 is shown a sim-
ple synchronizing device which involves the
us¢ 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 thosc
obtainable from a radio jack, arc mounted
in the manmner shown and the disks at the
transmitter and the receiver instrunments
cach 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 neen 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 pear 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 iractional part of
one revolution of the disl,

At Fig. 10 is shown a simple scheme for
checking synchronism, and here a contact
i8 closed at the transmitter disk, let us say,
which canses a neon lamp to glow for a
fraction of an instant just belind the re-

TRANSMITTER
SYN. MOTOR
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TELEVISION

ceiver disk, in which there is a slot. As
becomes evident, hoth disks must be ac-
curately in line and rotating at the correct
speed, or otherwise the glow from: the neon
lamp will not be seen from the slot at the
receiver disk. i

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

An eclaboration of this method 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-
phragm, it becomes pessinle to quickly check
the disk and tell whether it is in synchron-
ism or rumning slow or fast,

One of the simplest ways of carrying
on simple experiments with a  television
disk with regard to the constancy of speed
is that shown in Fig. 13.  Ilere an ordinary
D, C. moetor of the serics ot shunt type is
operated [rom a storage battery or several
of them contected in parallel to give a very
steady veltage; from time to time, of course,
it becomes necessary to regulate the rheostat
so as to kecp 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 revolulions per sec-
ond, is one-hall the problem ; but the second
half 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 ejther disk. If, for instance,
the number one or outerrmost hole of a spiral
on a lelevision disk is at a given point at
the transmitter, then the correspending hole
on the recciver disk must be at the samie
point, at the seme instant, A little re-
flection will show that while the receiver
disk motor may be revolving at exactly
the same speed as the transmitter motor
and disk, yet the two disks could be any
part of one revolution out of phase with
respect to each other, This cannot be,
of course, and the simplest way to check
up the fractional revolution symchromism,
is by means of the viewing diaphragm
mounted on a rotating atm as shown sn
Fig. 14,

This method can be msed hy the experi-
menter, but if you saw a face at either
one of the side positions indicated, the face

By suitably choosing the wibration rate

‘.RE CE\VEK or speed of the tuning fork operated by

a vacuum tube e manner shown in
Fig. 11, it becomes possible to tell when
the trancmitting and vecei disc are
rotating in step, as the light pulsations
in the neon lamps must be wvisible to
1 both transmitting and rveceivi
| tors. By placing fricti

Fig. 12 at the right shows how three
holes or slots mey be placed in one of
the lele\ﬂhsxl:n machine d.ins:ls,“: I.hallwill\
a neon placed behi: revolving
disc, it wlfl be possidle 1o tell at a
xlance whether the disc is rotating fast,
slow,-or .at a synchironous speed.
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Simple synchronizing scheme which will cause the

neon lamp 1o be lighted each time the hrush and

segment or tooth on the transmitting disc makes

contact, the light pulsations being visible only when

the slot in the receiving disc is opposite the noon
mp.

would be on jts side; if vou happened to
find that yon were at the point of perfect
synchronism when the diaphragm was moved
to the bottom of the revolving disk the face
would be upside-down. Of course, if
you are viewing an ordinary object lile a
match box, you wouldn't care very much,
as long as you saw an image and knew
vou were obtaining practical results from
vour experiments.

The disk may be snapped into perfeel
synchronism by many cut-and-try methads,
such as applying friction periodically to the
edge of the whirling disk, until the picture is
seenr cledrly; or again, by means of a mag-
netic cluteh placed between the disk and the
motor drive shaft, the magnetic clutch cir-
cuit being opened and closed rapidly while
the image is waiched until it is clear.

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

$TORAGE BAT“R‘(

RHEQSTAT
FlG 13

Fig. 13 above shows about the simplect way of ob-

taining fairly constant sp in television experi-

ments. From time to time the rheostat is sted

o as to keep the hattery potential applied to the
motor at practically constant potential.

MOVABLE

et

L=

FIG. |4

aﬂn\\\ the operator who starts the m
to look in the mirror and view the
image created by the whirling holes

achize

and neon tubes, He watches this image
and turns the synchronizing worm - gear
handie slowly, until the image is framed

TELEVISION

The manner in
which the Bell
television appa-
ratus isarranged,
2o that the image
can be “framed,”

BOTH MOTORS
TURN AS3 UNIY

Iz illustrated in Jesimnniinn e
lgz dra}v‘v{inz A“ fb vo

t ight. s

sllanh?n Fig. 14 BEARING sng

it is possib!
swing the imazc
frame on a cen-
tral pivoted arm
until the im
is seen clearly
and completely.
objec-
tionable, as i
one were view-
ung a facial
image, it would
appear upside
down if viewed
at the bottom of
e 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 a-
phragm  around
the central axis
of the revolving
disc. This is a
simple system
suitable for ele-
mentary experi-
ments.

1 REVOLUTION OF MOTOR FRAME
o R_HANDLE

FI1G. 15

hollow
o the

properly and is also as clear as possible. through a

Another way of doing the same thing corresponds
which the authors worled out before finding  ulating th
out about this method, is to gain control
of the whirling disk in respect to the shaft
by means of suitable gearing passing out

they are in mation.

tail

however, quite ¢imple and superior,
uvelved costing

REVOLVING DISC

MAN SYNTHRONIZING
e

method
for reg-

shaft. This
scheme used

¢l of airplane propellers while

The Bell system is,
the de-
but little.

Photography With Electricity

OBJECTY

Through the agency of selenium which is sencitive to light, a
scientist, Mr. K. wucke has Just evalved a method for taling phot rap!'m
thin eh of thic metal vpon a metallic film, usu'\lly ﬁ
and p]acmg the whole against a piece of
current is then passed from the selenium to the metal plale and the whole
Where strong light falls on the selenium it conductivity

ypiacmgu.
or platinum

pxposed to light.

METALLIZED 1M

£ DE} DOJ 1iEC

ON» FAPER+

PRPER SORKED
N ELECTRG-
GLASS PCRTE
PLRTINUM FILIT -
LAYER OF SELENIUM ———

JELENI(/H PMT

s greatly i d, while its
lights are not so stromns,

deposit from the metal sheet 1o the

Cerman

. An clr:clnc ohject being photographed,
Slate mﬁm} use, but a number of sclentists think
sibilities.

ductivity fs proportionately less where the
Through the electroplating princi
paper giving far reproduction of thke

ple, there is a

This process has not been perfected for com=

that it bolds great pos-
—Raymond Francis Yatee
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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 Science 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

Box contatning.
selenurm ce
converting /right
Wayes into sownd
woyes T

wireless trans-
N m/tler :

In this apparatus for the transmission
of pictures by radio, dovised 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

extreme right of the transmitter.
The strength of these audio notes de-
?end.‘ upon the amount of light reflected
rom the subject. The image to be
transmitted passcs through the first
lens, the revolving grids, tha large lens
and then on to the photo-electric call

TRANSMITTING
STET/ON

The pictures ave rveproducsd 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 prcduces the shading. In the in-
sert at the right is shown a greatly cnlarged
veproduction such as would bhe producad by
such an apparatus as pictured en this page.

Enlarged view of dots
showing outline of an
_objectinvarious shades

Below is the veceiver for this television ap»
paratus. The output current of a receiving
set passes to the loud speaker shown. The
sounds Impinge on thc small tubes, each
of which is equipped at its end with 2 mirs
ror which is attached to a stiff vanc and
held in the mouth of the tube. When the Box //ned Wlt‘
sounds to which the tubes are resomant e nt
Strike them the mirrors vibrate according | Sowund rc:/stm’

material T

g ends of Resopators
sonding toits own pote
rod t;}g itinthe Yorm

to the strength of the sound. The strong
tight in the bottom of the receiver casts
its rays against these mirrors from which
the light is reflected to the ground glass, §

pe Beam of /ight
tronsmitting djrected onte
into Resonators Resonaiors,

e T = ae.
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CHAPTER V

‘ Telegraphing Photos by Code

The Belin Code Syslem

URING the carly part of the year
1921 unusual interest was evidenced,
especially by the lay public, in the
frequent reports irom Europe that
certain inventors, notably Belin and An-
dersen, had been successiul in transmitting
pictures over a telegraph or telephone wire.
The Belin system was at that time (Jan-
uary, 1921) described at length in Seience
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.
Eefore discussing the Andersen system
demonstrated in London in 1920 by invi-
ation of the London Daily Lxpress, which
meth od involves the coding and decodmz
of a given picture, drawing or script, by
means of numbers, let us glance at Fig.
2, which shows a highly magnified hali-
tone picture of a man’s head. This repre-

ture can he suitably reduced so as {o g:i_\'c
a laithial repmduclirm o1 the photo or pic-
ture in ruestion.

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

His arrangement oi the details, make it
possible to ‘elegraph, telephone or radio a
photograph as_far as either of the electri-
cal aircuits his system employs may ex-
tend, which means, of course, across ihe
ocean, or across the U.

The Londou Daily Ex Prwc who invited
the young Danish inventor to demonstrate
his system in England, published three
])hotngrdphs cabled from Denmark across
the North Sea to the London office of that
paper. 'lhusc ihree pictures were those of
King George, Lloyd George and Irene Vau-
brugh, the well-known English actress,

A unique feature of ths demonstration
of the Andersen system was the fact that
the three photographs selected by the editor

W FIETURE. RETULCHED
ANTS i SEAWENG

TROE LA
TRATING SO

u:nz nﬂuq HerERaRY. 30 TEN
%"‘

e wi .zm 5

R PP
n AeTuAy Oizad

Fig. 1. The above pictures show successive stages in 2 new method evolved for the transmission of
photographs or other pictures hy code, over telegraph or telephone circuits, as well as by rvadio or cable.

The original photograph at left was first retouched
No, 2, A transparent code scale (3) is then

or redrawn so as 1o rexemble a Ine-cut, as shown at
placed over the line

cut as at 4, e black and

white portions of the picture coded by noting the lines which the black porhons intersect

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

Now tu show the correctness of the dot
or pomt th(_ory of ]11(.111!‘(, coustruction as
employed in the half-tonc process, all vou
have to do is to place this magnified dot
picture of the man's face ahout eight feet
away when you will be surprised by the
result; the dots all merge into one another
in a very mystical way, and yet in a man-
ner well-understood by photo-cngravers,
to form a natural likeness of the subject,

The numerous inventors who are de-

veloping  systems for transmission and
reproduction  of photographs, ele, are
almost invariably working alung these

lines, utilizing the fact that with fairly
fine points or dots, or in some cascs
lines, a satxsfactory pxcture can he recon-
structed at the receiving end of the eircuit.
This fact can be dom(mstratcd 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 hy the receiving insiru-
ment or hy decoding a cablegram or tele-
gra.ph message composed of numbers ndi-
cating the positions of the various dots,
lines, ctc,, of the original picture n a
coarse manner or by large dots, the pic-

of the London Duaily Express were picked
out from a mumber of photographs after
the inventor had started on the journey
from Copenlhagen to Lendon, and were trans-
mitted via ihe Andersen system by his
brother in Denmark, When the inventor
arrived in Londeon, the three eablegrams
(in code) from his brother awaited him ar
the office oi the Daily Espress, cach of
which constituted the make-up for one of
the celebrities 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 gystem were given
oul.

The Andersen System

In the Andersen system the original
photograph or sketeh had to be aceentu-
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 hy inspection of Fig 1.

No. 1 shows a Thall-tone_or photugra h
of a \vuxu.mu. fuce, while No. 2 shows the
artist’s or draftsman’s Fne ent (,nh.d.—
tion of the same picture, preparatory to its
transmission by code:

Now it becomes an easy matter with a

sunitably divided and numbered scale 1o
code such a picture so that it can be sent
by telegraph, telephone or radin 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 jnk and a draftsman’s ruling pen in
the manner indicated, and the horizontal
lines or abseissx lettered A, B, C, while
the vertical ordinates may be numbered
1,23 4

When this scale is placed over the line
cut or accentuated photograph represent-
ing tlu fine cut, it becomes a comparatively
simple matter to \\nte a code message
such as that given in the iltustration, 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-
construet the picture line for line. Ao im-

Fig. 2. This picture of a man demonstrates vie-

i:olly how accurately a picture can be constructed,

lc dots. Hold this picture at arm's

man will begin to

a distance of 8 to 10 feet,

and you will be astnmshed at seeing the features
{ully developed.

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

Tt wilt be at once perceived, of course,
that =ny method of this na.turc, whether i¢
uses u.rnhered squares or some nlhcr
scheme, is pracncall) 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
he, and the Jarger 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 phnm coniained but 143 \\-ords,
\\,lnle King George’s photograph required

85 wards.

A décidedly superior system of code
transmi sion of photographs was described
in as early as the April, 1923, issue of
Sciciice and Invention magazing by D. A
Jackson. This, instead of being a single




“shade”’ picture, transmitted 3 changes of
color, from hlack to white.

The Leishman Code Sysiem

The problem of transmitting photographs
clectrically is 2 vexatious and a lknotty
one. In the columns of this book we
will read some very interesting descrip-
tions of apparatus designed to this end.
Among them are some by the inventor of
this process.  While many have been suc
cessiul so far as the actual transmission of
the picture goes, cconomiczlly considered
they have not been practical. Though in
them we may not see the answer to this
elusive problem, they are important factors
—the known quantities 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
departure from anything thus far introcuced.

n newspaper picture work five gradations
of shade, viz.: white. light grey, medium
grey, dark grey, and black, are all that ap-
pear in the finished hali-tone. This fact is
taken advantage of in the new process and
the first step is to divide the subject phoh)-
graph into areas comprising a single shade.
In the telegram these shades are desienated

by certain letters such as X white, 5 light
grey, I medium grey, K dark grey, M black.
With the various degrees of shades thus

blocked out the photograph is reacy for
the coding process. This is done wth an
apparatus consisting of an ordinary draw-
ing board with a scale at its top marking
off abscissas and a T square with a similar
scale on its edge marking off the ordinates.
The scales are divided into eighteen nrime
divisions and each prime {livision into a
similar number of sub-divisions. A letter
of the alphabet is used to designate each,
and since only eighteen are necessary those
letters most casily confounded are arritted.

With this board it is possible to accn-
rately locate any point as fixed and de-
scribed by another board. Ii peints placed
along a line bounding a shade be accu-
rately fixed by the operator of the board 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
to reconstruct 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 Piplogram—
as the inventor has lcnmdxl—muw obviounsly
be reduced to a minimum in order to make
the venture profitable. It is thercfore of the
greatest xmportancc that the fewest pessible
determining points be used. The placing of
these, Lxcrcforc, is done having in micd the
two geometrical propositions that {wo boiuts
determine a straight line and that (hree
Mmf.r determine a cirele, Any straipht
portion oi an outline may therefore be de-
seribed by, what in code, comes to two
words, I\ll)’ curve can be resolved into
area 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 tracc
through the points he has located he is given
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Fig. 3. From an actual Fiz. A
photograph  which s

to be sent over the

Photograph
wi‘!ih features oullm‘v:d

wires.

into five degrees of
shade. i

a letter.  These letters and their meaning
are as iollows;

S beginning of line, I ¢nd of Tine, A endof
straight line, ) cusp, W end of straight
dotted line. U cusp dotted.  The last two,
i. ¢, dotted lines, incicate alse that the
shades they divide are to blend.

Telegraph rules permit five letfers 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 plum di-
vision of the Forizontal scal: contains the
abscissa indicated by the fourth letter, As
an instance TEDK is the co-ordinate of or-
dinate E in prime divisicn T and abscissa
K of prime division D. The fifth indicates
the nature of the line according ta the
above tabulations. When the circumscrib-
ing line is comoleted, i. e, brought back to

LVGIS MBGWQ MJIJQ MTITQ
JIB UJD SPIXQ SQISQ
EIB! TMFQQ TSEUA

TDEKA SME XEMQ QJEQQ

MVEQQ E MDETQ
BFWQ LVﬁl CGK LIGMQ

KVFWQ KTFT LDFBQ LAEWOQ

LJEG LODQO LUBWQ MQé\VQ

S A M TDAVQ TLBIQ

TUBT TXBYQ TVDAA TXDDQ

UADM: UAEIQ TWELA UBETQ
XFF UFQ VFVQ TUGAQ

TWCMO UACXQ TSIGQ TGIFQ

MQFEE QFFEQ OMFI QSFMG
SFAQ QBEWA QAEV. MMEVQ
AFDM QJFDM TFFE QBFFQ

QMFLG QGFLQ XFIQ TFFD

QAFI QEFKQ QGFJQ _ QIFGK

QBFIQ QFFIQ QFFIQ QEFFM

QFFGVY QJFIS QKXFKA QFFLK

F-z 5, This is part of the program or code
Tel egraph message—the form in which the
picture is flashed over the wires.

Fig. 6. This @ the complete outline oh-
tained from the code, with proper shade
Ietters within enclosures (right)

rlg g.ulLdt Binef:lrt ;d.! ~ -aphing: 'il;hu is
rom the orig otograph as was
taken at Sing 5ing g'xson. N. Y., just after

F)g. 19. Righa: .After telempblng- Pic-
of the Sng Sing fire lished by the

manv 'W tcrn and Pacific Coast papers

within twanty-four howrs of the fire—really
befor: the firea was out.

Fig. 7. This shows Fmp. 8, And this is
thc sh:ndws roughly the finished
out—poster plcture ready for pub-
effect. lication. .Cuns\l)arc 3

W

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

The entire
ures 3 to 8.
in figure 5,

Some excellent resulis have been ob-
tained from this system and though its
scope-of application is limited to some ex-
tent to photographs of no great amount of
detail it possesses a number of advantages.
For instance, there is no limit to the num-
ber of times a photogram may be relayed
and the prefoess lends t~el1 to radio as
well as wire telegraphy, nor is it subject to
distortion from static and magnetic dis-
turbances.

As carly as April, 1923 phmo service was
being extended to all pd.rls of the country,
as ramdlr as possible. To cfficiently han-
die this crvice, the country was zoned with
4 large city as a nucleus, The zone com-
prised all tcrrno-y within twenty-four hour
mailing service.

To Iurlhu‘ explain the operation of {he
Leishman code system for transmitting
[)hotog’rﬂp]F by cable, an article by Leon

Adelman on the subject appeared in the
November, 1925, issue of The Experi
menfer, a  magazine formerly puhlnhul
under the name Proactical Electrics.

The first time in hislory a picture of
a Earopean news cvent was transmitted
by cable on the day the photograph was
made and reproduced the tollowing day in
New York City, Chicago and San Fran-
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 sfands 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, usualiy to 18
inches square, and is placed upon the sur-
face of a so-called coding device. This
fatter is a board having two scales, one
horizontal and the other vertical, the let-
ters of the alphabet representing lhe arad-
uations of the seales. The codm~ board
and photo tn.mg of the same size, Lhc ott-
lines of the various tones comprising the
picture are traced by means of movable

rocess-is illustrated in fig-
sample of the code is scen
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-CODING THE PHOTO-

LONDON TO NEW YORK
(VIn CABLE)
ABCDEMMGHY ) KLMNOPARST UVWIYL
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\STYLUS IN HAND 'OF OPERATOR WHILE
PICTURE 1S IN PROCESS OF DECODING.

Fig. 11, Swwinz the mothod in which the picture

was coded. arrangement with a hori-
scale together with a code
the various
basis of the Leishman telegraph
picture process.

:xmhl and verﬂca
the

areas form the

arms  similar to those on the Telanto-
graph, and as this is done the positions of
the tracing stylus arc indicated on the two
scales. There are more than 100,000 dii-
ferent positions possible on any picture and
the readings on these scales indicate the
movement of the stylus from one position
1o anather.

The readings on the scales are thus in
the letters of the alphabet and are incor-
porated into a code message with letters
ihat 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.CA. and the

EL'PD ,MGLOD
ABCOIJFGHIOKLMNOPARETUVIWNAYZ
R e e e e

:
H
H

~R
HeXEeesnaR9o2 ] Xt exanmonar

Fig. 12. At the receiving end the various letter

arc  potled the

b; operator and
filled in by thayarhst

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

The particular picture in this casc was a
phote of the now world- famons American
swimming star, Miss Gertrude FEderle,
which was taken while she was stnxgghng
her way through the choppy sea of the
English 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.
Kach position of the stylus corresponded
to a group of five letters, the first of which
denoted the vertical position on the hoard:
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, medinm gray,

heavy gray, and black. Tt 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

iy

upon the active element of a light sensitive
or photozlectrie cell. This produces what
is known as a modulator currcnt which is
super-imposed upon a carricr wave or tadio
frequency current. It is this modulated
current which is transmitted and at the re-
ceiving station is brought back into the
original picture 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 be decoded later at will.
Oue 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 1o out-

line careiully e¢ven the smallest detail and
in the picture of Miss Ederle, it will be
scen that several bubbles arising from the
tops of the waves were cxactly detailed.

It has not as yet been possible to send a
fluctuating direct current such as would re-

Pluio courtesy of the North American Newspoper Alliance

Fig. 13. The unretouched photograph of Miss Ederle in her attempt to swim from France to England

as drawn by the artist at the receiving eond,
British Channel.

New York City, a few
Note minute details, even some of the hubbles

hours after it was taken in the
the water have been successfully

reproduced,

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

Thus the picture is built up mechanically
by the receiving operator and aiter ﬁm.l
shading has heen 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 prder to send the picture further on to
San Francisco, the American Telephone &
Telegraph (.ompanys photogram system
was utilized, which is entirely different
from the Leishman system.

The photogram mcthod consists of the
following steps:

A pnsunc transparent print is made ol
the picture and it is wound on a rotating
cylinder which has the lght of a small
lamp contained within it focused on ifs
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 yer
it hias been impossible to use the modulated
carrier wave system, The pulsating mocdua-
lations which would ‘result from decoding a
picture 1n the manner such as is used in
the photogram system or Belin's process
would he very similar to the voice currents
sct 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 further analysis of the Leishman proc-
ess will show that it is a very sxmpln. prac-
tical method, whick invelves no special ap-
paratus nor takes into account the timu
clapsing betwceen transmission and recep-
tion as some of the other me'heds do. It
is surprising to note with what exaclness
it is possible to huild up a picture irom
mere combinations ol letters. TFyen a poor
artist can rcadily fill in with the neceszary
shades the arcas which he outlines by con-
necting the various points, which he plots.

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




Tn the transmission of the varicus letters
by cable, it has been found that some ol
them do not register very well and perhaps
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terrific pace oi nearly 230 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 our coasts to
the other, and that much time might mean

? F : an eotire 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
0 to renewed efforts, and zithough it must
be conceded that the apparatus they have
- so [ar produced have not wholly measuared
up to the strennous requirements of com-
5 mercial journalism, still, very tangible
i -+ progress has been made towards a satis-
% factory solution.
< All the wvarious code systems that have
3 been developed are based on very nearly
%0 the same principle, and this principle may
be explained as follows: Suppose that you
2! - have a rectangle divided off into equal
Ry 1+ spaces by horizontal and vertical lines, as
7 shown in Fig. Suppose alsc ihat each
40 T one of these lines bears a number. Now if
58 TR
- ) de 0 2
50 REEE i mR “HEE
: i 1
I 3
€0 L '%' B j : :
a ' 10 QU 0 AR,
Fig. 14. Sending pictures hy code. The star would

require only twelve points to be specified,

rep-
resents a very simple object far tr i

become unreadahle at the sceciving siation.
These characters are omitted and nat all of
the 26 letters of the alphabet ure nsed.  An-
other interesting fact is the time required
to transeribe the character groups into the
picture,

The following daia illustrate the speed
with which this particular photograpl: trav-
eled. After it was taken when Miss Ederle
was hall way across the Eaglish 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 ofice of
‘the Norih American Newspaper Alliance,
it was ¢oded by a Leishman opcrator and
sent by cable to the New York office. 1t is
interesiing to know that the picturs was
sent in two parts so that the receiving
operator was able to work on the first half
of the picture while the second half was
still being sent,

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

Another step in the dircetion of sending
pictures by code was described in the
August and Scptember, 1923, issues of
Practical Electrics, This publication was
fater combined with Science and Tnzention
Magazine, The article inclnded a short de-
scription of the work of Andersen, Emil
Belin and Prof. Korn. The article was writ-
tenn by Nael Deisch.

How to get photographs to the press in
time to supplement a descriptivi 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 airalane, and
only seldom does interest in an event make
the expenditure worth while. Then be-
sides, an airplan¢ is not rapid enough. If
Lieutenant Maughan could continue his
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Fig. 15. Tke Sphinx sent by the code =sy=tem.
Here it will be seen that a veory exhaustive epeci-
fication would be required for transmission.

vou should pu: a Mot anyvwhere on this
rectangle you could tell samebordy seated
at the table opposite 1 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 Lo the two Lnes which crossed
under that blot, There is just such a blot
shown in out rectangle the top of the star,
and for it the rumbers wonld, of course, be
18 and 20. Now if your friend huppened to
he seated g1 the other side of the continent
rather than at the other side of the room,
lie could locate the blot with-exactly the
same precision, and just @s soom Ju point
of time toe, if ¥ou had the oroper telephone
cunnections, Lhis simple fact is the basis
of a systen which has had at least one re-
markable application, and which under cer-
iain restricted circumstances serves quite
snecessinlly,

Let ns co back to our rectanpgle.

It is

crossed by only 60 lines in cne direction -

and 40 limes in the other, and hence any
given peoint cannot be located om it with
any high degree of exactitude. If the
point docs not happen {0 he placed where
two lines cross, the hest we can do s to
take the nearest infersection and let 1t gao
at that, Of course, when you then name
the lineg corresponding to this intersection
the persan at the recciving end will locate
his dat right at the interseciion, and for
this reasen it will 1ot be Fxed guite in the
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place that it is on the original sending ect-
angle. But i you should inerease the
number of lines sufficiently vou could get
any degree of accuracy that you might de-
sire. Suppose you had 600 lines in omne
direction and 400 in the other ; the pessible
accuracy would then be ten times as grest
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 localed, and since
cvery ot 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 Bine, an outline
drawing of the sender’s picture will take
forn: un the receiyer’s rectangle, The more
geomeirical the character of the original
picture, the smaller will be the number of
points required to speciiy its form con-
pletely. To send a picture of a square, all
that will he necessary is to give the nom-
bers corresponding to the four cormers of
the square. To send the picture of the star
shown in our drawing we will only have
to give the aumbers 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
pictare of a honse would not cause very much
difficulty; but when we come to deal with
lines ot uneven contour, the number of
points required is very greatly increaszed.
True, an outline drawing is not a fin-
ished picture, but by including suifablc
descriptive matter of each portion of ile
picture, a competent artist can fill it in
completely, in a way that is satisfactory
for certam purposes.

IL 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-
peteat staff of rapid-fire artists at the re-
ceiving end. Desides, the teamwork be-
tween the two stations must be perfect.
Then apgain it is to all practical purposes
impossible ta send portraits by this method,
which faet in itself almost cxcludes it
from the newspaper ficld.

Sull, the process. was very ‘successiully
applied on one occasion, and on that oc
casion morcover 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 baltle he-

E 1

Fig, 16, of code ission warylng
the size of the dark aveas of tne squave, the total
number of squares remaining exactly as before.
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tween Dempsey and Carpentier. and so per-
fect were the arrangements that the 3.300
miles that separate T.os Angeles from the
arena in New Jersey was bridged in a little
under three hours of tima.

These are the successive steps that were

Fig, 17. A figurc in solid black can he transmitted
by the line system. This indicates a2 departure
from the dot system, but we will see the dot sys-
tem returnad to for modern transmission.
gone through in the operation of transmil-
ting the picture. After the photograph of
the knock-out had been secured, an ouiline
tracing was made of il, and over this trac-
was placed a transparent picce of
loid cross-lined much like our orig
rectangle. 'Wherever a line in the tracing
passed through one of the cross-lines, a
code number was set down that specified
this intersection. TFor the entire picture
400 separate number combinations were re-
quired.  This entire code was then tele-
eraphed to the Los Angeles office of the
newspaper, fogether \\’itl‘ additional de-
scriptive maitter co\,ermg 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
50 minules, 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
truthiul to the original, as was shown later
when the (wo pictures were published side
by side.

A principle closely similar to the cne
described above is the basis of most of
the mechanical methods of transmitting
pictures by wire. To wunderstand this
principle, we need only take our original
rectangle, all eot up neatly into squares
like a checkerboard, and suppose certain
of these squares to be dlled i with black
ink in such a way as to give a design, say
a picture of the sphinx, as show:n in Fig, 15.
It would be easy to telegraph intelligence
oi exactly where ecach one of these black
squares is located, and thus -:mhle anybady
at the other end of the to duplicate
otit own_ design. For insta:z:e. we might
merely xg\'ve the numbers of the blu:t{ squares
that occur in each line, in succession, start-
ing from the top. E
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But it will take no lengthy rellection to
realize that when using this process we
could only transmit very simple pictures.
Of course thé reproduction might be con-
siderably improved by greatly increasing the
numhber of squares, but even then every
picture would inevitably look a great deal
like the design on a \avzuo saddle blanket.

Lvery picture made by this process must
be a mosaic.  Yet some very commendable
pieces of art have been executed in mosaic.
However, the artists who put those draw-
ings together had at hand stones of dilTerent
shades, whereas we are limited to full black
and full white. That fact puts a very se-
verelimitation on our efforts in the direction
of artistic expression, but one which can be
largely overcomc by the simple expedient
of using squares of different sizes. In that
way we can produce a graduahou of tone—
shades varying from iull black o perfect
whiteness—and we will thus get nol only
the outlines of the picture bul the shadows
and half- tones as well, ar wse the system
dcscubcd in the previous chapter.

Fig. 3 ihm's a drawing that has been
made up by just this very method. Thers
are no more squares in this drawing than
there are in the drawing of the sphinx,
but the squares have been made of dif-
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 separate squarcs, but merge into
each other, and it will take on an altogether
diffcrent aspect.  Tn ather words, to make
a pericetly clear and well madeled picture
of ordinary size, the squares must he quite
Instead of squares, we can, oi
use dots of any shape, ful the shape
individual dot has hiule influence on
1l effect.
have now arrived, for the half-tone
illustrations used in magazines and news-
papers are made up of nothmtr more ti
a great number of little dots of various
sizes, ‘sel oul at regular distances from cach
uthu. All we have to do is to telegraph
the size af vach one of these little dots to the

other end, set them up thcrc in the proper

order, and our problem is solved.
Thorwald Anderson, a Dutch inventor,
worled out a2 way of dumg this. He had
an apparatus at the sending station by which
he determined the bru,hhn.n of the picture
at every point that will he represented Iw
a dol.  This intelligence was put inta code,
and the code televraphed to any part of the
carth that can be reached by wire or wire-
less.  The operator at the receiving end
was provided with a typewriter whose spe-
cial Lype enabled him to make dots of dif-
ferent sizes, and he punched cut these dots
in succession, just as they were sent, side
by side and line under line, on a sheet of
white paper.  When the whole operation
was finished, a complete picture appeared on
the sheet, which had only ta he reduced upon
a zinc plate to make it ready for the press.
This all sounds very simple, and - onc
would think that Anderson’s process should
work prefty well, Rut a little arithmetic
.mphul to the question will cause some
doubt on this point. A good prml for a
sporting extra should he about 3x7 inches
in size. Newspaper illustrations are nsually
made to have abount 63 hali-tone dots
to the inch, and a square inch would thus
contain 65x65 dots.  In the whole picture
there would, therefore, be 147,873 dots, and

so many can be ﬁahsxacmn‘y inmsmntcd
only by awvtomatic mechanical methods.
Some American inventors worked out a
process for accomplishing this some vears
ago.  Their invention went by the name
of the “electrograph” and mmhu_ mak-
ing an enlargad zine cic z of the origi-

nal photograph, to he used in the seudm"
machine.  To prepare this plate usually
rcqmrcd about 40 minntes. To trapsmit
the picture took only about 10 minutes
more, and to reduce and prepare the re-

ceived picture for printing, another 30 min-
ntes; of a little over an hour and a guarter
in all. The' size of the picture was 9x12
inches, and there were 40 hali-tone dots to
the inck; so by reducing it vne-third a 6x8
picture containing 60 lines per inch could
be made up.  Transmissions were carried
on belween St Louis and Cleveland, which
represents 770 n‘xles of line, avd although
the results were “satisiacto they do not
appear to have been as good as those wiven
by other processes that were being developed
in Europe.

Nearly all iaventors during 1973, aban-
doned the ot methed, and sought to pro-
duce a nearly continucus image at the re-
ceiving station—a piclure xmend‘_d to re-
\ClnblL as closely as possible an ordinary
photographic print.  TFrom this picture the
half-tone plates are made up exactly as
with an ordinary phatograph.

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—iust 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
difference being that it is without the draw-
ing. The problem is to 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 be asked to suppose that
at the sending staticn there exists a pencil
or stylus which regularly moves in a straight
line irom the top to the bottom of the rect-
angle on which his star is drawn, and that
before each new stroke this stylus moves
over an imperceptible distance towards the

right.  Thus, if it starts at the lcft of the
cdwre of the rectangle, it will move over the
ont arca of the paper in a succession of

vertical strokes, We must request the
reader further to assume that at the receiv-
ing station another pencil sweeps down over
the sceond rectangle at exactly the same
tate. Poth pencils therefore will be at
exactly the same relative place on their te-
spective rectangles at the same instant. Just
Low this can be done will be explained
presently.

Assume again that each time the first
pencil touches the drawing, the second pen-
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Fig. 18. The Nile boat and palm tres of the hlack
unshaded orlz!na] reproduced in Yine at the distant
of the talegraph wire.
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CCLAMG  APPARATTO

Im wound upon a rotating cy\indzr. Sending
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Fig. 20. Selenium cell apparatus for sending moving ictures; they are received photo cally upon a
i o e

receiving apparatus, also operat

otographically,

t allow for use of an oscillating soirror,

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 moaved beyond the edge of the drawing
the second pencil again riscs, 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 becn gone over in this manner,
the second piece of paper will bear an
image of the original drawing, not ir fuil
black, but an image made up of a r=reat
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. I il 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 lounger
to send the picture.

Now let us consider how all this is car-
ried out in practice. Take a piece of »aper
“on which the picturc to be sent is drawn
and wrap it arcund 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 recciving
end. Suppose the two cylinders to be tarncd
by a motor at exactly the same speed.
Ii the axle on which the cylinder turns is
threcaded like a serew, the eylinder and
paper will move along lengthwise as it
turns around, and it will e evident thal a
point or stylus held against the reclangle
will sweep over it from top to bottom, and
also move sidewise. Of course in this case
the rectangle moves and the stylus s:ands
still, but it all amounts to the same thing,
as Einstein tells us. That solves the first
part of our problem; the ane of contriv-
ing to have the two stvluses to move al just
the same speed, and to be at the szme rela-
tive point on both cylinders at the sarie
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 merk.

This final difficulty was worked it in
several ways by various inventars long age
—by Bakewell in 1847, by Father Casclli i
1856, and by Meyer in 1865, typical
method is to make the drawing to be¢ rars-
mitted on a thin sheet of metal like tmfail,
using black wvarnish and ink. The tinfoil
bearing the drawing is then monnted 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 1o be,
while the cylinder turas under it. Now
lm[ml is a. good conductor of electnc:f*, and
so 18 the sleel stylus, but varmish is not.
The tinfoil is stretched over a metallic cylin-

der, and the cannections 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 s, the cur-
rent will pass so loog as the ncedle 35 in
contact with the tinfoil, but as soon as the
turning cylinder brings a part of the design
wnder he needle, the nhu!.ihug’ ik in which

e design is drawn will hft the stylos
off the tinfeil an imperceptible disiance and
the current will cease to flow. We have
then this state of affairs: when the stylus

is passing aver 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 wp a very
short distance from the paper by an elec-
tro-maguet. 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 oft 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 clectro-
ma.gnct 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-
lent. Caselli achieved the same erd by
slightly different mcans, Instcad of exe-
citing his drawing in varmah on tinfoil,
hiz picture was drawn in_slight relief
by a photographic process. The stylus was
atiached to a little lever, and cach time it
passed over a part of the drawing it lifted

SENDING
APPARATUS
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The Korn Method

We will now considet {he precesses of
Prufc,sbur Korn of Munich, and of Emile
B¢lin of Paris. Here we find ourselves u.
comparatne!y new territory. We, 01 cours
still retain our cylinder, rotating on a iareas i—
ed arbor, aud crawling aloug an xmpercep—
tible distance \mth each revohition that it
makes. But that is about all of ovr old ap-
paratus that we still have wse for, and we
will have to make over even that essential
part to a certain extent, I'or the Herr Pro-
fessor of Munich, whose process we will
first describe, does not usz a metal cylinder
at all, but instead a cylinder made of trans-
parcut glass. Around this eylinder he wraps
his picture, but this picturz is not drawn
out on metallic tinfoil, nor even on paper,
but consists oi a photograph on transparent
celluloid,

Now we come to the critical part of the
process. Obserye the left-hand figure
above.  The eylinder is placed vertically,
and moves up or down as it turns, At a
short distance from the cylinder is placed
an clectric lamp. A lens takes the lighs
from this lamp and focuses it in zn ex-
ceedingly small spot on the surface of the
film. Since both the filmy and ths <yl-
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 hend the heam
light at right angles and send it out of
the open bottorm end of the cylinder. Here
the fght falls on a selenium cell, through
which a current of electrmicity f urm»hed%
the battery is continually flowing.

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

RECEIVING
APPARATUS

Fig, 1. Very simple
errangement by which
perpetual  sync
s between two rows
of rotating cylinders
at dlshnl stations is
cbiain: This is wvsed
on tbe Belin appara-
tus.
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BATTERY
slightly, and the lever made a contact and
sent a current over the line. There was

no pen at all in Caselli's apparatus. He
usced a parer so sensitized with chemicals
that in 1nerely passing through it the elee-
tricity left a mark, and thus he did away
with a great deal of complication.

Beth o these apparatus, did in fact
achieve some limited application, Caselli’s
was used on the French state telegraph

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 phatograph, could be trans-
mitted, sxl also Lhat there was not then
the Intense pressure that exists today for
gefting pictures 1o the press.

SENDING APPARATUS

E1vLus

AT
the sy= by
the Nile boat had its
picture Eremsmittcd.

b: CATRH
= SPAING
=

But the spot of light stays in one plac=
all the time, whereas ihe picture moves
along under it. A picture is not all of
one tome—it is light in some parts and
dark in others, and as a lizht portion hap-
pens to move into place under the spat of
light, nearly all of that Tight will pass
tlx-ough the picture, be reflected by the
prism, and fall apon the selenium cell, But
when a dark portion of the picture moves
under the spot of light, hardly any of ths
Jizht will pass through.

The sclenium cell is thezefore sometimes
in the dark, sometimes illuminated, accord-
ing to whether 2 dark or a hgh‘ part of
the picture happens to interposc itself be-

(Continned on page 108)

RECEIVNG APPARATUN

TELEGRAPH  LINE



TELEVISION

The Bartlane Process

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. Nevertheless, the Bartlane

Perhaps some author-

process at the present is the outstanding picture transmission method. An article descriptive of this appeared in the

April 1926 issue of Science and Invention Magazine.
L1}

Written by H. Winfield Secor

SANTINOE?? SINKING CABLED ACROSS THE ATLANTIG

Photo at right shows machine for yeproducing photo as well as
preparing transmission tape in New Yorlk office phote syndicate
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 by 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. The photo shows first pic-
ture being veceived from London, September, 1825,

The diagram at the immediate right shows the
tone scheme employed in s process It should

Map at left thows
present  facilities
in actual operation
for transmitting
pictuyes such as
*‘Antinoe™  across
ocean and to all
parts of U. S.

be r\-,meﬁﬁemd to begin with, that no special cable
transmitting or r ivi is »
The snapshot received in London by airplans from
. S, “President Roosevelt,” was hwricd into
the laboratory, and five prints on zinc were made
from the negative, each of
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
and ‘an electric circuit is established through thesc
portions, corresponding to lights and shadows, each
registering on_certain perforators as shown on op-
posite page, The cable company receives the per-
forated tape, transmits its rveadings across the
occan, 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
squarve dots of wvarying tone values.

The tape forming tha border of &his
Walker's photo shown abowe, is 3

tape used. It takes a relatively short time to prepare the five tona meg.
atives from the original picturs in the transmission laboratory, and 2

tape signals for photo are transmitted across the ocean in a few minutes.
Once the tape is placed in the reproducing machine it requires but one

At the left appears a picture of the
foundering **Antinoe'’ as cabled from

ndon 1o 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 ““Antince.”” 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. -

Above we see the smiling face
of New York Cily's new mavor
the Honorable James J. Walker,
as reproduced in London papers
from a plcture cabled across the
Atlantic from New Yor! Did
you mnotico 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.

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 description 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.
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mATl“G i \)D)J
FILM
BEATT OF f1emT

\J { ;Ii‘1| uunumll

LENSES
14 MINUTES TO RECORD SPOT OF LICHT
PHOTO ON FILM _  _ow -.-.--.-‘

ENTRATING
aemmmnE LENS COMBINES

o - 5 RAYS
INTO ONE BEAM

'RE!‘LECTOE
FEED WHEEL

PHOTO COPIED BY rr\cm\vﬁis o
CAMERA TO GET -
HALF-TONE
SCREEEN

PRINT MADE FROM , ) ;
WET NEGATIVE __- " ETCHED, SENT To¢
OR ENLARGED TO

8°%x10" RETOUCHED

1F DESIRED NEWSPAPER

When the crew of the S. S. “President Roosevelt!! was rescuing those insulated from the metal and the licht parts were not, Then, as contact

on board tha 5. S. “Antinoe,” a photograph was taken of the latter ves- needles were passed over the surfaces as shown, circuils wern: made and
tograph was subsequently sent by cable to the United broken and the tape was perforated, These perforations were transmitted |
Slalms fur pnbllaudcn. Thet:bove mustra‘tinns tsgmw the Vﬂﬂolliﬁ ste) in the usval manner, received a.nd recorded. tapcﬂvms then '
e transmission. Fi prints were mad ti [ feall tized
Theae were then developcd and by the ;ro-:esrw: m:anegn ol °fd zn:crt: ’Svi:&;e rholographiealy Sex e LT

fMustrated. From thcn 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 dirom the

carliest of apparatuses down to the
present day, we have already seen the meth-
ods employed in the sendinz of photogaraphs
by cade systems. Naturally. the next step
is to either improve the code. send pictures
directly without & code or do hoth. The
subject as will be scen has been approached
Afrom both angles, The code method has
been materially improved as was shown in
the last chapter and the wire or radio trans-
mission system was likewise considerably
developed.

Ik this chapier we are guing 1o deal ex-

Syslems of Bain and Bakewell

The problem of seeing at a distance is
always preceded by the presumably sim-

Fig. 1. Illustrative exam lrlc of cleclroljmc deposi-
tion. The shaded part indicates metal deposited on
the electrode

pler achievement of trans
by telegraphy.

The simplest and most  readily
stood method of reproducing a picture
electrically is by electrolysis.  The appar-
atus which works on this prineiple is based
upon the fact that an electric current which
is sent through a solution of metallic salts
decomposes them into their constituents. Al-
though very many of our radio friends are
now familiar by cxperience witlh back-coup-
ling and modulated oscillations, reflex cper-
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 there is
a solution of copper sulphate in waler, in

nitting pictures

under-

Fig. 2. An clementary form of the vead_nz and
raceiving apparatus for the electric tr ssion of
drawl.ngs is illustrated above, The recelving stylus
by the cmrrent reproducses a
design on 2 a’ync'hranmxs]y driven drum. The two
apparatus may be assumed to b many miles apart.

which as electrodes two plaes of carbon
(A) and (K) are immersed and connected
mlh the galvanic battery (L) Then as
the current passes, the beautiful blue so-
lutien gives up its copper so that plate (K)
15 coated with copper, red and melallie, as

indicated by the hatched lines.  For pro-
duci a picture other solutions are cm-
ploved; but this simple example is enough

to male the topic clear.

Now we must explain the apparatus pro-
duced in 1843 by Lam. but first put mto
practical form in 1847 by Bakewell. In
the iagram Fig, 2 the sending apparatus
is shown above, and the receiving apparatus
below may be assumed to be at any distance.
The design to be lmmmme([, which may be
writing or drawing, is mmlcd upon a plate
of meral such as tinfuil, with an insulating
point or varnish such as asphalt or shellac
solution, As a simple example we show
here a square crossed by its twao diagonals.
This leaf of tinfoil is then attached to the
eylinder (T,) and may be cemented thereto.

On the surface of the covering of the
cylinder 1 metallic stylus (S:) rests, whose
msulatm;r arm (A\,) is tapped with a thread
at 1ts back and through which passes the lead
screw  (Spi).  The current of the battery
(12) 1s conducted {o the right-hand standard
and the shaft, then through the deum (T)),
and then passes through the stylus point
(51) when it is possible to da so, ch is
when the said point Tests nupon an_unc vercd
portion of the tinfoil covering (B) of the
cylinder, But when the pomt (Sy) reaches
a part of the [oil covered with the msulating

Fig. 3. The carly form of the *telephotographic™
device w. The

ven a clock spring, Jus is
moved h-anwerselwl?;y a threaded rod or lead-screw
geared o the drum shaft

pigment the current is cut off. Now if we
turn the eylinder (T:) on the shaft, while
at e same time the point b;), by the
acticn of the lead screw (Spy
drawn along the eylinder parallel 10 ils
axis, the peint (S1) will then cover the str-
face of the tinfoil with a discontinwous
helical line whose successive lines liz close
to cach other.  The drawing will therefore
he transmiticd step by step and decomposed,
it were, into openings and closings of the
circuit.

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

‘But now the current thus produced must
act upon the distant receiver and give us
visible lihes again. Tor this purpose the
same arrangement as the transmitter Is em-
ployed, including the metal drum (T2), a
metal poir it (S)), and the transierring point
(St.). It is essential that the ro
paratus shall move at exactly the
speed as the transmitter. Then we \\LL
find the stylus point (S) on the same por-
tion of its -drum (T), always in place cot-

is slowly -

responding to the receiving apparatus drum.

The technician will express this by say-
ing that both apparatus must be in syn
chronism.  Now we wrap around the drum
(T2) of the receiver a sheet of bibulous
paper (P) which has been moistened with
a colorless solution, irom which the elec-
tric enrrent, just as it did with copper sul-
phate solution, will separate a definitely
colored substance.  Thus a {errocyanide
(as vellow prussiate of potash) mixed with
ammonium  nitrate and dissolved i water
will give a dark bluc color under the action
of the carrent. The current transmitted
in regulated intermission according to the
lines of the drawing is carried xhrungh the
corresponding  parts of the receiving  ap-

Fig. 4. The rveceived drawing is a neg:xhva” of the

drawing on f.\:e transmitter drum, since the re-
celver stylus is lifted off the drum when the trans-
mitter reaches point after point on the draving.

paralus, including the moist paper spread
upon and attached to the drum or eylinder.

It follows that the point (S:) will re-
pmduce on lhe paper i blue lines the de-
sign painted upon the tinfoil at the dis-
tant {ransmitting 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 broken off
wherever the mxulannv COMPpOSIticA comes.
Now when the paper which has covered
the entire surface oi the cylinder (T3 is
marolled and spread out we will have a per-
fect reproduction of the original, in white
upon a blue suriace, the latter composed of
lines in cloge proximity to each other, as
shown in Fig. 4. The above is electro-
chemical reception.

We h'uc come to the important develop-
ment of recelving a sketch or wrmng by
the use of the electromagnet, We now

Fig. 5. Tha typa of apparatus shown abave aperates

by a positive action of the receiving stylus, the

la‘!ter making a mark on the receiver drum when

tha fransmitter current is interrupted by lines of
the drawing.



refer to Pig. 5. The transmitfer 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 « pencil

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

fmra\us shown in Fi{. 5 is jllustrated above.

el!'his is an exact o of the trans ted
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. A
secand 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 armaturc upon the drum,
and if ihis is rotated the same helical line
will be drawn upon the paper. Now let
the current irom the battery be 1'ntt:rrupy:(]
at proper intervals by the transmitter, which
current goes through the cnils of the clectro-
magnet (M), it will raise the arm (A.) and
lift the imscribing point from the paper.
This occurs as long as the stylus of the
transmitter rests upon the insulated varnish
on the tinfeil.  But when at the transmitter
any point of the design opens the cireuit,
the magnet (AL} releases the inseribing point
(F) so that it makes a mark wpon the
paper. By this apparatus we obtain the
sketch repraduced in points and strokes
lying very <losec to each other in tint or
color upon a white ground, Fig. 6.

The two apparatus so simply described
are subject to many madifications, but these
do not affect the basic principles. Thus
a departure is shown in the transmitier of
Hubert, in which the design is produced
on the paper in relicf, so that the lines
rise above the surface of the paper. The
current by the contact (K) is carricd to the
recciver, But this is anly possible when
the stylus (S.) is raised by the relie? por-
tion of the skeich and the movable arm (A))
pressed against the cantact point (K) hencath

Fig. 7. This modified form of '‘te’cphotographic’

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 purpase of
making a good connection.

The current thus made intermittest pro-
duces on the chemical receiver the sketch
in blue lines on a while ground, and with
the electromagnetic apparatus in white upon
a ground of paralicl lines as shown in Fig. 4.
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This has been described in the simplest
possikle 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 wwo drums (T:) and (Tv),
which, of course, may be many miles apart.
This is a complication which cannot be
treated of here.

The question oI the speedy transmission
to be obtained by such an apparatus is of
interest to ns. Of we have regard to the
disturbances in the current, due to capacily
of the circuit, self-induction, lag of the elec-
tromzgnet and similar factors, which are
bound Lo cecur, but which with our present
means we can well overconie, we can then
under the most iavorable circumstances pro-
duce 300 points per second,

A picture 3W4X5 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 370 seconds, or nearly ten
miniges required for the repradluction.  But
this time will have to be increased il we
congider the delax due to difficulties in es-
tablishing synchronism. As we proceed
we will sce how synchronizing systems have
eradmally improvad.

The Leishman Direct Wire System

In the latter part of 1917 the ELECTRICAL
ExpexivExtTER asked Mr. Leishman to e
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ing of picturcs is not televizion; it does not
make it possible io see the person to whom
vou are telephoning, zs that would necessi-
tate the transmission of moving piclures or
about sixteen pictures per sccond. At
ihe present time, such a thing is impossible
for both clectrical and mechanical reasons.
It is passible, however, to send and receive
one picture in a very few minutes. Some
people ask what would happen should the
oicture collide with a building. Tlus, as
readers of the ELEcTRICAL ILXPERIMENTER
probably know, cannot happen because the
actual picture being transmitted remains at
the sending machine, a reproduction being
effected at the receiving end by the building
up of minute portions, one at a time, until
the cntirc picture is received.

“The ielegraphing of pictures therciore
resolves itsclf into ihe following distinct
clements: A means for gradually covering
the entire surfuce of the picture by some
device capable of translating the light and
the shade of the picture into pulsations or
variations of an electrical eurrent; and a
means for successively recording these pul-
sations or variations in the form of what
appears fo 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 zre 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. Leichman and his machine for telegraphing pictures, photos, séript, ete.,
over telegraph or telephone lines.

plain to its readers his system for the
tranzmission of pictures by electricity—
i. ¢, Tclegraphing pictures. The actual

workings of the instruments had never be--
fore been explained in detail fo the readers
of any periodical.

Even at that time the idea of telegraph-
ing nictures was not new; in fact, a scheme
for accomplisking this had been suggested
fully seventy vears previous to that ar-
ticle. Most experimenters that entered this
field made use cf the peculiar property of
selewiunz for changing its electrical resist-
ance when exposed to light. Mr. Leish-
man's system was far less complicated and
expensive than those using seleninm, and it
was possible by its use tn receive a very
clear and distinct picture at almost twice
the spced herctofore obiainable.

Mr. Leishman wrote: “In order to make
this discussion within the understanding of
all, I skall avaid 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 using this mechanism, The car-
riage that is sending or receiving, grad-
ually progresses from one end of the cylin-
der to the other on a spiral o¥ serew, aud
the picture itself ratates 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 linc. The cyl
ders must of course revelve in exact sy
¢lvanisie to prevent distortion, but for 1he
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
constiiutes 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 par-
tion of selenium through which the ¢
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 electrical current
accordingly, It is pessible, however, to
accomplish this in an easier, cheaper and
less complicated way. 1 perceived imme-
diately that a picture composed all of
black and white could be made to make
and break a current by forming the hlack
or white-on an insulating malerial upon
a metal plate and causing a current to pass
from the plate to a tracing needle, so that
the insulating parts avould break the said
current,

“This idea then had to be elaborated upon
to permit the transmission of a lalf-tone,
All newspaper hali-tones, and the great
majority of those in magazines, are really
composed entirely of black or white: that
is, ahy given point is either the one or the
other,  Examine one of these pictures
closcly and you will find it to be composed
entirely of little black dots, the shaded
effect 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 eighty. If
the half-tope is what is known as sixty
screen, then there are sixty dots to the
linear 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 portions having large dofs
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.

“Before explaining the exact operation of
my picture transmitting device, it may be
well to explain the method of preparing the
hali-tone in order to obtain the insulating

dots. For this, I follow up to a certan
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 break 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

Figp. 9. This reproduction of a photo; by the

Leishman Process shows mrﬁcuﬁ-ly {:Igbﬂm way

in which features are bro: & out, Hold picture
at arm’s length to oblain hast effect.
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and watcr, 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 heating, the gela-
tine picture turns to a chocolate color.
The regular photo-cngraving process goes
still further, but this is all that is necessary
i 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 needle,
which is held against the plate by a spring,
A current passes between the needle and
the cylinder excepting when an insulating
dol passes beneath the needle. 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 electro-magnets
on the receiving 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. These 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 receiving stylus
and causing it to write upon ordinary
paper. The reason lies in the fact that a
pen and ink arrangement is necessarily
more complex than the system above ex-
plained; it gets out of order easier, and
when recording at the rate of {we hundred
and fifty-ome dots per secand, which is the
speed at which a picture is recorded, it is
not as efficient as the methods described.

“The construction of the receiving arm
should be very light to overcome friction,
gravity and inertia. It should also be sui-
ficiently stiff to avoid vibration, Iriction
can be very largely eliminated by using
jeweled bearings. The electro-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 recciving carriage that will respond
to fechler impulses, but this is net as de
sirable as speed.

“Iiy connecting a rheostat in series with

“ the receiving carriage, the current can be

adjusted to make the receiving arm record
as efficiently as possible, and pictures can be
made lighter or darker at will.

“There is another detail worth mentioning
in regard to the sending apparatus, Unless
some mcans is taken to prevent it, a spark
forms at the break of the current, which
of course fakes place as an msulating 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 needle; or enough
resistance may be introdueced into the line
1o absorh the energy; or resistance may be
shunted across the gap so that the current
at break merely becomes too weak for the
electro-magnets at the receiving machine
to attract the recording arm. The latter
plan has the advantage of reducing what

may be 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 synchironizing of the send-
ing and receiving cvlinders. 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 best 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 rheostat the other way. When
storage batteries are used, the current is
steady and very little adjusting of the rheo-
stat 1s required.

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

Fig. 10. Another sample of the work which the
Leishman mach i

5 ine  will in a few
minutes over existing telegraph circuits,

heavy current is sent to the receiving ma-
chine, magnetically correctng the cylinder
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 seen, man-
ual control, of the nature described, may
be used, althongh 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 hy zadie. 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-
erate a relay, and this throws in a local
circuit to record the picture.”

In his sccond article on picture teles-
raphy to appear in the Erecrricar Exeear-
MENTER, Mr. Leroy J. Leishman explained
another of his svstems. * This method re-




Juced gravity, friction and inertia to a min-
-imum and made use of a new and very su-
perior type 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 suceession, and with the neeessity for
perfect synchronism to prevent distortion.
A familiarity with these essentials will bhe
taken for granted, and the only mecans for
accomplishing 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-
trical conduciivily according to the inten-
sity of light to wliich it is ¢xposed. Selen-
inm is therefore particularly adapted to
form the “eyve” that translates light and
shade into corresponding intcnsitics of an
electrical 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
it unnecessary to have the sending cylin-
der in a dark box, and in so domg also
eliminated the necessity of using a film.
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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 same thing is
true of many other rays. Quite a variety
of optical cffects may be produced in a
magnetic field, many of which Iend them-
selves 1o the uses of telephotography be-
cause the effect of gravity and friction is
not felt, and the inertia is nil compared
with mechanical ways of recciving. In a
rough manner, these rays may he unsed by
causing them ordinzrily to pass over an
electro-magnet through ‘the aperture of the
dark box; and \\hux the magnet is ener-
gized, the ray is either bent entirely. away
from the aperture or its effect matermllv
lessenc.

Of course, there is a hrll(' mcrlm in the
scleninm cell even shough cmmccted 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 connections between light and elece
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Fig. 1. General arrangement of Leish

A small selenium cell is placed in the hack
of a deep and comparatively large dark
hox. Lenses are arranged in fremt 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 be transmitted is
wrapped around the cyhnder. On both
sides of the dark box, very strong lights
are placed to illuminate the picture. The
cylinder has a threaded shaft, so that it
advances as it revolves.  This p(_nmls every
part of the picture to be focused in turn
upon the selenium cell, which varies the
current according to the intensizy of the
reflected light. In this manner the picture
is_transmitted.

The recciving is cq\nll) novel. Light is
not subject to the law of gravity aad has no
riction and no_ merua. The electro-mag-
nets at the rcccwmg station therefore act
dlrcctl) upon. a° magnetically affected ac-
tinic ray. - This beam of light may he polar-
ized, a- cathode ray, or, in fact, any ray
upon which ma.gncusm will exe-t its in-
fluence.
. We shall first cxp]am the polarized light
arrangement  for receiving. TUnlike 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 box must pass.
The light is polarized by Nicol prisms in
line with the aperture of the dark box and
the analyzer. Between these is placed an
electro-magnet, through the core of which
the light passes. This asparatus may be
adJusted to produce either a positive or a
negative by arranging the prisms so that
no light enters the dark box excepting
when the magnet is energized, or vyice
versa, when it is not energized. The
light rotates in the plane of palanzauon.
Ii a film is placed on the receiving drum
and the magnet connected in series with the

and
nic(ure via wlreless.

P i apparatus for telegraphing a

tricity, the greater the speed.

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

Without synchronism, telephotogrzphy
would be impossible, In another chapter
Mr. Leishman explains a manually con-
trolled synchronizer, and makes refersnce
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 cn 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
connecticn, The arm is then inclined about
15 degrees from the perpendicular. When
the sending machine starts, the first im-
pulse causes this relay to pull its arm
aganst a different contact, agamst which it
is also held by gravity, as the position is
15 degrees the othes side of the perpenci-
cular. This breaks the rclay connection
and starts the motor which operates hc
machine.

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

\th sending a picture, the thin copper
strip is connected through the shaft to one
outgom" wire; and the brush is connected

Fig. 12. Pho‘lorrlph of President Wilson as
reproduced at distant end of telegraph cir-
cuit by Mr, Leishman's apparatus,

in series with several batteries and the
other outgoing wire,” This connection
causes a heavy current {0 be sent to the re-
ceiving machine whenever the copper s!rip
and the brush make contact ; that is, onz
every revolation, |

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

The two resistance elements on the syn-
chronizing drum are used in receiving; and
ii their conmections are borne in mind, it
will readily be seen that if the heavy im-
pulse from the sending machine is received
when the brushes are in cxact centers of
said resistance members, the current in the
two brushes will be equal; but if the
brushes are either above or below center
at this time. there is a differential cffect
in the current—that is, the current is heavy
in one and light in the other, this effect
bccommg greater the further the brushes
are from center.

The §ym‘hromzmg impulse is necessarily
‘Theavy 1o distingnish it from the picture
transmtttmn‘ current. This being the case,
it 1s lmpe:atwe to pmvldc some means to
keep the heavy current irom entering ihe
“circuit that receives the picture, as it would
“burn out the magnets. The seams of ilic
“picture are arr'm"ed to come in line with
,the svnchromzmg strips on the non-con-
ducting drum, so that the hn\) impnlse i is
never reccived when the picture itself is

_being transmitted, but while the seam is

passing. It s, of course, necessary to have
the s_vnchrumzmg impulse received when
the brushes at the receiving machine are
passing over the resistance pieces. Sup-
posing, then, that this current always
comes when the brushes and synchronizing
strips make contact, it is easy to arrange
other contacts and brushes so that the en-
tire current passes into the s)nchromz'n”
cirenit while this part of the cylinder is
passing, and so that the current at all other

-times passes into the circuit that reczives

the picture proper., So long as the cylin-
ders are revolving in synchronism, this
means can be relied upon to distribute the
two carrents into their proper circuits; but
until synchronism is established, at the be-
ginning ¢f a transmission, another ar-
rangement zccomplishes the purpose

This system operates in conjunction with
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the means for getting the resistance strips
to pass bencath the brushes whea the syn-
chronizing impulse is received.

The principal part of the mechanism is
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current is equal in the two brushes that
totich the resistance strips providing the
current is received when they are at cen-
‘ter; and that the differential effect in-
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Fig. 13. This diagram shows the electrical
in Mr. Leishman's telephotographic i
or telegraph wires, Among other interesting

and arr !
instrument, intended for transmilting pictures over tele

of the various rm!ua
et phone
makes usc of a navel -

e inven

ized light ray, which is deflected by an electro-magnet.

another gravity relay. In its first position,
this serves to connect the motor with its
source of current through a circuit contain-
ing considerable resistance, This causes
the motor to run slower than the one on
the transmitting instrument. This being
the case, the heavy impulse is finally re-
ceived (and it takes only a few seconds—
seldom more than ten reveolutions) when
the resistance e¢lements are under the
brushes. The current is now permitted to
flow from the brush through the coils of
the relay, which throws the gravity arm,
causing the resistance in the motor connec-
tions to be short-circuited, so that the
motor then runs at the approximate speed
of the motor of the transmitting machine.

Until the relay is operated, by the pres-
ence of a current in the synchronizing cir-
cuit, the circuit that sends the picture re-
mains open. This is necessary to keep the
coils for the lighter current from being
burnt out, as the currents cannot be dis-
tributed until the brushes and resistance
elements are in contact when the synchro-
nizing impulse comes in, As soon as this
relationship is established the relay, which
operates only under the heavy impulse,
causes the picture transmitting circuit to
be closed. This relay periorms the two-
fold purpose of closing this circuit and of
short-circuiting the resistance that is in
series with the motor.

It has already been explained that tha

creases the further they are from center,
one brush having the greater current above
center, and the other brush the greater
when below center. Each brush is con-
nected with 2 solenoid, into the centers of
which protrunde the horn-shaped arms of a
rocker that pivots on a {riction bearing.
A hand on this rocker forms the contact
on a sliding contact rheostat in series with
the motor. As long as the machines are
running in synchronism, the current in the
solenoids balances the rocker arm so that
the current to the motor is steady | but as
soon as there is a slight deviation in the
synchronism, there is a change of current
in the solenoids which pulls the rocker arm

to one side or the other, therehy moving
the rheostat contact so as to give the motor
more current if it is too slow, or less cur-
rent if it is too fast. This system of syn-
chronizing is positive, and because of the
resistance strips and the differential cir-
cuits, a very slight change causes the ap-
paratus to respond.

When the picture has heen received, the
cylinders continue to revolve until they
have advanced far enough to strike the arm
of the starting relay and throw it to its
original position, breaking the motor cir-
cuit and stopping the machine.

A clear understanding of this synchro-
nization system will aid the experimenter
in huilding a simple picture transmission
system of his own. Mr. Leishman’s appar-
atus 1s described in detail in another chap-
ter in t work.

Arthur Korn'’s System

One of the inventions perfected during
the war—independently of any strategic
considerations, no doubt—is Prof. Arthur
Korn's Lransailantic Telephotography,
The nsc of a light sensitive cell played a
prominent part in these early experiments,

To show the close relation between code
and direct wire systems, this method is in-
serted here.

QOur readers are, of course, conversant
with the Professor's #ransconiinentel tele-
phiotagraphy which previeus to the World
War made part of the routine work of
some  prominent European dailies, enab-
ling photographic pictures of people and
events io be wired from Berlin to Stock-
holm, Copenhagen, London, Paris, etc., as
well as vice versa. This process, because
ai the enormous capacity of transatlantic
cables and the resulting inertia, could not
be adapted for transoccanic scrvice and a
new process had to be devised.

In its first stages it resembles the fa
miliar methad used for transmission om
transcontinental lines. The picture to be
transinitted, in the shape of a translucid
film, is wound upon a glass cylinder per-
forming a rotation round its own axis as
well as a slow forward movement in the
direction of the latter. All the elemenis
of the pictures thus pass in turn at the spot
where the beams of a Nernst lamp, of very
constant luminouns intensity are concen-
trated. After traversing a given film ele-
ment, these beams will strike a selenium
cell, whose resistance, of course, varies in
accordance with their luminous intensity;
these fluctuations of resistance being con-
verted into corresponding  variations of
current intensity in the circuit comprising
the selenium cell.

Now, whereas in the case of ordinary
telephotography these current fluctuations
are transmitted over a telegraph line, in
order at the other ¢nd, by an inversion ot
the same series of operations to be recon.
verled into variations of luminous inten.
sity, and accordingly into shades repro.
ducing photographically the original filir
at the sending station. This is not feasibl_
in the case of transatlantic telephotography.

Fig. 14 P
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Proi. Korn, therefore, designed a most
ingenious relay, where all contacts are re-
placed by clectric sparks and arcs, and by
the intermediary of which the current fluc-
tuations were made to act on a high-speed
telegraph of the Siemens and Ilalske sys-
tem where each current infensity, in tl!_c
perforated strip, produced a g
nation of holes. After converting these
perforations in the same telegraph into a
series of letters, where each ol those chosen
—fourtecn in all—correspond lo a given
combination of holes and accordingly fo @
given current intensity and @ certain shade
of fitm element; these letters weere, like an
crdinary cablegram, trausmiticd across tlie
oceair.

What there is received at the other end,
then, is only a series of several thousand
letters, which at any time and any place
desired, can he reconverted injo a picture
faithfully reproducing the original photo-
graph. Several processes can be used in
this connection, the mast simple (already
employed with satisiactory results) being
based on the use of a special ypewriter,
which in the place of letter tvpe carries
at the ond of cach lever a small eircle or
square of dimensions corresponding lo the
shade expressed by the letrer in guestion
The strofiger the shade, the greater will be
these dimensions, the intensity of the im-
print on the paper thus varying in propor-
tion, The letter “X" indicates the end of
a line and the beginning of a new onc.

By simply copying, on this remarkable
typewriter, the cablegram recen_red at the
distant end, the original picture is thus re-
produced, element for element and line for
line. The typewriter will preferably be
operated by electricity or compressed air,
thus accelerating operation and rendering
it more uniform. By subdividing the
cablegram into several portions, each of
which is entrusted to another opecator, fur-
ther speed is had.

By augmenting the number of letters
composing the scale of shaces and accord-
ingly the number of component clements
of the picture there arc obtained more deli-
cate reproductions,

Mr. H. Gernsback, editor of Science and
Invention Magazine and Radie News has re-
peatedly astonished the world by his predic-
tions of inventions and by his suggested im-
provements. Commenting on the work of
Prof. Korn in Germany, in an editorial in
Radio News Magazine for August, 1920, we
find this article:

Hugo Gernsback’'s Comments

Onte of the least exploited branches of the
radio art no doubt is radie phetography.
better known as sending pictures or draw-
ings by wireless.

Of course there 15 nothing new about this
and cver since the days of the eoherer,
serious cfforts have been made to send pic-
tures by radio, More than thirty years ago
actual experimental apparatus had been
used for this purpose and the results in
some cases, while mediocre, showed that
the thing could be done in a practical man-
ner with better apparatus.

Fundamentally, sending pictures by radio
is not much more difficult than sending
them by wire. As is well known, Profes-
sor Korn, in Germany, as well as other ex-
perimenters, have achieved notable results
in transmitting pictures over wire, and this
art is known as felephotography.

In radio, the same principle holds good
and the method in a few words may be de-
scribed as follows: At the sending end a
picture or drawing is usually made upon
tinfoil or any other conductive surface, the
picture being printed in an insulating ink.
From this it will be seen immediately that
there will be certain areas which are cov-
cred with an insulator, while other areas
arc metallic and -conscquently conductors.
We now take the picce of tinfoil with the
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Fig. 15. At the Jeft m reconstructed picture is shown, which was telegrapbed by code letters over a long

telegraph line. The right-hand pboto shows Dr. Korn rcconstructing this
gram an his special typewriter, cach key of which has & dot of certain size on it

very picture from a code tele-
Instead of a [fetton

these warying dots make up the picture.

picture printed ¢r drawn upon it and wrap
it on a metal cylinder. We then rotate the
cvlinder upon its axis while a metallic
stylus presses upon the tinfoil. This stylus
advances just exactly as a phonograph
needle advances on the old-fashioned cyl-
inder phoncgraph. It becomes evident that
the stylus will at some time travel over
the tinfoil and at other times over the in-
sulating ink. Tf the stylus and the metal
cylinder, upon which the tinfoil is wrapped,
are connected to an electro-magnet and bat-
tery so that it will operate an ordinary
telegraph key, then in that case the key will
be depressed every time the stylus touches
the tinfoil and will likewise be released
every time the stylus travels over the in-
sulating inl. IFrom this it will be seen that
short or long impulses are sent out from
the radio siation all depending upon the
physical make-up of the picture. After
the sivlus has completely traveled over the
surface of the picture, the latter will thus
have been iranslated into dots and dashcs
of various durations of time.

If at the recciving end we have an appar-
atus which runs synchronously with the
speed of the cylinder at the sending end,
it can be rcadily scen that if we have a
similar stylus with a pencil or pen, 2
picture will be reproduced hy the receiv-
ing apparatus, which must in all respects
be exactly the same as that which consti-
tutes the picture at the sender. Were it
not for the hugahoo of synchronism, there
would be very little tronble in thus sending
pictures by radio, but here the great diffi-
culty arises. Thus far it has been almost
impossible to get two disconnected pieces
oi machinery to revolve at exactly the
same speed for long durations of time,
There will always be a certain length of
time where the speed of the two miachines
are not in synchronism with each other,
and that mecans. of course, a distorted pic-
ture at the receiving end. Theoretically, it
should be an easy matler to send pictures
by wireles= and there is certainly a great
future for this art. Up to the present it
has not heen exploited whatsoever, and is
still in the experimental stage.

It scems, however, that there must be

- some method by which the trick can be
- turmed without the use of cvlinders that

must rotase synchronously. In the olden
days we were also tied down to a coherer
that worked siuggishly and not at all per-
fectly; thiz naturally gave rise to imper-
feet pictures. We are not much troubled
with such things in these days of the vac-
mum  tube and once we have overcome
static which, of course, now often inter-
ieres while sending picturcs, we will be on
the road toward quickly sending pictures
across the continent or even acvoss the
ocean without much trouble.

It will be observed that Mr. Gernsback
believes that -the defects of synchronism
can be overcome in some other manner.

“Yes, but how?” says- the experimenter.
“We cannot conceive of any other possible
manner.”

Perhaps the method eventually put into
use will le remote from synchronism
as the cofwrer is from the vacuam tube—
who knows? Tt remains for our future in-
ventors ta solve this perplexing problem.

Zdouard Belin Method

Edouard Belin, a French inventor and
clectrician, invented an  apparatus  for
transmitting autograplhic writing, photo-
graphs and the like, by what may be termed
a Llelegraphic process. Ia a few iinules
a photograph or other design could be
sent hundreds of miles; an occurrence of
any sort cr an important personage could
be photographed and the picture could be
received handreds of miles away inside of
an hour.

To do 1his the inventer used a varying
electric carrent, whose variations were
produced mechanically at the sending sta-
tion, and éue to this current a mirror was
caused to vibrate at the distant receiving
station. The spot of lght from the mirror
was received on a sheet of sensitized paper
and a photographic reproduction of the ob-
ject at the distant station was produced on
development of the latent image.

The transmitting apparatus comprised a
cylinder «iu which was mounted the picture
or seript 19 he transmilled. This could he
a sheet cf gelatine, which had heen so
treated that the dark parts of the image
on it were in relief cr a sheet of manu-
script sn greparcd that the writing was in
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Fi; :g. Haft-tone rtproduchon

film on which General Man-

zlu s _portrait was received over

the Belin system, without re-
touching,

Fig. 22. Right Portable send-
IBngl unghmaxt ul.:fd ms{:::‘l.:
clin tel olography sy
The  cylindrical negative
causes a microphonic contact
lo fransmit impulses over tho B
l:lrclnt to the ‘rmx::vcr»
Stk aphialy. s Wi Bl
otogral y on the film,
as here reproduced.

In

relick,

the cylinder ro-
tated and an arm rested upon it and was
caused slowly to traverse the length of the
cylinder, exactly like the needle in the old-

transmitting,

fashioned cylindrical phonograph. Thus
the arm was thrown into vibration and the
vibrations acted upon a microphonic-type
resistance by which a varying current was
caused to pass over the telegraph line con-
necting the two stations, This current
varied in cxact reproduction of the me-
chanical variations of thc arm resting on
or touching the sheet om the sending
cylinder.

At the receiving station, perhaps hun-
dreds of miles distant, there was on the re-
ceiving instrument a cylinder rotating in
exact synchronism with the sending cylin-
der. On this was mounted a sheet of
photographic sensitized paper. The wvary-
ing current from the line acted upon a
mirror, somewhat as the current affects
the mirror in the reflecting mirror type
of galvanometer. The motions of the mir-
ror corresponded in extent Lo the sirength
of the current impuolses, The light re-
flected from the mirror was brought or fo-
cussed by lenses to the form of a spot or
small disk on the drum, or rather on the
paper eoating it. The actinic effect of the
spot on the paper varied with the motion
of the mirror se that a photograph of the
relici phject. on the distant sending cylin-
der was, evedtually reproduced on  the
paper affixed to the receiving cylinder.

The sequence of operation is fouriold.
The specially prepared ohjeet for repro-
duction acted mechanically on an electric
resistance, so as fe cause the production
of a varying or irregular undulatory cur-
rent. These were the first two steps—the
first mechanical, the second elecirical.
Then the current, as the third step, also an
electrical one, caused the mirror Lo oscil-
late. The fourth step mayv be taken as opti-
cal; this step was the focussing of light
reflected from the mirrot upon the sensi-
tized paper. It is al this stage that one of
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transmi
ted photographs and
handwri pver a
long distance.

Fig.
picture shows the
inyentor of the
telephotography sys-
tem, M. ouard

Belin,

Fig. 23. Ganeral E‘ershin.i s

the Belm te]ephuloy.'rzph
as not been ﬂ:touchv:d)

the most characteristic features of the proc-
ess appears, The work was done with very
fceble currents, of what may be crudely
termed mu.rophomc intensitics. So all the
work that was given them to do was to
cause a small and Lxcc(_dmgly light mirror
to oscillate, and it was ils xmpondcrabh.
heam of light, which, acting on the sensi-
tized paper, brought us to the last step—
the final phntugrapluc one,

We give in addition to the illustrations
of the apparatus, hnth sending and receiv-
ing, some interesting cxamples of the work
of the system. The photographs (unre-
touched)  of the representatives of the
French and American armies, Generals
Mangin and Pershing, were transmitted in
a few minutes, perhaps the principal delay
being the time required for the develop-
ment of the photograph:c image.,

The general disposition of parts is given
in Fig. 24, which, taken with the text
above, makes the principle clear. The
(ylmder with its picturc or writing in re-
licf, is shown with the microphone on
wlnch the arm acts mechanically. The
line with induction coil and battery and
other requirements, transmits the vibra-
1ion from the microphone to the distant
receiver-like  device, whosc diaphragm
earries a mirror, This reflects the light
through a system of lenses to the sensi-
tized papet on the receiving cylinder.

The -Paris correspondent of Practical
Llectrics, Jacques Boyer, furiher described
Belin's apparatus in the March-April issue
of the aiorementioned publication.

The problem of transmitting pictures to
a distance, by means of electrictiy, has oc-
cupied the thoughts of many inventors in
modern times, but it fcll to the lot of an
English mechanic, Bakewell, to invent the
first tclautog‘raph capable of Treproducing
any pictures at a distance.

A specimen of this kind was shown in
the London exposition in 1851, and a short
time afterwards the Abbé- G:acomo Caselli
developed  his  celebrated Tantelegraph,

which underwent many changes from its
original form of 1854, previous to acquir-
ing its final dcvdopment in the laboratory
Uf {gr Paris constructor, Gustav Froment,
in

By means of this instrument Nobili, the
accomplished student, was able to trans-
mit from one city to another with the exact
fidelity of a photograph, any signature
whatsoever, a portrait, a piclure, music,
etc. Then Lhe French Government, im-
pressed by the resalts obtained by Caselli,
brought forward a resolution to be voted
on by the legislative body, which arranged
for the introduction of the Pantelegraph
on the railroad from Paris to Lyons,

Since February 16, 1863, the administra-
tion permiited the public to transmit auto-
graphic dispatches between these two cities,
and in 1867 the Director of Telegraphs, M.
de Vougy, had a second apparatis on the
Marseilles—Lyons road.  The charge for
its vse was based upun the dimensions of
the surface of the paper emploved, at the
rate of (.20 fra.ncs per square centimeter,
which is about 25 cents per square inc h
The telegraph office sold the metallize¢
paper required for the production of the
characters.

Nevertheless, in spite of its excellent re-
sults, the Pantdcgmph had Ilittle success.
The people of that day did not understand
its mlporta.nce, and the Government gave
up its exploitation.  The Abbé Caselli went
back to his own country, and died at the
age of 76 years, in the hospital Santa
Maria of Florence, 1891. Modern society,
which owes its happmc<s to scientists, too
often rewards their works in this way.

Following Caselli, Meyer, an employee of
the French telegraph, invented an appar-
atus which resembled a Pantelegraph very
closely, We will also mention as a matier
of record the cxperiments of Minclin in
this line; the phoroscope of De Lazare
Weiler, the telautoscope of the Irench
physician Senlecq d'Ardres, the telephoto-
graph of De Porosing, the apparatus of
Ayrton and Perry, of Carev, of Bidwell,
the telectroscope of Jean Schzepanik, which
made considerable slir two or three years
before the exposition of 1900, Ritchie's
telautographe, pretty well forgottcn today,
and the clectric eve of the Russian, Pro-
fessor Rosing.

In their turn, Korn of Munich, and the
Frenchman lEdouvard Bclin, took up the
question abont 1907, In fifteen years of
Izboratory work and with a patience which
never succumbed, this last man developed
the fixed and port'\ble telestereographs, ca-
pable of working regularly on all telegraph
lines or even by radio.

Duung the years 1920-21 in particular,
the invenlor carried out numerous experi-
moents cither between telegraphic stations
which the Belin Company controlled or
owned in Paris and Lyons, or bclwu.u
Paris and Bordeaux, Nice, or ¢lse on in~
ternational circuils. Among other achieve-
ments, he produoced in Angust 14, 1920, or
the Paris-Antwerp line, the first telephoto«
graphi ic mcwspaper —reports which thy
“Matin” of Paris and the “Daily Mail” of
London published the day after they werg
received, TFinally, in the course of the
Washington conference, Octoher, 1921, his
telestereographs, installed in the United
States, succeeded in receiving various mes-

Fig, 24, Ma!had by which pictures are transmitted
and received by the Belin system.
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sages sent from France, and in transmit-
ting messages to Europe.

We must now see to what technical prog-
ress are due these remarkahle results. The
action of the Belin tvlestereogt:aphs de-
pends on the photographic sensitiveness of
hichromatized gelatin. Tn carbon print-
ing, invented by Portevin, plmlngr.aplnc
proofs are obtained with papcr sensitized
by bichromatized gelatin mixed with a pig-
ment, which becomes insoluble when ex-
posed to light. Taken out of the printing
irame, they are washed in warm water, and
the gelatin dissolves more or less accord-
ing to the degree of opacity of the differ-
ent parts of the negative . It s a case of
photography and-electricity working hand
in_hand, ' - ;

This evidently gives proofs with high
and low areas corresponding respectively
to the whites and blacks of the original
negative. The half lights {tones) are given
by intermediate thickness, accurately pro-
yortional to their intensity, Finally, the
uminous values of a proof are transformed
into electric current changes on a tele-
graphic line, and the receiving instrument
chariges these clectric variations hack into
pictures.

Theoretically, the transmission of a draw-
ing becomes the same as that of a phato-
graph, but there are nevertheless practical
modifications, The linc drawing is a mono-
chrome, with no variation of shade; such
are pen drawings, musical characlers,
printing, and thumb prints. Thus, the
Telestereograph gave the greatest service
to international police in the capture of
criminals. The thumb prints shown abave
were transmitted - from Paris to ITavre and
hrought about the capture of a dangerous
eriminal. On the other hand, the examina-
tion of the half-tones shows that the
images are really formed of continuous
flat tints, or of a limited number of shaded
tones, or of very numerous graded zones,
These definitions being undersiood, we
have to-see how we can send 2 line pic-
ture which only has two tone values in it.

The two-tone values may be translated
into currents of varying intensity and simi-
lar direction, or one value may be given
by currents in one dircction, and the other
by opposite currents, or one value can be
wiven by a current and the other by a ces-
sation of the current, The transmission of
a line drawing to a distance is comparable
to plain telegraphy., For sending texts or
line drawings with the Telestereograph
model, Fig, 28 and Diagram 26, the texts
in question may be traced on any kind of
paper with an ink which leaves a solid
line in slight relief on the paper. The
paper is then clamped on a cvhinder and
turned regularly by mach.nery, actuated by
Lattery or clock-work. Clock-work is used
in the portable apparatus, Fig, 29, Tn the

course oi this movement, the lines of the

Fig. 25. Thumb-prints which
soner; the message asking
criminal is reproduced in autograph below the thumb-
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Ted to the arrest of the
for identification of the

rints.

picture as reproduced, rxactly as it was transmitted
telestereograpl, as

the Belin apparatus was called.

d;a.wi'ug, which are in relief, touch a point
T, Fig, 26, on the estremuty of a very
which is cfie of the essential

Relay

Fig. 26. Diagram of the transmitting end of the
Belin apparatus for transmitting lpl;::turas by tele-
C

graph or telephane

Fig. 27. The receiving plant of the Belin apparatus,
illustrated diﬁﬂg‘rnmmah"calz. The reflected light
acts upon a photographic Flm and reproduces the
picture,
parts of a minute circuit breaker, all ol
whose parts can be regulated by means ol
a micrometric screw. This reproducer
rests on a carriage so that it can mave
along the cylinder on parallel ways, and a
screw moves it longitudinally parallel to
the axis of the cylinder.

The action of the feed screw and rotaling
cylinder combired, cause the point P of the
transmitters to follow a helical path on the
cxlindrical sarface.

Every time a line passes under the point
P of the transmitter the flexible plate L is
lifted from its rigid support, the current
which passes through it is broken, and the
cireuit is closed, only when the raised line
has passed to one side and has released the
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noint of the transmitter mechanism.

It is clear that if we puat the transmitier
in series with the battery and with the line
L/L", the receiving station will receive
impulses considcmhfy transformed, hecanse
uf the constants of the circuit. Belin pre-
fers to pass the current ouly at the moment
af the motion of nals, which he cifeets
hy puiting the transmitter in paralicl with
a resistance at the receiving slation,
iz, 27. Successive imptilses of current are
ceived by the galvanameter with extreme
rapidity and secnsibility; for receiving the
tines and hali-tones, Blondel’s ascillograph
is used, because of its being pericetly dead-
beat, and on account of its high frequency.
The Einthoven galvanometer is preferred
by Belin for receiving photographs. An
incandescent electric lamp is used ior the
source of light, S, as it is very constant,
and its filament, of a very regular diamet-
rical shape, is placed in a metallic case,
in fromt of whicl is a condenser lens G,
with a diaphragm, D, in front of it, whose
vertical opening is regulated by mcans of
twa plates, actuated hy a’ micrometric
screw. A convex Iens, B, focusses the
light on a mirror, M, the rays coming
from a luminous source, and by caceful
regulation the exact focussing of the hight
is ¢ffected. The incident and reflected rays
fall into the same vertical plane, but the
oscillograph causes them to vibrale hori-
zontally., The ray refleced by the mirror
M, 15 passed through a narrow opening in
a screen J, then through a convex lens,
and projecting ihe image of the mirror at
the point M1, On the surface of a cylin-
der is a sheet of bromicc paper, and the
cylinder rotztes in synchronism with the
transmitting cylinder. This latter evlinder
is carricd by a special irame H, which
opens as shown on the right. A cylindrical
tube I, has its outer end closed by a silver
plate, pierced by a hole af diameter equal
to the fongitudinal displacement of the cyl-
inder for one revolution. With this ar-
rangement, once the frame is in place, the
light goes through a circular aperture of
diameter adapted to cover in its helical
path the emtire suriace ol the sensitized
paper.

The receiving eyvlinder moves longitudin-
ally, corresponding 1w the Ilongitudinal
movement of the transmter at the trans-
mitting statien. Tlach time the current
passes, the mirror of the galvanometer
moves, and it is only -when the current
passes that the light falls wpon the paper,
but at all nther 1imes the reflected spot of
light is deflected and fails upon a screen,
This arrangement can be reversed, so that
either a positive or a negative can be re-
ceived as desired. The transmitting and
receiving cylinders mwus. turn in periect
svnchronism.

The receiving eyvlinder is made to turn
very slightly faster than the first, and at
the completion of eack revolution it stops,
until the transmitting crlinder has caugli
up to it. A fork-shaped arm V, with
slightly flexible blades, esiablishes the con-

PP 15 for Er nit
er subjects bw electricity

Fig. 23. The Belin
pictures and oth

Fig. 20, Enkuyed view of the Belin apparatos
with which the inventer semt pictures

other subjectz recently in {hiz country, as well
as abroad. This is the pertable Instrument;
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nections hetween the telegraphic or tele-
phonic lines and the apparatus. These two
platcs oscillate between three contacts, act-
ing as a delicate current changer. The
two first contacts are connceted to the
main battery. the secend and third to a
battery of polanl} the reverse oi Lhat of
the synehronizing battery

The shaft which moves the cylinder car-
ries the cam which makes the fork vibrate
with proper irequency.

At the receiving station, the shail of the
eylinder carries an eccentric which at the
end of each turn elevates the projection on
the armatnre of the electro-magnet on the
relay circuit. A friction drive on the elec-
tric motor permits it to contlinue ils rota-
tion, in spite of the sudden check of the

cylinder, When the two cylinders begin
to move again, the working current acts

upon the oscillograply, and theh the receiv-
ing cylinder uuldeu]y stops when the eccen-
tric on its shaft raises the projection on
the'armature. At this moment, the cam of
the fork: being diametrically opposite, the
fork-uscillates and substitutes for the os-
cillograph polarized relay currents. About
1/350th of a second after this, the vibral-
ing fork at the transmitting station sends
reverse current over the line. The relay
closes the local circuit of the electro-mag-
net, which attracts its armature, and the
motor shaft begins a new rotation, and so
on until the entire image is transmitted.

To transmit a photograph on the tele-
graph line a pmo?of the original is taken
on carbon paper iransferred by the regular
process 1o the copper cylinder, and aiter
drying, an image in low relief is obtained.
The transmission and reception goes on as
has heen already deseribed.

Suppose, now, that someone is taking a
picture with his keodak. He will take a
proof in bichromated gelatin, which before
drying he will place upon the cylinder of
the Phototelegraph. Then he will go to
the telephone booth, or to any private line,
and will put his apparatus in communica-
tion with the line, At the other end his
correspondent will conncct his apparatus
and receive the pholograph The operation
is conducted without interfering with the
use of the line for telephoning,

In the Summer and Autumn of 1921, Mr.
Belin exchanged photographs and manu-
script messages between offices of the “New
York World” and the “Post Dispateh” oi
St. Louis, He also sent by telephone or
radio, lext and photographs [rom America
to Europe. He has also adapted his ap-
paratus for use with alternating current.

It is fair to call this one of the import-
ant developments in the electric transmis-
sion of intclligence, and one which should
have profoundly infinenced newspaper work,

Radio Teleinseription

That amateurs were already interested in
the transmission of pictures by radio is evi-
dent by the following article on Radic Tele-
inseription, by Austin Riu which appeared in
the October, 1921, issuc of Radio News Mag-
azine. Mr. Rui huchlf huilt the apparatns
here shown and we will permit him to give
his own description of its operation and con-
struction,

Fie. 30:

Disgram of connections of both trans.
mitter and receiver,
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Fige. 3. On the left is the transmitting apparatus for the tran«amssmn of pmdures by radio. The

spark coil and g3
receiver wi

may be scen fixed on

“T shall endeavor in this article to de-
scribe a simple instrument that I built
myseli and which can be used for the

transmission of drawings, documents or
Writing.

“In this experimen:al set, the new im-
provements of Radio were not considered
and T used a Branly's coherer, which gave
me very good results. Of course, if con-
tinuous waves were used with, at the re-
ceiving end, an amplifier and relay, the
distance over which messages could be sent
would be very much increased, but for ex-
perimentation I did mot judge it necessary
to complicate the set to such an extent.

“The construction of the transmitrer and
receiver is not very complicated for an
amateur possessing a few tools and having
enough hand-practice to turn oul success-
inlly a work of this kind,

“As may be seen in the diagram and on
the photograph, Fig. 31, hoth transmilter
and receiver consist of a cylinder having
a consfant angular velocity. The only deli-
cate point is to adjust the speed of the
motors in the two stations so that they run
constantly at the same speed. centri-
fugal regulator helps considerably in keep-
ing the speed constant.

"Referring to the diagram, it may be seen
that when the cylinder of the transmitting
instrument runs, the two gears R run the
screw S, displacing the piece E along the
cylinder, in the same way as the diaphragm
in the old-faghioned phonograph, thus ex-
ploring the whole surface of the cylinder,

“At the receiving station, the cylinder
runs at the same speed as the transmitier,
moving with two small rods SR and the
axis screw AS, The trangmitter eylin-
der is made of copper and is_electrically
connected with the two gears R, When 1t
is desired to send a document, a map for
instance, it is first drawn on the cylinder,
(or a sheet of tinfoil, which is applied upon
1t) with insulating ink, then the device is
started at both sending and recewmg sta-
tions. At the latter station a sheet of
white paper is glued to the cylinder. When
the needle of the picce E is in contact with
the copper cylinder, the clectromagnet B
attracts the lever L, but releases it when
the needle comes in contact with the in-
sulating ink, opening the circuit. The con-
tact I then closes the circuit of the pri-
mary of the induction coil and a train of
waves is sent through the acrial.

“At the receiving station this wave irain
impresses the coherer, closing the circuit
of the battery P, and the electromagnet
BR attracts the levnr bearing the ink-well
and pen supplied by capillarity, and marlks
a dot on the white paper covering the eyl-
inder,

“Tt is easy to understand the complete
process, which is a repetition of what was
just explained, the- drawing, map or writ-
ing being reproduced by ‘dots very close
together, [orming continuous lines and rc-
producing 1)('rfcﬂ.1v anylhing which is sct
on the transmitter.

“It 1s important, in order to obtain aceu-

c basc supporting
the coherer and writing device mounted on the electro-magnet armature.

the whole set. On the right is the

rate reproduction, to use a screw having
a closc pitch, as the screw S should move
the piece E very slowly, so that it explores
every spot af the cylmder while it rotates.

“In the instrument I built, the cylinders
have a diameter of 2 5/16% by 41/ tong ;
with the screw S having a pitch of 027,
four minules are required to send a full
drawing covermo: the entire cylinder.

In an cditorial in the November, 1921. is-
stic of Radio News, Hugo Gernsback tried
to further sti mulatc the radio amatleur’s in-
terest in the transmission of pictures. His
cditorial entitled “The Radio Experimenter”
spoke of this phase of the radio subject in
the following terms:

We have often in these columns urged
the Radio experimenter to get off the
“beaten irack,” and do somcthing original,
Of course, a good many of our amateurs
are ot asleep by any means, and are doing
wonderful work, but they are very much in
the minority these days, and ior every ama-
teur whao gets off the “beaten track,” therc
are at least a thousand whao are satisfied
to plod along in the good old way.

Why does not the amateur who has a
little machine shop get off the “beaten
track,” and do some experimenting in the
transmission of pictures? Once in a greas
while, we print an article from some en-
terprising amatenr who has had the spunk
to build such an apparatus. Just the same,
we predict that when five, or ten years a:
the most, are up, every amateur wﬂl have
his radxo picture machme.

In 1921 the signatures of General Focly,
and General Pershing were sent across the
Atlantic by radio on the Belin apparatus.
There is no good reasott why the amateur
cannot do'the same thing for smaller dis-
tances at:any time.

In the very near future, the amateur in
New York will buy the first copy of a New
York evening paper, wrap it around his
cylinder, and send out a whole shect by
radio. A thousand “miles away another
amateur will have a rceeciving machine
that will reproduce the printed page, type,
pictures and all, in less than a half hour.
This is a thing impossible te do by ordi-
nary wireless tclcgraph\ if every word has
ta be transmitted. The radio picture trans-
mission solves all this. Thus, in time, a
greal piece ol news “breaking” in the city,
will be sent broadcast by the enterpnsmg
amateur, who will send the entire fr ont
page of the newspaper, for instance, anc
the radio facsimile can then be exhibiled
in a distant town from 18 to 24 hours in
advance of the receipt of the actual news-

paper.

All this is not a mere dream; it has al-
ready bheen accomplished. It-is up to the
amateur to make the thing popular.

No informative work on telephotography
would be complete without including the de-
velopmental ingenuity of Dr. Arl.hur Korn,
the professor of physics in a German Tech-
nical School, Tr. Alfred Gradenwitz [ur-
ther described this work in the July, 1922,
issue of Redie Newes. It might be mentioned



heté that Dr. Gradenwitz is a Berlin cor-
respendent of both Radio News and Science
and Invention_and he is well posted in giv-
ing authoritative information. This subject
has alrcady been touched upen in previous
pages as rclated to wire transmission.

Dr. Korn's Apparatus

The story of many an achievement of
modern science sounds more romantic than
the wildest products of human fancy:
reality often is more marvelous than bold-
est fiction. Let me tell you the tale of the
portrait sent out into ether on the waves
of electricity, picked up anywhere within
the range of the sending outfit and recon-
stituted within a minimum of time.

Some days ago, I had the plcasure of
meeting Dr. Arthur Korn, Professor of
Physics at the Berlin Technical High
School, who had just come hack from
Rome, where, on an invitation by the
Italian Government, he had submitfed his
methods of Tele-Photography to severe,
and most successful tests. Ie gave me an
account of these tests, handing me at the
same time some excellent tele-photographic
srints for reproduction in this magazine.
“he following is the substance of his re-
port:

Prof, Korn's method for the wireless and
cable transmission of photographs had,
trith to say, already been worked out in
principle in 1914, and the first practical
tests between Europe and America were to
have taken place in connection with the
San Francisco World Fair. The construc-
tion of the experimental outfit to be used
to this effect was delayed by the war,
Though laboratory tests, as far back as in
1915-1917, gave excellent results, the first
opportunity of makings tests between re-
mote stations was afforded in the year 1922,
when irom the Centocelle (near Rome)
radio station, photographs were sent b,
wireless to ships on the high sea as wcﬁ
as to Massaua (Abyssinia, Red Sea); the
presence of the King of Italy with the first
transmissions lent additional solemnity to
the inauguration of this method, which
was then used for wireless picture trans-

Fig. 12: Portrait of the King of Italy transmit«

ted by radio by Dr, Karn in experiments conduct-
ed at the request of the Italian government.
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mission betweer Rome and the United
States. 1

Tnasmuch as the receiver—apart from the
usual wireless receiving outfii—only re-
quircs a special typewriter, no material
difficulty had to ¢ overcome af the receiv-
ing ¢nd, The sender, which is the most
important and most interesting part of the
plant, was installed in Rome by Dr. Korn
himself and his assistant, the Italian en-
gineer, Carazzolo. In the case of tele-
photographic transmission . to  ships, an
[talian marine officer would talce the spe-
cial typewriter with him on board the
vessel where pictures were (o be received,
One picture was received on hoard the
armored cruiser “Andrea Doria” off Spezia,
another cn a torpedo-destroyer eruising on
the high sea. In connection with radio-
telephotographie transmission from Rome
to Massaua, the picture being sent (the
King's portrait, shown here) was at the
same time reccrded on a checking types
writer in Rome; in order to make sure
that the radiogram representing the picture
had been reevived correctly at Massaua,
this radiogram was sent back by wireless
from Massaua. These tests actually
showed the typewriter method tg be admir-
ably suitable for cable as well as for wire-
less transmission to any distance.

Though the method itseli has been dis-
cussed at Iength in my article on the
“Cabling of Photographs,” published about
the vear 1920 in the Errerricar. KXPERI-
MENTER, it will be well to briefly receall the
underlying principle as well as any altera-
tions resulting from the substitution of
radio for cable transmission:

At the sending station, there is installed
a glass cyvlinder rotating around and ad-
vancing along *its axis, on which the
original picture—in the form of a trans-
lucid film—is wound. The light from a
Nernst lamp (which is a very bright and
constant illuminant) is, by a convenient
lens system, concentrated on a small ele-
ment of the piciure; owing to the rotation
and progression of the cylinder, the wvari-
ous picture elements will thus in succes-
sion come into the focus of the lighting
system.

After penetrating through the photograph
and the glass cylinder, the light will strike
a selenium cell, traversed by the current of
a constant battery. Inasmuch as this light
is more or less intense, according to the
variable graduations of successive picture
elements, the electrical conductivity of the
selenium cell will vary in proportion, and
along with it the current intensity passing
through the line. The sensitiveness of the
arrangement is greatly increased by sub-
stil‘-.luting a pair of selenium cells to a single
cell.

Whereas in the case of Korn’s tele-
photographic m:thod, these currents vary-
ing in intensity in accordance with the
various shading of picturc clements, are
at the receiving station, by inverting the
stages of this process, used to reconsti-
tute the original picture, they, in the pres-
¢nt case, serve to produce what the in-
ventor terms a ‘provisional record,” repre-
senting the sequence of pictnre elements in
a perforated tape or in a series of letters,
the various combinations of holes (or let-
ters of the series) constituting a prede-
termined scale of shades. Let us suppose,
for instance, that an “A" corresponds to the
lightest shade and a “Z” to the darkest, the
other lotters corresponding to intermedi-
ate shadings. Prof, Korn has, for the first
time, by means of a remarkably sensitive
relay, thus succeeded in azutomatically
converting the original photograph into a
letter telegram. This can, independently
of the tele-phatographic outfit, be sent by
radio to the receiving station, in order
there to be reconverted into a picture. To
this effect, a special typewriter is provided
at the receivinz end, where each type, in
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Fig. 33: This portrait of Mrs. Arthur Kom,
wifc of the inventor, was the first to be trans-
mitted by this system,

the place of the letter marked on the key-
board, will record a minute square of cor-
responding shade, thus reconstituting, ele-
ment by eclement, the original picture.

About one thousand words are required
for a portrait; a special code, however,
enables this to be reduced to three hundred
words. Lrom a wircless station, a given
photograph can simultancously be sent to
any number of other radio stations (also
to ships on the high sea), if these, in addi-
tion to an ordinary radio receiver set, com-
prise a tyvpewriter such as above described.

This method will find useiul applications
in the illustrated press, in banking and
other lines of commercial activity, for the
broadcasting of meteorological bulletins,
for advertising and, alas, for military pur-
poses as well, One of the most important
uses, however, will be for the purposes of
the criminal police, pertraits of eriminals
being, in a minimum of rtime, circulated
broadeast in all directions and to any dis-
tance, and being cven received on board
ship.

The Dieckmann Process

This is a methed for the wireless trans-
mission of drawings and refers primarily
to its application in aviation as given by
Dr. Gradenwitz in Radio News ior August,
1922. 1In this system the D'Arlingcourt
principle of synchronization is cartied out.
Here one cylinder is made to operate a
trifle {aster than the other. Generally the
receiver operates quicker. Part of the revo-
lution is for the picture iransmission and

Fie #: A view of a_complete station for
sending and recciving pictures by radlo; on
the zhelf arc the amplifiers and in the fore-

sround the transmitter and relay.



Fig, 40.

e right it is shown install

the remaining smaller portion, for
chronization at each revolution.

During the last stage of the war, Lhe
German army tried to de\'clop radio-tele-
phatography for the rapid transmission of
drawings, sketches, reports, elc.. from aera-
planes to stations located on the ground or
on board ship. Imasmuch as the Armis-
tice luckily cut short all war-like pursuits
not immediately followed by any practical
realization, but the method seemed to be a
zood one and will likely be put to peace-
time applications. This is sufficient reason
for our placing an account of it helore
our readers:

The method is the invention of Dr. Max
Dieckmann, director of the Rescarch Lab-
oratory for Radio Telegraphy and Atmos-
pheric Electricity at Grafelfing, near Mun-
ich, and can, of course, with but slight
alterations, be as well adapted for tele-
photographic  transmission  over telephone
or telegraph lines. Figs, 35-39 show the ar-
rangement of the transmitting and receiv
ing stations as well as of the synchroniz-
ing device.

The sending station comprises a stand-
ard sender for damped or  umdamped
waves, A telautographic transmitter is
‘connected up in parallel to the key. This
consists of a clockwork a, which drives a
cylinder b, carrying at its circumierence
the picture to be transmitied, and a2 con-
tact stvle ¢ which, as the ecylinder is
turning, explores the picture in an helical
line. The cylinder and contact style are
connceted up to the key cither directly (in
the case of small senders) or (in the case
of blg senders or if an mveruon of the pic-
tare irom “positive” to uegatne is de-
sired) through the intermediary of a re-
lay R, Inmasmuch as the pxcture e, is
drawn with conductive ink, the circuit will
he closed and a train of waves sent out
into space, cach time the style is in con-
tact with some portion of tLe plcture

The antenna at the recelvmg end is con-
nected up to a standard receiver for damped
or undamped waves working on a tele-
phone over a sound amplifier, The tel-
autographic receiver is inserted in the place
of the telephone receiver or in parallel ta
it and, like the sender, mainly consists of
a clockwork 4, a cylinder ¢ driven by the
latter and carrying at its circumfcrence
the recording paper, Lhe n‘mnlm-t-, stvle o
and, ﬁna]ly an arrangement for * ‘synchron-
mng ' the sending and receiving cylinders,
ie, for insuring uniform working of the

syn-

Fig. 37. The synchronizing system

Two views of g:e eylinder bearing the nlc;liu-e with the h:ynchronlzmg system.
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On

in an airpl

exlinders, Fig, 35, Connection with the am-
plifier is not made directly, but through
the relays R2, R3 and a rectifier, A short
description of the synchromizing device 1s
given in the following:

According to the D'Arlincourt principle,
the wnilormily of working between the
sending and receiving cylinders is, in the case
of telantographic zmt‘lods, r*encralh ob-
tained by causing one oi the cylinders to
complete each rotation slightly before the
other, arresting it the time required for the
other cylinder {o make ap for its delay
and, eventually, releasing it by the action
of an electro-magnet.

Now, in order o have to use vwo forms
Sender Siae
g ¢ [
e ] 2
These  sketches % Jarde

of picture trans-
migsion hy radio
and line telegra-
Y. Lt was
developed dur-
the war for
the needs of the
German  army

recorder receives ils impulses over a ling
of canductors or hy wireless from a radio
statinn, The dotted sections of the line in
Fig. 36 should, thercfore, be replaced by the
organs of wu‘eless transmission.

As seen also in Fig. 36, the sending cylin-
der & is set rotating by a clockwork, Lh\,
comtact device ¢ heing at the same time
shifted s to explare the circumference
of the cylinder b along a spiral (hellcal)
ling, a current being closed or opened in
accordance with the conductive or non-
conductive condition of the various por-
tions of the picture. The clockwork at the
receiving station will, in a similar way, set
the shaft o ruhmrlg. which through the
friction clatch f carries along the receiv-
ing cylinder g, unless this be xlopped by a
locking device.

This locking device, as represented apart
in Fig. 37, w:upnsu an clectro- magneth a
stop lever § kept back by a spring, and a
cam % rigidly cor‘nt.ctcd with the receiving
cylinder, The current at the receiving end
simulianeonsly flows throngh the electra-
magnet of the recording style ¢ and thar of
the locking device .

When no current is flowing through the
electro-magnet, the receiving cylinder g s
free to rotate, and the same will be the case
if some current flowing through the clec-
tro-magnct /i, the lower part of the stop
lever is aftracted (see dotted position in
Fig. 37), provided that the cam & is not
opposite the upper end of the stop lever.

ﬂé‘ﬁr ,ﬁvffa‘ﬁ( Hectit

Fig, 35

of corrent—differing as 1o their intensity,
din:crion, wave-length, ¢te—f{or actuating
the synchromizing device, on the one hand,
and reproducing the original picture, on the
other, Dr. Dicckmann uses the following
ingenious arrangement :

Of the total timc available for cacl ro-
tation of the cylinder, part is used exclu-
sively for plclure transmission, and part
exclusively for synchronizing, Tlvs 36 to
38 will serve to make this clear. For the
sake of simplicity, Fig. 36 has heen drawn
on the hypothesis that the receiver and
<ender comrmumnicate d:rectlv over a wirg,
it heing, of course, immaterial whether the

A devel
m; the marks usi
2l ) apparatus

Fig. 38. view of the cylinder show-

or synchr 2

Only in case the passage of the cam in
front ol the upper part of the lever ¢ coin-
cides with the excitation of the electro-
magnet 7, will the rrcuving cylinder be
stoppcd. the time taken by the current
through Lh-. magnet /i to cease and by the
stop lever 7 to be released by the spring.

A band of a width corresponding to
(Fig, 38), and tmnswr:a] to the direction
of rotation, is, on the receiving cylinder,
reserved for synchronizing.  This band
compriscs three sections n lying between
two sections 0 and p free from any telau-
tographie reproduction,  The width of the
central section should he such as 1o make

Fig. 33. This sketch illustrates how colored pice

_tures may bc sent by radio by mcans of speci

papers supporting some colors which are melted by
“the heat of a spark passing through
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the time required for passing through it
greater than any possible difference in the
\\orkmg of the two cy

While the sending cylinder is rotating,
current impulses will be sent out in a sc-
quence corresponding to the conductive or
non-conductive portions of the picture the
sl\le is sliding over, and these impulses
will in the receiver both actuate the record-
ing style g and excite the magnet h If
the cam & then has once been stopped by
the stop lever, while the conzact style ¢ was
sliding over the picture section #, it will
with the next revolution again find the
stop lever { ready to stop for the synchron-
ization, provided that the width of n is
sufficient in prupurtmn to the necessarily
higher number of revolutions of g. Ii
there is a possibility of the receiving cyl-
inder g rotating at double the speed of the
sending cyvlinder b, the band section » will
have to be of a width more than half the
height i uf the picture. 1f the possible

difference in the rotation of the two cyl-
inders is less, n may, of ceurse, be chosen
narrower in proportion.
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Fig. 42. The wril sent by the process de-

scribed in this article is guite readable 3 instruc-

tions may be sent by this system which are not

understandahle to any station but the one to which
it Is sent as both apparatus are synchronized,

This synchronizer is so safe in working
and seo substantial that ordinary gramo-
phone motors with coarse regulators may
be used to drive the sending and receiv-
ing cylinders.

g\s regards, finally, the production of
electrically conductive (or non- conducuvc)
drawings to be used for transmission to a
distance, a number of methoeds have been
suggested, the use of “fat” pencils for
awing on non- varnished metal foils hav-
ing proved quite suitable. On the other
hand, there was no simple method avail-
able for the immediate reproduction of
colored marks at the receiving station.
Dr. Dieckmann, therefore, designed a new
process allowing colored marks to be pro-
duced in a most simple manner and which
would seem to be suitable also for a num-
ber of other purposes. Fig. 39 will make
the underlying principle clear.

To the recording surface s there is ap-
nlled a thin paper uf tissue ¢ coated with a
iaver of an casily mclting color, which is
turned toward the recording surface. Be-
low the recording surface there is placed
the conductive lining . now a small
electric spark be made to pass between the
pomt of the recording pencil ¥ and the lin-
ing u, the heat of the current will be suffi-
cient to melt the color at the point pierced
by the spark and to reduce it to a liquid
comlltmn. The recording suriace at that
point is thus covered with an adherent
color solidified immediately as the spark
ceases. Some brands of carbon paper, suci
as used in typewriting, are guite suitable,
hoth the carbon and recording sheet being
chosen as thin as possible,

A comprehensive set of tests was made
hetween ground stations as well as between

Fig. 43. Rough sketch sent by radid. Note the de-
tails which are visible. All ese pictures are here
shown full size.

aeraplane and ground stations. Each orig-
inal sheet was 13x18 cm in area, of which
about 13x15, ie., about 200 cm corre-
sponded to the picture proper. With screws
having an 0.8 mm. thread, the width of the
picture comprised about 180 strokes, while
in the case of a satisfactory adjusiment the
length of the shortest marks likewise was
ahout 0.8 mm. The available picture area
thus could be covered with 160x180=28 800
picture elements, About five to six min-
utes were reqmred to cover the whole pic-
ture sheet,"80 picture elements being pro-
duced in less than a second and 4,800 in a
minute. This limit should be warranted in
order to insure rcliable working of the
clectro-magnetical relays,

Some of our pictures were taken during
tests made in October, 19218, i. <, immedi-
ately hefore the end of the war.  The
method, in this connection, was found fully

Fig. 44—Left. Mr. C. F. Jenkins and his . apparatus

for the tra and r

by radio. This apparatus hali-tone camera

studies from flat surfaces, transmits them, and at

the racaiving end they arce impressed on common
pvhotographic plates,

Fig. 45—Above. Part of the racelvm
By use of these revolving glass
and shadows of a picture are bmlt up, lme by
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stitable for the transmission of top-
ographic sketches, reports, cte, from
acroplanes to the ground.

The C. F. Jenkins System

Alrcady in the early part of Janu-
ary, 1923, the transmission of photo-
graphs was an accomplished face.
At this time pictures of the late Presi-
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space, a strange, irregular noise
may be heard by thosc having
radio-telephone  recciving  sets.
Consequently, the newspaper re-
porter who used the caption “Pic-
tures Seen and Ifeard in Radio
Demonstration,” in his story of
the event, did not distort the fact
to such a great extent, save that

Some of the photographs transmitted by radio, among them heing pictures of late President Harding and [ormer Sccrehsx:y of Navy Edwin Denhy. The photo
3 marled 2 shows each shaded line as it was received.

dent. Harding and Jo

1 mer  Secretary of
Navy Edwin Denby were

borne on electra-

magnetic waves ~ from the radio
rescarch  Iaboratory  of  the  United
States Nayy Department at Anacostia,

D. C,, to the second floor of a building at
1519 Connecticut avenue, a distance of ap-
proximately seven miles. The process of
sending the likenesses of these Government
dignitaries required about six minutes cach
and at the receiving point the lights, shad-
ows and half-tones common te picture re=-
production were impressed on a conven-
tional photographic plate.

The transmission of photographs by both
wire and wireless even in 1923 was not a
recent scientific departure.. A Frenchman,
a German, and an Englishman, had already
heen credited with baving invented meth-
ods for speedy conveyance of pictures by
radio, but for the most part Iine etchings
were the ‘mediums by which the picture
characteristics were translated into photo-
craphs at the receiving points. Tnvariably,
too, all photographs were transmilled and
reccived on cylindrical surfaces.  The
demonstration signalized in Washington,
the fruition of an invention of C. I'rancis
Jenkins, This was the first time in which
hali-tone camera studies were copied from
flat surfaces, impinged on electro-magnetic
waves, and impressed on common photo-
eraphic plates at the receiving point. When
developed, these negatives proved ta be
likenesses of the subjects treated at NOT,
the naval radio rescarch laboratory at
Anacostia.

The demonstration was witnessed by rep-
resentatives of the United States Navy De-
sartment, United States Pust Office De-
partment, and ihe amalgamated motion-
picture industry. The interested group of
spectators from the Navy Department in-
cluded Admiral I, S. Robinson, member of

the gencral naval board; Admiral Henry
R. Zeigmeir, in charge of the burean aof
communications ; Comimander Staniord C,
Hooper, head of the radio division of the
Bureau of Engineering; Captain J. T.
Tompkins, and Licutenant-Commander I,
H. Loftin, in charge of patents for the
radio division of the Navy Department,
J. C. Edgerton, then in charge of the radio
division ol the Post Office Department, and
John M, Joy, representing the motion pie-
ture industry, also viewed the reception of
the pictures at the laboratory of the juven-
tor, at 1519 Connecticut avenuc.
_ The transmission of the photographs
irom Anacostia was supervised by Com-
mander A. Hoyt Taylor, in charge of the
radio rescarch lahoratory of the Navy De-
partment at this peoint, or NOF, as it is
popularly identified by wircless amateurs.
Four subjects were broadeast within one-
balf hour, photographs of the late President
IMTarding and the then Secretary of Navy
Denby, and two penciled sketches,  The
latter consisted of a map and a sketch con-
taining hoth written and printed Iciters.
The hkencsses of President llarding and
Secretary of Navy Denby, as may be seen
from the prints here reproduced, are not
clear from a photographic viewpoint. but
the resemblance of the subjects iz faith-
fully preserved. Six minutes were required
in which to effect the transmission of ezch
photograph, a period of time the inventor
contemplates reducing o one-sixteenth of
a second. The latter time factor, if made
possible, will render feasible the broad-
casting of motion pictures.

We shall later sec this was actually ac-

complished in this and in another manner.

_"l“h_e p!mmgrzzphs of the two Government
dignitaries were transmitted from Ana-
costia on a wave-length of 412 meters.

While the pictures are heing sent thromgh

Light Fight camere box
R

left: Piclure Broadesst-
ing station. A—Magic
Lantern. .B—Picture. C

—Lens. D—Rotating Pris-
matic rings. E—Light=
sensitive cell box. Right:
Receiver. Q—Fluctuating
light. R—Camera lens,
5—Prismatic rings, T—
Camera plate holder.

he might have added that these noises can-
not be interpreted.  Varialions in picture
characteristics, of course, cause changes in
ithe sotmnds produced. Moreover, James
Robinsen, a laboratory assistant of the in-
ventor, was enabled to identify the picture
of Secretary oi Navy Denby as it was be-
ing reccived since he had transmitted and
received this particular photograph so fre-
quently previons Lo the oflicial demonstra-
tion that certain sonnds seemed to be com-
mon to the picture characteristics of the
likeness of the subject. Other wireless re«
ceiving outlits in the vicinity of Washing-
ton, in resonance with a wave-length of 412
meters, doubtless “heard pictures being
broadcast,” bnt were mnable to determine
the cause for the strange sounds.

The transmitzing unit in appearance Te-
sembles a siereopticon machine, and really
some of the wmechanism fits this descrip-
tion, The photographic copy, sketch, sheet
of music, or ather posifive print is first
illuminated. either by a projection lantern
or stereopticon. Stationed directly in the
path of this illuminating device arc four
prismatic rings, which revolve about their
axis. Two of them rotate very much
slower than the other pair. Concerning
this prismatic ring, Mr. Jenkins says:

“The prismatic ring is cquivalent to a
class prism which changes (he angle be-
tween its faces, and in rotation gives to a
beam of light having a fixed axis on one
side of the prism, and a hinged or oscillat-
ing axis on the other side of the prism.

“That is, a small pencil of light coming
irom a fixed source and passing through
the overlapping surfaces ol two rotating
prismatic rings., having their diameters at
right angles where the diameters cross, and
one of the plates rotating many times faster
than the other, will cause this pencil of

(Continued on page 108
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The Ferree System

In the January 1924 issue of Science and Invention Magazine, A. P. Peck d
L y AR escribed a system of transmitti
radio. !tl‘he l1image received was reproduced on chemically treated paper by an elcs(’:trlcal current. ’?HE gﬂ?::ﬁﬁﬂ:ifby
changed the color of the paper. Samples of the actual photographs and their reproduction appear on this page.

Below and to the right will
be scen the transmitting ap-
paratus used in another sys-
tem forr sendinn_rhmograpis
by radin. As will be noted,
the apparatus takes up little
more space than the average
receiving set. A cylinder is
rotated by means of an elec-
tric phonogvaph motor, &
governor being used to main-
fain a constant predeter-
mined speed. TheJhowgram. 3
made inta a half tone on

copper or xinc with a one-
line screen is placed on the §
cylinder with a stylus in con-
tact with it. The styus
moves in a spiral course at
a rate of 175 turns to the
inch. The stylus, working
over the indented surface of
the half-tone causes fluctu-

ations in the current,

Above: The receiving ap<
paratus used by Mr. Ferrco
in the reproduction of photo-

i by radio.

left will be seen the appar-
atus for reproducing the
transmitted photograph. Mr.
Ferree nas perfected his ap-
paratus to a very great ex-
tent. With this apparatus,
it is possible to carry on
communication over the sameo
lines on which the photo-
graph is being transmitted,
both transmissions taking
place simultaneously.

Above: Tha inventor of the system of
radio and wire transmission of photo-
graphs, Marvin Ferree.

Relow at left: A diagram of the trans-
mitting cylinder and stylus contact. The
half-tone is prepared on wither a copper
or zinc plate and then formed on the
cylinder so as lo fit the latter perfectly.
The cylinder twrns at the same speed
as the receiving cylinder pictured below
at right. The receiving stylus acts on
a chemically prepared paper which turns
black or gray, forming the picture.

COPPER SCREEN
CUT OF PICTURE

COPPER SCREEN -
OGN ROLLER

i The scons of an automobile accident trans.
mitted 300 miles by radio, The original is
the lower photograph and the transmitted
copy is at the top, ith Iater developments
along this line better transmission will un-
doubt: be accomplished and practically
periect photographs will be reproduced.

Above will be seen two unvetouched photo-

graphs of Amcrica’s most beautiful girl,

Miss Catherine Campbell, The original is at

the left. The reproduction at the right

was tclcgraphed over a 480 mile line, The

entir: time of transmission is in oses
Jess than five minut’

Above: The original photograph and ve-
i production after heing transmitted by radio.
The top photograph is the original and the
bo‘uoln oﬂ: Hmh'rw oo :é_ﬁon At the re-
ceiving end, no trace e screen used inm
making the half-tone is visible, the only
effect being a few vertical lines.
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Telephone Wires

While all these attempts at the transmission of photo
the American Telephone and Telegraph Co. were not
otiginally appeared in the July 1924 issue of Science
co-author of this work., At the present day, this

scale of prices for the transmission of

Through more than 600 miles of
telwphone  wire and dozens of
switchboards, photographs have
been transmitted by a device of
the American Telephone and
Telegraph Co., from Cleveland,
Ohin, to New York City. The
detail of the reproduced pictures
were so perfect that half-tones
of them were made and pub-
Jisked in the daily papers in
New York. The actual wire
transmission required but four
wminutes and thirty-six seconds.
In a recent test, a picture taken
on the streets of Cleveland was
reproduced In New York in loss
than forty-four minutes after the
camera man snapped his shutter.
In the photograph at the left, A
is the control switchboard con-
taining the vacuum tubes,
meters and other apparatus not
a part of the immediate receiver;
B is the light valve; C is the lens
and D is the film revolving on
ihe cyiinder.

Photo above shows close-up end view of recelving cylinder, E, confaining the photo-

graphic film. This cylinder, E, is dviven by synchronous electric motor F.

strong light beam from housing A, passcs through the light control valve B, and

Jens C, on to the film on revolving cylinder E. D represents prism and 1e.)escﬂpe

for checking light ray form. The receiving apparatus room is lighted with red
lamps.

Simp'ihied dotails of the picture transmit-
ter at Cleveland are shown above. A
positive fi'm of the photograph is held on
the cylindrical farm, and a  licht beam
passes threugh the varvions licht and dark
portions of the film and falls upon a

Front view of the control panel, A, at receiving station photy-efectric cell

showing power vacuum tubes, meters, etc. This ap-
paratus is seen at the left of the picture at the top
of page, the operator behind the center pancl board
giving the signal to Cleveland when the apparatus has
had a ncw film placed on it, and everything is ready =

for reception of the picture. £
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Carry Pictures

graphs were going on by either wire or radio, code or other systems,
standing idly by as the following article clearly shows. This
and Invention Magazine and was written by H. Winficld Scecor,
system is so perfect that it is in daily use and a regular
photographs across the <continent is posted.

The picture at the right shows a
close-up of a greatly enlarged view
of President Coolidge’s _Ieft e{e,
the exact arca beinz indicated by
dotted lines in his portrait at the
axtreme right. The uncanny man-
ner in which the picture is traced
by the constantly fluctuating beam
of light at the receptor is made
more evident by a close study of
the. two phaotographs shown heres
with, and particularly the enlarge.
ment of the eye. The picturs
is made up of lines of varyingy
width which correspond ta tha
kght and dark portions of the =
picture, The two photographs re-
produced herewith appear in Tine
engraving, but they may ulw bhe
reproduced in half tone, using 6 ——
screen, corresponding to the pitch

the lines on the apparatus as =
now set up, The print has to be
turned 45 degrees in photograph-
AL R L ———
tone reproduction. Try looking at 3
the enlarged picture of the eye 1 2
at a distance of six feet. The two 22
picturcs herewith are line cuts. 2

The t}.-aic:turta above of President
C ge: and the picture of the
ing at the left, both of
which ~werc transmitted from
Cleveland to New York City, in
approximately four and one-half
minutes, give a clear idea as to
the excellent results obtained by
this new system of transmitting
pictures over an. electric .circuit,
as developed hy the engineers of
the A. & T. , and the
Western “Electric Co, These ex-
perts succeeded - in  transmittin
pletures in 1823, but it was in
1924 that theé first public demon-
stration was held.  The com-
mercial aspects of the new pic-
ture transmission system were
not as well worked out as they
. are at present,

Here we arc at the receiviug end of the plcture
transmission circuit. The fluctuating electric cur-
rents passing over the circuit (radio transmitting
and receiving stations may be used) act on the
magnetically controlled light valve shown above.
which ¢ v ch the di of the beam
of light passing through the lens on to the unex-
Ppo: m rotating progressively before it, amnd
causes lines of constantly wvarying constriction to

wlographically formed on sensitized film. The
synchronous motor and worm gear rotate the re-
ceiving cylinder in cxact step with the cylinder
at the transmitter. With a positive film used at
the transmitter, the received image will be In the
form of a negative. As sean as this is developel,
prints can be made,

The circuit over which the wicture currents travcled hetween
Cleveland and New York City is shown in the official map above.
Vacuum tube amplifiers a3 shown in the diagram below, were
used at certain points along th» line to boost the picture currents
and the vacuum tube found apcther role in supplying the neces-
sary control currents [or the synchronous motors.




46 TELEVISION

Photo Radiograms

In February, 1923, Leon L. Adelman des&ibé‘d»hpw the photo radio-
grams were transmitted back and forth across the Atlantic Ocean. This
was the result of a development of the Radio Corporation of America
who also, at the present writing, have a scale of prices for photo trans-
iission from one continent to another. Already one will see that the * £
transmission oi photographs has heen placed on a commercial basis. A

The era of rapid transmission of pictures from country to country by
means of radio is here, Across thousands of miles of space, hurdling
oceans and continents alike, this agency we call Radio has been har-
nessed to carry the images of places and personages and happenings in
one corner of the world to places and people in distant countrie

The full extent of this accomplishment cannot be forescen at this
time. Rut one can believe it to be a great forward siride in radio science.
and an important contribution towards “localizing” the news of the world.

As we study the forward marches of science and their effect of
steadily shrinking the world to what will altimately become a single,
big community of fellow humans, we must admit the growing nec y
for the development of a universal language. Until this new process is
worked ont in its tedious way and accepted by the nations of the world,
rsal language of pictures,
will go far to bridge the gap that different latitudes and tongues have
interposed between the peoples of this sphere on which we live.

There is an old Chinesc proverb to the effeet that “One picture is
worth ten thousand words,” Thig is as true today as the day it fell
from the lips of the Chinesc sage, for, since primitive man made his
first crude drawing, pictures have been in constant use. So innate is
our “picture sense,” through centuries of cultivation, that one good picture
may truly convey to us, at a glance, an idea or story that would require
many words in the telling. It is not too much to suggest that the trans-
mission of pictures across the world will play an important part in
promoting world peace by making closer neighbors of peoples living on
oppoesite sides oi the earth. * * *—Statement by General James G. Har-
bord, President, Radio Corporation of America.

“Truly, a great achicvement has been accomplished by the untiring
efforts and perseverance of that small minority calling themselves Engi-
neers and Scientists. One cannot begin to imagine against what great
odds these promising results were obtained, but one can readily see that
it was no small task to maintain absolute synchronism between apparatus
3000 miles apart”

Photo-radiograms, which speak the truly uniy

Captain Richard H. Ranger, the developer of _tbc SYS-
temn and the inventor of its unique features, is shown
with the “electric cye,” the tube which is responsible
in a great measure for the successful operation of the
apparatus. Not only photographs, but all kinds of
typewritten letters,
uced radioally,

printed matter such as newspapers,
and manuscripts are casily reprods

PORTRAIT RECEIVED
FROM ENGLAND =

B{ comparison between an original and transmitted
photos, it is at once seen that the oculline, the shading
and tone effect is realistically portrayed. To the right
iz shown the photo as vecorded on a tape vecorder—
a meaningless jumble—toe check the synchronising.
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. POTASSIUM
COATING

The *‘electric eye"' chown at the lop s a photo-electric cell
whose clectrical resistance ies in accordanca with the

yarws %
amount of light falling upom iL Ordinarily, the current delivered
ould be a

by the “electric-cye” w
pulsating current of varying inten-
ity and would ultimately resultin
a much inferior picture, Thus, a
condenser “accumulator,’’ another
devalopment by Captain Ranger,
is inter and up
ight variations into a series of
dots and dashes. This system of
modulation is found %o be excel-
lent, and in conjunction with the
necessary transmitting apparatus
gives a much more r.learlg)deﬁnqd
reproduction. 400 wvolts D. C. is
ived for th 1

e nﬁm
tion of the photo-electric cell. Note
transmitted photos at upper left.

PTG

fmmediately above is shown the glass cylinder on which is placed the
picture ta be tremsmitted, Within is an incandescent lamp, the light
from which is [ucused in a minute beam onto the film.  As the light and
dark portions of the picture are traversed by the light beam, the
intensity of the vay is changed. This ever changing beam after having
nassed through the film is again { d thmug ther lems wutsid
the cylinder onto the sensitive element of the phato-electric cell.  This
device transforms the light waves Info electric impulscs or waves which
can be transmitted by radio, much the same a3 a regular dot and dash
message.

The receiving station where the apparatus i
chranism, recards the phatos in th?:er dw:ysl,s bi;l :E;’zlu:fy s;’:;;
skelch and photographically. Adove: —Complete outhit.




48 TELEVISION

AT AT D S AR e

Another view of the transmitting apparatus, comprising the glass cylinder, a photo-
clectric cell and the clectromagnet operating the gear which moves the lamp and
the photo-electric cell along the cylinder,

RADIO CORPORATION’S PHOTORADIOGRAM SYSTEM

& ‘l“;:u first public fden]lonstration of the Radio Corporation’s “Photoradiogram System,”
w transmission of photographs by radio, was given on Sunday, Nov. 30, 1924, when
hot £ Presl == £ el
énnﬁd‘;eos:l’hre;rodu‘:edde;f the photographs of well-known men of the world were flashed across the Atlantic Ocean
the receiving apparatus af and reproduced at this end of the circuit, at Broad Strect, New York City. A descrip-
the Photoradiogram system. tion of the system follows:

. For the actual opcration of the transmiller, the picture, printed matter or whatever
is to be sent, is first pholographed on an ordinary camera film.  This is developed and
then placed on a glass eylinder, being held firmly in place by
metal ¢lips, The picture is now ready to be transmitted.

Light Penetrates Film from Inside

Inside the glags cylinder is an incandescent lamp, the light
from which is focused in a minute beam onto the film as the
cylinder is set in motion.  As theé light and dark portions of
the picture are traversed by the light heam, the intensity of
the ray is changed. This ever changing beam, after having
passed through the film, is again focused through another lens
outside the cylinder onto the sensitive ¢lement oi a photo-
electric cell, a rccent development of the General
Electric Co., which transforms the light waves into
clectrical impulses or waves, which can be transmitted
by radio much the same as a regular dash and dot

message.
The “Eye” of the Transmitter

This phote-electric cell is commonly spoken of in the
laboratory as the “eve” of the transmitter. The elec-
trical resistance of this cell changes in accordance
with the amount of light which falls upon it, and in
this way takes care of the shading of the picture in
transmission,

The photo-electric cell functions particularly without
any lost motion. That is, the instant the slightest
change in the amotmnt of light reaches the cell, a cor-
i responding change in the output current of the cell

‘The sketches above show
how the pictures ave
sent and received over
land lines before reach-
ing the transmitter and
after being received by
radiocc. On the right is
another scene of the re-
ceiving apparatus. The
pen,  mar) dots on
the paper stretched on
the revolving cylinder,
producing tho offect
shown in the sample
picture.
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Photos Sent 5,000 Miles

The next fong distance step in the transmission of photos was again taken by the Radio Corporation of America in sending a
picture from Honolulu, Hawaii, to New York. This meant that the photographs actually traveled for a distance of 5,000 miles.
The apparatus itself which was responsible for the reproduction of the photographs is indicated in the photograph at the bottem
of the page and samples of the unretouched photos as sent likewise grace this page. I'ne original announcementappeared in

the July, 1925, issuc of Science and Invenrtion Magazine.

REENINERETRERIIENTIRERRIRIEAR

In a rvecent maost suc-
wssfil test which marks
the passing of another
milestone m radio his-
tory, several photos were
transmitted from Hono-

Ocean were guile faith-
fully re uced in New
York City ae is shown
by their reproduction
befow. Our map at the
left shows thc distanc-
es aver which the radic
waves traveled and the
chart directly below the
map indicates the vavi-
ous changes that the
photes or rather their
rquivalents  in  light,
slectricity and radio
went through during

KON UL

LIGHT ELECTRIC CURRENT RADIO ELECTRIC SURRENT 4ranIO FLECTRIC CURRENT b
PULSES * ; PULSES \ww‘;5 SULSES ‘ WAVES PULSEE the jourocy.
=% AN\ NANN A VEEE AN VARNVNAL
TRANSHITTER iy artammrassnEnasesran snarRREiRnIY

Tha photos at the
left, right- and
lower left are
‘afthful wnretouch-
reproductions
those trans-

via radio

and land line from
Honolulu' to New
York. When the
pictures are held
at arm’s length or
a little further,
they become very
clear and distinct.

The phote at the

right shows part of

the apparatus used in
this tesl.
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takes place. In this way the “eyc” of the
transmitter is able to “sec” even the tiniest
light variations; in fact, the “eye” sces and
records electrically millions of different
current impulses as the film sweeps by
the light beam from inside the cylinder-

From Light to Eleclric Current

The photo-clectric cell is, therefore, re-
sponsible for reproducing an infinite num-
ber of different electric current values
which correspond with the light or dark
areas of the picture being transmitted.

In order to cover all of the original film,
the glass cylinder is rotated back and forth
and in this way the entire suriace is even-
tually exposed to the piercing light beam.
The film rotates through an angle cqual to
the width of the picture and the elccmg
camera itseli advances down the length of
the picture one notch at a time. Thus,
line upon line, the wholc picture is covered,

From Eleciric Waves to Radio Waves

After the signal impulses or clectric
waves irom the photo-electric cell pass
through a series of vacuum tube amplifiers,
they are fed into a modulating device ready
for transmission. The electrical interpre-
tation of the picture is then transmitted
over land wires from the London labora-
tory to the Carnarvon, Wales, high power
transmitting station of the Marconi Wire-
less Telegraph Company, Ltd. Llere the
electric impulses on the land wire operate
small relays which turn on and off the high
value currents flowing from the 200 kilo-
watt gencrator to the antenna system. This
high power elcctrical energy leaving the
antenna in interrupted impulses, similar to
dots and dashes of the telegraph code,
creates the cther waves which carry the
photograph through space 3,000 miles to
the receiving station on this side of the
Atlantic, located at Riverhead, L. I.

The development of the photoradiogram
transmitter has purposely been carried on
in connection with the established radio
transmitting stations, now engaged in send-
ing radiograms daily between Furope and
America. Thus the new device does not
require the preparation of any special radio
circuits for cfficient operation,

Machine for transmitting typewritten copy on
words a8 minute is not difficult, and one’ thou

TELEVISION

At Riverhead, L. I, in the Radio Cor-
poration’s central receiving station, the
operator tunes in to the Carnarvon station,
He receives the picture just the same as he
would a radiogram, but instcad of dots and
dashes which he can read he receives an
undecipherable series of impulses, These
nass through a bank of vacuum tube am-
plifiers and are then sent by land wire to
the labhoratory of the Radin Corporation
located in the building in Broad Street

Here this unintelligible code, carrying
the photograph, is translated back into
black and white, recording the original
picture much in the style of a stippled
engraving.

The Unscrambler

This device in the R.CA. Laboratory (the
final operation involved between transmit-
ter and receiver) decodes or unscrambles
the complex photo message, giving each in-
dividual electrical pulse of energy a deh-
nite task to perform in rcassembling the
picture.

The picture is reproduced in duplicate at
the receiver, both on a paper record and on
a photographic film. The paper upon which
the record is made is wrapped about a ro-
tating cylinder, which, in size and appear-
ance, much resembles the early type wax
Dhnnngraph record. A specially constructed
fountain pen bears against this just as the
needle of the phonograph does on a record.
The pen is attached to an clectrically con-
trolted “lever in such a way that every
pulse of electrical current, which passes
through the magnet coils of the relay lever
draws the pen to the surface of the paper,
making a fine ink marck. A changing cur-
rent fed through the magnet coils causes
the pen to wiggle in step with the current
impulses, thus giving the artistic stippling
effect in the reproduced picture.

Absolute Synchronism Necessary

One of the outstanding requirements in
sending pictures by radio or wire is abso-
lute synchronism of the sending apparatus
with the receiving device, otherwise distor-
tion will oceur. 11 the receiving apparatus
should lag the slightest particle of time be-
hind the transmitting set, the received pic-
ture would be blurred and unrecognizable.

The necessary synchronism is maintained

lon! -in'p: :s a_ continuous process, A hundred

minute will soon be possible, it is

believed,

by the use of special driving motors, one
geared to the transmitting cylinder and the
other geared to the receiving cylinder.
These motors, although separated by 3,000
miles, maintain the same speed. To check
against any change which might occur, spe-
cial controlling mechanism is artached to
the receiver, based upon the constant pitch
of the tuning fork.

Photographic Record

The making of the ink record is wvisible
in all its operations. The wiggling of the
fountain pen can be watched as the cylin-
der rotates back and forth, gradually build-
ing up the picture, The photographic
record is made on an ordinary camera film
inside a specially constructed camera, a
beam of light playing upon the film in place
of the pen vpon the paper. This is devel-
oped as any film and as many prints can
be made from it as desired.

The Jenkins Radio-Photo Letter

C. Franeis Jenking made another stride
in the advancement of radio photography
;»")hz%u he said in Radio News for February,

“Don’t write; send a telegram,” the slo-
gan of a telegraph company, may be modi-
fied in the future so as to read, “Don’t
write or telegraph; send your letters by
radio.” For, by this method one can send
facsimile copies of letters, type or hand
written direct. The reccived message is
cxactly like the transmitted one, even to
ink blots on the paper. This method of
transmission is called the radio-photo
letter,

C. Francis Jenkins has devised the appa-
ratus for the transmission and reception
of written messages. The photographic im-
pressions of letters are sent and received,
faithful to the manner in which they were
written. .

The radia-photo letter is one of the three
lines of development in which Mr. Jenkins
is primarily concerned; the other two being
photographs by radio and radio television,
The three projects are closely related and
the principles underlying their operations
are so nearly identical that only slight
modifications of instruments and equip-
ment are necessary to change from one to
the other.

The principle of sending and receiving
business letters by radio is not new; the
novelty of the thing is in its application.
That is, instcad of a business man, banker
or merchant communicating by means of
telephone or telegraph, as formerly, he has
a letter typewritten and Lransmitted at a
speed of 186,300 miles a scecond. The com-
munication thus dispatched retains the au-
thentic character of an autographed letter,
For instance, handwriting or signatures to
typewritten letters are faithfully trans-
mitted and received; there is no doubt as
to the authenticity of a communication
thus transmitted. Radio photo letters are
sent at the rate of 100 words per minute,
although it is anticipated that the speed
may be increased to 1,000 words a minute,

“Radio messages in facsimile,” states Mr,
Jenkins in a recent interview, “of hand-
writing, signature and explanatory sketch
not only can be sent in speed competition
with code telegraphy, but they have un-
usual tactical value to the Navy and Army,
for this is the only method of radio com-
munication which may carry its own author-
ity by the addition of the autographic sig-
nature oi the sender.”

There are, however, physical limitations
to the cylinder method in both transmitting
photographs and typewritten letters. Ior
instance, the device of Mr. Jenkins, shown
for the first time in one of the photographs
illustrating this article, is limited to the
sending' and receiving of the number of
words contained on a telegraph blank at



The machine for sending radio-phota messages and for receiving at the same
ime. For such a complicated performance the machine is unusually simple in

its malceup.

Samples of radio-photo letters transmitted on Mr. Jenkins' apparatus.

one time. Then, too, this particular ma-
chine camnot be employed for picture trans-
mission.

Drawing a comparison between the util-
ity value of the transmission of photo-
graphs and typewritten communications,
Mr, Jenking states : “Of these one naturally
thinks first of pictures for news illustra-
tion of telegraphic text in the daily news-
paper. But it is more probable that the
transmission of radio photo news copy will
be the most useful service, for this method
overcomes time, distance, isolation, stormns
and breakdowns, of the usual means of
communication, and serves 2 thousard
daily newpapers at no more expensc than
service to a single patron. Nor does radio
interference and ‘static’ prevent the recep-
{ion ofi perfectly readable copy. A hundred
words a minute irom typewritten copy is
an evervday attainment alrcady, and omne
thousand words per minute soon is confi-
dently predicted.”

The application of this method of com-
munication—the radio photo letter—finds
an illustration in the possibility of sending
and receiving the headlines of the front
page of a newspaper in this manner,

Business letters by radio, accarding to
Mr. Jenkins, would speed up commerce and
yet such communications would be nomes
the less authentic and binding. These
same letters, because of their photographic
accuracy and autographic authenticity,
would be admissible as evidence in court.

TELEVISION 51

A Radio Dinner

A unique radio dinner in which phcto-
radiograms were sent to the guests was
described by G. C. B. Rowe in April, 1926,
issue of Radic News ard a portion of which
description follows:

On January 19 of the present year there
was given the dinner which will be famous
as the first one at which 20,000 people sat
down,

Naturally this remarkadle dinner was not
held in the Yale Bow!l or any such place
as that; but the diners drew up their chairs
to tables in sixty-seven cities that are scat-
tered over the United States, Cuba, Can-
ada. England and Hawaii, The diners ior
the most part were graduates of the Mas-
sachusetts Institute of Technology. In

Vice-President Charles G. Dawes and Gen.

James G. bord, who Introduced him at the
M. L T. dinner. @ Heniy Miller News Service

Honolulu to New York Technology
Banguet
Waldorf-Astoria, N. Y., Jan. 19, 1926,

four of these sixty-seven cities speeches
wete tade by men prominent in public
life, and Leard by all the diners, by means
of radio receivers in each banguet room.

Seven stations were linked in a radiat-
ing chain. They were WJZ, New York;
WRC, Washington; WGY, Schenectady ;
WBZ, Springheld: KDKA, Pittsburch;
EKOA, Denver, and KFKX, Hastings.

A feature of the dinner that was exclu-
sive to the 700 diners at the Waldor{ Intcl
in New York was the showing of radio
photographs of some of the speakers on a

A facsimile of the message from Honolulu, as
it was received in New York by the photo-
radiogram process.

The zbove diagram shows the path travelled by the photoradiogram waves in their 5008-mile trip
from Homolulu to New York City.

The illustrstion at the left shows the interior of the recciving apparatus used in the photo-radio-
grum process for sending piclurcs by means of radio. On the top sbelf is the printing apparatus,
erneath which arc the amplifier tubes.
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The map shows the cities in
which _sp{odaecﬁ:ere made and

sereen, while their words were being heard
by means of radio. The photographs had
been sent 1o New York from Washington
and Cambridge, some days in advance, by
the photoradiogram method. These same
photographs were sent out during the din-
ner as sound waves from the R. C. A
broadeast station in the lower section of
New York. ;

After heing sent through the air, these
waves were picked up at New Brunswick,
N. J., and Riverhead, L. I, and sent by
land wire 1o the dinner at the Waldorf.
Here they were decoded and turned back
into photographs by a special apparatus
set up in the hotel. Here it tock about
twenty-five or thirty minutes to build up
each picture from the transmitted waves,
although the radio signals for each black
and white space on the photographs were
flashed through the air in the fraction of a
second.

“These photoradiograms,” predicted Da-
vid Sarnoff, who was toastmaster at the
New York dinner-party, “carry promise oi
much greater achievement. From the pres-
ent generation of electrical scientists may
come the kev to instantaneous visual com-
munication by radio. When that time
comes, as I conlidently believe it will, radio
television will be able to unite you, not
only in sound, but in sisht. You will be able,
net only to hear, but also to see the gpeakers
in action at your far-flung dinner.”

Lireclings From

({B/ e {/4/7‘_/.4;-';:’/7

S
/

Boscaits stttk
x’maﬁd‘h_
These grestings were sent by across the

radio
Atlantic Ocean from London by the photo-
radiogram process.

o

the es c

them with the seven broad-
cast stations which sent the
speeches to the 20,000 diners.

George Eastman of Rochester, N.
dressed the diners by means of radio from that
city. (This is a fae le of a photograph sent by

the photoradiogram process,)

Y., who ad-

being sent at a time. In that way it was
possible to send out to the diners photostat
copies of the letters, so that the hand-
writing of old friends could be recognized.

Jenkins Telephotography for Amateurs
Preceding even the telephoto letters
the radio amateurs next heard about

Photos @ this article by couvtesy of e Radio Carporalion of Ameriza,

Above iz shown the transmitting apparatus for the broadeasting of photographs, maps, ete,
by means of radio

Fac-simile Letters by Radio

All the diners who were within a twenty-
four-hour mailing disiance oi New York
received at their places at table photostat
copies of messages that had been sent by
alumni in TTawaii, England and San Fran-
cisco, to New York by means of the photo-
radiogram process. In order to have these
copies in New York at the time of the
dinner this method was employed as the
quickest known. The process for the trans-
mission of letters is the same as that for
photographs. a small portion of cach letter

telephotography in the form of Mr. Jen-
kins' machine. This was a device which
could be attached to an ordinary phono-
graph and was intended primarily for
radio experimenters, By this means they
were able to send photographs to each
other through their own short wave sets,
It might be interesting to note that this
machine actually manuiactured, was sold
to amateurs at almost cost price so that
they could familiarize themselves with the
fascinating subject of telephotography. An
article on this subject appearcd in the May,
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Another form of the device employs a small motor for twmin
tkc ‘“‘pens” and the chemically treate

1925, issue of Radio News wrilten by S.
R. Winters.

During 1925 the army of approximately
20,000 radio amateurs in thc United States
were on the threshold oi a new and fruit-
ful period of experimentation. Radio
photography—the sending and receiving oi
photographs, sketches, script, maps and
autographed letters—was alaced into their
hands.

C. Francis Jenkins at this time invented
and built a small and simple machine that
put radio photography witkin the rcach of
the radio amateur. It marked the intro-
duction of a practical realization ol what
Mr. Jenkins prefers to call a service to the
eye, just as radio now is a service to the
car.

The machine built for use by radio ama-
teurs is inexpensive and, when compared

to synchronize the
BB A The ‘s Statiame:
with its marvelous accomplishment, is very
simple in construction. his unit may be
connected to a small clectric motor or vie-
trola as a governor control, which engages
with a gear as a means of driving a shait.
On each end of this shaft a brass cylinder
is mounted. A cylinder tareaded shaft en-
wages with the cylinder shaft through a
pair of gears. Mounted on this threaded
shaft is a pair of arms connected together
with an insulated hakelite bar. The rota-
tion of this threaded shaft moves the bar
of bakelite longitudinally with respect to
the cylinders. Furthermoare, mounted on
this insulated bar are two contact fingers,
one coming in touch with the cylinder used
for sending photographic impressions and
the other makes contact with the cylinder
employed in receiving the maps, sketches,
pictures, ete.
The message, whether taking the form of
a business letter or a skotch to represent
a radio diagram, is writécn with a pen on
white paper. The ink used in making this
impression is peculiarly” adapted to this
purpose. This strip of paper containing
writing to be sent by radio is wrapped
around one of the hrass cylinders and
secured thereto with a f-agment of sticky
paper. A switch is closed in an clectric
circuit which connects the cylinder at the
contact finger with cthe transmitting
machine. Whenever a line of writing
passes under this contaz: finger a radio
wave is propagated into space. At all the

over the cylinders which carry
paper.

receiving stations of this photo-letter sys-
tem of communication the incoming radio
signals pass through the contact finger on
the receiving cvlinder and make a chemi-
cal mark oz the paper.— That is to say,
every time a line of writing at the sending
staticn passes under the contact finger a
mark is made on every receiving station
cylinder.

The including of a Jenkins’ duplex
photcgram machine, so called, in the radio
equipment of the amateur station mean:
that when these pioneers in wircless de-
velopment tire of exchanging telegraphic
code with friends in Australia that they
can switch 1o the picture-sending unit and
show the Australian amateurs, at long
range, scenes of the objects .about then.
These photographic impressions may take
the form of a pencil-writing grecting, a
sketch of the antenna system at his station,
a map of the section in which he lives, or
a picture of the transmitter that he uses.

The action of the apparatus is the sim-
plest possible. The picture ta be trans-
mitted is drawf on paper with a copper
sulphate solution in such a way that when
the reedle passes over the written lines the
chemical ink transmits an impulse through
the cylinder and needle, which is, in turn,
sent into the radio transmitter.

At the receiver, an amplifier is used
after the detector, and the amplified im-
pulses sent out by the transmitter are
passed to the receiving pen and cylinder.
A paper moistened with potassium iodide
or ferrocyanide is placed on the receiving
cylinder. When the amplificd current
passes through the needle the clectrolytic
effect discolors the paper, giving perfect
reproduction of the original picture.

The beauty of this system is, of course,
its simplicity. The wvictrolas at the two
stations may be exactly synchronized by
adjusting their governors.

These devices were manufactured by Mr.
Jenkins ancd sold to amateurs.

The Friedel System
Even though the attention to television
lhad already been drawn, it must not be
supposed that the subject of picture trans-
mission had been forgotten, Thus in
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August, 1926, issue ol Radio News we find
Dr. Walter Friedel discussing the sub-
ject of broadcasting of pictures. It must
be remembered that even the transmission
of simple drawings are of great advan-
tage. \Weather maps would be of the
greatest wvalue to farmers, business men
and navigators. The value of pictorial
broadeast service to the police need not be
described,

In addition to this, many things may bet-
ter be conveyed in graphic form than by
the ear. Numbers, as in quotations on the
exchanges, are more trustworthy in black
and white; many events may be hest ex-
plained by means of curves and diagrams,
With the general introduction of radio-pic-
ture receivers, these will become available;
and the possibility of transmitting illustra-
tions of educational radio lectures will
multiply their value many times. The
radio advertiser should find very valuable
possibilities along this linc.

It will be impossible to prevent the
general introduction of picture-broadcast-
ing, and this will help to prevent the sat-
uration of the radio market for new ap-
paratus. If there should be a surplus oi
the old-type receivers in the market, the
manufacturers looking for new markets

7

R i 7
indrical roller wi e, Sp, i
Ao s L - o
will produce in large quantities simple,
cheap and practical picture reception ap-

paratus.

In their manuiacture, contrary to the
case with the usuzl hroadeasting, while the
transmitting apparatus may be very ex-
pensive and complicated, the radio-pictie
receivers for the public must be inexpen-
sive and easy to operate. This indicates
that we should return to the simple
methods of picture reception which were
invented in the nineteenth century.

Chemical and Electrical Recorders

The first method employed in connection
with the electric telegraph was eleciro-
chemical reception of signals; the incom-
ing impulses pass froms a metal stylus to
a revolving metal cylinder over which a
specially-prepared paper is  sireicled,
causing 2 mark during the duration of the

Ul I
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The circuit diagram of the amplifier, relay_and

recording cylinder of a receiving outfit, of simple

construction, utilizing ‘well-lmown methods.
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cffective current. The use ior impregnat-
ing purposes of a solution of potassium
ferrncyanitdle K3 Fe (CN); amd sodium
nitrate Na NO: results in a bright blue
(“Prussian blue”) mark at the point of
contact formed by the passage of a cur-
rent of 20 to 30 milliamperes. If potassium
iodide (KI) made into a paste with starch
and perhaps a little calcium chloride
(CaCl.) are employed. a blue or bluish-
black color is obtained with the passage
of 40 milliamperes of current, and about
three hundred signals may be recorded in

a second. These markings, however, fade
with the evaporation of the liberated
iodine.

The disadvantage of this system, how-

cver, lies in lho friction between the stylus
and the moving paper, which prevents the
latter from maying at an even speed. This
is overcome by using a stylus which is not
in actual contact with the paper.
One figore shows the circuit diagram of
w amplifying system, relay and recording
evlinder of the apparatns last mentioned,
The amplified current operates the relay
M, which closes the AC circuit and causes
the electric stylus, S, to function. It is
caused to travel back and forth across the
width of the paper on the cylinder, and at
each signal impulse a spark jumps from the
stylus to the cylinder and perforates the
paper. The picture is formed by the series
of perforations thus made,

Dieckmann has improved this method
by placing over the paper wound on the
cylinder, a thin shect of suitable typewriter
carhon paper. The heat of each spark
melts the colored film and a dot of ink is
left on the paper beneath.

The mechanical construction of this re-
ceiver i3 not very complicated, resembling
that of the old type of talking machines
which used cylindrical records; the cylin-
der may be driven by a small motor or by
clockwork., However, since the cyvlinder
i3 small and the paper must be changed
frequently, it is more desirable to employ a
continuous roll of paper fed to the cylin-
der, so that the apparatus will: he always
ready for réception.

An Improved Roll-feed Receiver

A view shows the latter type of con-
struction. In place of the stylus we have u
spiral edge, Sp fitted Lo a cylindrical roller
at a wide angle to the axis. Tt revolves
once for each sixteenth of an inch that
the paper advances. The edge is kc-m
inked by the rolier F. At every incoming
- signal, the paper strip P, which is con-
:taml_v unrolling from one spindle to
another, is pressed agamst the blackened
spiral edge Sp at its point of contact with

J :
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A schematic dngnm of the author's
for tr of pictures,

Fiz. 95‘:

the edge S, which is parallel with the axis
and cxtends across the full width of this
paper. By means ol this device a picture
composed oi perfectly straight rows of dots
may be obtained, though all the paris of
che apparatus are constantly moving, A
zreat advantage is (hat the picture can al-
ways be casily inspected; and this is of

value, hecause a guide line may be trans-
mitted in order to check up on the synchro-
i ‘here are many methods of keep-
ver in exact synchronism with
the transmitter, though this is uwsually con-
sidered to present the principal difficulty.
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Different methods of synchronizing will be
dealt with later,

Transmission of Moving Pictures

In the transmission of actual moving
scenes, the difficulty is to obtain a sufficient
amount of hrzhl from any one point. The
light which is received irom one spot of a
scene is reflected light, while that emploved
in the transmission of photographs, for in-
stance, is concenirated light; so that in the
latter case the result received may e made
as strong as the original. We have the
same condition, in principle, when irom the
transmission of a single picture we advance
to that of a series of pictures to give the
optical effect of motion. This result from
the transinission oi moving pictures we
may call Telecinematography.

Two illnstrations show diagrammatically
the methods which the writer has devised
for the transmission and reception of mov-
mg pictures by radio. One is the transmit-
ter shown in schematic section. The film I¥
is run smoothly, not intermittently as in

Fig. 94. The rotating ring lens, which is a
great aid to the efficient reproduction of pic-
tures at the rvecelving end,

ordinary projection, in front of the selen-
um cell, S.; or a photo-electric cell such
as the Luminotron may be used. The ac-
tive surface of the cell must be as long as
the Glm strip 15 wide,

In order te illuminate all the points of a
line in the picture, irom the light source
L,, the rotating polvzonal mirror P, is
placed so that 1L will reflect the rays of
light through the film, lts rotation causes
the spot of light to travel across the width
of the film; and as the strip moves forward,
all the points of the piclure will succes-
sively be illuminated. ‘I'his light passing
through the film sets up current vibrations
of varying strength in the light-sensitive
cell, which serve, alter safficient amplifi-
cation, to modulate the carrier wave of the
transmitting station.

The Picture Receiving Apparatus

At the right is the construction of the re-
ceiver, which 1s more complicated. The
light emanating from the sonrce T.ais var-
jed in intensity in direct proportion to the
incoming  signal impulses, and passes
through the Kerr cell, K, witlrits two Nicol
prisms, Ny and Na. The insertion of the
rotating polygonal mirror, P, causes the
luminous ray to traverse the lines indicated
by the arrows, thus reconstituting the pic-
ture in cvery line and point into which it
was dccomposcd at the transmitting sta-
tion.

It is necessary, however, to add still an-
other device, the rotating ring-lens R,
which redistributes the lines of the pic-
ture into a whole, and causes each suc-

cessive picture to appear in the same posi-
tion on the screen. This device, invented
by Mr. Buchuer, who has employed it suc-
cessfully in his motion picture projector, is
illustrated in the photo-engraving. The
objective lens, O, then throws the final re-
produced picture on the projection screen,
\\lnch has a phosphorescent light-réceiv-
ing surface.

The Telefunken System

Several important inventions, made by
German scientists, have practically re-
moved the last diﬂ'lcullie-. in the field of
simple pnmnulegmph» and have served
to open @ promising field of investigation.
Though the developments made arc still
confined to the laboratory, the experiments
conducted have been entirely successful
alml certainly indicate the pracncahih v of
the system

We 1\'111 explam in the fullowmg para-
graphs the new ‘“‘phototelegraphic’ appa-
ratus worked out by the Teleiunken Co. in
Berlin, with which tests were carried on
between Konigswnsterhausen, near that
city, and Vienna, the capital of Austria.
The subject matter of this appeared in the
November, 1926, issuc of Rudio News.

Present forms of automatic radio tele-
grapl systems permit a transmission and
reception speed not greater than 100 to 500
words per minute, and sometimes much
less, as the actual spced depends on ale
mospheric conditions. Bad atmospherics
partly or entirely destroy the telegraph
signals, and for this reason high-speed
communication: is greatly hindered.

The Telefunken system of phototele=
graphic transmission is far more reliable,
as it is practically independent of atmos-
pheric conditions. Static and other’ forms
of electrical distnrbances cause only small
black dots and thin linés on the reevive
photogram, which in na way detract from
the legibility. Nnt only is this new systent
more rehiable, but it is far supenor to pres-
ent antomatic systems, as it is possible to
attain a transmission and'reception speed
of 400 to 6 words a minute.

The speed of the system can be materi-
ally increased if the transmission and re-
ception is ‘done on a slhiort wave-length,
less time being required in such an in-
stance for the complcte transmission and
reception of a photogram of a given arca.
In fact, it has heen found possible to trans-
mit 400 words wilhin the space of a few
scconds,  About 16 square inches are re-
quired for 200 words, and two or three
times this area is reproduced in a minute,
at regular commercial speeds,

So well does this system retain the for-

Fig. 85. The author’s appar- 5
astus for the reception ot pic- il
tures. The rotating mirrors, i
Pz, and the ring lens, R, [
cause the image lo be faith- | I \
fully veproduced on the / 5
screen, S. A2 Y ‘

mation oif the original script transmitted
that the reccived photogram can be used
immediately for repreduction in news-
papers or magazines, whether it be of
handwriting, type, a photograph or a
sketch. (M course, where exactness is de-
manded in the transmitled materiai, such
as scientific sketches or photos of artistic
value, the weather conditions must be fa-
vorahle: as it can be seen that small dots
or thin lines might be ruinons to the re-
production at the receiving end.

Various systems of phototelegraphy now
in use in Europe and America have reached



a high point of development; Hut there are
twa distinctive advantages which go to ex-
plain the super:onh of the Telefunken
system. The first is the possibility of send-

ing from the original telegraphs directly,
without any form of photographic or ather
very high

preparation; the sccond the

sending-speed, coupled with the perfect
quality of reproduction.

The improved operation of the transmit-
ter is attributed to the new ring-shaped
photo-electrie cell developed by Dr. Schro-
ter of the Teleiunken Co, (See Fig. 1()'1)
The high spn ed and quality of reception is
made possible by the light relay invented
by Dr. Karolus of Leipzig, called after
him the “Karolus Cell.” (Sce Fig. 101.) It
makes practical use of what is known as
the “Kerr effect,” and is e:ltlrely free from
mechanical inertia in its operation.

The transmitter consists of a large cyl-
inder enclosed in a light-preof hox (Figs.
100 and 106). An electric motor rotates
the cylinder and at certain intervals
changes its lateral position. On the cyl-
inder is mounted the telegram or photo to
be transmitted, The light from an electric
arc is concentrated on'the Tface of the eyl-
inder hy means of 2 system of lenses. The
photo-electric cell or “optical microphone”
is mounted between the arc light and the
cylinder so that the concentrated light rays
have free passage through the center of
the ring-shaped electrode.

The spot of light thus directed on the
telegram is only 008-inch square, thus cov-
ering a mere thread-line of the cylinder
surface. The rays of light reflected from
the cylinder strike the outside surface of
the ring-shaped cathode of the photo-elec-
tric cell and affect the potassium coating,
which emits electrons when exposed to
light, in exact correspondence to the light
and dark spots on the telegram traversed
by the ray of light.

The anode of the photo-clectric cell is

TELEVISION

formed by a grid of fine wires which read-
ily allow the reflected rays of light 1o pass
through to the cathode, but take up the
clcc_txots emitted by the potassium. The
variations of current thus created in the
circuit of the cell are passed through suit-
able audio-frequency amplifiers and in turn

Fig. 97. At the laft
is an unrstouched re-
production of the Ger-
man radio engineer,
Count Arco, a director
of the Telefunken
Wireless Co. This
portrait was trans-
mitted by the process
described in this ar-
ticle from Konigswus-
terhausen, is
near, Berlin, to Vienna.

Fig. 96. This is the
electric-are projector of
the transmitter shown
in Flg. 106. Its mtensc
ray is thrown upom

rojecting object lens
(Soe Fig. 100) and passes
through the tiny "pu-
pil’” of the “electric eye”
—the photoelectric cell
of Fig. 103. It is then
reflec with varying
Intensity (depending on
whether it falls on an
area black, white or
grey) from the spot on
the mounted telegram
on which it is focused,
to the coated surface of
the photo-electric cell.
The variation of current
thus caused is used af-
ter amplification to mod-
ulate the transmission.

modulate the radio-frequency currents gen-
erated by the transmitting tubes.

The same arrangement of cylinder, driv-
ing motor and electric arc is used at the re-
ceiving end. (See Figs. 99 and 102)) The
rotation of the receiving and transmitting
cylinders is brought into synchronism in a
vety simple and ingenious manner; no
trafismission of separate synchronizing
signals is required.

The Karolus Cell

Again several lenses concentrate the rays
of the clectric arc towards the surface of
ihe enclosed light-proof cylinder, on which
a negstive ﬁ]m is mounted. With the sys-
tem of lenses is incorporated the sensitive
light-relay, the Karolus cell, which is con-
neccted to the output of an audio amplifier,
following the radio recziver. The modula-

(=1
o

tions of the transmitter’s carrier wave thus
cause amplified potential changes across
the two clectrodes or condenser plates in
the Karolus cell. The cell itself is formed
of glass and filled with carbon disulphide.
The rays of light which have to pass the
cell, that is to say, the small space hetween
the condenser plaxs are previously polar-"
ized by suitable Nicol prisms. Due to the
already-meationed “Kerr effect,” the polari-
zation plane of the light rays is rotated or
twisted in accordance with the potential
changes across the condenser plates. This
varies the intensity of the light leaving a
second pair of Nicol prisms following the

Karolus cell.

The raye controlled by the cell are now
directed, paint by point and in thread-lines
of exactly the same dimensions as in the
transmiiter. upon the reception film, form-
ing a negative from which any desired
number @i positive prints may be made,

As the KH’UIUS cell is entirely free [rom
mechanical inertia it can handle a nearly
unlimited {requency of applied-potential
changes. The cell will also handle an enor-
mous intensity of light without overheat-
ing, becawce of its small size, so that it is
ecspecially suited 1o television work,

The Berthold Freund Method
In the Janwary, 1927, issue of S¢ icnce aind
Invention  Berthold Fremnd, the inventor,
menticned & few mportant f'icts concerning
picture transmission which should be of ex-
ceptional value here.

As has already been pointed out, the sys-
tem of picture telegraphy which works at
the transmitting station with a coniact
1minl. indicates the method of the so-called
copying telegraphy or Tdaulnl.,mph. as it
was carrizd out for the first time in the
vear 1847 by Bakewell and in the period
1902 to 1936 by Prof. Korn, w ho improved
materially the photegraphic registry at the
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Fig. 100. Above is shown the circuit employed in the transmission of picturcs by radio. Notice the
pecullar construction of the photeelectric cell and its connections.

receiving station, It is clear that with the
help of this contact method any “black and
white! picture, as for example a sketch, an
autograph, print or photograph, transferred
to the metal foil can be sent over the line.
but the exclusive restriction to “hlack and
white” pictures or line pictures, is a great
disadvantage of this method which in prac-
tical applications of picture telegraphy
oiten cuts out the transmission of pictures
in tone, and this point is of considerable -
importance. And it is also a disadvantage
that in this method the production of a pic-
ture on metallic foil must precede the
transmission thereof.

Therefore, pictures with all variations in
shade, for example photographs, which
could be sent directly by picture teleg-
raphy, are much to be desired. This can be
accomplished by using the selenium or

hed

Fig. 104. An unr rep ion of a
photogram, which was sent by the process dec-
in the accompanying text.

photoelectric cell.

The peculiarity of seleninm of changing
its electric resistance, according to whether
it is in the dark or in the light, was dis-
covered in the year 1873 by Smith. It i3
found that the electric resistance of selen-

jum is approximately proportional to the
strength of light to which it is exposed. 1i
one, therelore, places between the poles of
a battery, and attached to the electrode, a
layer of properly prepared selenium, and
exposes this selenium to a changing degree

Fig. 101. The Karolus-cell. Note the two cone

denser-electrodes inside the glass cell and the

terminals for connection to the receiver. The
handle allows adjustment of the electrodes.

of illumination, the strength of the battery
current passing through the layer will
change constantly as the light changes in
intensity. This simple arrangement, en-
titled, “The Selenivm Cell)” is here ap-
pealed to for the realization of the problem
of the electric transmission of lone pictures
such as photographs.

Already in the year 187 Sen!-:que pub-
lished a deseription of an ewctrically op-
crating lelevision apparatus with a selen-
ium cell, Tn the vear 1881 Bidwell suc-

Fig. 105. The photograph above shows the ap-
pearance of an image which has been trans-
mitted by the Fround system. [t will be noted
that there is practically no distortion visible,

ceeded with the help of a selenium cell, in
carrying out the reproduction at a distance
for the first time of a tone photograph, and
in the period 1902 ta 1906 Prof. Korn im-
proved ihe operation matcerially, among
other things by effecting the production
photographically of the picture at the re-
ceiving station. The principle of this
“selenium method™ or dircct “phototele-
graphic” method is the following: If on a
photographic plate which may be a nega-
tive, just as formerly spoken of in copy-
ing telegraphy, we produce two parallel

Fig. 103. The photo-clectric cell invented by Dr.

Schroter. Note the potassium cathode on the

inner glass surface, the grid-anode and the hole
in the center of the ring.

siraight lines lying close together, these
picture traces will consist of a continuous
series without a gap of surfaces of various
depths of shade. Now if instcad of the
metallic point of the copying telegraph, a
ray of light extremely thin and converging,
is caused to move over the photographic
laver and if this light ray after passing

Fig. 102. The Tele[nnken-l(arglus receiver system

Fig. 106. 'l:he Telefunk

cylinder on which the g
may be seen in position in the center of the
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al device and one standing
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for driving the cylinder, the synchronising device, the trans-
mitting cylinder showing a mounted telegram {a part
e seen), and a of lenses t

of the photoclectric

ating light from the

electric arc upon the cel



through the plate falls upon a selenium cell
placed behind the plate, then on account of
the varying transparency of the successive
portions of the picture-trace the light fall-
ing on the selenium cell will be changed in
its intensity without being cut off. These
changes in the illumination o1 the seleninm
cell yarying with the tone value of the pic-
ture firaces bring about corresponding

changes in the resistance of the selenium
consequently

cell, and corresponding

changes in the intensity of the electric cur-
rent flowing through the cell. The variable
current intensity thus obtained gives a
measure of the successive parts ol the pie-
ture in regard to their bnghmecq reaerruu.,
to the picture traces. This “photoelectric”
eurrent of changing intensity is carried to
the receiving station and affects here a
source of light, for instance by the maotion
of the little plate of the snspension gal-
vanometer, which in normal position cuts
off the ray of light, and then lets more and
more lL:ght pass according to tlm degrees

througl: which it is turned by the incoming
current. By the light ray thus allowed to
pass, a still finer point of light is caused
to fall upon a photogr uﬂm.al}v sensitized
Iayer moved with synchrouic speed, all be-
ing doue by woptical projection, and this
leaves upon the traversing layer a thin line
varying in tome which lepmdutn the
lghh.r or darker portion as the amount of
light is expressed or affected hy the: phota-
e{ectuc incoming  current, This phota-
graphically obtained line of varying tone
expresses precisely the picture traces of ‘the
photographic plate at the sending station,
Aad now as we in repetition of the de-
seribed process by means of light rays and

SENDING
SIDE

RECEIVING
SIbE

(a) Tinted row of surfaces to ba transmitted.

{b) Telegraph signal by which tone values are

indicated. (¢) Reccived impulses. (d) Ro
grodu:ed tone picturt at receiver.

SENDING
‘$IDE

{a) Graduated tone-points to be transmitted.  (h)

Varying photo-electric current transmitting the

tone wvalues, (c) The wry:mc curnenl at the re-

celving station. (d) The tone values reproduced
as received,
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the selenium cell obtained at the sending
station all the closely located picture traces
optically, that i3 to say photoclectrically,
and as the receiving station produces the
original picture traces expressed in a simi-
lar way and close tosether in rows, we get
the reproduction oi the tone pictures to he
transmitted with all the delicacies of sha-
dow and shade.

In the practical application of this selen-
ium apparatus, exactly as in the telegraphic

At the left is a photo of
the transmitling appara-
tus used in sending pic-
tures over wire or radio
by the TFreund process
photostelautog-
raphy.

called
€=

The receiving set shown
at the right is similar in
many respects to the

standard radio sets used
programs
enlertain-

»

in  receiving
broadcast for

ment.

copying process, the picture as it may be
lies upon synchronously rotating cylinders
in the form of photographic films, both at
the transmitting and receiving stations, and
are obtained in the narrow helical tracings
as described.

The two methods of picture telegraphy,
the Telautographic, and the direct photo-
telegraphic methods, previous to the World
War vccupied the field of work. llere they
were concerned almost entirely with trans-
mitting pictnres over telephone and tele-
graph wires, but during the war aud espe-
cially after the war, wirele*-:, telegraphy
came into great prominence, as also did
wireless te.ephony, which brought the wire-
less transmission of pictures more and
mare into prominence, This was required
in the course of the war, especially for
military necds, and aiter the war by the all-
important standing which wireless teleg-

A hizh magnification of a small arsa on one of the
reccived phctographs show a smoothness of texe
ture hitherts unattainasble with commercial proc-
esses of pholo-transmission,  The high-lights and
shadows are brought out in perfect detail, the
artisde cffect sufferinz not at all
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raphy cbtained for the great Trans-Atlan-
tic news service. One experimented there-

fore, naturally with both methods of pic-

ture transmission, the Telautographic and

the direct phototelegraphie, with the idea

of carrying out the transmission by wire-

less, when the telegraphic impulses or the
]

photoclectric current was emplayed for reg-
ulating the transmission energy of the
radio station. Even during the war, Pro-
fessors Korn, Dieckmann and others, car-
ricd out cxperiments with the wircless
transmission of pictures on telautographic
and telegraphic copy methods, and they
succeeded in pmduung good wireless
transmission of sketches at a short dis-
tance, but various difficulties sprang up in
these methods, principally in exceedingly
great uncertainty of success which with
increasing distance always grew greater.
These difficalties directly after the war
forced these picture telegraphic methods
into the background, and in their place a
third method of picture transmission was
developed, which in ils essentials had al-
ready been long known, but had praeli-
cally been hardly uscd. This was a so-
called intermediate “mat” or “cliche”
method. This method is based on the use
oi a variable photo-electric current from a
selenium apparatus. This is not employed
directly for guiding the production of the
picture traces at the transmitling station.
By means of this current, a sart of hali-
tone reproduction of the light value of all
points oi the picture is obtained in a form
adapted for telegraphic transmission. This
intermediate [orm lhuq produced const 1-
tutes the so-called “intermediate clichd”
It was Proi. Kom, who in the vear 1922

with his intermediate cliché apparatus, car-
ricd out the first indirect transmission

z
{ 2
e ] s
oA 4

An illustraton of how a simple design is trans-
mitt (a) One of the “plcture lines' of the de-
sign to Aransmitted. (b) The black and white
dots of the “picture lines.” (c) Represents the
transmitted cwmrent of the “picture line.”

s
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The principle of the “intermediate electro-method."”
(A’) Surface tinted by points including areas.

(B) The current from a scl cell
ing to the four lincs of the surface, (A). (C) The
“mtermediate electro” given out by the selenium

apparatus representing the tinted surface, Al
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An unretouched reproduction of & weather map just as it is

Europe to America. In his apparatus the
intermediate cliché consists ol a Tong typo-
oraphic telegram tape that is thas pro-
duced. The varying photo-elcetric current
of the gelenium apparatus is connected to
an automatic arrangement, in which for
cach current intensity step, a particular
letter of the alphabet is assigned and is
registered. Each photo-electric current. in-
tensity corresponding to a point on the pic-
iure, registers a letter corresponding to
one of the light values of the points of the
picture. The ten thousand ictters or more
expressing the many picture-points are pro-
duced on a long ielegraphu: tape, the so-
called intermediate cliché in the form of
an ordinary printed telegram. The wire-
less production of this printed telegram
can be done by hand or by rapid telegraphy
in regular telegraphic transmission. At the
receiving station the incoming letter-tele-
‘gram is wriiten down accuratcly and then
with the help of an arrangement like a
typewriting machine, a point of special size
corresponding to each etter, is impressed
so that the picture is brought out as a
series of points. This form of mdirect
transmission with intermediate cliché re-
quires no synchronism.
the picture to a telegram can be donc at
any desired time, as also can the produc-
tion of the picture at the receiving station
end, By these methods therefore no dis-
turbance of the telegraphic functions takes
place. After similar indirect intermediate
eleciro methods somewhat later in 1923, the

The translation of.

received on ship-board.

Radio Corporation oi America carried out
the transmission of pictures helween Amer-
ica and Europe, while at a more recent
time fr('qucnt wircless transmission of pice
tures hoth in the dircct phototelegraphic
methods (1924, Jenkius in America), as also
in the blacl-white method (1924, Marconi,
London), the Iafter between Europe and
America was successiully carried out. The
ahove described three methods of picture
telegraphy incorporate the present points
of view, in accordance with which picture
transmitting apparatus have hitherto been
constructed.

But each of these methods practically
solve only a particular problem of picture
transmission.  Thus for example, the Tel-
autograph makes possible a direct picture
transmission by the use of ielegraphic sig-
nals, and is now in condition to cover the
entire transmitting area of a broadcasting
station. On the other hand, it only trans-
mits black and white or line pictures, and
cannot send any tone pictures such as
photographs directlv. It requires for such
purposes a preliminary preparation of a
metal foil replica. On the other hand the
direct telephotography which is carried out

v use of a selenium cell or of any onc o
various other photo-clectric tubes, presents
the advantage that it needs no metallic
foils or specm] replicas, and can send out
tone pictures with the greatest delicacy oi
shade, directly produced, and repeated with
true photographic quality. Tt possesses,
however, the disadvantage that the trans-

mission range of the wireless picture irans+
mission Lomparcd 1o that of the Telauto-
graph is verv limited, Of eourse it involves
the reception and reproduction of extremely
rme changes in mteuattv of the wave energy
in which the receiving station must exactly
reproduce.  Atmospheric and other  dis-
turbances play an important part here.

The last named intermediate cliché meth-
od, possesses over both the metheds just
spoken of the advantage that no synchron-
izing apparatus is required, and the pic-
ture goes on in the form of a common
typed telegram, and is received as such.
The picture can, therefore, be reproduced
in the progress of warle at any desired Hime,
A further advantage appears in this
method. It requires no interruption or dis-
turbance of the normal telegraphic opera-
tions.  During the telegraphing transmis-
sion in the opposite direction is possible
and no picture transmission plant is re-
quired at the radio station. DBut here
comes a disadvantage. For the prepara-
tion of the intermediate chiche, @ period
time which may be one or scveral hours,
is required for its preparation, and more-
over the time required for the telegraphing
and the expense of lelegraphing is propor-
tionately high, and much time has to be
expended at the receiving station for the
reproduction of the picture, A picture
transmission system which shall sufice for
the requiremients of practice, in reicrence
ta dquality and economy, must unite the
advantages of the abave three systems in
his own apparatus.

In working out this gquestion to which
Berthold Freund has devoted himself, e
sneeeeded by the use of a new transmission
process for pictures invented by himseld,
to reach almost the requirements indicated
above, The system provides—and it is es-
pecially adapted for wireless telegraphy—
a dircet phototelegraphic process—a proc-
ess in which the picture to be transmitted
is put at once into the transmission appa-
ratus, in which it is treated on the line sys-
tem in the photoelectric way and is repro-
duced directly ai the receiving station, The
transmission “of the tone values of the pic-
ture in the new process is not affected as in
the hitherto direct photographic processes
by currents of varying intensities, but by
automatically conirolled current pulses of
constant intensity but of varying duration,
all affected by the tone values of the pic-
ture. Every point of the picture for ex-
ample in this way can give a telegraphic
signal of definite length, so that the Iength
of these signals is a measure for the tone
value, These current or telegraphic im-
pulses are of the same nature as the tele~
wraph signals of the old telautograph sym-
bols written on metallic feil. At the re-
ceiving station in the new process the in-
coming tclegraphic impulses are not re-
peated as in the telautograph as black and
white symbols, but immediately give the
proper tone values fixed by photography.

The processes alluded to are carried on at
the sending station as well as the receiving
station entirely automatically, and with ex-
‘craordmal g rapxdxty s0 that the transmis-
sion of the mcl'xr al very high speed is
possible. A quantity nf specifically techni-
cal details prevent all disturbances of the
processes. In consequence of this the prin-
ciples of the new picture telegraphy only
briefly described here, has a large nuomber
of technical and economic advantages over
the apparaius hitherto employed,

Broadcasting Weather Maps—Jenkins’
System

In the January, 1927, issue of Radio News,
two articles on this subject appear. They
bath deseribe the system devcloped hy C.
I'ranciz Jenkins.

The Navy Departinent permitted the
Weather Bureau and the Jenkins Labora-
fory - 1o install their transmitter ir the



pewerful naval station NAA at Arlington,
Va. The transmission sct loaned by the
Navy and used for the transmission of the
weather maps operates on 8,330 meters and
is rated at 40 kilowatts, The Navy pro-
vided hot only the transmission iacili.ties.
but two warships for special rcceplions.
These ships were the U. 8, 5. “Kittery”
and “Trenton”

Tests which have been conducted between
the Weather Bureau and NAA showed
highly pleasing results. An experimental
laboratory and receiving cquipment were
installed in the Weather Bureau under the
direction of C. Franecis Jenkins, the inven-
tor; Dr. Charles I'. Maryvin, Chief of the
Weather Bureau, and 15 B. Calvert, Chief
of Forecasters, and a well kmown advocate
of radio in the work of 1he Weather Bu-
rean. Dr. Marvin, as well as other officizls
of the Weather Bureanw who were engaged
in these experiments, saw in the transmis-
sion of weather maps by radio a beginning
of a new and important era in meieorolog-
ica! navigation at sea. The Navy Depart-
ment, realizing the great value o its ships
in being able to obtain correct pictures of
weather maps immediately after their prep-
aration by the Weather Bureau, gave :ts
closest cooperation, through Commander
Hooper, Chiel of Naval Communications,
and walched ihe outcome of this pionecr
adveniure into visual radio broadcasting.

A complete weather map adapted to racio
transmission and embracing the areas with
which navigation is always concerned was
prepared  daily by the Weather Burean.
The map was then printed on an 8- by 10-
inch sheet of photographic film and this
negative used for the actual transmission,
The map received was of the same size.
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E. B, Calvert, chief of the forecast division of thc United Statos Weather Bureau, can now ste

how his awn weather maps loo

k after they have traveled through the air,

This photograph shows

Mr, Calvert with the Jenkins radio-weather-map veceiving sat, which has just been installed in the
Weather Burean,

its intensc opaque background. But when-
ever the clear white lines of the map pass
the beam, a hit of light will contimic on
through and falls on a sensitive photo-elec-
tric cell. The momentary flicker of light
decreases the resistance of the thallium
sulphide cell and a slight surge of current
passes through. This surge is amplified by
power amplifying tabes and in turn oper-
ales the giant control relay of the 40-kilo-
watt transmitter; it i3 very similar to or-

Students at the University of Chicago worked with the Bureaun of Standards; they are here shown
receiving the weather maps broadcast from Arlington.

The Jenkins system by which pictures
are transmitied by radio is highly interest-
ing. The photographic necgative of the
weather mmap is placed about a glass cyl-
inder which revelves at a steady rate while
advancing one-fiftieth of an inch with each
revolution. A very small beam of light,
passing through the eylinder from the n-
side is prevenied fromn passing the [ilm by

dinary kc¢y modulation. The wave is broad-
cast as an irregular scries of dots and
dashes which is very confusing to ship
radiv operators who try to decode them.
not knowing what they mean

The wave is reecived and amplified by an
ordinary radic long-wave set and is then
passed on to the reproducer. It is further
amphificd by two UX-171 tubes in parallel,

The receiving instrument is similar to the
transmitter except that the operation is re-
versed, and the photo-electric cell is re-
placed by a pen or ink stylus. This pen is
placed in front of the cylinder upon which
is wound the sheet of paper used for pro-
ducing the map. The radio impulses actu-
ate the pen in the same manner that they
operate the diaphragm of a telephone re-
caever,

The speed of the eylinder and the for-
ward advance of the pen is held in syn-
chironism with the transmitter by a very
ingenious device, Proper synchronism was
ihe critical point of development and until
the discovery of how to control this. repro-
duction could not he successfully ohtained.
The synchronizing mechanism will not per-
mit the receiver to run too fast or slow,
Imt will automatically check the cylinder at
each revolution so that i* will start off in
harmony with each new revolution of the
transmitting cylinder.  This is  accom-
plished hy a synchronizing signal sent out
at the begimming of a new revolution hy the
transmitting station radiating the signals,

Ship radio stations equipped with the
Jetikins system may pick up the map trans-
mission, This means much to navigation
officers toward the intelligent handling of
their vessels in all kinds of weather and
providing for coming changes in the weath-
er, The simplicity of the radin weather
maps and their clearness of reception arc
such that they prove of the utmost valuc
to all navigation.

For many yvears the Weather Bureau has
heen broadcasting every day a special
weather: bulletin, by means of which ship
captains have Dbeen preparing their own
wealher maps at sea. The direct repro-
duction process provides for instant serv-
ice and the climination of the old coded
method.  The long familiar “USWB"
weather bulletin, known to all operators
since the-early days of radio, may soon be
a thing of the past. The Weather Bureaw
is now convinced that the day is not far
distant when meleorcological advices and
information is available (o all ships at seg
by this dircet reproduction method.
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CHAPTER VII

Television

Fiz. 1. The lransmitter has twenty-five cells each within a square, this operates as many relays sending alternating currents of different frequencies over the

same line.

Perhaps the first time in history the word
television was first employed was by Mr.
Hugo Gernsback. It appeared originally
in December, 1909, in an article in Mod-
ern Electrics, Before that time, the word
itself had never been used. Mr. Gerns-
back was the editor and ownér of M. E,,
this earliest of magpazines devoted to the
experimenter and his cause, The article
on “television and the telephot” which we
reproduce herewith is the first that ever
appeared in a popular scientific publica-
tion, It is taken from Modern Electrics
ongecemher, 1909, and was written by the
editor.

Every now and then we scc newspaper
reports that Mr. So and Se had discovered
the real secret of television, only to be told
again a few weeks afterwards that it has
not heen realized after all

For almost 25 years, inventors all over
the world have been working strenuousty
to solve the problem, yet up to 1900 none
succeeded, apparently because they all
seem to work along the wrong lines.

The principle of television may ble
briefly stated thus: A simple instrument
shonld he invented which would repro-
giuce objects placed in front of a similar
instrument (cafled Telephot) at the other
end of the line. Tn simple language, it
should he possible to connect two mirrors,
electrically, so that one would show the
other one and vice versa.

As in a3 mirror, the objects must be.re-
produced in motion (at the far-off station.)

At the receiving end, relays operating on harmonious frequencies,

control

The theory further requires that both in-
struments (one at cach end) must be re-
versible, that is, cach instrument must
receive as well as transmit.

A good parallel of this requirement is
found in the ordinary Bell telephone re-
ceiver. As is known, the Bell receiver
(without 1he use of a microphone trans-
mitter) will receive as well as transmit,
that is, one c¢an talk inlo a receiver and
also hear the other party, using ane and
the same instrument.

In the Telephot it should he possible to
sce the party at the other end while that
party should see you, hoth through the
medium of your Telephot.

Unlike the mirror, however, you should
not he able to. see your own image in
vour own Telephot. In this respect the
Telephot differs irom the mirror analogy.

It will be inmnediately scen how dii-
fienlt the problem hecomes, hecause if you
conld see yourself in your own Telephaot,
as well as the picture of your iriend, it is
obvious ihat there would he a “mix-up”
of - personalities, the consequence being
that you conld not recognize your friend
or yourself, while vour friend at the other
end could of cowrse not recognize you or
himself,

In the telephone the case is not so dif-
ficult, as it is absolutely natural that one
party talks while the other listens; if both
talk and listen, neither can understand,
hecause the voices mix up.

In the Telephot this parallel does not
hold good, as there is nothing to restrain
vou from looking at your friend at the
same tine he is looking at vou.

lights and 1eproduce the image.

Of course the problem can be simplified
by getting the true parallel of the tele-
phone, thus: When you wish to see A
vou kecp in the dark, while A stands in
full light. Ii A wants to see you he turns
off his light while you switch on yours.

Ilowever, this would be impracticable
and is not the irue solution of the Tele-
phol.

So far most inventors seem to think
that the problem can only be solved by
means of the selenium cell, which being
sensilive 1o light, can send out electrical
impulses in the same ratio as the light
falling upon the cell. Thus, if a strong
light is thrown on a sclenium cell a strong
electric impulse i3 sent over the line which
when operating a light relay (described
here) can he made to throw a strong
light upon 2 sereei.

As a picture is made up of nothing but
light and dark points it is easily seen
that if several thousand very small
sclenium cells were arranged in a plane
and just as many light relays at the other
end, a good pictare could be projected
upon a screen—in theory. The trouble is
that it is practically impossible to make
two selenium cells with equal sensitive-
ness and this is the most important part,
as if onc is not as sensitive as the other,
it will of course not transmit the same
impulse. It can be easily imagined what
kind of a picture a station would trans-
mif having several thousand selenium cells,
all of a differenl sensitiveness!

“Then the next trouble is that cach cell
at. best requires one wire (the gronnd
might he used as return). Think of two




stations whicly, in order to work, require
3,000 to 5000 separate wires! This scems
to be as bad or werse than Sémmering's
first telegraph (in 1R09), which required
27 wires o operate. In Morse's subse-
quent telegraph only one wire is required,
which unguestionably will DLe the case
with ihe perfect Telephot.
—Another preat trouble with the zelenium
cell is that it works slugzishlv, tha: is,
its resistance will not drop instanta-
neously from the highest value to the low-
, est. This is bad, as it would necessarily
blur the picture at the other end. Fur-
Lthermore, to work anywhere satisiactorily
the selenium cell requires sirong light,
The writer does not wish to throw cald
- water on selenium and selenium cells, as
it i3 quite possible thatl the latter may be
“improved to such an extent as to do away
with the shortcomings mentioned above,
although the greatest difficulty, the one
“that each cell requires at least one wire,
is and will be the greatest stumbling block.
Many different systems have been pro-
posatl in the past to solve the problem by
means of selenium cells and although 'the
list is quite long only a few will be men-
tioned 1 this arlicle, as all present sys-
tems follow more or less along the same
lines,

Enothe Device

A. Knothe proposes to solve the problem
as follows: C (Fig. 2), represents a
camera into which the lines coming from
the batterics enter. The space between
-each pair of wires is bridged by a sele-
cnium cell S, II now light cnters the
camera it falls on § (and all the other
cells), and closes the circuit which oper-
_ates the spark coils J. This furnishes a
‘discharge as a single ray in the X-Ray
Atbe H-al the recviving station F. This
single ray is thrown as a single poin: on
the' fluvrescent screen F,

"It is understood that several hundred
cells, spark coils and parabolic mirrors
K are necessary io transmil a picture.
‘The X-Ray iube would thercfore neces-
sarily he ol monstrons dimensions.  All
the wires, 1, 2, 3, 4, up to several hundred,
must of course, be well insulated, so that
no sparking occurs between them.

All these requirements make the ar-
rangement almost impossible and quite
impracticable.

The latest “Telephot” (one must remem-
ber this article was published in 1909) has
been designed by Mr. Ruhmer, the well-
known Berlin expert. Last June Mr. Ruh-
mer demonstrated a working model, which
although it did not trarsmit pictures,
served well to demonstrate the usefulness
of the selenitm cell for certain purposes.

Fig. 1 shows the model clearly. The
principle is as follows:

The transmitter has 23 squares, each
containing a sclenium cell, If any one
of the 25 cells is exposed 1o Tiuhi, it op-
erates a sensilive relay, which sends an
alternating current of a certain irequency
over the line.

At the receiving end one resonating
relay is stationed for ecach seleninm cell
at the sending station. The impulse sent
from the scleninm cell therefore operates
only that relay having the right frequency.

Each rclay operates an  incandescent

Fig. 2. Light entering camera, C actuates selen-
fum cclis S, closes circuit to spark coils J, am
produces rays in X-Ray tube H.
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The electrical barmonica.
up in E, pass to ¢ and cause a corvesponding reed in h to vibrate,

Fig. 3,

lamp which 3¢ placed in the same squarc
at the receiver as the selenium cell at the
transmitter.

If several cells are exposed to light at
the transmittcr, several alternating cur-
rents, but all of different frequencies are
sent over the line. These currents do nol
nmix, but operate only the relays for which
they are intended.

These in turn operate the lamps in the
various sguares, assigned to them.

Mr. Ruluner has perfected the selenium
cell to a fine degree, and as his maodel
worked very rapidly, it will be scen that
the shygrishness of the ceils has been over-
come to a certaim extent,

Simple geomciric fizures were trans-
mitted quite snccessfully as can be seen
in the photograph, where 9 squares at the
transmilter were lighted and the samec
number, in the same position were repro-
duced at the recciver. This is quite re-
markable if it is remembered that only
one wrire is used between transmitter and
receivaer,

Mr. Ruhmer intends to build a trans-
mitter containing 10.000 cells, to repro-
duce pictures at the Brussels international
exposition in 1910, " The cost will be over
one and a quarter million dollars and the
writer is of the opinion that it is almost
impossible to operate such a model on
account of the 10,000 different frequencies
necessary to accomplish the result,

A simpler way could be brought about
by the idea proposed hy the writer some
cight years ago.

Fig. 3 represents the well-known elec-
trical harmonica, which for the sake of
those not knowing the instrument, is de-
scribed herewith:

A musical steel harp Il is fastened 1a
a permanent magnet NS. 1If any one of
the steel harp-prongs is touched it will
swing back and forward, at the same time
sending an induced current through the
windings of the electromagnet E. If we
connect a similar instrument h through
the linc I, and ground LL’ to H’ it is
evident that if we touch any of the steel
prongs of one of the instruments, the same
steel prong on the other will be made to
swing. i we have 12 prongs on each in-
strument and we touch prongs 1, 6, 9, 12
of H'. all at the same moment, prongs
No. 1, 6, @, 12 of h will be made to sound
at the same time too, and so on.

Suppose we build such a harmonica
having, say, 500 prongs P, Fig, 4, each re-
sponding readily al an extremely light
touch,

Exactly over each af the 500 prongs we
place a minute clectromagnet E, 50 in
all (only 6 shown in illustration), so when
one of the small electromagnels is acted
upon by means of a weak alternating cur-

[z

If any of the prongs H are put in moton, currents are set

renl flowing through- same it will cause
the prong underneath it to swing as long
as current flows through the electromag-
net. %

Now each of the small electromagnats
is connccted ro a selenium cell af which
500 are placed in a plane.

It will be casily seen thal if one or more
of the selenium cells are acted upon by
light, one or more of the small electro-
magnets is acted wpon and as a propor-
1ionate amount of current in proportion
{u_the intensity of light at the selenium
cell flows through the small clectromagnet,
or electromagnets, it will cause the prong
or prongs lo vibrate in the same propor-
tion of intensity as the light falling on the
selenium cell.

I[ cell No. 1 is iltuminated hy a 10 C.
P. lamp, assume that the small elecro-
magnet connected to it causes its prong
10 swing through a distance of one milli-
meter.  Then if cell No. 50 is only illumi-
nated with light of the intensity of 1 C.
P, prong No, 50 will of course only swing
0-1 millimeter and su on. Thus each prong
will be caused to swing in exactly the
same proportion as the amount of light
falling upon the sclemium cell, to which
it belonps.

As each prong swings it sends a current
over the line L” L”, Ii now No. 1 and
No. 6 of the clectromagnets are energized
through the selenium cells both cause their
prongs to swing and send impnlses over
the line. At the receiving station (3,
prongs 1 and 6 must swing in the same
proportionate intensity as the prongs at
the sender H, conscquently electromag-
nels E’ 1 and E’ 6 are energized (the
prong acting as a telephone diaphragm,
the clectromagnets having a permanent
magnet as a core). E’ 1 and E’ 6 now
operate the light relays LRI and LRA,

Now, then, il the selenium cell con-
nected {o El is illuminated with say 10
C. P., a proportionate amount of crergy
—call it 10 energics—are received at LRI,
The light relay therefore passes 10 en-
ergies oi the small ungsten lamp LT
through its opening, and 10 energies are
projected on the screen S, 14 the cell con-
neeted to E6 receives the light of 100 C,
P, it is evident that LR6 receives 100
energies and the screen is lighted with 100
energies and so on,

Thus it will he seen that if we have
enough seleninm_cells at H and enough
light relays at G any piclure in motion
will be transmitted correctly and repro-
duced in its truc phases on the screen S.

It is only a matter of building the ap-
paratus and instruments with sufficient
precision.

The Tight-relay is an instrument which
has the purpose of utilizing very weak
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cleciric impulses te throw a heam of light
on a screen, wlhich in intensity is propor-
tionate to the strength of the electric im-
pulses. In other words, if the impulses
are strong, a large amount of light is
caused 1o fall on the screen; if the im-
pulses are wealk, a small amount of light
falls on the screen.

Fig. 5 shows the instrument in perspee-
tive, Between the poles of a strong elec-
{romagnet NS, two extremely fine metal
wires A and A are stretched. The wires
may be stretched more or less by the reg-
ulating screws q g'.

The two poles N and S, are cach pro-
vided with a hole O and O% through
which light rays are sent in the direction
P, p+ On the two wires, a and a', a very
light piece of aluminum foil B is at-
tached in such a way that no light can
normally pass from O to O,

1If, however, 2 weak current passes from
a to a', the aluminum foil is deviated in
the direction i or fi, as the case may be.
In order to 6btain very exact moticns of
the foil the thin wires are best replaced by
fine metal bands 0.01 and about 6 centi-
meters long. The resistance of each band
is' ahout 73 ohms.

As far as the writer knows his plan so
far, is the only feasible one which can be
ased Lo transmit objects in motion over a
single wire and al the same time receive
a proportionate amount of energy at the
receiving end to that received by the
selenium cells at the transmitter.

No patents were taken out on this in-
vention by Mr., Gernsback, as he consid-

ered the device too complicated for general
use.

The material was passed along to cx-
perimenters in the form of an article, as
mentioned before, in the December, 1909,
issuc ¢i Modern Eleetrics, a magazine
of which Mr. Gernshack was the editor
and owner.

It is stated that more than twenty-live
years ago a Polish Prof. Szcezpanik, of
Krakow, first conceived the idea of trans-
mitting pictures to a distance by means

Fig, 5. The light velay described in this article.

of an electric current and ihe use of
selenium on account of its change of

Fig. 6. A row of selenium cells used in the carly experiments in television.

Cirenit diagram of the method proposed by My, Hugo Gernsback in 1909,

electric conductivity with varyving inten-
sity of light falling upon it. Some re-
markzble experiments have been made by
Rubmer, of Berlin, in the transmission of
images and in 1910, the well known French
Scientists Rignoux and Fournier, have de-
signed similar zpparatus and made some
interesting experiments along these lines.

Failure has attended their efforts to ob-
tain instantancous vision by means of a
single scleninm cell on account of the
inertia of sclenium not allowing the single
cells of those days to transmil more than
30 signals in a second.

Multiple Selenium - Cell Transmitters of
Ruhmer, Rignoux and Fournier

A system of multiple selenium cells was
then utilized by Ruhmer as well as Rignoux
and Fournier and was described in the
July 1910 issue of Maodern Electrics. The
latier experimenters utilized a row of
selenium cells as shown in the accompany-
ing illustration, Fig. 6, with the trans-
mission wires attached, a letter “T” at
the transmitting station being indicated in
llustration Fig. 7. while Figs, 8§ and 9,
show the letters “T” and “E” as appear-
ing at the receiving station. The current
irom each cell reaches a receiver with
galvanometer and mirror with a unique
device so arranged that the mirrors can
reflect the light of a lamp and projeet it
on a screen. The position ei these points
of light correspond to the position of the
cells of given numbers and taken as a
whole, reproduce the image at the receive

Fig, 7. A letter used at the transmitting stde
tion during carly cxperiments with television.
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Fig, 8 The letter “T” as received at the re-
ceiving end of the early television mechamisme.

ing station similar to that at the trans-
mmmﬂ' station,

It was even at this dav maintained that
the telephot as it would ultimztely be con-
structed will contain only two transmis-
sion wires, one for the selenium and the
ather to insure the synchronism of the ap=
paratus with a rotary collector which
would gather the currents rorming f{rom
each sclenium cell.

It was held that for long distance trans-
mission, each cell will he connecled to a
relay which will be utilized tu replace the
feehle current hy a muoch stronger ome,
but proportional to the first,

These currents were to be collected by
means oi a rotating device operating at a
specd of 600 revolutions per minute and
the curremts sent successively through a

e wite of the ] A polarizing il
s to be employed and nomerons
periments demonstrated that over thirty
thousand signals coild be ‘ransmitied with
the greatest regularity, the clectric signals
being transmitted and translated inio
luminowus signals with aceuraey, and pro-
jected by means of a set of mirrors re-
volving synchrononsly with the collector of
the transmitter. All the various points so
transmitted were to be produced every
tenth of a second, since the collector, as
well as the disc containing the mirrors,
turned at a rate of volutions- per
second, The impression on the eye, there-
fore, was to be contintous and it was
thought that by mecans ol ouly two wirss
the transmission of an animated picture ol
an object placed at the transmitting station
wonld thus be realized and a practical
of television develoned.
thus scen that the idea of modern
wois not strictly ne It can be
rather classed as 2 gradual development,
which even if quite good iz not at its
ultimate stage of perfection.

The De Vendenil System

As early as July, 191 the revol r
shutter in present day usage was described

TRANSSUTTER

f i
o | A aliens S
LENS o 4
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Fig. 11. This is the transmitter of the De Vendenil

system in which the image is projected upom a
single ceoll through a revalvinz shutter.

TELEVISIOD

by A. C. Marlowe, then the Paris corre-
spondent of Modern Electrics,
This was devised in Francz by-M. De

Vendenil, Between  the  image and
sefenium cell is interposed a revolving

shutler 30 as to uncover all the points of
the image i succession, In the rear of the
shutter (Fig. 10) is a plate N, ha\"ng the
opening A B C D representing the image.
Before it, rotates. the circular disc M, and
it has a series of circles traced upon it 50
as to cover ihe whole of the image A B
D. On cach circle i3 a small hole 1, 2, 3
ete, The kele 1 moves over the image and
when it reaches the end of its row, hole
2 ¢ommences to move over the second row
and so on, so as to uncover zll the points
ol the mmgc in sucecssion. Later in this
hook we will see how thig shutter is again
hr;mghr ta use, In Fig. 11 we have the
transmister. ‘The image is projected by
the lens I through a second lens R aad
thence cn the sclenivm eell 8. Between the
two lenses s mounted the above-mentioned
shutter M N, so that in reality there is
only one point of the image tkrown on the
selenium at a time. To produce the cor-
responding effect in the receiver he used
the variations in an acelylene flame which
are given, Fig. 13, by nsing a chamber
which :s divided into halves by a dia-
phragm A, The line current acts upon
a magret B, so as to operate the dia-
p|1ra°'1n and this gives differc of pres-
sure in the acctylene gas 3 h occupics
the sccond chamber and iceds the flame.
We thus have varying brightness of the
flume according tn the current in the line.
This device is mounted in the receiver at
15 F, and the flame sends light through the
lenses G and J to the final screen T.. Be-
fween the lenses is a sceond rotating shut-
ter like the above, so that cach point of

Fig. 10. The revolving shutter cmployed in
1810 is practically the same as the modern type.

Fig. 14, Herc is a photograph of the two
shutters employed in e Armengaud method

of television. The shufters travel at right
angles to ecach other.
ReceIvER-
[
| a TR
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Fig. 1Z shows the receiver in whic'a the image is
reconstructed; note box leading to flame F.
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Fig. 9. The “E” is a bit str:ughtor than the

opposx!e.

ihe image is thrown in succession on the
sereen,

The Armengaud System

M. Armengaud, of Paris, was at this
time at work on an appatatus m which the
shutter worked in a different manner to
cover the image. The latter is formed by
the lens M on the ground glau screen C.
Behind it is the selenium cell 8. Between
the image and the ccll is the shutter A-B.
In order to (l”U\\' all parts of the image
to be covered in 1/10 second, he used the
shutter device (Ilig. 16) consisting of an

endless horizontal band A, which
mounted on rollers so as o move Dbel:
wise i the directinon of the arrow, Be-

hind it is a vertical band B, which is ar-
ranue:l in like manner ts take a rapid
iward movement. The square portion
:c.h is given by the crossing of the two
bands is disposed so as to cover the whole
surface of the image, and acls as the
screen placed at AB as helore seen. In the

band A, which is opague, a number
of vcrticfxl slits A, A’} A” etc,, equally
spaced. The band B has likewise a sct of

slits B, B’ B”, ete, of the same width.
Light from the image will be cut off from
the selenium cell cept at the crossing
point M of the slits A’ and B’, etc. We
have thns a small square which gives
light irom one point of the image npen
the cell, When both bands are moved in
the direction of the arrows, this point will
be displaced so as o uncover different
parts of the image so that the opening
passes over all its surface. The wlole 1s
mounted as seen in the photoqraph using
moving picture bands with their mechan-
ism in the two cascs. The films are black-
ened by developing, and the gelatine
removed s as to make the slits or clear
space A =mall electric motor works both
bands. The mechanism is somewhat modi-
fied here, Film B has a downward move-
ment, but the slit B (or B’ ¢lc.) is brought
to a stop so as to allow une of the slit

*DeTAlL OF E-

Fig. 13. Here is the light device indi-
cated by a box in the previous [lgure. ‘When dia-
phragm A moves, flame flickers,
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Fig. 17. Here is an ing
to pass across its whole length. The band
B then comes down oue step so that another
of the slits B comes into place, and this
is again pa<sed over by A, etc. Hnwewcr
the spacing of the \erhcal slits is :,u('h
that at cach move, the next slit B will
come to a point lying 1ext under the
former position, so that a new line of the
image 15 uncovered each time. This is
done by spucing the slits B at, say 9/10
of the height of the image instead of at
10/10. The vertical hand requires to he
stopped each time, but the horizontal
hand can be moved witheul stopping, it
is found, The receiver had not yel Deen
constructed at the time of this article and
we never heard whether it proved practical,
hut it was proposed to use the method
shown here, in which the current comes to
a galvanometer D with swinging mirror,
and the light is (hrown on the lens T,
s0 as to reach the screen N. Bejore the
lens is a shaded color screen which gives
bright and dark parts '«1ccording to the
current or the swing of the mirror, Be-
fore the ground glass screen N is a mov-
ing band shutter Bke the above.

The Rosing Telephot

‘I'his apparatus is quite an improvement
on previously described similar instru-
ments and its originality should make it
many [riends. . Oux modern machines seen
to have drilted awzy from the principle
shown here which, by the way, was de-

seribed in \fudcrn FElectrics as carly - as

E which has not as yet been fully developed. to a state of practicability.

use of the Braun cathode ray tube,.

June, 1911.
ing.

On the receiving end a Braun tube is
nsed. The cathode rays excite at every
givenn moment a point of the fluorescent
scteen of the tube, whose [mnhml coincides
with the light element of the image to be
transmitted.  To variate the hght inten-
sity, Mr. Resing did not use a selenium
cell, but a phnto clectric cell, which did
not work as sluggishly as the former.

Such a cell is constructed in the main
of a glass bulb containing hydrogen or
helimm, somelimes also, m part caesiim-
rubidimn, sodium, or potassium-amalzam.
Opposite the amalgrmu surface a platinum
electrode is fused into the glass. :

When now the mnegatively charged
amalgam surface is lighted, a discharge
occurs almost immediately  (Hallwach's
effect). According to Righi & Sioletow,
the intensity of the photo-electric current
thus produced i directly proportional to
the light-intensity; it also follows accu-
rately the fluctuations of the laiter.

Our illustration shows the Rosing ar-
rangement. The sending station is at the
right, the receiving station at the left;
six wires were necessary to connect the
stations, However, the invenior claimed
it possible to bring this down to four.

At the sender _thc picture, M” N’ of the
object, M N, to be transmitted is first
thrown through the lens, L, on the two

: Pnhguu—mlrmrs, B and -\ thcncc ol an
~apague screen which has an opening, a.
_The two' mirror arrangements, A and I,

It was mvented by Prof, Ros-

It makes

rotate around their axes, which are placed
at rxL}\t angles to each other, The mage,

1’1\ thus suffers displacements in two
dxrectnons On account of the rotation of
the mirror, A, the picture is displaced in
a vertical direction with respect to the
plane of the illustration, while an account
of the rotation of mirror, B, it becomes
displaced in a direction lying in the same
plane as the illustration.

If now, for mstance, the mirror, B, ro-
tates considerably slower than the mirror,
A, the combination of the two mirror
rotations will produce a zig-zag move-
ment of the picture on the screen in such
a manner that one after another all points
of the image will act on the photo-electric
gas cell, F, through the opening, a, of the
screetl.

At the receiving station, hy means of
the two electro-magunets, s and t, which
are arranged at right angles to each other,
the cathode rays of the l§raun tube will be
displaced by a similar movement, in such
a way that each moment the hghl spot, P,
will take 2 similar position on the fluore-
scent screen, with respect to the reprodue-
lion surface, as the transmitter image-
point takes with respect to the image-sur-
iace. For this purpose, the electro- mag-
net, s, which deflects the cathode rays in a
vertical direction (with respect to the
plane of the illustration), is connected
with the windings, p, of the mirraors, A.
The clectro-magnet, t, which acts on the
rays in a direction lying in the plane of the
tllustration, is connected with the wind-
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Fig. 15. Here is a =sch i jon of the lovisi had H: > nL
outlined in the accompanying article. Both transmitter and receiver
are illustrated. A and B show the two shutters operating at right Eﬁb
angles to each ather.
Fig. 16. Right. Here is a detailed view of the slmlh:r -arrangement.
The arrows the e small letters Vot Y
a, and b, represent the slots in the cmlloss bands,
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Fig. 18, at left, shows image of a man at ngh t being transmitted and reproduced on
at Fig, 2 (right) before man.

ings, q, of the mirrors, B. In the specially
proportioned wmdmg: p and q, induction
currents will be produced by means of the
electro-magnets which are placed near
the edges of the mirrors. The intensity of
these currents is proportional ecach moment
to the rotation (n?thc mirror; the same ol
course holds true for the magnetic field
produced by the electro-magnets, s and- t,
and therefore the cathode ravs and also the
fluorescent point on the screen actually
moyve synchronously and isochronously
with the movement of the image to the
opening, a.

The transmission of the different light
cffects of the transmitter image-point is
obtained by the electro-static action on
the cathode rays of the condenser plates,
C, arranged in the tube. One of these is
connected with the positive pole of the
battery, E, the other with the platinum
vlcctrodc of the photo-electric gas cell,
while its light-sensitive surface is con-
nected with the negative pole of the bat-
tery.

:\rmr(hm. ta the intensity of the light
of the various image-points to be trans-
mitted, the condenser will be charged
more or less at various times. The cath-
ade rays under the action of the electric
field thus produced are deflected down-
wards in the plane of the illustration.

Between the condenser, C, and screen,
a second diaphragm, o, is inserted into
the cell. The opening of the latter is so
constructed that the cathode rays are shut
off when the clectro-static field is not ex-

This picture is made of many small dots,

Fig. 19.
:hcugh you wnuldni't g_smkmw.
n Fig. 20,

Note marked eye

cited; only . when the condenser is
rha.rg‘,d and the rays are deflected more
or less, can the latter pass the opening,
and thereby prodm a fluorescent spot of
proportionate intensity on the screen.

In order to correct phase displacements
between the deflection and modulation of
the cathode ravs, one rotates the spool
systems, p. and q, a few degrees with re-
spect to the axes, a and b.

H. Wintield Seccor described a very in-
teresting form of television apparatus in
the August, 1915, issue of the Elcctrical
E; rhrinunhr subsequently known as
Science and Imvention Magazine. It scems
that the method outlined hy Mr. Secor,
even though seemingly better than mod-
ern systems, has been discarded for mo
thoroughly practical reason. Mr. Secor was
Associate Editor of the Electrical Experi-
menter and now continues his  educative
work as Managing FEditor of Seience and
Dirvention Magazine,

Selenium, as we know, changes its elec-
trical resistance proportionately to the
amount of light thrown on same. There-
fore, as every picture is made up of Tight
and dark shadows, it is evident th:n if
such a picture is pruperly projected on a
group of seleninm cells that the different
cells will change their electrical resistance
proportionately to the amount of light pro-
jected on them and corresponding con-
jointly to the light and dark shadows of the
view before the instrument. Simply ex-
plained, this system works as follows:

Each selenium cell on the transmitter
would be connected up with its individual
lamp (very small, of course), and thus it
is perceived how, at the receiving station a
picture or view could he reproduced in
black and white and intermediate tones,
for the reason that cach selenium cell
would allow a different amount of current
to reach its individual lamp.

This may seem a little ambiguous or
complicated to those not familiar with the
subjeet, but what we are driving at may he
the more readily perceived or understood
by inspecting Fig. 19. The portrait photo-
graphed, reproduced by the half-tone pro-
cess, exhibited at Fig. 19, is photographed
onto the copper plate used in printing the
reproduction on this page, through a fincly
ruled glass screen. This screen therefore
canses the original photograph to be
broken up into many small dots. The
illustration here referred to, for instance,
has about 140 dots to the mdl By looking
in an ordinary manner at the photograph
here reprodured no distortion is notice-
able, and the picture appears quite natural.
Neverthelese, it is made up entirely of
dots. You can convince yourself of this
by inspecting our illustration with a lens,

reen In front of lady.
Mr. A. A. Campl:ell Swinton’s scheme

Her face is transmitted and reproduced

The second view, at Fig. 20, shows a
largely magnified poruml of the (marked)
eve on the face of the hali-tone cut. Tlus
shows how the reproduction of the face is
made up of small dots, and by elosely look-
ing at any newspaper illustration, which
is usually photographied through a coarse
screen, this dot make-up of the picture will

be very evident. Some illustrations in
magazines and bools, which are rtepro-
duced on highly polished and specially

coated paper, are photographed through
such a fine screen that the keenest eyve
cannot perceive any break-up or dot ior-
mation.

As aforementioned, a number of work-
ers have endeavored to, solve this problem
of “seeing over a wire,” as it is commonly
referred to, and one of the best meilmds
tried in a laburamr), on a crude scale, is
that of making use of a large number of
selenium cells.

However, there are several drawbacks
to this solution of the problem; some of
them being enumerated below.

Selenium cells manifest a quality known
as “time lag” in their electrical operation
or actior, and this means that it is difficult
to build any such apparatus, 48 Wwe now
have under consideration, to act in an any-
where near perfect manner, when the
sclunum cells will show varying degrees of

time laz.)" or, in other words, when they
tend to be sluggish in their action of
changing from high to low resistance, etc.
This lag is small, of course, and it must be
understood that in considering the basis
of this whole process that twith the dot
formation, even though made up of a vast
number of small lamps, compactly grouped

Fig. 20.
effect will

inside the marked square on the facc at Fig. 19.

Hold this 18 inches from you and the
be seen to give the facial features noted

—
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at the receiver end of the line, that the
changes in the lamps’ intensity, which is
of course primarily dependent upon the
action of the seienium cells on the trans-
mitter, must be quite rapid, and this may
be more readily understood when it is
known that in the ordinary motion pic-
ture, with which we arc all familiar, there
are from 16 to 20 different pictures pro-

Fig. 18a.

jected on the screen per second. This has
been found to give us a fairly steady pic-
ture owing to the “lag” of the human eyve
in perceiving an object in motion, That
is to say, the eye does not lose its im-
pression simultaneously, but the ohjeel's
impression on the retina of the eyve re-
mains for a fraction of a sccond, and this
explains how motion pictures are made
possible by the present methods in vogue,

Tt has been estimated by a well-known
English authority and scientist. who has
worked along the line of Television, that
if the seleniim cell process was to be used
to give good close-grained results on a
suriace only two inches square, there
would be required 150,000 wires, 130,000
selenium cedls, 150,000 lJamps. While even
to obtain an effect no better than that used
in the coarsest process blocks, as used by
ordinary daily newspapers, there would be
required at least one-tenth that number of
selenium cells, lamps and wires,

Working on this basis, but reducing the
mumber of cells, ¢tc., to be used, 10 a figure
of 90,000, this scientist calculated that the
cost for a 10D-mile transmission circuit,
including apparatus at both ends, would
amount to the staggering sum of $6,250,-
000. This considers simply a monochrome

reproduction in black and white only of

the view or object over the circuit, Ii
the apparatus in question should have to
be triplicated, so as to give a colored pic-
ture, by the well-known threc-color pro-
cess, then the cost would naturally rise to
three times the amount stated.

From this figure it is to be scen that
evidently such a solution of the problem
is far beyvond us and not capable of indus-
trial or practical applications, in the strict
sense of the word.

Some workers in this field have also de-
vised or advocated at different times very
zlever and ingenious methods, which seem
quite good theoretically, for using a less
number of selenium cells, lamps, ete., but
to gain the same effect as if a large num-
ber of cells were used, by sunitably moving
a beam of light over the various cells suc-
cessively at very high speed, and some
similar arrangement being used at the
Iomp end of the circuit, where the picture
is to be reproduced. This would act upon
the principle of the retina retention of im-
pression, as previously mentioned, and
such idcas are based upon the theory that
with proper apparatus, which unhappily is
ncarly impossible to construct from a
mechanical standpoint, that each cell could
be used for a fraction of a second. -

System of Campbell-Swinton

A promising (theoretical) system of
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Television—the Telephot—or the instru-
ment for “seeing over a wire,” makes
use of a stream of cathode rays, which
can be deflected and changed in their
direction of production very rapidly, and
moreover, these rays possess an infini-
tesimal amount of momentum or mass.
This_method has heen bronght forth by
an Englishman, Mr. A, A, Campbell-

100, 000 ¥
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Diagram of Proposed “Television” Scheme.

Swinton, president of the Rientgen Ray
Society, of London.

The apparatus based on his descriptions
and ideas are shown in the illustration at
figure 18. Tn this picture detailed ap-
paratus only is shown for (ransmiiling
pictures one way, or, in this case, from
right to left; the detailed receiving ap-
paratus being then at the leit of the picture
and the transmitling apparatus with high
frequency A. C. gencrators, etc., being
shown at the right, Both transmitting and
receiving tube openings are shown, how-
ever. It is evident that one can easily,
and without any awkward motions, glance
slightly upward to view the reproduced
face in the smaller upper screen, which is
shown placed at a small angle, A dicta-
graph or super-sensitive telephone trans-
mitter is probably best for such instru-
ments and is observed under the felevision
sereeny.  Six wires are required to trans-
mit pictures both ways,

We may now briefly consider the opera-
tion of this apparatus advocated by Mr,
Campbell-Swinton, and which has bheen
favorably reccived by the scientific world,
althongh as yet not practically demonstrated,
The schematic diagram, Fig. 18a, will help
the reader to understand the diagnaosis of its
operation, Three line wires are necessary be-
tween the apparatus, as observed from the il-
Iustrations at Figs. 18 and 18a. At the trans-
mitter end of the line there is used a focus-
ing lens barrel “X"”. The object whose re-
production is to be electrically transmitted
over the linc is arranged at the tube open-
ing, as at “N.” A (Crooke's vacuum iube
is used at “A” and at “B” is the cathode
clectrode of the tube, from which the ca-
thode rays are shot forth at an incredible
velocity and which have practically no
mass or momentum. An anode “C” of cir-
cular form is placed in the tube, which has
at ils venter a small aperture or opcning
“a” Through this opening 2 small stream
of cathode rays may pass; these rays being
produced by a high potential continuous enr-
reit from a source “Z” giving in the neigh-
horhood of, say, 100,000 volts. Placed at
right angles about the tube “A” are two-
clectro-magnets “D” and “E,” and these
are cnergized by alternating currents from
the A. C. generators or dynamos “G” and
“F." These magnets allow of readily con-
trolling or deflecting the cathode rays
stream in a vertical and horizontal dircc-
tion, respectively.

At “]” in the transmitter tube is placed a
special screen, the whole surface of which
is searched out by the stream of cathode
rays, every tenth of a second, under the
combined action of the A. C. electro-mag-
nets “D” and “I.” Tt should be mentioned

here that the dynamos “G” and “I'” pro-
duce widely different_ frequencies of alter-
nating current; one oi them producing, say,
1,000 complete positive and negative alter-
nations per second, and the other 10 such
complete alternations per second. The spe-
cial screen “J” is proposed to be a gas-
tight structure, made up of a very large *
number of extremely small metallic cubes,
which are all carefully insulated from one
another, but, however, presenting a smooth
clean (metallic) surface to the cathode ray .
discharge on the one side and in contact
with a suitable gas, as, for instance, sodium,
vapor, on the other. It is proposed to com
struct these screen “cubes” of some metaly
like rubidium, which readily discharges)
negative electricity under the action of a |
ray of light, the negative charge being im-
parted to the cubes whenever the thin, pen-
cil-like beam of the cathodic ray falls upon
it. The receptacle “K” in the tube cham-
ber is filled with some gas, such as sodium
vapor, for the reason that such a gas con-
ducts negative electricity far more readily
under the influence of light than in the
dark. A metallic screen of gauze, parallel
to “J” in the tube is placed at “LL,” and
through this screen the image of the object
at “N” is projected by means of the con-
densing Iems “M,” until after passing
through the vapor of sodium it is event-
ually focused on the screen “J.” The gauze
screen “LL” is electrically connected
through a line wire, as seen in Fig. 18a, to
the metallic diaphragm plate “O” in the
receiver tube “AL"

Referring now to the receiving instrua
ment, as indicated in our illustrations at
Figs. 18 and 18a, there is placed at the end
of the Crooke’s vacuum tube a fluorescent
screen “H.” and upon this screen, under
certain conditions, which will be explained
directly, the cathodic rays impinge, and
certain parts of this screen are searched out
every tenth of a second by the thin ray, un-
der the combined action of the two A. C.
electro-magnets “DY’ and “E'” which are
placed similarly to the A. C. electro-mag-
nets “D” and “LE” at the transmitter sta-
tion. As will he observed, the magnet coils
“D” and “D'" are cnergized by the same
A, C. dynamo “F” and also the A. C. mag-
net coils “E” and “E' are cxcited by the
alternator “G,” It is thercfore evident that
the two magnetic-control circuits “D™ ang
“DY and “E” and “E' and their resultants
are therefore in perfect synchronism, i. e,
their actions take place at the same time,

A Crooke’s vacuum tube “A!" is used also
at the receiving station as indicated, and
its cathode electrode appears at “B'’. The
disk of this electrode, which shoots forth
the cathodic ray, is slightly inclined so as
to project the ray at a downward angle,
through the small opening “a'" in the anode
electrode disk “C." Thus, under normal
conditions, the cathode rays pass through
opening ‘“‘a" but they would be stopped
by the diaphragm “P"” and its centrally
located orifice “S.” They, in this case, are
not brought under the deﬁectinﬁ action of
the A. C. electro-magnets “D'" and “E'’
and thus do not reach the image screen “I”
before the observer at all. At “O” is a
metallic circular disk, which is clectrically
connected with the screens " at the
transmitter instrument. Under ordinary
conditions the cathode rays at the receiver
cannot pass beyond the diaphragm “PS)”
but they can he made to do so. if slightly
repelled by the lower diaphragm plate at
“O.”  In this case, they will then fall on the
screen “H” and cause that pert on which
they fall to fluoresce (ic., light up).

Now assume that a uniform heam of =
cathode rays passes at marvelous velocity
and without any appreciable inertia or mass
in the tubes “A” and “A'"" and that also the
A. C. electro-magnels “D” and “L,” “D"7
and “E" are energized, as previously ex- ®
plained. Also, suppose that the image of a
person, for instance, appears at “N" before
the tube “X”: this image is focused and




pro_‘ected through the lens “M,” and
tllrough the gauze screen “LL" on to the
“hack of the metallic screen "], which, as
“will be remembered, is made up of a very
large number of small mctallic cubes. Then
as the cathode rays in “A" oscillate under
‘he combined action of the A. C. electro-
magnets “D” and “E” they will cause a
aegative charge of clectricity to be im-
parted in turn to all the metallic cubes, of
which the screen “J” is composed. TIn the
case of the shadows of the projected image,
or considering those cubes on the screen on
which no light falls, nothing will happen in
the action of the apparatus, the charge dis-
sipating itself in the tube. Therefore, in
the case of those cubes on the sereen which
are brightly :Ilummalul by the bright parts
of the projected image, the negative elec-
trical charge imparted 1o those cubes by
the cathode rays will pass along, owing to
the action of the sodium vapor. which is
ionized under such circumstances, and so
on until it reaches the gauze sereen “L1"7
whence the charge will travel by the lme
wire to electrode “0” in the tube “A' at
the receiving instrument.

The plate at “O" will thercfore become
charged and will slightly repel the ravs in
the tube, with a result that they will thus
be enabled to pass through the aperture at
“S" and strike, for a fraction of a second,
upon a minute portion of the screen, corre-
sponding in position o the small cube
surface on screen “I."  This is possible,
owmg to the fact that the clectro-magnets
‘D' and “E*" are working in perfect syn-

chromsu) or step, elect ically, with the
magnet coils “D™ and “E" at the trans-
mitter.

1t will be understood, of course, from this
description that this action will take place
successively, but mof simultaneously. In
other words, referring back to our previous
discussion of how a picture can be built up
out of black dots, etc., it is easily perceiv-
able how this device could produce a pic-
ture if the illuminated spots on the screen
arc successively shown in a sufficiently
rapid manner. In the case of our little
metallic cube surfaces at “],” that are illu-
minated successively, there appear bright
spots at simultancous periods on screen
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“H" at the receiving instrument. These
bright spots at “H” arc of course to appear
so guickly, and succeed one another so
rapidiv and smoothly, that the appearance
they present to the cye will be one con-
tinuous picture.

It is quite conceivable that the apparatus
of the future, which will enable us to see
the party at the opposite end of a telephone
line, Zor instance, may indeed work on this
princ:ple or a modilied one. There is no
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though not as yet existent, we may take for
granted will be invented some day without
any doubt whatsoever. * While the layman
may znot believe in the science of pn.d:c-
tion, still there arc quite a few things in
physh‘ﬁ that can be quite safely prophesied
ahcad of time. There are many inven-
tions which have been predicted in the past
and which are quite cer:iain to be realized
in the not too distant future, That they
have not already appeared is by no means

Fig. 22. The Dussaud Telephot uses two perforated dises B revolving synchronously.

are :u-ranged helitally. thus every point of
parallel rnys of hyhl

Wilh this hi

the picture is covel
to receiver T, wlm-

The holes
during one revolution of the disc.
v-i'bratns pl:tc E 'l'he Iattnr only passes

objects in

motion, electrically.

other method which can work so rapidly
and with so little inertia as this one utiliz-
ing the Crooke's tube, in which a cathode
rey is cansed to rapidly oscillaie or be de-
flected through various angles in the same
way as the Braun oscillograph tube is used
for depicting radio-frequency wave forms.
It was the Braun vacuum tube oscillograph
that suggested the idea to Mr. Campbell-
Swinton for this really ingenious proposed
methed of perfecting a Television appara-
(52 8

A Coming Invention

Lit;le did anyone dream that when Mr.
Hugo Gernshack wrote an article on “Tele-
vision and the Telephot” that the system
would be developed and perfected as_early
as 1927, This article on a coming inven-
tion was featured a little less than ten
vears ago in the Electrical Experiimenter,
to be explicit in the May, 1918 issue of
that Hublication.

There are certain inventions which, al-
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Fig. 21. What the future Telephot will
throws light on
the holes H of

look:
igcakers face and is reflected intos lens L.
¢ sensitive tranemitter inside of frame F pick up the speech. The

like m order to be practical, Light R

Instead of a mouthpicee,

picture of the distant person appears on screen

the fault of science, generally speaking, but
simply because certain minor phases in the
various endeavors have not as yet ad-
vanced sufficiently to make such inventions
possible. A point in case:

Jules Verne, almost fifty years zgo, pre-
dicted the submarine down to the last holt.
His prediction, of course, was laughed at
and called impossible. At that time it was
impossible, for the simple reason that the
technique had not sufficiently advanced to
make such a boat possible.  Furthermore,
Jules Verne had quite a clear conception
how the ultimate submarine would be con-
structed, and he so deseribed it in his
marvelous book, “20,000 Leagnes Under the
Sea.” Of course, in those days the internal
combustion engine had as vet not been in-
vented, which was ene of the chiel draw-
backs and which is the reason that at that
time the submarine was not feasible,
Neither had the storage battery been in-
vented, and Jule Verne's idea of propelling
a sub-sca boat by means of primary bat-
terics alone, while feasible on paper, was
not practical.

Another case in point is that of the
planet Neptune, which had ncver been
dreamed of until Le Verrier, the famous
French mathematician, in 1846, by mathe-
matical deductions, not only prcdwlcd that
there must be another planet beyond Uranus
but he also predicted—on paper—just where
in the heavens the planet might be found,
His prediction proved correct, and the
planet Neptune was indeed found almost
exactly in the regum where Le Verrier had
dcducted that it must gravitate. This was
one oi the most astounding chnuhL pre-
dictions ever made, but this instance, of
course, was founded upon the exact science
of mathematics.

Another case in point is that we know
today that our list of elements is not quite
complcw. There are several gaps as vet
of certain elements which have never been
seen by man. Not only do we know that
there must exist such elements, but we
also know the physical propertics of them,
should they be discovered some day, which
no doubt they will When we therefore
make the assertion that certain inventions
are coming, we make it on a safe, scientific
around, because such discoveries will surely

made.

The subject of the zrticle *
Seeiny of a Ihstance.” was about one of
these inventions. Numerous inventors had
busied themselves trying to invent an a
paratus or machine whereby it would be
possible for onc person to see another while
talking on the telephone, but in 1918 aoth-
ing practical had resulted. The future in-
strument on which the name “Telephot”
(irom the Greek felo-iar, photos-light) has

“Television, or
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been settled, is supposedly an apparatus
attachable to our present telephone system,
s0 that when we speak to our distant
friend, we may sce his likeness not only as
an immovable picture, but we will see his
image exactly as we see_our own image
when looking inte a mirror. In other

words, the apparatus must faithfully fol-
low every meovement of our distant iriend
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of the object striking the selenium cell
vary the resistance of the same, and these
various impulses are then sent over the
line to be translated into a picture by vari-
ous means and manners at the.receiving
end. The trouble with the selenium cell is
that it is not sensitive enough, and on ac-
count of its incrtia, does not work fast
enongh, Also in most of the proposed tele-

Fl_g. _23.

the light impulses by means
of a slotted revolving belt 3 at
the sender. Passing rapidly be-
fore the selenium cell 4 the
impulses are sent over the line
and influence a source of light
11 at the receiver where a
similar revolving belt scheme
reconstructs a  picture as

This is the Rothschild
which cuts up

shown at E.

whether he is only five blocks away or
one thousand miles.  That such an inven-
tion is urgently required is needless to say.
Evervbody would wish to have such an in-
strument, and it is safe to say that such
a device would revolutionize our present
mode of living, just as much as the tele-
plone re volutionized our former standard
of living.

Most inventors who had been working in
the past on this problem, failed to bear
in mind a very important consideration.

A Telephone Telephot?

If the Telephot is ever to be a success,
it must of course be possible to attach it
to the present-day telephone lines, That
means that the instrument must of neces-
sity work in conjunction with the te]ephonc
without necessitating any more wires than
there are now used.  As evervone knows,
the subscriber’s telephone is connected with
two wires to the central station. Each
1elephone instrument therefore l‘t‘qurES twao
wires, or otherwise one metalhc wire, an
the ground for a return “wire,” which is the
same thing as two wires. Over these two
wires today, we do mnot only speak, but
“Central” also rings vour bell. In the case
of a "pay-station” telephone, quite a few
more fonctions are accomplished over these
two same wires. It is also possible today
to telegraph and telephone simultaneously
over two wires neither instrument being
affected by the other instrument, Why then
should it not be possible to also send tramns-
lated light impulses over these two wires at
the same time that the voice impulses are
transmitted over them?

In most of the schemes offered by inven-
tors heretofore, a plurality of wires was
necessary : in some cases several thousand
pairs of wires. No matter how well such an
instrument might work, this alone would
doom it to certain failure. Another point
is that the future Telephut must not be a
cumbersome machine requiring motors and
all kinds of other complicated machinery,
difficult to operate by the layman.

The future instrument must work the
same as the telephone. In other words, all
the subscriber has to do is to 1ift the re-
ceiver off the hook, and he will immediately
see his friend just as if he were talking
to him in the same room. All these re-
quirements may seem hard on the inventor,
but they arc absolutely necessary as a sim-
ple reflection will show.

The writer also ventured to say that no
Telephot will ever amount to anything that
necessitates the use of selenium. As is
well known in nearly all past suggested
television schemes, the selenium cell in one
form or another was used.  The underly-
ing idea of these schemes is that light rays

vision schemes, a multitude of selenium
cells is requxrcd which again means a plu-
rality of wires, thereby dooming the scheme
at once. There must be something else be-
sides selenium that can translate light im-
pulses into clectric impulses. Indeed, such
a scheme is already existent, nature havmg
worked it out millions of years ago. And
while it is not electrical, it illustrates what
we are driving at.

The Eye—A Television Phenomenon

The animal eye is the most marvelous
television apparatus ever invented. More-
over, it is also probably clectrical. If we
look at an object, the latter is thrown into
our eye, which is nothing but a marvelously
efficient camera, but instead of a photo-
graphic plate, the impulses are thrown up
on the Reting which records the object, not
only in black and white as does the photo-
graphic plate, but the picture is recorded in
its natural colors on the retina. From here
numerous fine nerve strings inierlocked in
the retina connect with the optic nerve,
which nerve in turn connccts with the
occipital lobes of the brain, translating the
varions light impulses, (stimuli) with their
component colors into a “picture,” which is
then “scen” in our mind. We say “seen”
advisedly, because of course the picture is
not actually seen in the mind, but the im-
pulses which the retina has picked up are
translated into another form, which we ex-
pericnee in turn as the sensation of seeing.®

Retention of Vision

As has been shown experimentally, the
picture is retained on the retina for about

one-thirty-second of a sccond.  This is
called the persistence of wvision. It is this
phenomenon which is made use of in mov-

ing pictures, each successive picture staying

Actually sixteen pictures appear on the
screen in a second but the shutter cuts
down the time of their appearance.

Now, as we have shown thati pictures
can actually be transmitled al a distancef
without the means of sclenium cells, it is
up to our inventors to devise something
to do away with these cells entirely. It is
safe to say that when the successful Tele-
phot finally appears, it will he found to be
a very simple apparatus, probably not much
more comphcatcd than the present-day
telephone receiver.

When one considers how many different
functions the diaphragm in a telephone re-
ceiver performs, it seems that it should be
a simple matter to translate light impulses
into electrical impulses.  Just stop and con-
sider that a single telephone diaphragm
can pick up several hundred pure notes as
well as several thousand distinct kinds of
noises, which in turn are translated into
clectrical impulses. These impulses are
then sent over the line only to be repro-
duced faithinlly into the same notes and
noises at the other end of the line, using
nothing but a single diaphragm on another
telephone receiver. Before the telephone
was invented, it was thought that for each
note, a diaphragm or v1bratmg reed was
necessary. Strange to relate however, a
single diaphragm records the human voice
vibrations so faithfully that it is possible
to readily recognize a friend’s voice over
the telephonc as is done cvery day; this
is quite an amazing fact, if one stops to
think of it, For in order to recognize a
friend’s voice, it is not only necessary to
transmit the various sounds, but also all
the overtones as well as the timber of the
voice. Fiity years ago it would have been
cons1dercd scientifically impossible if the
proi:l sition had been advanced that all this

d be accomplished by means of a single
circular disc of iron 214 inches in diameter
and 1/64 of an inch thick, Nevertheless,
the telephone today bears witness that it
is eminently possible.

So the guestion logically arises that if
all this can be done, why cannot light im-
pulses be translated into electrical impulses
at one end, and be re-translated at the
other into light impulses?

Hugo Gernsback’s Suggestion

Bearing these various things in mina,
we have tried to picture the Telephot as
we imagined it would appear when in-
vented. The front cover of the May, 1918
issue of the Electrical Experimenter, as well
as the illustration herewith showed Mr,
Gernsback’s idea. He claimed that the fu-
ture Telephot would be an instrument at-
tachable to our present telephone. The
face of the distant speaker would probably
be recorded on some sort of a fluorescent
screen or plates, as here depicted, In order
to show the picture to advantage, the frame
[" must be more or less deep, otherwise the
sun or other light at the receiving end

FI[ 24 shows the A . C. &
5. Andersen

on the screen for perhaps slightly more
than a thirty-second of a second before the
next one is flashed on. The fact that the
pictures follow each other so rapidly, gives
the impression that the objects are moving
on the screen, which oi course they do not.

* Light cniering the eye, influcnces the light-
sensitive “rods and cones™ of thc retina, in sume
manner as yet not understand. The are

Tel
whm use is also .p:ﬁh of

rapidly passes in
front of the camera influenc-
ing a selenium cell 9. At
the receiver a sensitive elec-
tro-magnetic arrangement, 10
and 11, acting as a shulter
cuts off the light Impulses-
thus retcany

would interfere with the recewed“ picture.
In other words, the picture would set back
an inch or more as shown in our illustra-
tion, Fig. 21
The holes H belong to a highly sensitive
transmitter (microphone), as it will be im-
7 The pictutre i sctually transmitted at d|s~

tance.  If the optic nerve is cut-the “‘wire”
the pictiyre with the brain—we canmot

&

supposed to be photochemicalin their nature.

sce’” the pictnre, 1. e, we will he blind.



practical for reasons which will be appar-
ent to use the present day mouthpicce. Al
that the person at the other end need do is
simply to talk in a medium Iow-pitched
voice. The sound vibrations should be
picked up by the sensitive transmilter, and
should be heard sufficiently clear in the
telephone rcceiver at the other station. In
turn, the speaker's picture shoulé be trans-
mitted to his friend by means of the lens
L, mounted in iront of the Telephot. This
lens is nothing but a photographic camera
arrangement, and in the back of this “cam-
era” P, the face or picture should be thrown
just as a picture is formed cn ocur eye's
“etina. Here the optical impulses are
translated into electrical impulses which
te now sent over the line along with the
Yoice impulses,

In order that the distant perscn may sce
*he speaker’s face, it is of course meces-
sary that the latter's face be luminated.
For it goes without saying that if the
speaker was in the dark, his Zriend could
not possibly see him on the other side be-
cause no light impulses would be thrown
on the “sending” lens. For this reason it
is necessary to provide a lamp R at the top
of the Telephot, which Iamp throws its
rays on the speaker’s face; from here the
light rays are thrown onto the lens, thence
to be transmitted to the distant station, Tt
naturally goes without saying that (he ideal
Telephot should transmit the picture m its
natural colors, although this may rerhaps
be asking a little too much of our inven-
tors at first.

Quite a good many Telephots have been
imagined and described as well as patented
in the past. None of these, however, have
ever appeared—most of them only exist-
ing on paper. One of the first of these
was invented by the Frenchman, d'Ardres,
in 1877, There was another one irvented
by Sawyer in 1880. Next we have the
Bidwell machine of 188l; the one of
Weiller in 1889; as well as those of Szce-
panich and that of Dussaud of 1398. None
of these, however, were of practical value.
We may also mention the comparatively
recent Telephots of Rothschild of 19075
Belin apparatus of 1907; Kruh of 1910;
Hoglund of 1912; A. C. and L. S. Ander-
son of 1912; Stille of 1915; 1he Rasing ap-
paratus of 1915, and the Sinding-Larsen
instrument of 1916. The more imgortant
ones among this host of Telephots will be
described in this article.

One of the earliest Telephos imagined
by the Frenchman, Dussaud in 1898, is il-
\ustrated herewith, Fig, 22,

The Dussaud System

This ingenions apparatus at the sending
»qd has a camera o, at the rear of which
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ond, a ray of light is allowed to fall on the
selenium- cell €, and when the disc has
made one {ull rotation, every point of the
picture will have been uncovered, as will
be clear by a little reflection. It is appar-
ent that the selenium cell C will receive
various impulses due to the fact that more
or less light reaches the celll These im-

Fig. 26 shows the Rosing Tele-
ph Use is mad

dnLly se i3 e two sets
polyhedral revalving mirrors;
1 and 2, throwing a light ray on
selenium cell 7. At d‘:e receiver

two oscillographs reconstruct the
picture shown at B,
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minded experimenter, who is working on
this more or less intricate problem.

Sidney Rothschild System
Figure 23 shows the lclcphol of Mr. Sid-

ney Rothschild, of New York, on which
patents have been issued, Briefly summar-

pulses in furn are passed through a bat-
tery and a small transformer (induction
coil) D, which is grounded at one end; the
other wire goes to the receiving station.
At the latter point, we receive more or less
intense electrical impulses, and these im-
pulses operate a very sensitive teclephone
receiver 7, on which is hung an opaque
plate, £, having very fine transparent lines
engraved on its face.

The disposition of this black plate and
the telephone receiver is shown in a sepa-
rate detail sketch, T being the receiver, I
the diaphragm, E the plate. At A, we have
a source of light, as for instance an elec-
tric Jamp, which emits parallel rays of light
which are somewhat modified by the trans-
parent plate in front of £, The disposition
of the light rays is such that ordinarily the
plate E cuts off all the light from 4, but as
soon as the telephone diaphragm vibrates
the plate E, more or less light is made to
pass through the latter, which light in turn
is stopped Dy the revolving plate G; the
latter has the same helical perforations as
the dis¢ B at the sending station. Theo-
retically therefore, the picture in motion
should be formed in the camera at the re-
ceiving end, and this picture should cor-
respond with the one sent out from the
sender. This picture would then be thrown
on the screen of the receiving station as
shown. The two revolving discs must work
in synchronism. It is also necessary that the
discs revolved once in onc-sixteenth of a
second, which is just the average time of the
persistence of the luminous images on the
retina of the human eye, and which is sup-

Fig. 25. The Hoglund Tele-
Fhr:hu a!m!!: 7 ang' g. s
vo re-
yolving in opposite directions
s
by the light rays and the
picture at the receiving sta-
tion is reconstruct by
means of the light varia-
tions of lamp 6.

is a metal disc B perforated with certain

holes. The disc is driven by clockwork
contained in the case E. The ingenious
part of this arrangement is that the disc B
is periorated in a curious manmer, the holes
being disposed in the form of a helix or
involute spiral. In other words, waen the
disc rotates the perforations cut off suc-
cessive points of the picture fzrmed in the
camera A. Thus at each fraction o a sec-

posed to build up the transmitted picture,
and in turn is observed on the screen, The
lens F at the receiving end is used merely to
enlarge the picture.

It seems that while most ideas look more
or less practical on paper, it is quite im-
possible to tell if any of them would ac-
tually work ift practice. At any rate the
various proposed schemes here illustrated
form imteresting reading for the serious-

ized, this invention consists in causing a
light controlled composite background to
vary the intensity of electrical currents
flowing over a wire, and cansing these cur-
rents te control the intensity of Iight_z-.t

the receiving station, this light being
caused by an appropriate mechanism to
produce a moving luminous spot of vary-
ing intensity in such a manner as 1o repro-
duce a facsimile image disposed adjacent
to the aforesaid background at the trans-
mitting station. The outstanding features
are indicated in the illustrations, and the
more technical details have not been dis-
cussed. These can be readily looked up
in the patent specifications by anyene sui-
ficiently interested.

. At the sending station we have a sub-
ject A, whose picture is transmitted
through lens 1, the rays of which fall on
the selenium cell 4, aiter passing through
a belt 3, which is rotated at a high speed.
This belt has a number of longitudinal
slots disposed crosswise, the belt traveling
in the dircction indicated by the arrow. A
revolving cvlinder 9 is provided with a
series of slots, each being adapted 15 reg-
ister with one of the sections 8 of a further
selenium cell. In this manner Mr, Roths-
child expects to cut up the various poinzs
of the picturc and transmit the impulses
over the line as shown. At the receiving
end, we find a revolving wheel 6 and an-
other rapidly revolving belt 5 which also
has longitudinal slots as shown in detailed
drawing C., By means oi a light source
shown at 11, which may be an incandes-
cent lamp, the light rays pass through the
revolving wheel 6 and slotted belt 3. The
light rays in this case being cut up exactly
in the same manner as those of the trans-
mitter. These light rays fall through fens
2 and thence are projected on 1o the screen
B. Thus the picture is supposed to be re-
produced. As in all other telephots, this
one of necessity requires a synchronous
movement as it is important that the
sender and the receiver work synchron-
ously., This is one of the difficult points of
the telephot,

The Andersen Brothers

A clever telephot which was patented by
Messrs. A. C. & L. S, Andersen is shown
in Fig. 24. The sending apparatus comn-
prises a dark chamber shown in dotted
lines, in which is placed a lens 6" which
receives the rays issuing from the dark
chamber. These rays after being refracted
meet a small selenium cell 8, placed behind
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the prism 6”. Screen 1 represents an ob-
ject {in reality farther removed from the
dark chamber than the drawing indicates).
The light rays coming from the screen 1
aiter refraction in the lens 6 which i3 in
front of the dark chamber form upon the
endless ribbon 3, a real image reversed and
reduced by the screen 1. This ribbon is
flat continuous and opaque except at cer-
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an image and causing them to act upon a
selenium cell capable of changing its clee-
trical resistance under light rays of dif-
ferent degrees of intensity. These vibra-
tions are sent over a line and act upon a
luminous center at the other end thereof,
which may be in the form of a speaking
arc and cause a fluctuation in the bril-
liancy of said arc which will cause light

Fig. 27.—Depicts the Sinding-Larsen Telephot. Two mirrors vibrating at different frequencics cut

up the light rays.
surfaces.

These light

rays are past through a melallic tube having strong reflecting inner
At the receiver, the light rays are past

through a similar system as the sender and the

picture is thus reconstructed.

tain periorated points, arranged according
to a diagonal line as shown in the detail
sketch &, The distance separating the
holes 5 depend upon the size of the image
in the dark chamber, The holes are spaced
apart in such a manner that only one
point can be located at each instant within
the field of the image in the dark chamber.
The ribbon 3 is displaced from above
downwardly by means of an electric
motor; it thus forms the end of the dark
chamber; the Iuminous rays traversing the
perforations of the ribhon fall upon the
lens 6°. They are received by the sclenium
cell 8. Only one point comes at each in-
stant within the field of the image as the
illustration shows. When the ribbon has
heen displaced the whole of its length,
each of the points of perforation has
crossed the part of the image which is
presented to view; thus, the entire picture
is transmitted point by point.

At the receiving end we find the sender
practically reversed. Here we have an-
other moving ribbon 4 with perforated
holes 5, In the dark chamber 13 we have a
source of illumination which may be a
kerosene lamp, or an clectric lamp or any
other kind of light 12, This lamp throws
its rays through lens 7. Here we have
also the electro-magnet 10 which is con-
nected with the selenium cell, and a bat-
tery at the sending station, By means of
an ingenions shutter arrangement 11, the
light rays coming from the lamp 12 are
more or less influenced, due to the fact
that the electro-magnet is more or less
energized by the selenium cell 8 of the
sender.  In other words when at the send-
ing station, the selenium cell was ener-
gized at its maximum, in this case the
electro-magnet 10 at the receiving end
would also be energized at its maximum,
and therefore the shutter would let the
maximum amount of light pass. All pro-
viding of course that the ribbon 4 was
working synchronously with the ribbon 3
at the sender, As the ribbon 4 revolves
very rapidly and synchronously with the
ribbon at the sender, the picture is thus
reproduced point by point and is recom-
posed upon the screen shown at B, Messrs.
Andersen have also incorporated into this
invention an idea showing how the pic-
ture can be transmitted in its actual colors.
This is a very ingenious arrangement, but
is outside of the scope of this article.

The Method of Hoglund

The next telephat, Fig, 25, was imagined
by Gustav E. Hoglund, of Chicago, Ill.
This invention also has been patented, and
relates to that class of devices for cutting
up and dividing light rays emanating from

rays to emanate therefrom, said rays being
of varying intensity according to the
strength of the current. These rays will
follow each other in the same order, and
will be of comparatively the same intensity
as the light rays emanating from the ob-
ject. Hence, when the rays from the
lamp are projected onto the retina of the
eye in rapid succession, they will cause an
image to be built up hefore the eye, which
will be composed of the varying light rays
of the same strength and in the same or-
der as those cmanating from the original
image.

The device shown in Fig. 25 has a re-
ceiver and a sender; cach of the instru-
ments comprises a selenium cell §, posi-
tioned in front of which is the enlarging
lens 4 and the reducing lens 3. Between
these lenses is a double revolying shutter
composed of discs 7 and 8. These are
also shown in a detail sketch, Disc 7 has
a series of square perforations 10, while
disc 8 has a series of slots 11. It will be
seen that as these discs révolve in opposite
directions, each point of the picture is cut
up successively and allowed to pass
through the optical lens system. Each of
the receiving instruments also comprises a
lamp 1 and enlarging lenses 2, 2. Be-
tween these lenses a ground glass plate is
placed, upon which the final picture ap-
pears, Both receiving and sending in-
struments arc connected by electrical
lines as shown. The oppositely revolving
discs are ordinarily actuaied by means of
the synchronous motor 10,

An interesting part of this invention is
that these revolving shotters can be cor-
rected i they do not run synchronously
by means of handle 9. Tt becomes appar-
cnt that the two shutters must be brought
into proper relation to one another; it can
be easily determined when such a relation
is found by observing the image coming
from the receiving instrument. If the
shutters are not in proper relation, the
image will be nothing more than a blur,
and beiore it can be distinctly seen, the
shutters will have to be in appropriate re-
lation to bring the openings into the de-
sired position. The inventor therefore
provides handles 9 which extend from the
shutters, and by turning these handles the
shutters can be revolved until thev are
brought into proper relation with one
another, the operator determining when
such position has been reached by ohserv-
ing the completeness of the fmage repro-
duced by the receiving instrument. Once
the shutters are in proper relation with
one another, the motors are then supposed
to operate them synchronously. By study-
ing the illustration, it will be noted that
the lamps 6 are varied into their proper

luminosity due to the selenium cells 5 res
ceiving more or less light. o

While this scheme looks very feasible on:
paper, we are afraid that the lamps 6 will:
not respond instantaneously to the current:
variations in the selenium cells 5, and at
best the picture formed would seem #» us
to be rather blurred.

Boris Rosing

The next telephot whickh has also “een
patented in scveral countries is showa ia
Fig. 26. The inventor oi this telephe® is
Boris Rosing of Petrograd, Russia. In
order 1o eliminate the synchronons motor
arrangements which have been the failure
of almost all telephot schemes, Mr. Rosing
does away entirely with them, substituting
therefore a system comprising two oscil-
lographs with movable reflecting surfaces.
This will be apparent further on. The
optical system at the transmitting station
comprises two polyvhedral rotary mirrors,
1 and 2, the axis of rotation of which are
al right angles to each other. They are
driven at such speeds that the angular
velocity of one of the mirrors is several
times greater than the other; and an ob-
jective or lens 3, the focal plane of which
coincides with the plane of the screen 6
and the photo-clectric receiver 7. The ob-
jective § is arranged in such a manner that
ravs emitted from any point of the field
of vision arrive in the photo-electric re-
ceiver only after successive reflections by
the two mirrors, When the mirrors 1 and
2 are rotated, the end 8 of the optical axis
thus deflected traverses the field of the
picture in a zig-zag path, so that from
every portion thereoi light is transmitted
in a certain determinate order through the
opening of the screen 6 upon the photo-
clectric  receiver 7. Permanent electro-
magnets carried by the mirrors 1 and 2 and
stationary bobbins 3 together form small
generators producing in the correspond-
ing bobbins pulsating currents, the period-
icity of which per revolution of the mirror
corresponds to the number of reflecting
surfaces thereof. The currents which are
produced in the conductors 9, 10, 11, 12
and transmitted through the receiving
station.are proportional to the components
in the directions of the axes of a corres-
ponding system of coordinates of angular
movemenis which the optical axis 8 ex-
ecutes in the field of view.

At the receiving side we find two oscil-
lographs provided with mirrors 13 and 14.
The axis of both are arranged to corre-
spond Lo the axis of rotation of the mir-
rors 1 and 2. Lens 16 directs the rays pro-
ceeding from the luminous signaling point
15 on to the small mirror 13, There will
therefore be imparted to the deflected op-
tical axis 17 at the receiving station, the
same movements in space which the de-
flected optical axis 8 at the sending station
exceules at the transmitting station. The
moving parts of the oscillographs nat-
urally have much less inertia than do the
revolving sets.

A different idea in Mr. Rosing's inven-
tion is shown in insert C, Tig. 26. Here
instead of using oscillographs, the inventor
makes use of a cathode tube, the wires 9
and 10 irom the revolying mfrror sender
1 being connected to wires 9 gnd 10 which
ift turn go to an electro-magnet 5. Wires
11 and 12 from revolving-mitror sender 2
go Lo 11 and 12 which are also connected
to another clectro-magnet H placed at right
angles to electro-magnet (G. A pencil of
cathode rays is thrown upon the screen
in back oi the tube, and this ray is influ-
enced by the electro-magnets M and G syn-
chronously to the revolving mirrors 1 and
2 of the sender. Consequently a picture
should be traced out on the screen of the
cathode tube point by point, and it is con-
ceivable that a perfect picture could be



readily obtained by this means. A con-
denser K is also arranged in the cathode
tube to steady the cathode rays, and for
_ dertain other purposes which it is noat
necessary to delve into in this arlicle. This
i5 a particularly clever invention, bhut we
do not have any information on hand
showing if it has ever been tried in prac-
tise. It certainly looks more promising
shan_any of the others, particularly as it
requires only four wires.

The AIf Sinding-Larsen Optical System

We must also mention & certain othar
type of telephot n]'uch strictly speaking is
not a telephot at all in the ordinary scuse
of the word because it does not transmit
pictures by electricity, but optically, It
shiows how a picture can be transmitted
practically by micans of o siugle light vay.
This idea was patcnlcd by Mr. Ali Siad-
ing-Larsen of Christiania, Norway. The
idea is to have two mirrors vibrating at a
different frequency of vibrations, which
mirrors cut up the light ray into its com-
ponents. For lransmmm;, the pnclurc*‘.
directly, the inventor makes nse oi a nar-
row tube with strongly reflecting  inner
surfaces which tube is arr:mged with its
rear opcmng behind the light ortfice in the
transmitter.  The optical system Tforming
the image is arrangcd in such a manner
that the rays form the individual imazc
points across one another at A very acute
angle. By this the inventor is enabled to
cause the light taken up in the mouth of
the tube to be transmitted through the
tube without being materially weakened in
its passage to the other end of the tube
and the image surface of the receiver.

Thc synchironous movement of the mir-
rors is effected hy cnuplmg them in series,
the electro-magnets serving to keep the
mirrors moving. Reference is made to
Fig. 27, where the sender and the receiver
are connected with the aforementioned re-
flection tube 57 1 is an object lens of
the receiving station Camtra im which are
placed two mirrors 2 and 3. The mirmor 2 2
ascillating very fast on an ams perpendic-
ular to the plane of the drawing, while the
mirror 3 oscillates more slowly on an axis
lying on the same plane and is perfen-
dicular to the axis of oscillatian of mirror
2, By these means, the clements of the
image formed by the lens 1 are in sucres-
sion following a continuous zig-zag line
transferred to the focus oi a lens 4 placed
in the opening of the reflection tube 5, szid
lens paralleling the rays which mee: the
image point, At the receiver two similar
mirrors 6 and 7 oscillating syrichronously
with the mirrors 2 and 3 respectively,
thraw the train of rays emerging from lhe
reflection tube to the eye of an obseryer
as indicated. The synchronous yibration
of the r:<pectwe pmrs of mirrors is ac-
complished by ingenious means outside the
scope of this article. It hecomes apparent
from this invention that by substituting
for the lens 4 some electrical means such
as a combination of selenium cell with a
revolving shutter, pictures may thus be
transmitted electrically without nxiug re-
flection tubes such as are shown in 27.

In faect, a system oi this sorl was tred
many years ago by the Russian invenior
Szcepanich,

Most of the television patents are very
ingenious, and contain a good deal of in-
formation on television which has nat so
far appeared in print outside of the patent
office records. Nevertheless the ultimate
type of television system will be quite
different and perhaps much simpler (lan
any system thus far evolved. Lt is guile
possible “hat a simplificd sys;em of svn-
chronization will work swenders i che
Lclevxsmn field.

Again in the July, 1920, issce of '?o'"ho
News Mr. H. Gernshack, the cditor of
that magazine, touched upon his pet drezm.
Because of the pregnant passinilities in the
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editorial we are reproducing it verbatim.
It will be seen that some oi the events
predicted have already come to pass.
Banks of photo- -clectric cells, as pointed
out in the first article i 199, are im-
practical for several reasoms, hut one can
never forctell what tlle futiure may bring.
The editorial “Radio in 1945, follows:

We are slowly ascending the steep hill
of progress. However, we¢ have still an
enormous mountain to climb as far as the
radio art is concerned. Compared to the
ultimate goal, our present aclneyement:a
are like the smallest pebble in comparison
with the Himalavas, Standing on this litle
pebble, we do not get much of a vantage
point, but we can, at least, look back upon
the road we travel, and we can also,
figuratively  speaking, soar toward the
peak of the towering mounlain aboye our
heads.

Everything in life is comparative.  So
is progress of the arts and scicnces. What
appears fantastic and whoelly visionary to-
day has a knack of coming true on the
morrow. Consequently on leoking back
only over the microscopically small stretch
of time of twentv-five years, we find the
art of radio just born. We then had our
spark coil connected to a ponderous aerial,
and as a receiver we had a tremendously
complicated conglomeration of apparatus,
comprising coherers, relays, tappers, choke
coils, batieries and various other para-
phernalia.

0Of course. we smile on this today in
our very superior manner; particularly
when we look al our compacl little sets

awith which, strictly speaking, we need no

longer even use an acrial, nor a ground,
We use a little Ioop of wire three feet
square; we have a small vacuum tube and
a pair of receivers all encompassed into
a box that fits into your suitcase, and lo
and hehold! We can set wp this box, and
within the radius of hundreds of miles re-
ceive radio music to which we dance,
Had we suggested such a thing twenty

vears ago we would have been most
severely condemned as  visionaries and
dreamers.

Ii radio has made such tremendous prog-
ress in ohly twentyv-five vears, what will
it be In twenty-five vears hence? The
imagination Iaul) staggers at the contem
plauon of the progress that is coming.
But certain things may be prophesied with
relative safety. Many entific prophecies
are as certain as the rising of the sun. If
you are correct on your premises, you can
make certain deductions that we know in
advance must come true.

It is therefore sale to say that in twenty-
five years lence there will be na such
thing as a big ponderous acrial mast even
for the poweriul radio stations sending
messages all around the globe. Probably
no aerial will be used at all. Perhaps no
ground either. Belore we reach that stage
someone will go and bore a shaft into the
carth; possibly a thousand fect decp, and
hang an insulated wire into this shaft.
He will probably astound the world by
finding that by means of this arrang
ment messages can be senl and rec 1
all over the globe just as easily as having
a huge mast towering a thousand feet into
the clouds. It is also a safe bet that
twenty-five vears from now our long-dis-
{ance stations will be operating with com-
paratively small power. Bearing our past
progress in mind, it should be possible in
1945 to telegraph 12,000 miles, which is
half way around the glol)e, with a power
which dees not evcceed 14 kaw. | Perhaps
even this nguu. is lagh, and the day is
surcly coming when it will be possible to
detect the waves of a small induction coil
all over the globe.

And, one of these days we will wake up
and find that some genius has made it pos-
sible for us to see actual radio waves.
And why not? Arguments may be broughe

71

against this prophecy by stating that the
length of radio waves is such that they
can never be perceived by the eye, which
is built to perceive light waves only, which
have an entircly different wave length.
This argument, however, does not in the
least influence us for the simple reason
that we have already photographed sound
waves, alhhoush we cannot sce  these
either. Juest how it will be brought zhont
we ll/!\’(" OI. coarse, No means Of knn\\ln"
al pruscnl_

It 15 safe 1o say that twenty-five years
hence we will not use telephone receivers
with which to receive onr message, \\']131
the method will be at that time 1o receive
messapes we cannot even guess at. It
may be by visnal means; it may be by
acoustics, or perhaps in a tnmll\ 1118715~
pected manner. We venture to'say that it
might even be accomplished physiologically,
Wio dares say that we will not at some
future daLe pick up two metallic handles
aid * iul the dots and dashes come in—
that s, il we still wsing dots and
dashes at the time?

Lee de Forest has shown wus that a
vacuum tube can be used as an audible
receiver. Who, therefare, dares to deny
that some day we will be able Lo hear
telephone  messages  simply by using a
special vacuum tube, which not only will
receive messages but will also reproduce
ihem acousticallr?  This, in an experimemal
way, 18 already possible today.

One of the coming wonders withour
doubt is radio movies. Imagine a bank of
several hundred special vacuum tubes upon
which the light and dark variations of a
Hlm are thrown by means of projecting
apparatus.  Each individual tube will he
affected in a different mamer, Some tubes
will bhe strongly exposed to the light,
while others will be kept in the dark.
These tubes will be light-sensitive similar
to the Rubidium Cells in use today. Each
iube will send out an impulse hy nudamped
radio waves. and as the wave length of
cach tube differs hy a small fraction of
one per cent, there will be no interference
between the different tubes. At the re-
ceiving end the process is reversed, and a
similar bank of tuhes recnmtructs the
picture and throws it upon the screen by
some intermediarv apparatus, Imagine
then a central point ot the country, such
as Denver, which sends out nightly moving
pictures by radio. These are (hen re-
ceived in every house 21l over the conntry
without any difficulty; and, of course. it
will be no far ¢ry to combine these movies
with voices or music as well. All of this
may sound wild and woolly and impossible
now, but the reader who picks up this
magazine in 1945 wiil smile at the utter
sunplxcu\ of this editorial because at that
time many more wonderful things than the
ones mentioned here surely will have
come 10 pass.

The Radiophot

In still another arficle by Mr. Hugo
Gernshack, called the “Radiophot.” he ad-
ncul the suggestion of applying tele-
vision to the radio field. It will probably
only take a few more vears uatil this, an-
other “dream,” will be realized. But in
1622 when this suggestion was advanced,
it was just as remote an idea as the wire-
less transmission of power is even to this
day. The plan was illustrated in the July
issne of Science and Invention Magazine of
that year.

Schemes on  television were not new
cven in 1922, Inventors busied themselves
fer several generations with this inven-
tion, but up to that time nothing of noie
had been produced.  Mr, Hugo Gernshack,
in the May and June, 1918, issues of the
Electrical Experimenter discussed  varions
ideas on television and showed . what had
been proposed by inventors heretofore.
There are many patents in existence refer-
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ring to the fefephot (tele-far; photos-
lzght), but at this time there had been no
inventor who actually was able to clec-
trically demonstrate a continuous view of
a moving object at a distance, At that
time, viz.,, July, 1922, Hugo Gernsback,
writing in Science and Inveniion magazine,
said—

It is not impossible to do this, but the
ereat cost of such
an apparatus has
been prohibitive,
Farthermore, one of
the greatest stum-
bling blocks is that
in nearly all schemes
shown in the past,
it was necessary to

have hundreds and
cven thousands of
wires between the

sender and the re-
ceiver. If, for in-
stance, we wish to
talk to our friends
five hundred miles
away over the wire
all we nced is a
single wire, or two
at the most, if we
do not wish to use
a_ground or return
circuit. If with the
schemes  praposed
heretofore, we wish
to see our riend at
a distance, it means
that we. would have
to string scveral
hundred wires be-
tween the two points
and the idea for this
reason becomes at

away, Hrre we see

TELEVISION

is sluggish. In other words, the selemum

ell takes a large fraction of a second in
wlnch to change its resistance, Light is
instantaneous, and all reconstructed selen-
ium pictures are always lagging behind;
if we actually could obtain a reconstructed
picture, it “ould be imperfect.

This trouble is done away with in the
author’s radio television scheme whereby

Fig. 28. In this xllnsh'abon we be!:ﬁld how future audicnces will see a Im.wbull .?mo Hmumd.s of mllu

to which are

once impractical.

aerial, which is quite feasible, for it has
been demaonstrated years ago that one
aerial can be used to send out many mes-
sages, each on a different wave length, and
there is no trouble in doing this very thing
today. To resume, what have we done in
our transmitter? We have transiormed
light impulses into electrical ones. These
it turn are being shot out into space at

ifferent  wave
lengths each retain-
ing its own identity,

Now let us see
what happens at the
receiver.  The dis-
tant aerial picks up
all.  the different
waves on a regula-
tion radio receiving
outfit, which, of
course, must be able
to tune very sharp-
Iy ; otherwise, it will
not be possible for
us to receive a clear
picture.

In our television
receiving box prop-
er, we have the fol-
lowing: There is a
bank of inductances
with their respective
condensers, together
called the wave an-
alyzer, these induct=
ances and conden-
sers are lined cir-
cuits, and each picks
out its own wave
length and responds.
In the circuit of
each inductance and
condenser, we have

several
The operators of the tel:phut transmitters A, B, C and D “'shoot’” the interesting parts oi the xane,
but they do not do this simultaneously. T'hey merely point the telephot transmitter into focus while the

also an audio fre-

The author in this radio operator at his instrumcnt switches from one to the other in order to get those close-ups which quency. afnphher,
article proposes a  he wishes. e distant llnllence then will see are sel 1 by the radio operator. which operates an
somewhal more am- It paturally would not do to have just one telephot transmitter for the reason that at times, the clectro - magnet,

bitious scheme of
television not only
over wire, but by radio. He wishes
to state in advance that no apparatus
has been as vet constructed along this
line, bhut it is believed that the scheme
here shown has possibilities that would
seem inviting to our constructors who wish
to take the time and trouble to build such
an  apparatus. Engineers are of the
opinion that an apparatus of this kind will
actually do the work with perhaps a few
minor improvements,

The stumbling block with former tele-
phots or television schemes usually was
found in the selenium cell. This was so
for the following reason: When we desire
to project a picture at a distance, it is
first necessary that we have some instru-
memalm' which changes the intensity of
the eleciric current in the same ratio as
the intensity of the light that falls upan
the instrument changes. A picture, as is
well known, is made up of various points.
Pick out any hali-tone illustration in
this journal, view it under a magmf\m"
glass, and you will see that it is made up
of lnght and dark dots, The dark dots
give the picture its dark tones and the
light dots give the half-tones and the white
paper shades into unison with the dots.

The selenium cell has long heen thought
the best instrument to translate changes in
the intensity of light into electrical current
impulses. lmagine a screen made up of
several thousand selenium cells. A picture
falling upon - this screen will therehy re-
solve itself into the various components of
the picture itself. Then some selenium
cells will receive more light, others less,
etc.

The cleetrical impulses are then sent ou
over the wires to be reconstructed later
into a picture at the receiver. The trouble
with the selenium cell is, however, that it

operatar would be either too far, or otherwise too close to the scene.

phots, this is avoided.

instead of the selenium cell, we make use
of photo-electric cells. There have been
lately developed a number of such cells,
which are available and which are highly
light- sensitive, Moreover, there are not
singgish in action as are sclenium cells.
In other words, they vary their resistance
almost dinstantly as the light falls upon
them, or as it is removed.

Referring to our illustration. Tig. 28, the
author’s scheme resolves itsell into the
following: At the transmitter we have an
ordinary camera-like box in the back of
which we have a greal number of tiny
photo-clectric cells;. Each cell responds
according to the sirength of light and
shade. The lens in frant of the camera
picks up the vu:w and throws it uwerted
upon the group of phote-electric cells in
the rear, All dark paris of the picture, as
for instance, the shoes of the baseball
player will, therefore, not affect the light
sensitive cells and these remain inacfive.
The other parts of his body, as for instance
the white uniform, will affect only those
cells upon which rays of light from the
white fall. These cells then send their
impulses into a vacuum tube modulator
and synthetizer. This vacuum tube modu-
lator is a regulation radio transmitter such
as 1s used in all broadcasting stations to-
day. IEach photlo-eleciric cell is made
to operate a separate vacuum tube, and
cach of these vacuum tubes sends out its
own wave. For instance, photo-clectric
cell number one will send ouL om a_wave,
let us say of 500 meters; photo- clectric
cell number two txansmuq oft & wave of
50034 mcters; photo-electric cell number
three sends out on a wave of 50034 melers,
and so on down the line.

From the radio transmitter all of these
waves are sent out from one and the same

By having a multiplicity of tele-

similar to a tele-
phone receiver. This
wave analyzer is already in use today
and is not a new development at all.
Any owner of a vacuum tube set knows
that he can tune in or out almost any
wave length, within reason.

Coming back to our wave analyzer, let
us see what happens now. Inductance
number one, condenser number one, and
audio frequency amplifier number one, are
tuned to a wave length of 300 meters, This
circuit, therefore, will respond only to 500
meters wave Icngth, and to no other wave.
Consequently, when at the distant sender,
photo-electric cell number one is ener-
gized, it sends out a wave at 500 meters,
which wave is received in our wave
analyzer, and will only affect inductance
number one, condenser number one, and
audio [reguency amplifier number one.

We shall now see how the picture is
reconstructed. The electro-magnets con-
nected with each of the many audio fre-
quency amplifiers are equipped with
pivoted diaphragms in the center of which
are mounted vertical strips of mirror,
which are very narrow. These mirrors
may be 1/16th of an inch wide, or there-
abouts, The best width will probably be
found by experimenting, TFrom a common
source of light also shown in our illus-
tration a single ray of light falls just out-
side of each mirror. Scc Fig. 29. The
common source of light may be a power-
ful tungsten lamp enclosed in a box per-
forated wizh many holes. TFach hole lets
a ray of light pass and each hole sends a
ray of light upon a different diaphragm.

The instant that the audio frequency
amplifier energizes the clectro magnet the
diaphragm in front of it begins to turn
on its axis, and the ray of light normally
at test begins ta vibrate back and forth.
This ray of light falls upon a2 ground-glass
plate in the rear of the recciver.



At this point, we wish to call the readers’
attention to the fact that the diaphragm in
front of the electro-magnet is not the or-
dinary telephone diaphragm but is one that
is pivoted. In other words, the more cur-
rent flows in the electro-magnet, the more
the diaphragm will turn, Of course, this
diaphragm 15 attached in such a manner
that it will not turn through a great angle.
A small fraction of a degree i3 sufficient.
1t can be readily understood that we have
licre to do with a lever action, and ii the
mirror turns only a minute angular meas-
urement or less, the beam of light that
plays on the ;:rmmd glass will mave for
quite a distance.

If the diaphragm vibrates violently, the
flat pencil of light will illuminate a square
npon the screen which is predetermined
by experimentation. Ii the diaphragm does
not vibrate at all, the light pencil is not
visible at all because, as we stated bhefore,
the light ray can only be reflected when
the narrow mirror begins to vibrate. At
rest there can be no reflection of the light
ray, because the latter dces not then fall
upon the mirror at all, The more the mir-
TOr beratea the wxder the light hand Dbe-
comes, as is shown in cur scparate insert
illustration. In other words, if at the
sender photo-electric cell number one is
fully illuminated, it will send out a strong
impulse, which strong impulse is received
at the receiving end exactly as if at the
present time a hroadcasLmq station was
cending out a loud note, vou would loudly
hear it in the tclephone receiver, If it was
sending a weak note, vou would receive it
weakly in the phones. ' Just so in the
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author's television scheme. The more
light there falls upon the- photo-electric
cells, the mere the tiny mirror in front of
the receiver electro-magner will swing
back and forth. Thereiore, the entire
imaginary small square upon the ground
glass will be illuminated,

1i, on the other hand, a black object falls
upon  photo-electric cell number one it
will not send out an impuylse and for that
the receiver will not energize the tiny mir-
ror and, consequently, the square oi the
unit number one on the ground glass will
remain black. It will be seen from this
that any shade from either darkest black to
lightest white will be transmitted instan-
taneously.

The entire picture is made up by such
impulses and is thus ruonmm.ted upon
the screen where we can view any picture,
whetler it be at rest or animated. In other
words, it makes no dlﬁ'ereuce, if we turn
the sender on a scene that is at rest, or
whether we turn it at a horse race; the
effect will be of the same degrec of per-
fection. v

There is no doubt that this scheme can
be made to work, and we would 3
much surprised if television by radio were
not an accomplished fact during the next
two or three years. The author wishes it
distinctly understood that the proposal has
not been worked out and exists only in
theory so far, but there is no point in it
which is not \and and which cannot be
turned into practice today, It is simply a
matter of building the device, and makmfr
minor improvements as would be fom:ld
necessary in actnal pracrice. It should

also be understood that this idea is mot
only applicable to radio, but it is poS‘iiblc
to usc the same instruments on wire lines
with equal facility

This television scheme would then re-
solve itself into wired wireless with which
we are all familiar. One may ask if the
voice currents and the radio currents will
not mix up and distort the picture at the
other end. This, however, is not the case
at all, since we can use such widely dii-
ferent lengths of waves.

The Jenkins Radio Television

Then, even before the ink of the presses
was dry, announcement of the discovery of
radio television found space in all the
metropolitan newspapers.

Science and Invention, always the first
1o give to the scientific world news of all
the important steps in the progress of this
“eld of researct , carried the arucle on this
important step in the Aug., 1922, issue. It
was written by 5. R. Winters.

This arresting title when seriously em-
ployed by any individual other than the
accredxtcd originator and inventor of the
motion-picture machine would smack of
sensationalism and the claim would be
considered visionary. However, when C.
Francis Jenkins of Washington, D. C.,
possessor of the Elliott Cresson gold
medal, awarded by the Franklin Tustitute
of America for his original contribution
to motion-picture mechanics, announces
that he has discovered a means {or trans-
mitting photographs and motion pictures
through space, the public lends an attentive
ear, The revolutionary characler of the
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Fl 29, This shows the modus operandi of Hugo Gmsbuks Telephot scheme.
hich transmit light impulses into the radio transmitter.
Ialls. as for instance the socks of the baseball player, _ﬂ:dn a photo-electrie cell remains dark

impulses which are transmitted at different wave |

Whenever light falls upon_the photo-elec

have also an instrument which consists d a great
sponds to a certain wave length. In
mirror, When
a light beam from & common sowrce;

rom a c tr
ber of ind s,

, and nonsequ:ntly sends out no impu
These are picked up at a distant maswmg aerial, where we

First we employ a group of&hoto—elcm: cells which are light-sensitive,

and
cse cells transmit an uupulse Where no lizht

All the cells out

ch light beam plays upon the ground glass.
licht beam,

and
the electro-magn. hich ergi
Te longch jhuobe thc b E‘:e:‘l:n magnet, which is energized, we have a photed diaphragm. On the

falls upon it, and just misses the mirror,

The =mallest vibration of iha mirror, however,
The combination of all of these diaphragms in reflecting ¢ - one a
reconstructs & picture on the ground glass, as shown.

re-
we have a narvow
intercepts
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discovery, however, gives canse for doubt
in the popular mind as to the success of the
enterprise, irrespective of the prestige of
the dnventor. the plcture surface to the hottom as the

With this introductory paragraph, not prismatic ring rotates. By the same token,
in the form of an apology, but as a shock- the identical ray of 11;\11( pas llul'l(;h
absorhber in view of the startling nature. of a second prismatic ring, with 1{5 dlamcter,

sequently, a ray of light passing through
this prism and spending its force on a pic-
ture suriace at the top will travel across

Fig. 30. The apparatus used by Mr. G Fe .!cnkms of Washington, D. C., in actually transmitting an
image by means of a pic! cture r and a radio receiver, coup'ed to a specil pro-
jeéctor mechanism, is here shown in diagram fnrm, so as to be easily undcrstood ‘The image of the
letter H at the transmitter (at left), which may be moving or stationary, is flashed through the lens
and two revolving disc prizms onto a photo-electric cell. This cell changes its resistance im proportion
to the amount of light falling on it, and consequently various light and shade values cause corresponding
fluctuations in the transmitted radio current. Thesc pulsating electric waves are icked up by a radio
1ecervmg set in the usual manncr, and the amplified current pulsatione, corresponding to ihe light and
shade valucs of the mitted image, pass around a coil inside of which is a glass cell filled with a
carbon disulphide solution. Certain polarizing effects set up in the optical system of lensas and prisms,
as well as the carbon disulphide cell and the magnet coil, together with two more revolving disc prisms,
cause a duplicate of the original image to be flashed on the zereen.

the subjeet, the claim of C. Francis Jen-
kins, distingnished exponent of the inven-
tive 1mnd is presented without further
ado: Thc broadcasting of motion pic-
tures has béen made possible by usc of a

set at right angles to the first, will em-
brace the picture surface xrom lett to right,
If then one of the prismatic rings is rotated
one hundred iimes faster than the other,
it will be seen that the pic ture surface

prismatic ring, a new optical shape in glass,
which has recently been broughlt to a
ruther high state of perfection, It has
already heen applied in extreme high-
speed  photography (1,600 pictures per
sccond) : continuous motion-picture pro-
jection machines; direct-reading ground-
speed meters for airplanes; ete)

The wransmission of plu)lngrdphk from
one room to another, only a few steps in-
fervening, at his laboratory in Washington,

C., in had been accomplhhcd by
use of these prismatic rings, which are
rotected by patents. The principle in-
olved in the transmission of photographi
¥ ether is that electromag-
netic or wnrele% waves are susceptible to
the dmpression of picture characteristics
just as at present electrical waves may be
translated into speech if voice character-
istics are impressed thereon. Accepting
the logic of this theory, it is then only a
matter of combining with these new ring
prisms_ certain well known elements in
operative relation—elements to be iound
in any modern physics text-book.

A circular ring of glass, unprefentiou
in appearance, is The vital unit upon which
the claim was based that photographs and
moiion piclures were transmitted through
spree over short distances. The warped
contour of this ring of transparent sub-
stances, when rotated across a beam of
light, produces an effect on the latier com-
parable to that of a glass prism which
changes the angle belween its faces. Or,
pitting it differently there is a consiant
change in its refrac « angle.

The effect on a ray of light passing
ch this glass ring, having a fixed axis
on one side of the latter. is to give to the
ray of light on the other side of the glass
prism an oscillation or hinged .action in
the plane of the diameter of the ring. Con-

would be covered, horizontally, in ene hun-
dred parallel stripes by the pointed beam
of light.

Huch is the behavior of these prismatic
rings in_conjunction with instruments dle-
\'domd in cnntcmplalmn of a broadcasting
service of motion pictures, not .dln-'athtr

Fig. 31. Mr. C. F. Jen-
kins, original inventor
of thc motion picture
machine, is here shown
at work in his labora-
tory, together with the
apparatus which trans-
mits stationary or mov-
ing pictures via radio
or wire, as desired. The
underlying principles are
fully explained in  the

accompanying text, Note

the two prismatic glass

rotated by the
motor,

discs

dissimilar from the prevailing syvswm . of
distribnting voeal speech and music by
means of the radio- telephone. The equi
ment for the transmission of pictures is
composed of a pair of prismatic rings and
a sensitive photo-electric cell.

The outfit for the contemplated receplic
of motion pictures consists of another pa
of these circular prismatic rings of glass
and a light valve. The latter unit is a
glass tube filled with carhon disnlphide
solution, the tube being wound with wire
somewhat similar to the winding forma-
tion of the funing coil used in radio-tele-
phony and teferraphy. Current given pas--
ge through the photo-eleciric cefl of the
Tansmitting apparalus fluctuates under the
influence of variations in light values of
different parts of the picture. This fluc-
tuating current is impressed on electro-
maguctic waves, and is “picked up” by
wireless 1-3!:(.1\’110 sets equipped with the
“The current values, sub-

prismatic rings.
sequently, are ftranslated into pieture
valucs on the screen.  The result is a

duplicate of the scene broadcasted.

How do the plified radio currents
coming from the yacuum tube receiver in-
fluence the carbon bisulphide within the
tube in such a manner as to act on the ray
of light passing through it?

In answer ta the above
Jenkins said;

“The construction of the light valve is
based on phenomena described in most
mndem text-books on physics, that is, it
is a well-known [act that polarized light
passing through carbhon disulphide (a
liyuid) is rotated if this bisulphide lies in
a maguetic field. Also, the polarized light
is rotated proportional to the current
strength creating the magnetic field,

“The construction of the cell is such
that light irom a fixed source, passing
through a polarizer and then through a
solenoid surrounding a tube of disulphide
of carhon impinges on an analyzer set
crossed with respect to the polarizer. Such
an arrangement will give total extinction
of ihe light at the analyzer, if no current
passes through the solenoid.

“However, when the current passes
through the solenoid (creating a magnetic
field within it), the plane of the pularucd
light will be rotated and will, therefore,
pass oul through the analyzer and on to

question Mr.,




the photographic plate. As the light is
rotated i1 proportion to the current
strength in the solenoid, the light intensity
which reaches the photographic plate is
also in proportion to the current strength.
Therefore, the half tones oi the picture
sent from the broadcasting stations are re-
produced as hali tone: at the receiving
stations. That is, the reproduced picture
at the receiving instrument is a faithful
reproduction of the picture sent ont from
the broadcasting station in shadows, half
tones, and high lights.

“Again, as this disulphide cell acts as a
weightless shutter, there is practically no
limit to the speed with which it can re-
spond to modulated current

“The motion picture simply consists of
a series of successive lantern slides thrown
on the screen at a speed of sixleen a
second, that is, at a speed which, by reason
of persistence of vision, deceives the eve
into the belief that it is looking at a con-
tinuous picture on the screen. There is
no differcrice between photographs, i e,
‘stills,' and motion pictures, except m the
speed.”

The Belin Radio Television System

In the April, 1923, issue of Science and
[nveniion Rohert E. Lacault deseribed the
apparatus of the well-known Freach en-
gincer, Mr. E. Belin, iamous for his tele-
stereograph, by means of which pictures
and documents can be sent by wire or by
radio, Belin delivered a lecturc on tele-
vision at the Sorbonne in Paris and
demonstrated an experimental apparatus
which proved that it was entirely practi-
cal to send animated pictures to a distance
by wire or by radio. Mr. Belin actually
worked such an apparatus and obfained
verv gratifying results; he expected to
have his machines completed and to give
a demonstration of television hefore the
end of the year.

During the lecture delivered hefore an
audience of distinguished scientists, Mr,
Belin used a simplified set to illustrate
the principle. Qur illustrations show the
transmitter and recciver which were in-
stalled in the same room, loop aerials be-
ing used as the range was so short.

By means of this apparatus, it was pos-
sible to transmit by radio, luminous bands
varying ia tint from black to full white
passing - through various values of gray
which are found in ‘any photograph or
moving picture film. The sketch, Fig. 33
shows the arrangement oi the. instruments.
A source of light, 1, composed of a Poin-
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tolite lamp, providing an intensely !luminous
spot of very small area, was placed in
front of a lens concentrating the light
upon the edge of a disc having drilled
near ils circumference, a series of small
holes following the line of a spiral as
shown in 2. When revolving, this disc
allows the light to pass through each hole
in turn, thus covering a horizontal strip, as

75

a progressive variation, At the receiving
end, a lecop antenna connected to a tunet
and amplifier collected the waves and
transformed them into audio frequency
variations of the same shape as that of
the modulated waves. The output current
from the amplifier was passed through the
movable coil of an oscillograph, this ceil
being composed of a loop of silver wire,

Fig. 32.

for the d ration 1

Above are two photographis showing the transmitting (Left) and veceiving (Rig]ﬂ) apparatus
ion of . The transmitter is composed of a special optical device combined

with a screen and & perlmte:l disc projecting a beam of light ﬂnmugeh the screen upon a photo-electric

cell. The current of a radio telephone transmitter is modulated, ¢
current_after being amplified, atts upon an o

microph At the receiving end, the
mirror of which reflects a beam of lght through

photo-electric cell replacing the
ograph, the
lar screen to the one used at the transmitten

=4 projecls it upon a scrzen.

shown by the dotted lincs, which corre-
sponds exactly with a small screen colored
with all values of grays from black to
white. The light passes through one hole
of the disc at a time but the speed of the
disc exceeded ten revolutions per second,
making it impossible for the eve to per-
ceive the interruptions.

On account of the spiral shape of the
row of holes, each ray of light strikes on
the screen, a different grade oi gray
which, therefore, increases the light from
zero to its full wvalue at every turn of the
disc. The rays are concentrated through
another lens upon a very semsitive ploto-
electric cell connected through an ampli-
fier to a radiophone transmitter of the
usual type. The variations of light acting
upon the phato-eléctric cell modulate the
current of the radiophone in the same man-
ner as if a microphone were connected
to the input side in place of the photo-
electric cell.

Radio waves were emilted from the
radiophone set, modulated to the contour
of those shown in 3; since the wvaria-
tions produced were ideatical at every
turn of the disc, The increase from noth-
ing when no light was impressed upon the
cell, to maximum value when the light
passed through the white part of the
screen, produced in the photo-electric cell
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Fig. 33. The diagram, 1, shows how the transmitter operates. 2 shows how the disc, rotated In front
of the screen, is perforated so as to permit a beam of light to cover the whole length of the scasen at

every revolution,

The diagram of the receiver clearly shows how a

wpon the mirror of the oscillograph reproduces upon a white screen, th

3 illustrates modulation of the radio waves produced by the radiophone transmiited
every time the ray of light pasees through the screen from black to white,
struction of the photo-electric cell which modulates the oscillating curvent of th

4 is a detail of the con-

e radiophone transmitter,
oi light produced by a lamp and cencentrated
screen which varies im

e sl
-colors from black to white, passing through all grades o{‘zray interposed beatween.

one thousandth of an inch thick, support-
ing a small mirror about 1/32 of an inch
square.

Since this movable coil is acted upon
by a strong magnetic field, it tends to turn
whenever a current passes through the
wire, the deflection being proportional to
the intensity of the current. his varia-
tion causes the tiny mirror upon which a
poweriul heam of light is concentrated to
produce a eflection oi the beam which is
reflected upon a screen similar to the one
uscd at the transmitter. Bchind this screen
is placed another lens projecting upon a
white screen, the light received which is
reproduced in the shape of a luminous
strip varying in color from black to white.

Another experiment carried out during
the lecture was the transmission of a little
black square moved by hand in front of
the screen. At the recciving apparatus, the
audience could see on the screen the little
square moying at the same speed as it was
displaced in front of the transmitting
screen.

T'he phato-eleciric cell used in these ex-
periments is of a new type recently in-
vented, _baving a grid made of fine plati-
num wires and a cathode made of an
alkali metal. (See 4.) When a luminous
ray strikes the cathode, clectrons are
emitted changing considerably the electric
resistance between the elecirodes,

In another system which Mr. Belin used
in his laboratories, moving pictures may be
djsp!aca} rapidly in front of the transmit-
ting apparatus, Each picture of the film
may be resolved into about 10,000 points,
being explored over all its surface at such
a speed that every part of the picture is
reproduced at the receiver exactly as it is
and with 211 the accuracy necessary to give
perfect reproduction upon a screen when
the picture is enlarged.

Jenkins' Improved System

Mr. H. Gernsback in September, 1923,
visited the laboratory ot C. Trancis Jen-
kins, of Washington, D. C. He was still
under the influence of what he consid-
ered to be the most marvelous invention of
the age when he wrote an article on the
subjeet in the December, 1923, issue of
Radie Nws. The demonstration took place
beiore a general of the army. his staff, and
Mr. Gernsback. The latter writes:
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Fig. 34. This illustrales the Jenkins' of

by radio.

is use

Although the machine is not yet per-
fected, I had been able to see my hand
projected by radio and being received by
radio. In one of the illustrations, you will
observe several small objects in the jore-
around of the transmitter, such as a key.
cross, clamp, etc. By placipg these in the
path of the Tight, the picture was trans-
mitted by radio and was received again
at the other side hy a radio receiving ap-
paratus, It was possible 1o wave these
small objects in the path of the light ray
of the transmitter and one could amuse
oneself by seeing how these objects were
actually being transmitted by radio.

While oi course the apparatus used by
Mr. Jenkins today may appear cumber-
some and complicated, it shouwld he re-
membered that the first telephone and the
first radio outfit were no less complicated,
and perhaps more so. It is not necessary
to go into the technicalities, as we have
described the important parts of Mr. Jen-
king’ invention, The former articles, how-
ever, dealt exclusively with the transmis-
sion of pictures by radio and it is casily
nnderstood that there is a vast difference
between transmitting a photograph and
transmitting a haseball zame while it is

Fig. 3.
the motor; 2 the
and produce indi

rnlnltlng d'!se, slotted to break
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The main instrument in the machine is a disc revolving at
high s;n:cd. wupon which are mounted special lens prisms.

in the recciver which is comparatively. simple and may be oper-
ated from an ordinary radio recriver and amplifier.

i ing pictures

A similar dise

BECEIVER

Fig. 35. Above is a back view of the receiver appa-

ratus which projects on n scrcen pictures of mov-

ng ob{ects displaced between the lens and the
bellows of the transmitter shown helow.

being played. The underlying principle
of the two machines, however, is practi-
cally the same. Roughly, Mr. Jenkins, by
means of revolving prisms, cuts up the
light rays which vary the resistance of a
light sensitive cell, such as, for instance,
the well known Case Thalofide cell, The

Heve ie a view of the transmiller, deseribed in text. 3 s
up the. ]_Jgh! rays

photo electric cell

7 an c p
Note the small crossus of metal and keys
were used in the early ¢xperiments,

of the
which

fuctuating currents after passing this cell
are fed to a regular vacuum tube sending
outfit where the variations of the light
impressions  affect the modulation of a
lamp, a5 the voice does. Radio waves are
tlen sent out into space and are received
on a regulation radio outfit. The receiv-
ing apparatus is very simple. One of the
illustrations shows the receiver. It con-
sists of only three parts, namely: A re-
volving disk with prism and lenses, a
motor and a special lamp. The special
lamp is used in place of a telephone re-
ceiver of loud speaker and this is what
happens: The waves as they
come in light and c¢xtinguish the
small pin lamp thousands of
times per second. Looking at the
lamp with your eyes, you would
think it was [ully lit. This is,
however, mnot the case. The
lighting and extinguishing take place sa
rapidly that one cannot follow them with
the eye. After the light ray passes through
the revalving prism lenses, the picture is
automatically recomposed on a  sereen.
There is very Tittle complication here.

The day will come when vou will be able

Front view of the receiver disc showing

Fig. 37
how the lens prisms are mounted,

to sit at home and witiness a haseball game
as it is being plaved five thousand miles
away or you will be able to sit at home
and not only listen to. but also actually
sce @i opera 4s it is being sung and acted.
In other words, not only the.music but the
action will be broadeast simultaneously.
In future wars, it will be possible for an
Admiral to witness a naval battle and fol-
low it with his own eyes, although his
battleship squadron may be thousands of
miles away.



The Mihaly Telehor Blachine

In an article by Nicholas Langer, an
experimenter on television systems, we find
one oi the finest accounts of the Telehor
machine, invented by Dionys Mihaly. This
appeared in the May, 1924, issue oi Rodio
Negs. Mr. Langer writes! ¥

About five years ago L. conducted many
experiments along  these lines, Latfer,
through interest and knowledge af these
experiments, I became acquainted with the
Hungarian eugineer, Dionys 3 v, who
was at that time making very rapid prog-
ress in experiments along practically the
same lines as those in which T wa engagu_l.
T accepted his kind offer 10 me his
assistant and. it is through this relation that
I am able to make public this article which
is the first detailed account of his experi-
ments to be published in America. I am
sure the American public will e greatly
interested in the following description ol
Mihaly's apparatus. i

Disregarding coloring, a pholograph of
any object, wheiher stationary or in motion,
can be considercd as consisting of many small
areas of different shading. Ilor the sake of
simplicity we shall call these minute areas
“nicture elements.” This system ol repro-
duction of photographs has long been in
us¢ in the hali-tone method of printing, in
which each of the small areas is reproduced
in the printing plate as a larger or smaller
dot, depending upon the shading of she
area it represents in the original picture.
If the element is made sufficiently small,
each one will have a uniferm shading over
its eatire surface. This fact is of cardinal
importance.

By dividing the picture being reproduced
into these small clements, it is a compara-
tively easy matter to transform lhe degree
of shading oi each arca into zn clectric
current. This transiormation is effected
usually, through the agency of a photoelec-
tric: cell,  There are a number of such
agencies, one of the most important of
which is the selenium cell

Selenium cells are hased on tha fact first
observed by the English cable engineer,
Smith, that the electrical resistance of
selenium was reduced when ligh; fell upon
it. It was found that the resistance of the
substance decreased as the light increased,
within certain limits.

Present scleninm cells are constructed
with large cross section and small length
-which results in decreasing the very high
'specific resistance of the substance itself.
.Oue of the principal types in use at present
consists of two thin parallel wires wound
‘about a porcelain plate so that the distance
separating the twa wires is about .5 milli-
meter, A coating of amorphic selenium is
then placed over the wires. A heat treat.
ment to which the cell is then subjected
carrics the selenium into its grav-crystal-
line form which has been fonnd ta be most
sensitive to light variaticns. An average
cell made in this fashion has an clectrical
resistance varving between 00,000 and 100,-
000 ohms. By illuminating this cell with a
16-candle power incandescent lamp placed
at a distance of one meter, its resistance

Fig. 38. The oscillograph arrangement which con-
verts the varfable current inte picture element= at
the receiving apparatus,

‘electric eurrent.
anitted either by wire or radio to the re-
‘ceiving station. Here a method is arranged
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drops to approximately 30,000 or 40000
chms, .which is about half of the “dark
resistance.”. : ; 7
One of the chief difficulties encountered
in all selenium cells is the low current
which they pass, due to . their high resist-

-ance,. Tkis current is usually on the order

of one mico-amperc. ‘A ‘more impertant
defect than this is the lag in the restorazion
of the “dark resistance” after the removal
of the illumination from the cell, Several
different methods have been worled out as
a means,of compensation for this lag.
The first step in television is always the
division of the pictures ta be transmitted
into the small picture elements. Each zle-
ment is of the same size, bul may vary as to
brightness. Each of these is then projected
upon a2 light-sensitive cell which trans-
forms the degree of brightness of the zle-
ment into a correspondingly weak or strong
This current is trzns-

throngh -which the strength of each iadi-
vidvual current produces a light in di-ect
proportioa fo the current strength. Through
this method, each of the small elements is
reconstructed at the receiving end so that
when they are collected in their proper re-
lation, a picture is formed which is very
similar to the original.

The problems of television may be briefly
stated as ipllows:

In dividing the picture to be transmi-ied
into the small elements.

Converting the variations of brightness
between the elements into an electric cur-
rent of preportional amplitude.

[
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Fig. 30. The tuning fork interrupter which is kept
vibrating with an electro magnet,

Transmitting these differences in ampli-
tude by wire or radio,

Rearranging the fluctuations represent-
ing the picture elements with their corre-
sponding degrees of brightness.

Projecting the elements on a screen in
the same order as that in which they orig-
inated.

Each of these is a very difficult proklem
within itself. The most serious one of the
lot, however, is probably that of conmvert-
ing the extremely small differences of
brightness into an exactly proportional 2ur-
rent. This, as has bcen said, is cone
through :he aid of a selenium ccll, The
very small current fluctuations caused in
such a cell by the variation of light [alling
upon it, bave been so small as to be ha-dly
measurabla. By means of electronic valve
amplifiers, however, we are today in a posi-
tion to maznify these minule currents to at
extent which makes television pessible.

The Telehor

The chief feature of the Telehor, Mr.
Mihaly's television apparatus, is the system
of very small oscillating mirrers, of an
area of one millimeter or Iess, which zon-
vert the fluctuating currents into picture
clements ol correspondingly illuminated
spots on the screen. )

The small mirror P in Fig. 38, is fixed to
a loop of extremely fine platinum wirz S,
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Fig. 40. “The phonic drum used to synchronize tha
; telehor.

This wire support is approximately .01 mil-
limeter in diameter and is stretched hes
tween the poles of a powerful cleciromags-
net; This arrangement is a well-
kaown Siemens oscillograph.

The Phonic Drum

Another great difficulty encountzred in
all television apparatus is the synckroniza-
tion of the sending and receiving inszru-
ments, Two special devices have bLeen
made use of in the Telehor to yerform the
service. One is the tuning-fork interrunter
and the other is the La Cour phonic drum,
Since these devices play a most inpor:ant
part in the instrument described here, it
might be well to give a short account of
both. The tuning-fork interrupter, as il-
lustrated in Fig, 39, is very similar in opera-
tion to the ordinary buzzer. The fork is
placed hetween the poles of an electromag-
net so that, as current passes through the
coils, the two arms of the fork are abiracted
to the pole pieces. But immediatcly the
prongs of the fork arc separated. <he cur-
rent is broken and they return to their for-
mer position, making a new contact and
heing separated again. This process is con-
tinued as long as current is connected to
the instrument, By this means, a palsating
current may be produced which has an ex~
ceptionally constant frequency.

The phonic drum illustrated in Fig 40
represents the simplest possible synchron-
ous molor, Tt is composed of 2 hollow
drum made of wood or some non-magnetic
metal and is partly filled with merenry. On
the periphery are mounted thin ircn strips

1y Ly, elc., at cqual distances, The drum is

pivoted near the pole pieces of an electra-
magnet, If the magnet is connected to an
alternating current or a direct interruated
current supply, and the drum is caused to
rotate at such a speed that the number of
bars passing the pole pieces per second is
equal to the frequency or interrupiions of
the current rassmg through the magmet,
the drum will remain in phase, i. e, it will
Totate at a speed depending upon the exact
frequency of the current.

Synchronizing Sf&tions

This synchronous motor is used in con-
flection with the tuning-fork interrupter,
By istalling a synchronous moto- which
operates in phase with a tuning-fork inter-
rupter at both sending and recriving sta-
tion, and carefully tuning the forks at cach
station to exactly the same pitch, the twa
drums-may be rotated at a high speed and
yet in exact synchronism for hours with-
out attention, This arrangement has also
been used for high speed telegraphy.

. In the transmitting apparatus illustrated
in Fig. 41, the lenses A and B reduce the
picture, whiclr is to he transmitted, in arca
and project it in the small oscillating mir-
rors D which form the oscillograph C. The
wirror D is caused to oscillate at a rate of
500 vibrations per second by supplving the
small platinum suspension wire wita a 500-
cycle alternating current. The mirror alse
vibrates at a much slower rate in another
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Fig. 43. The Mihaly Telehor machine.

1 is the arc lamp, 2 the light relay oscillograph, 3 the tuning

fork, 4 the screen, 5 the diaphragm, 6 the oscillograph, 7 electro-magnct of phonic drum, and 5 the brush,

plane, which is at right angles to the plane
of the 500 per second oscillations, These
vibrations are produced by atiaching the
platinum wire {0 a lever which bears on an
eccentric which is fixed to the phonic drum.

The drum is caused to rotate through the
eleetromagnet—which is connected to the
tuning-fork interrupter I The tuning-fork
is pitched to 100 vibrations per sccond.
There are 20 of the iron strips attached ta
the periphery of the drum which revolves
five times per second.

The a]tcrnalmg current supply to feed the
platinum wire is obtained by interrupting a
current from the battery by means of a
small 100-scgment commutator, which is
attached to the shaft of the phonic drum.
This produces an intermittent direct cur-
rent which is supplied to the primary of a
transformer, the secondary of which is con-
nected to the platinum suspension avire,

The picture is broken into its small cle-
ments in the following manner: The im: age
from the lenscs falls on the oscillating mir-
ror and is xcﬂectcd upon the dmhhr'wm e.
This reflection is practically thc same size
as the original, on account of the diverg-

LT TR A

Fig, 45. The waved
line shows the path
K * lollowed by the beam
~” of light to cover the
picture being sent,
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ence of the light rays caused by the mirror.
The selenivm cell is placed behind an aper-
ture approximately one square millimeter
per second up and down across the aper-
iure. But the mirror also vibrates in a
horizontal plane at five vibrations per sec-
ond which means that during 1/10 of a
second, while the mirror makes 50 vibra-
tions per second in a vertical plane, half an
oscillation is made in a horizontal plane,
ihus through the double oscillation of the
mirror, the picture is broken up into the
small elemental areas. The complete de-
composition of the picture requires only

1/10 of a second, At Tig, 43 an idea of the
order of this decomposition is given.

Picture Currents

The sclenium cell Se is connected in
series with the battery, The small current
changes caused in this circuit through the
change in the couductivily in the seleninm
cell caused by the difference in the amount
of the light fdllmg upon it, as the mirror
reflecting the image \ul)ra.tes, is amplificd
through an ordmarv vacuum tube amplifier
working at audio frequencies. This ampli-
fied carrent is passed ducctlv to the trans-
mission line or to the radio sending appa-
ratus.

The reccmng apparatus, as illustrated in
Figs, 42 and 44, is, in its chief features . very
similar in its t.onstrmnon to the u’minm-
ter. The tuning-fork interrupter and phonic
drum u_mesemgd by I and G and the os-
cillograph, C, will at once he recognized as
being of the same form as the c‘urrcspoad-
ing pieces of apparatus in the transmitter.
The most important part of the receiver, af
course, is the so-called “light-relay,” the
device which converts the current fluctua-
tions supplied to it into light, the intensity
of which varies in direct relation to the in-
tensity of the supplicd current. The light-
relay consists of a very sensitive bifilar
oscillograph of special design. The arc
lamp O casts a parrow but very intensive
beam of light on the mirror P of the os-
cillograph, The r ¢d pulsating current
from the transmitter is led into t.\c wire
supporting the small mirror, causing it to
be deflected in direct proporlion to the
strength of the current originating at the
sending station. This deflection causes
more or less of the light beam to fall on
the aperfure depending on the strength of
the rcceived current, all the beam being
used at maximum current which represents
a light spot on the original and litile of it
falling on the aperture for small currents
which represent dark picture eclements.

‘When no current i3 passing into the loop,
the narrow beam -of light reflecting from
the mirror is projectcd close to the dia-
phragm aperture E so that no light can
pass through it. At a deflection, however,
caused by the passage of current from the
transmitter, the light beam passes through
the dizphragm and falls upon the mirror of
the oscillograph which corresponds to the
same arrangement as the transmitter, This
mirror, of course, {lirough the agency of
the synchronized mator and the tuning-fork
interrupter, oscillates in exactly the same
manner as its counterpart in the transmit-
ter, Thus, by means of the reflected light,
falling upon the vibrated mirror and being
reflected on the screen R, the picture is re-
produced,

—

Fig. 4. The transmilling apparalus of the telehor.

The object lo be seen at the receiver is placed in

front of the lens.



Moving Pictures

Since the reproduction of a single picture
requires but 1/10 second and since 10 of
them may be transmitted per second, the
constancy of vision, or the lag in the eye
(the same principle which makes moving
pictures possible), gives the cffect of a mov-
ing image on the screen, Of course, only
movements which are of medium swiftness
tnav be reproduced throngh this process,

The sticcess of this apparatus depends
entirely upen the synchronism of the two
mirrors of the eoscillograph., The very
smallest deviation at this point caunses the
sereen to show a meaningzless conglomera-
tion of light and dark spots instead of the
photograph. If the tnning-lorks at the trans-
mitting and receiving stations are sel into
vibratinn simultaneously, the operation of
the twao stalions will remain in perfect
phase for hours. TFrequently, through a
difference in temperature or other natural
causes, the tuning-forks arc causcd to
change their rate of vibration which will
ordinarily nccessitate adjustment of the
apparatus,

In order to make corrections for such
changes, Mr. Mihaly has provided a very
ingenious automatic arrangement, At the
transmitting station a glass plate, which
has three opaque spots at its cdge, X, Y
and Z, [Fig. 46 is interposed before the lens
B in the path of the light rays. This causes
three similar spots te appear in the repro-
duced picture. These spots must, while the
transmission is correct, lall always at the
same place. If threr sclenium cells are
placed in these spots at the receiving sta-
tion, their resistance will be very great
while the transmission is perfect, When
the synchronism is  disturbed, however,
light will fall upon the cells decreasing
their resistance. Sensitive relays, magnoetic
coupling apparatus and brakes may be con-
nected to thesc cells, and may be made to
operate through them in such a way as to
restore synchronism.

A simple calculation shows that by in-
creasing the size of the picture to be trans-
mitted, the numhber oi picture elements is
also greally increased and the difficulties
of the transmission also increase very con-
siderably. Tf we are working with picture
elements of | square millimeter, as in the
experiment described, which makes only a
very rough reproduction of the object pos-
sible, we have in the case of a picture
10%10 em=10,000 picture elements to

TELEVISION

Fiz. 4. Another view of the telehor machine with its inventor, Mr, Diomys Mibaly. The numbers refer

to 1 tuning fork

interrupter, 2 sclenium cell, 3 mitror of oscillograph, 4 lenses, 5 phonic drum, 6

armature, 7 slectromagnet of phonic drum, § diaphrazm, 9 oscillograph.

transmit 10 times a second, i, e, a fre-
quency oi the “picture currents” must be
100,000 cycles a second. Tortunately the

neighboring picture elements arc generally .

of similar brightness, so that the irequency
of the picturc currcnts increascs at a more
moderate rate than the numhber of picture
elements, The number of oscillations the
decomposing mirror has to perform’ de-
pends also upon the size of the picture to be
transmitted. As stated, this was, at the
experiments deseribed, 500 oscillations a
second, but through ils very small inertia
it can easily produce oscillations up to
5,000 or 10,000 a second.

Experiments were also carried out on
wireless television with ahont the same
success as by wire. In consequence ol the
high frequency of the picture currents
themselves, the use oi very short waves for
radio transmission is to be preferred.

The experiments were conducted partly

Fig. 42.

Diagram of the receiving apparatus through which the current from the transmitter is trans-

formed into & picture which may be seen on the screem.

under very diflicult conditions, especially
during the grea: war and in some of the
subsequent years. The matcerials of many
kinds necessary for experimental purposes
were scarcely obtainzble then, so much so
that at times, -the experimenters were
obliged 10 undertake the making of their
own amplifier-valyes, Material difficulties
interrupted the experimenters in the mid-
dle of 1923, but it is hoped to be able to
continue them i1 the futurz and by using
more elaborate arrangements and some in-
novations to obtain more pzrfect results.

An Airplane Which Sces

In the November, 1924, issue of The ix-
perimenter, Mr. Gernshack, commenting on
the future possibilities of Television, sug-
gested a raidio controlled airplane. His
futuristic idea follows in his own style:

Last year on a vigit to Washington the
writer visited the laboratoriss of C. Franeis
Jenkins, the well known exoaerimenter of
international reputation. It was Mr. Jen-
lcins who periected the shutter that made
our present day motion pictures possible.
He was paid aver $1,000000 for this in-
vention.

Of late he has heen exger:menting wilh
television and has already obtained aston-
ishing results. At the time of the writer's
visit Mr. Jenkins demonsirated his tele-
vision tnachine before a number of Gov-
crnment representatives, including the (ren-
eral of the Signal Corps. At that time the
writer actually saw kis waving hand pro-
jected by radio over a distance of some 30
feet, the shadow of the waving hand being
transmilted] to a screen zl that distance.
Every motion made by the writer's hand

X
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Fig. 48.
point on the screen the synchromism belween the
transmitter and veceiver may be checked.

By means of three dots placed at some
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Above is a plan in perspective of the new televislon Eransmitter. Note the position of

the lens, M, and the light sensitive ccll, K.

was faithfully reproduced on the distant
screen. Opdque substances, such as a
cross, knife, pencil, etc., were also success-
fully transmitted and pm]ecud by the Jen-
kins Television machine, While admittedly
in a crude state, the machine will no doubt
be developed and it is the writer's opinien
that within two or three years it will be
possible for a man in New York to listen
over his radio to a hall game 500 miles away
and see the players on a screen before him
at the same time, Whether it will be the
Jenkins machine or some other machine
that will achieve this result is oi little con-
sequence. The main thing is that experi-
menters all over the world are working
irantically on television and soouner or
later the problem will be solved.

An entirely new age will then be opened
1up and it is not necessary for the writer to
expatiate at length on lhis phase as it has
been exploited bv him in his past writings
and by others {or some Lime. -

In this'article we concern ourselves with
the radio controlled television plane which
will come into being the minute the tele-
vision problem is put on a practical basis.
It _should not be construed that the radio
television plane is merely a monstrous war
machine, but it alse has its uses during
peace time, as will be explained. At the
pnsunt tlmc it costs much cfort, time and
aviators' lives in order to train our perfect
fivers.

A radio controlled airplane has zlready
been demonstrated by the French (.-nvem-
ment, and it flew for a lengthy period with-
oul anyone on hoard, The entire control
was Irom the sround while the machine
was aloft. The plane arose, cut figure
eight’s, volplaned, ascended, descended and
went through all the ordinary evolutions,
the control heing entirely and solely b\
radio. The same kind of 2 machine is alzso

being experimented with successfully by
our own Government and it may he said
therefore that the radio contrelled airplane
has passed the experimental stages and has
become practical,

But the great trouble with radio-con-
irolled airplanes is that the operator must
see the plane, If his machine were to make
a landing at a great distance he might
land the airplanc on top of a building or in
a rnLr, or it might collide with a moun-
tain,

Imagine now a radio controlled airplane
also being cynipped with clectrical eves,
which eyes transmit the xmpulaes—or
rather what these eyes see by radio—to the
distant control operator on the ground.
Illustration Fig. 47 shows a war machine
depicting this phase, Here we have a
radio contrelled airplane equipped with a
number of Ienses which gather in the light
irom six different directions, namely, north,
south, cast, west, up and down. The im-
pulses are sent to the operator on the
grotnd whao has in front of him six screens
labeled north, south, cast, west, up and
down. KEach screen corre-.ponds to one of
the electric eyes attached firmly to the body
of the air plaue as shown in the illustration.

Let us now see what happens. The air-
plane is started from the ground and is
sent over the cnemy ferritory.  During
every second of its flight the control oper-
ator, although 50, 100 or 500 miles away
will see exactly: what goes on around the
e mc the same as if he himself were
sealed an the cockpil, with the further ad-
vantage that sitting hefore a screen he can
take in six directions all at once which no
aviator can do. Ii for instance an enemy
airplane suddenly comes out of a cloud and
starts dropping bombs on our machine he-

low, the control operator secs this enemy

machine quicker 300 miles away, than if an

aviator sai in the cockpil one-guarter of a
mile away from the enemy bomber. The
control operator will immediately dmen-m -
gage a smoke screen from his radio tele-
vision machine, hiding l-ns craft in smoke.
He can also make it mm about if such
operation should be ncdessary, or he can
incrcase its speed if it is  desired to
escape.

Tf he outdistances, or otherwise eludes
the enemy, the radio controlled television
zurplane can then he directed :to the spot
where it is supposed to ‘drop its bombs.
Moreover the distant control operator can
see¢ eraeily when his machine arrives over
the given spot. A sighting arrangement
can be attached to the plane in such a
manner that when the object to be hombed
comes over the cross wires, the bomb or
bombs are dropped at the exact moment.
Suppose that the enemy becomes too strong
and that a great number of machines at-
tack the radio centrolled plane “and. that
there is no escape from the enemy. In
that case the confrol operator will simply
press another key which will immediately
set the radio television plane on fire, hring-
ing it down in flames. Thus it would he
useless to the enemy and no lives will have
been risked or taken—it being cheaper to
destroy a machine than the valuable Iife
of an aviater.

In the future such radio controlled tele-
vision planes may be used not only singly
bhut in squadrons as well. They can be
used for attacking the enemy if necessary.
They can be used in pursuit of the enemy,
for taking aerial photozraphs, and for any
other military operation, just the same as
a present- d-’l}' plane conducted by an avi-
ator. Suppose the enemy has the same
kind of machines, which, of course, he will
have. It then becomes 2 nalter of “play-
ing chess™ the same as if the machines con-
tained live aviators. The battle, of course,
would not be bloody, but practically the
same results would be achieved as far as
the military result is concerned.

Tor pcace purposes the advantages of
such a mechanical and almost human plane
are unlimited. It will be possible in the
future to send mail planes from one end
of the country to the other without a hu-
man being on board. Every second of the
flight would be watched by the Post Office
Department operator and the plane would,
of course, able to defend itself against
attack. It could readily be equipped with
electrically operated guns i1 such should be
necessary,  Particularly  for  transporting
mail and the like, the radio controlled tele-
vision planes. will be invaluable,

There are, of course, hundreds of other
applications of the idea which readily sug-
gest themselves 1o anyone.

The Process Used by Stephenson and
alton

Me. W, G, Walton, 1n the interest of
snemlﬁc progress, kindly gave an inter-
view for Kadis Nezws in which he ‘explained
the great difficulties in accomph:hmg the
“Radlo Moyie,” the ultimate object of his
rescarch. Both he and Mr. W. S, Stephien-
son,«af the: General Radio Compa Lon-
don have done a great deal of research
work in the matter of the transmission of
picturcs by radio, and have made| some
highly interesting discoveries. - The orig-
inzl material was pubh:.hed in the Apni
1925, issue of that magazine,

“T'or a matter of 30 or 40 years aitempis
to transmit pictures by -electrical means
have béen made, and the advent of the mo-
tion picture led to dreams-of-transmitting
pictures at such 2 speed that a2 motion pic-
ture effect could be produced.

“The light sensitive device has been, and
still is, the greatest source of our troubles.




The radio television plang
without a living person
on board, whose move-
ments are entirely con-
trolled by radio from the
d. The airplane has
eyes’” which look into six
directions at once. Miles
away from it the control
operator on the ground
can see what is going on
the plane better
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Selenium cells have the disadvantage of
slow action and lag, while photo-electric
cells, though faster, give only very minute
currents which need amplifying by many
stages of resistance coupled vacuum tube
amplifiers. Neither of these devices is a
desirable feature of commercial apparatus.
The time required by the .fastcst apparatus
is too long. To be an entire success, appa-
ratus must be faster and such that it can
be used at a moment's notice without many
adjustments, and the reception of a reason-
able picturc must be a certainty.

“Television or the radio movie, is the
transmission and reception of pictures by
electricity in such rapid succession that a
motion picture effect is obtained. Appa-
ratus for this purpose is generally the
same as that used in the transmission of
photographs, but operating at a much
greater speed.”

One of the methods is to traverse the pic-
ture in lines by optical arrangements and
transmitting impulses, the strength of
which depends on the intensity of the small
scctions of these lines as they are shown in
succession on a light sensitive device.

At the receiving end a beam of light va-
ried in intensity by a shutter actuated by the
impulses received from the transmitting
end is traversed over a screen by an optical
arrangement similar to that used at the
transmitting end. Everything depends
upon the rate at which the light sensitive
device can respond and also the light con-
trolled shutter at the receiving end. This
refers to schemes using one cell.

Before difficulties in the way of televi-
sion can be appreciated, the number of dots
necessary to produce a reasonable picture
must be known. Television to be 2 com-
plete success must have almost as pood a
definition as the standard motion picture.

TELEVISION

With a picture of one square foot consist-
ing of a million dots and held a foot away
from the eye, an average person will be
able to distinguish the dots. Such a pic-
ture will give good detail of a2 town or
landscape view.

Motion pictures are shown at the rate of
16 per second. Taking this as the rate of

® | 2
@K eysione View Co.

which complete pictures must be repeated
by television apparatus, our light sensitive
device in single cell methods has to respond
ta 18,000,000 different impulses per second,
and so must the light control shutters. This
is, of course, putting the problem at its
worst. Some investigators have stated that
300,000 (an enormous difference) will suf-
fice. Allowing that the number of complete
pictures is 10 per second, our picture con-
sists of 30,000 dots, 130 lines of 200 dots
cach. Take any magazine or newspaper
picture and mark off 30,000, the picture
within this area can hardly be said to have
good detail, certainly not in a landscape
or incident picture.

We are striving to produce something as
good as the motion picture, and though
18,000,000 per second is high, it is a good
ideal to aim at. Light sensitive devices as
used up to the present time have not been
able to respond to anything like such a
speed.

“Mr. W. S. Stephenson and I,” Mr. Wal-
ion said, “have done a considerable amount
ol research work. In an endeavor to dis-
cover something much faster, we tried the
possibilities of vacuum tubes to see if light
would affect a siream of electrons by bend-
ing the stream or otherwise producing some
action. Results were doubtiul, masked by
other things such as light from the fila-
ments.

“Although we have not abandoned this
idea, we are trying anotheér line of investi-
gation which shows great possibilities. We
have hopes of producing a light sensitive
arrangement with a reverse effect, so that
an extremely rapid shutter will not be re-
quired at the receiving end.”

Heterodyning Wave-Lengtha

Light waves are electro-magnetic in na-
ture, differing from radio waves only as re-
gards wave-length, though the difference is
great. Our endeavor is to convert light
frequencies into radio frequencies by an ac-
tion similar to heterodyning (super impos-
ing one wave-length on another) in several
steps. The radio frequency thus produced
is, after amplification, transmitted direct
without maodulating a carrier wave. The

possibility is now apparent. A picture con-
sisting of light waves is converted into an
invisible picture of radio waves which, after

Fig. 50. Mr. W. S. Steph the co-i
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have the same number of slots each,
and rotate in the same direction. They
are arranged to overlap about 114
inches, consequently the slots of one
disc are moving downward and the
slots of the second dise upwards. As
the slots of one disc are at an angle
to those in the second, @ minute aper-
ture is formed at the point of intersec-
tion, which, when the discs are rotat-
ing, passes irom one side to the other.
Immediately one pair of slots has be-
come disengaged, the ncext pair en-
gage. Should the two discs be rotat-
ing at the same speed, mll the aper-
tures will follow the same path, a line,
curved or straight, depending on the
shape of the slots, from right to left.
Now should onz disc rotate a little
faster than the other, each suceessive
aperture will traverse a line a little
above or below the line
traversed by the last aper-
wure.

“The effect of all this,”
continued Mr, Walton, “is
cquivalent to causing the
pinhole to {iraverse an
area in successive lines
from right to left, each
line just above the last,
until the whole area has
been covered, when the
same process is repeated,
starting at the bottom.
The great advantages of
this method are that there
is mo waste time, some
part of the area is always
covered by the pinhole,
the pinhole is always open
and not arranged for a
series of rapid flashes and
lastly, speed of traverse is
practically the same over
the whole area.

“The transmitting in-

strument is arranged

Fig. 51. Above is shown the tentative radio set of 1935. Here we some“'h,?t 5""“,3" to a

have radio television combined with radio broadcas:. Instead of using  camiera,” explained Mr.

a number of dials as we do today, the user of the future radin Wal:on, “A lens (“() (on
will have = small pear, as shown. Pressing one of the buttons il ket h) th 8 -

revolves the pointer slowly until you get the station you desire. Re- 1e SKEtC rows an n-

Jeasing &-:d pressure on the buiton 1,&';“ t.h: m o ttz:: Toud ver]t]ed image about one

1 ey T o e 2 <
time. Pfeuh.l the other button will bring in forcign stations hca::: LI Square i g D]ane

on the inside circle, using same

pointer, the up:(ru‘tion

beng Parallel to and just be-

the L
identical in all cases. Seperatc loud speakers can, cowrse, be tween the overlapping
used in this set, or the screen itsclt upon which the television discs (A, A). The slots in
pletteiatiows Rsky; Besoie he” displirapm: Jor [the. low - the discs are about 002 of

amplification and reconversion at the re-
ceiving end, produces a visible image on
the screen. As just described, the trouble
is in sorting out the waves and putting
them in their respective positions at the
receiving end, But if the picture at the
sending end is split into sections, and each
section has a frequency of its own, then the
rearrangement at the receiving cnd is only
a matter of reversing the operations which
took place at the transmitter.

The transmission of the pictures would
mean the use of a band of wave-lengths,
but, after all, radio telephony has the same
difficulty, The speed of cpezation nced not
be considered with such an arrangement
and natural colors mean Jittie further com-
plication.

“I have explained” Mr. W. G. Walton
told Radio News, “the difficulty in breaking
up the picture into dots at a sufficiently
high speed to produce an illusion of mo-
tion. I will now tell you how Mr. Stephen-
son and myself tackle the problem with our
apparatus. The method used is by causing
apertures formed by the intersection of
slots arranged around the periphery of two
discs to traverse the picture. These discs
may be rotated in the same or in opposite
directions, according to the number and
disposition of slots used and the relative
speeds of the two discs. [n Figs. 48 and 49
the discs (A) are of the same diameter,

an inch wide, therefore the
pinhole formed by intersecting slots is
about the same diameter. As I explained,
the pinhole traverses the whole of the in-
verted image, allowing a small area of
light at a time to pass through. This light
is then focussed by a lens marked (J) onto
a light sensitive cell (K). The varying
clectric currents from the cell and a speed
control current are then transmilted by
radio or other mezns to the receiving
stafion
“It is obvious that similar sets of discs
must be used both at the transmitting and
receiving stations,” Mr, Walton continued.
“At the receiving station a sourcc of in-
tense white light such as an electric arc is
placed behind the lens marked (F), which
concentrates the heam on a light control
shutter (C), shown diagrammatically as a
fourstring Einthoven galvanometer. The
light having beea controlled by the shutter
is then thrown on a white diffusing screen
(B). An area of this screen throws light
through the aperture formed by the slots of
the discs onto the lens (H), which focusses
the light in a spot on an ordinary projec-
tion screen. The received electric current,
i. e, current cerresponding to the current
from the light sensitive cell at the trans-
mitting end, and the speed control current,
are applied, the first to the light control
shutter (C), and the second to maintain
synchronism hetween the transmitting and
receiving machines.
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“It is possible when the two machines
have just been started and synchronized
that the spot of light shown on the screen
is not in its correct position, in which case
by means of the ‘advance’ or ‘retard’ con-
trol (I) can be rectified even while the ma-
chine is operating at full speed.

“T have mentioned the spot of light shown
on the screen, but actually this spot would
be moving at such a speed that a continu-
ous image would be seen much the same as
the motion picture image.

“This is the type of machine which was
evolved after careful consideration of many
ways of accomplishing the results. Quite
the most important point is the amount of
light passing through the shutters onto the
light sensitive cell, and at the receiving end
onto the screen. With the above method
the focussing of the beam of light at the
receiving end into a narrow pencil of light
is unnecessary. The amount oi definition
available is purely a question of the width
of the slots and the gearing of the discs.
We use slots 002 inch wide, and one disc
does 1,000 revolutions while the other does
999, consequently our picture consists of
1,000 lines with 50 per cent. overlap between
lines. The number af dots in each line—if
such a term may be used—depends on the
speed of the light sensitive cell and the
light control shutter. Should the cell be
slow, it will respond only to an average ef-
fect beyond its speed of response; in other
words, the reproduction would be blurred.

“Another interesting arrangement we
have brought out is fer natural color re-
productions. This is a three-calor method
similar to that used in photography. At
the transmitting end there are three light
sensitive cells, each of which respond only
to one color and at the receiving end there
are three light control shutters, each actu-
ated by currents from one light sensitive
cell only. The shutters pass light only of
one of the three colors which are mixed
and then shown on the screen. The shutter
in this case could be a three-string Ein-
thoven, each string independently operated.

Again we must come to an article by Mr.
Hugo Gernsback appearing in the May,
1925, issue of Radie News. This editor

' Fig. 52 It has always mer. Gernsback’s con-

tention that the present er with a small

ragm, operated om the telephone principle,

is all wrong. Pictured above is theory of an
ic loud \! whereby a large surface

is made to vibrate on the ic e.
Mr. Gernsback Eimself been workini on*a
as ob-

this kind for some time and
results. The loud speaker of 1935, in
our opinion, will have a large vibrating surface in-
stead of the small 214 to 3 inch surface in use today.
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Fig. 53. Tha theoretical cold vacuum tube of the
future, Some cxperiments by a number of scien=
tists have been made along these lines, and it is
now thought possible that within the next ten
years we shall have a tube that will not_ require
an “A" battery at all, the elsctrons of the tube
being supplicd, not by a bot filament as at
present, but by a radio-active substanes, or per-

haps in some other similar way to obtain the

same result. No such tube has, of course, as

yet been produced, the ahove illustration repre-
senting the artist’s conception of the tube.

has been classed by many as the Jules
Verne of the scientific world. His keen
insight into future devclopments, his pre-
dictions for the radio and scientific world,
have had the remarkable property of com-
ing true even before the date or time limit
set by him. The article is reproduced in
part herewith and is presented primarily
becaunse of its very nature. [t was headed,
“Radio In 1935.”" Mr. Gernsback writes:

“There is today a science which may be
termed the Science of Prediction. In for-
mier years one had to be a prophet to make
predictions, whercas in these enlightened
days it would appear that cven the best
historical prophets of antiquity were in
reality but good scientists themselves. In
other words, these worthy individuals had
mastered the science of prediction them-
selves and by putting two and two together
they often achieved remarkahle results
which, to the superstitious populace, secmed
supernatural.

“Anv good astronomer today can predict
with exactitude the solar and lunar eclipses
for the year 1935 down to a small fraction
of a minute.  The mean average tempera-
ture for the United States can now he cal-
culated six months ahead, due to recent
studies of solar activity.

“When it comes to predicting what radio
will be in 1935, it is not necessary to make
wild and improbable guesses, but by follow-
ing certain laws and by building upon what
has been accomplished for some years back,
we can readily arrive at a result that will
be fairly accurate.”

“When the writer compiled his book on
the radio telephone, in 1910, the first of its
kind to be published anywhere, entitled,
“The Wireless Tclephone,” he made cer-
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tain statements therein, which he believed
sound in view, of the then prevailing wire-
less art. The preface of this book is printed
on this page. The writer was criticized
quite a good deal, and called visionary and
a dreamer by many at that time; the pre-
dictions, nevertheless, not only came Lrue,
but proved far tou tame, and not visionary
cnough to compete with the events that
actually took place later on.

*So when the writer sets himsell the task
of predicting the advance in radio in the
vear 1933, he no doubt will be ridiculed
again, Nevegheless, the statements that
follow hereafter are probably entirely too
conservative, and within 10 vears, far more
impossible things will have come about
than those mentioned in this article.

“At the present time therc are nearly 600
broadcast stations operating in Lhis coun-
fry, but we have only 150 channels in which
to operate them. That means that some of
the stations have to share time with others,
to give them all a chance to get on the air,
while some must be so far rumoved as not
to interfere with the others.

“This is a very unsatisfactory state of
affairs, and the writer has pointed out a
number of times before that the only solu-
tion is to reduce the wave-length for all
hroadcast stations. It is the writer’s firm
belief that in 1935 all broadcast stations
will operate below 50 meters, possibly be-
low 10 meters. At such low wave-lengths
the frequency increases so rapidly that
10,000 stations can be separated 20 and
more kilocveles without interfering with
cach other, The word “wave-length” will
not be used in 1935. Rather, stations will
all be known to operate under so many
kilocycles, or perhaps, myriacycles (kilo
meaning 1, 0—myria, 10000). Operating
at 25 meters or below, we could immedi-
ately accommodate, even today, thousands of
extra broadcast stations, which would not
interfere with each other in any way what-
soever. he reasons
why it is not done at

each year will show an improvement over
the past one, and scon we shall have noth-
ing but low wave receivers,

YAt the same time the sensitivity of our -
sets will keep on increasing, as il has dar-
ing the past 10 years. The greater amount
of losses having been done away with, the
efliciency having been increased, it stands
to reason that the sensilivity of the set will
be increased as well,

“While the writer believes in the present
cycle of super power, he does not bclicve
that it will prevail in 1933, for the follow-
ing simple reasons:

“When Marconi  first  started  sending
across the Atlantic Qcean, it took 50 kilo-
watts or 67 horsepower to accomplish the
fcat. Most of this energy was wasted, and
only a very small [raclion arrived at the
other side of the ocean, Here we had wire-
less receiving instruments with fearful
losses and the small amount of energy that
came in was barely audible. On the other
hand, the amaleurs oi today are sending
messages across the ocean rcgularly with
an energy of 10 watts, which is exactly
two-hundredths of one per cent. of the en-
ergy that it took Marconi to do the same
thing 24 vears ago. In other wotds, with
the encrgy inherent in a few small batteries
that can be easily put inta a small suitcase,
and which can be readily carried about, it
is now possible to transmit radio intelli-
gence across the Atlantic ocean. Again, if
conditions are right, and the transmission
and reception are efficient, there is no need
for super power. In 1935 a 10-watt station
will be heard around the entire world.
Under such conditions, with ultra-sensitive
apparatus, the super power system would
create havoc with receiving apparatus
within a distance of 2 few miles, and for
thal reason it probably will not be used at
thal Lime.

the present time arc
various.

Losses

“Suppose ane oi our
popular broadcast sta-

Hreface

tions were to sudden-
1y drop to 25 meters?
No broadcast receiver
made today could re-
ceive at such a low
wave-length, because
modern receivers are
made to operate on a
wave-length between
2(X) and 600 meters, or
thereabouts. The
writer makes the pre-
diction that during
the next few ycars
the popular broad-
cast receivers will be
those which will be
able to tune down
lower and lower. Al-
ready broadcast sta-
tions arc beginning to
go down in the wave
band. Of course, this
movement is gradual,
as it should be, Such
changes take time,
which is a good thing,
becausc if the changes
were made overnight,
all present hroadcast
receiving sets would
be chsolete. By build-
ing better reccivers to
operate at lower and
lower wave-lengths,

boskk, “The Wircless Telephone,” wi
e T e e

The present little volume is mtended for the
experimenter doing research work in wircless tele-
phony and the student who wishes to keep abreast
with the youngest branch of the wireless art.

The author realizes that the iuture use of the
wircless telephone will be confined to the low power
or battery system, as the present instruments, neces-
sitating 220 and 530 volts for their successful
operation, are not desirable nor practical enough
for every day use.

The wireless telephone of the future must be ag

‘flexible as the wire tclephone of to-day.

Every farmer will he able to aperate his wireless
telephone, when the sending and receiving instru-
ments will be housed in a box a foot square, without
depending on the lighting current for its operation,

he author predicts that in less than 10 years
this stage will have been reached as it is bound
to come soomner or later,

Quite a little new matter will be found in these
pages and while some old matter has necessarily
appeared for the sake of completeness of the book,
the author trusts that the nccessity of reviewing
such matter will ke apparent.

The author shall feel happy if this little volume
will be the cause to advance the new art if ever so
little, and he will be pleased to bear honest criticism
and suggestions as to the contents of the book.

H. GERNSBACK.
New York, K

Tebruary, 19167

Fig. 54. A predicton made in 1910 by Mr. Gernshark in

the original

was the first of its kind pub-

clions ::::wn in this book have already come
'S



Television

“In 1935 we shall

have radio television.

Tt will be possible to see, as well as to
hear, by radio. An explorer will take along

with him a portable

will be able to give d

spot in the jungle in

radio szation and he
lecture right on the
darkest Africa or up

in the unexplored regjons—if such there be

at that time—of the Amazon,

plain everything he s
will also he turned in
the listencrs 10,000

will be able to sec at

television apparatus,

within our grasp now,

He will ex-
tes, and his projector
bvery direction so that
r 12,000 milés away
the same rime. This
by the way, is almost
thanks tn the won-

derful work done by . Francis Jenkins, of
Washington, D. C., apd Edouard Belin, of

Paris, France. The
over short distances

actual transmission
has already been ac-

complished, and it remains cnly to put on

the finishing touches.

‘Tubes

“What tubes shall we use in 1935?

The

development of the vacuum tube since 1906

has been slow but steady.
invented the Audior,

has been made. W,

same tube with a ny

At the present time

Since DeForest
much improvement
¢ arc still using the
imber of refinements
all tubes are run by

batteries, or, if operdted from the 110-volt

house- l:ghtmg curren)
cuit is used to step d
right voltage. With
we shall have a 110
operate directly fromn
mains, without any
This will be a great
the writer’s mind thi
tion. Engineers arg
further goal, and th
tube; in other wor
heated filaments and
It is already possibly
Iytic “tube” such as
many recently, whe
was used, and there
in this. The electro

t, an intermediate cir-
hwn the current to the
n the next few years
volt tube, which will
the electric lighting
resistances whatever.
step forward, but to
is not the final solu-
working towards a
t is a cold electronic
s, namely, no more
no more “A” batteries,
t to make an electro-
was invented in Ger-
re a colloidal liguid
is, of course, no heat
ni¢c action is between

plates and grids,
“A ‘cold’ tube will probably be used by
1935, this tube containing certain gases
which may become luminous under the ac-
tion of the current. These tubes will prob-
ably be used on either batieries or 110-volt
current, but there will be no heating cur-
rent, and such tubes, therefore, will he most
economical. Even |if five or six tubes
should be used, the donsumption of current
would be so small that it would not even
be registered on the house current meter.

Controls

“The control of thg radio receiving outfit
of 1935 will be simplicity itseli. We arz
getting away from| too tany controls,
knobs and other handles, which long beforz
1935 will be obsolete] It was the writer, by
the way, who, in an| editorial in the Feb-
ruary, 1923, issue of| Radio News, was the
first to advocate singlle control sets. It will
have been noted that a few of these made
themselves noticeable late in 1924, while
1925 will surely witness the advent of a
great many single control sets, which seem

to g'un reater and greater favor with the
{n he outfit shown on our cover il-
ustratnon as will be noted, has a single

control, with 2 remote control added.
the present time it is
whenever you wish

At
necesgary to jump up
o tune in another sta-
tion or whenever an adjustment has to be
made. This ties down the listener to the
set, which is not always desirable. The
writer shows the renpedy for this by having
a pear-shaped contr¢l, as shown, The lady

on the cover, hy pr

ssing a button, closes

a circnit which autbmatically rotates the

tuning controls very|
pending upon the am

slowly or swiftly, de-
punt of pressure on the
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Fig. 55. When Marconi, 24 years ago, sent his first message a
The radio today the same results in a mud: better t‘l'x’:’ by using 10 watts only;
same

in other words, the ma-est fraction of the power necessary to an:compﬂsh
at in 1935 nn broadmt station will requi
i s within a radius of uvera,l hundred miles,

The chances are th

button. The pointer on the dial revolves
very slowly in the manner of a vernier
until the station desired comes in loud and
clear, at which the control is stopped.
American stations will be found at the
outer circumference, while foreign and
trans-Atlantic stations are just below, in
the red inner circle. By touching the sec-
ond button on the pear-shaped control, the
operator can, at will, brmg in either for-
eign stations, or the stations of her own
country. The single control will operate
both the sounds from the station to be re-
ceived and the television elements, both
working in unison and automatically.”

The Jenkins-Moore Machine,

The last week in June, 1925, seven men
stood in a laboratory in \Vashmgton, D.
C., watching the arms of a miniature wind-
mill revolving on a small screen of white
blotting paper. The real wind-mill was
five miles away in Anacostia. The pic-
ture on the laboratory screen was being
transmitted by radio through the interven-
ing space.

Tt was the first time in history that real
television had been demonstrated or
motion pictures had been transmitted by
radio and an announcement of the demon-
stration was carried by Radioc News for
September, 1925, in an article by W. B.
Arvin

The men present at the demonstration
were Mr. D. MacFarlan Moore, inventor
of the lamp upon which the receiver de-
pends; Mr. C. Francis Jenkins, invenior of
the prismatic disc used in the transmitter;
representatives of the Navy Department;
Mr. Burgess, Director of the United States
Burcau of Standards, and Judge Taylor.
advocate of the Department of Commerce,
who presides over radio under Secretary
Hoover,

After the demonstration, everyone was
unanimous in the opinion that this long-
sought-for goal is at last actually in sight.
In 2 more or less perfect form it will be a
common thing within a year, The main
difficnlties in the problem have been suc-
cessfully worked out.

No few pages have heen written on this
subject. Indeed, it is a barremn month
which does not find the radio press carry-
ing some sort of scheme for the trans-
mission of pictures by radio. But the
point with most of them is that they are
usually very plausible on paper but hold
little promise of practicability when re-
duced to practice. The present scheme is
practical. It works. This is the real point.
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cross the ocean, it required 50,000 watts.

years ago.
more than 10 watts in order to supply

Probably the most outstanding charac-
teristic about the whole scheme is its sim-
plicity. Great inventions are usually sim-
ple, however, The success of their
makers is primarily a matter of removing
the complexities. With the Jenkins and
Moore machine, simplicity is noticeable
ifrom the first.

As to the technical description, it can be
made plain enough for the man in the
street to understand,

The first of the two prerequisites of
any picture transmitting apparatus is a
photo-electric cell which will take the
blacks and whites of the photograph or

icture to be transmitted and turn them
into e¢lectric current in direct proportion
to their shading. The whites must trans-
mit a heavy current when it is focussed on
the cell, while the intermediate grays and
the hlacks must transmit little or no
current in accordance with their approach
to dead black.

With electric energy in direct propor=
tion to the shading of the picture, the
transmission of this energy to a distant
point is a comparatively simple matter.
We may use radio or fall back upon the
Jand-line.

Then the second point of importance is a
lighting device at the receiver which will
take the currents after they have been am-
plified, and turn them again into light and
shadow in exact step with the transmitter
and in exact synchronism with the shade
changes in the picture at the transmitter.

Practically, these two problems have
been solved very well. The light at the
receiver is onc developed by Mr. Moore.
It depends upon the glow about the nega-
tive pole of a lamp in an inert gas, such as
neon, The characteristics of this little
tube are such as to make it excellent for
television—or telerama, as Mr. Moore
chooses to call it

Tests in the laboratory have shown that
the lamp may be lighted or extinguished at
the rate of more than a hundred thousand
times a second. The superiority of the
lamp in this direction may be appreciated
when one calls to mind that with the ordi-
nary hot filament type. of light, more than
one-tenth of a second is often required for
the hot filament to radiate sufficiently for
the glow to cease. Its sccond point of
superiority is its ability to follow exactly
in illumination the current fed to it.

In one stroke, this little lamp, which is
shown in an illustration, climinates two
very complicated and bulky pieces of ap-
paratus which have heretofore bsgen in-
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Fig. 56. D. MacFarlan Moare, inventor of the lamp
for the Jenkins-Moore machine.

corporated in television receivers. Pre-
viously, in order to get comparative light
and dark, it has been necessary to install
and use some sort of magnetic shutter to
govern the amount of light passed to the
screen. The Moore Jamp remains in exact
step and does away with the quantitative
shutter.

At the transmitter, the photo-clectric cell
which turns the light and darkness of the
photo or scene into electrical energy is a
commercial product. It seems that there
is a great deal of misinformation afloat
concerning the effectiveness of present-
day photo-electric cells. Two large manu-
facturers have in the open market at the
present time two designs of these instru-
ments which will fulfill almost any condi-
tions which might be imposed upon them.
One of these cells is employed in the
Moore-Jenkins apparatus.

With a capable method of converting the
light into electric energy and back again
into light, the only other important consid-
eration for the operation of the machine, is
that some method be employed for break-
jng the picture up into small signals. This
simply means that the picture must be
‘transmitted in dots, or that it must be
troken up in some fashion so that a large
number of impulses are employed to trans-
mit the picture. TIn the last analysis, it
simply amounts to telegraphing at high
specd.

This breaking-up process in the Moore-
Jenkins machine is accomplished so sim-
ply that it is almost absurd. With the aid
of the prismatic disc spoken of before and
a sccond ring containing a number of
lenses, the process is done with the least
possible complication and with the greatest
clarity and ecase. The lenses—there arc
forty-eight of them—are focussed so that
they draw a fine line across the face of
the picture, Each of them would follow
the same path were it not for the pris-
matic disc. The forty-eight of them cover
a picturc about four inches long. That is,
each onc covers approximately one-twelith
of an inch of the picture. The prismatic
disc moves these line strunck ount Ly the
lenses from the top to the bottom of the
picture, giving the complete breal-up pro-
cess.

Thus we have the breaking of the pic-
ture into its componcnt parts. The superi-
ority of the present machine lies mostly in
this process, which is made possible by the
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Moore light. The picture, instead of being

broken up into dots, as has been done be-
fore, is broken ‘into lines. Each of the
lenses sweep out a line across the photo-
graph. As was explained, each of the
lines is just beneath the previous ome.
The Moore lamp makes this possible by
its characteristic, as explained above.

A more detailed description of this little
instrument might not be amiss. It uses the
conductivity of the gas and the heating of
the atoms by the passage of current. When
a difference of potential is established
across the two terminals—the outside
sheath is the negative while the inside one
is the positive—the gas becomes lumines-
cent, giving off light. Immediately the
current is cut off, the light stops. “Im-
mediately” is used advisedly.

The construction oi the light is such that
the illumination is all from the point in the
center of the center electrode, This allows
perfect focussing and the better use of the
lenses.

Then there has always before been the
question of keeping the transmitter and
the receiver in synchronism. This problem
has been solved with a degree of simplicily
in keeping with the remainder of the ap-
paratus, By employing synchronous motors
to revolve the discs and lenses at the two
stations, and using a hand adjustment to

Fig. 57
of the

Two types
Moore
vision light.

tele-

set the machines after they are started, the
problem becomes simple. The synchronous
motors ammust run in step, and the adjust-
ment is so simple that a child might easily
handle it. From the large manuofacturers
of alternating current generators comes the
word that in all their large installations
they can guarantee that the difference in
frequency betweecn any t{wo
plants is less than onc-half
of one per cent. This guar-
antees the perfect operation
of the machine in many lo-
calities where alternating
current is available.

The actual transmission of the impulses
from the transmitler to the receiver is
a very simple problem. When it is to be
by radio, the impulses from the photo-
electric cell are amplified, -just as they
come from it, led to a radio transmitter
similar {o that used in a broadcasi station
or by amateurs, where the picture current
meodulates the carrier wave just as the
voice of the artist usually does. At the
receiving station it is picked up and de-
iected in the wsual manner, and sent to
the Moore light after amplification. On
accounl of the great simplicity in the re-
mainder of the apparatus, only the light
current is transmitted through space.

One of the most important points in con-
nection with the vse of the set is that it
may at thc same time be wused for the
transrnission of voice. Just this was done
in ihe demonstration in Washington. In
Bellevue, the operator would change the
position of the electric fan which was used
as the motive power for the toy wind-mill,
and while doing it speak into the micro-
phone of the transmitter, telling the lis-
teners at the Ilaboratory in Washington
that he was making the change. The voice
would be heard from the loud speaker and
immediately a change of the speed of the
silhouette on the screen would be noted.

As to the origin and design of the ma-
chine, a few details might be interesting.
Mr. Moore, as far back as 1899, had heen
pranted patents covering certain clemen-
tary principles of television design. Since
that time, he has been constantly thinking
about the solution of the problem. Mr.
Jenkins’ connection with this line of re-
search is of long standing. It was he who
deduced the idea of the prismatic ring.
One of the peculiar things is that the lens
disc psed in the present design is incor-
porated in one of the old Moore patents.
Of course, the use of it is no longer pro-
tected because the time limit on the patent
has expired.

One often wonders whether synchronism
will be required in futurc devices and also
whether that synchronism will not be accom-
plished by means of the light beam ilself
when translated into electric current, the
same as the telephone receiver responds to
voice currenis.  But that is just another
thought.

Fig. 58. The tele-
vision apparatus
shown here is re.
markable for its sim-
plicity, et it works
excellently.

el mssionunym
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Simplified Radio Television

Here is a new system which employs a colloidal photo-electric cell. It will be observed that there is a lens disk as well as a ser-
rated disk, rotating at different speeds in front of the photo'electric or colloidal cell. The impulses of the cell are then
transmitted by a radio apparatus and picked up at the receiving end, amplified and made to operate a lamp which varies
its brilliancy. The reconstructed image at the receiving end, although not perfect, permits of hopeful improve-
ments. The original article appeared in Science and Invention Magazine for June 1925

Fig. 59. ens disk, 1, illustrated at right in detail revolves at 500 R.P.M.

Serrated :luk 2, rovolves at 5000 R.P.M. and lisht from the object passes

through the lens and the scrrated disk, aﬁectmg the collodial cell 3, setting up
a current which is transmitted by the radioc apparatus, £

Fig. 60. Synchronous molors, 4 and 12, keep the apparatus in time. The radio waves
are received on a usual receiving set, 8, and pass through a flter, 9. The picture cur-
rent is then mpuﬁed by, 10 and 11, whammon it lights the lamp, 13. The brilliancy of
this o hxzhhghlsuftheduectmﬁmtoftbetrans-
mitter.  This_ hg'hl passes through 1=ns , 14, and mgMem on ground glass, 15.

The has g image shown.
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In the May, 1926, issue of Radio News,
the following Editorial by the Editor-in-
chief of that periodical, appeared. The
front cover illustration of that issue showed
a lad proposing to his loved one. Noth-
ing unusual in this last remark, but in
this case, the television apparatus comes
intp its own. A picture of the lad's loved
one is reflected in the television screen.
The Editorial follows:

A Television Proposal?

“I am frequently asked this question:
“What, in your opinion, will be the next
great development in Radio?” And to this
question I always answer that, in my
opinion, the next most logical step in
Radio will be the establishment of “Tele-~
vision,” or the power to see objects at any
distance, through the same medium by
which we are now enabled to hear sounds
by radio from all over the world.

“Radio receiving sets have been developed
to such a high degree that we need not
expect any revolutionary improvements to
be made in them for some years to come.
The radio receiver is now at the stage of
development such as the automobile reached
ten years ago, The improvements made
since then in the automobile have been
only in the refinement of its various parts;
and it will prove exactly so with radio.

“So, when I speak of television, I do
not predict a novel type of radio sct per se,
but rather the crcation of a device which
can be attached to your radio set. It will
be similar, in its relation to the present
radio set, to the loud speaker, which can be
connected to your set, regardless of
whether the latter is of the vintage of
1923, or the latest 1927 model.

“This may seem to be a rash, offhand
statement, but a moment's consideration
‘will show you that it is not. Ior instance,
you can listen to a full orchcstra with
your radio set and (providing you have
good transformers and your loud speaker
will take both the upper and the lower
ranges) you will find no trouble in dis-
tinguishing the notes of the bass drum
from those of the piccolo, even though both
are playing at the same time. In other
‘words, you hear simultaneously a number
of different instruments without their in-
terfering with each other.

“Through the future application of tele-
vision, it is quite logical that while a
Istation is broadcasting a song, you will
be able to see the face of the singer at the
samc time, through a transmission on the
same wave to which vou are tuned in, for
the following simple reason.

“The range of acoustical frequencies is
really very narrow, and does not take in
a wide band; the human ear responds to
no vibrations above a frequency of 23,000
per second. That is the reason why the
so-called radio “carrier” is inaudible, To
the nen-technical reader it may be ex-
plained that the “carrict” is the funda-
mental wave emitted by a broadcast
station, which is on the air at all times
when the station is transmitting. When
no one is speaking or singing at the broad-
cast studio, you hear mothing but a faint
rushing sound in vour receiving instru-
ment. The vibrations of this carrier run
into millions per second, and that is why
we cannot hear them directly.

“Tf, however, television is perfected (as
it almost surely will be during the next
two years, or perhaps sooner) it will be
possible to impress the teleyvision impulses
upon this same “carrier” which brings the
sound impulses to your set. The television
impulses, being of a frequency too high to
be -audible, will not interfere with your
loud speaker; and the television picture
for the same recason, will not be mixed up
with the speech, any more than a violin
or a piano, both of which you can readily
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distinguish with your ear. This is an in-
adequate comparison, because the separa-
tion between the acoustical band or audio
irequencies and the radio frequency band
is enormously wider than that between any
two audible notes of music; and it will
therefore be practically impaossible for the
“sight” waves and sound waves to inter-
fere with each other,

“I have pointed this out to bring home the
point that, when television is finally
brought about, it is quite probable that to-
day's radio sects will be adapted to this
new purpose; and that it will be possible to
conneet a television attachment right to
vour present set and thereby see what is
going on all over the country while you
are enjoying the program. Noi only will
it be possible to see the entertainers at the
broadcast station to which you tune in,
but everything that is broadcast for sound
only, today, will be broadcast by “remote
control” for television as well.

“Radio television, it must be said, is
nearer at hand than most of us realize.
The inventors of the entire world are rac-
ing frantically for the goal, because they
realize that in television they will have
created a great new emancipator, much
greater than the telephone or radio com-
munication itself.,

“In_this country C. Francis Jenkins has
been in the foreground in television ex-
periments ; and he has achieved success in
making it possible to transmit and re-
ceive the outlines of moving objects b
radio at the present time. In England, it
is reported, John L, Baird, who has been
on the same track, has accomplished a
great deal; in France, Profcssor Edouard
Belin has also produced results, and simi-
lar work has hcen done in many other
countries, Television is now *“in the air,”
and I shall be very much surprised if this
great new art does not step out of the
laboratory into every-day use, some time
in the next two years, or less,

“Back in 1915, and again in 1918, T wrote
a series of articles on television which were
the first, I believe, published in the techni-
cal press. At that time we had only the
sclenium ccll as a “photo-clectric” or light-
sensitive substance; but it is sluggish and
does not follow changes of light with suf-
ficient quickness. It has heen superseded
recently by some very excellent light-sen-
sitive cells, which react to changes in less
than one ten-thousandth of a second; and
this improvement makes television an as-
sured possibility today.

“We should not be surprised, also, when
the final apparatus is evolved, to note with
what simple instruments television can be
accomplished. Tt is my belicf that the
successful device will be simpler and of
iewer parts than our radio receivers are
today, and it is quite possible that within
the next ten years $50 will purchase a
complete television attachment which will
perform well.

“To he sure, for a long time to come,
transmission will be only in black and
white, giving an effect similar to that scen
in motion pictures now. Color transmis-
sion will come laier.

“At this point I desire to correct an er-
roneous idea about television, which is
much in vogue now. Many people think
of television as “radio motion pictures.” Of
course there will be no motion picture
cquipment of any kind in the radio tele-
vision apparatus. Television does not con-
cern itself with such methods at all. In
reality vou will see at a distance, just as
if you had a telescope through which you
could observe auything going on in any
part of the country.

“Television between broadcast stations
and the broadcast public will become very
popular. If the telephone companies wish,
they can make simple attachments for the
present-day telcphone, so that you can see

the person at the other end with whom
you are conversing. A lot of people will
throw up their hands in horror at this idea,
because the idea of television added to
the telephone will suggest a reduction of
their privacy to the minimum enjoved by a
gold fish., This need not be feared, how-
ever, because a pushbution in the telephone
mounting will insure that the party calling
cannot see vou unless you wish it. This is
a very simple detail.

“As to radio television between parties, as
depicted on the front cover of May, 1926,
Radic News, I must admit that this
lies much further in the future—perhaps
twenty-five vears or more, [or there are
not enough wave-bands available to make
it possible for thousands to talk to each
other at the same time. On the other hand,
the same illustration could readily repre-
sent two radio amateurs, who can conyerse
by radio telephone even today; and if, in
the next two years, they are enabled to
place television attachments on their radio
sets, there might easily result such a situa-
tion as shown on the cover. But the indi-
vidual application of telcvision, to every
one’s personal convenience, will not be
practical for many more vears.”

Edouard Belin’s New Advances

Then along in the July, 1926, issuc of
Radio News we find an article by Lucien
Fournier devoted to an explanation of
more recent experiments made hy Edouard
Belin for the purpose of determining the
influence upon the “persistence of vision,”
of the length of time during which light is
cmitted. These experiments present a
new point of departure in the attempt to
solye the problem of practical television—
which must be radio vision, because the
lag caused by electrical conductors pre-
vents the transmission by wire to great
distances of modulated currents which
are produced by extremely rapid variation
in the luminous intensity of a point.

The art of invention may be compared to
that of a prospector for gold, who drives
his pickaxe everywhere, until he uncovers
the vein,of gold of whose existence he has
been certain. This is the present procedure
in the endeavor to establish television
Our readers have doubtless heard how
Edou Eclin succeeded, after patient
and labdrious research, in transmitting be-
tween two radio-telegraph stations, first
the changes in a luminous point, and then
a circle which was complete or broken in
accordance with the variations at the
transmitting station. This was the first
positive result obtained, and was a direct
accomplishment of radio vision.

In viewing an ordinary moving picture,
the impression on the retina lasts less than
one sixteenth of a second. But, when we
transmit the image of an entire scene, the
whole of it cannot be covered at once by
a ray of light, The scene or picture must
be separated into distinct points; as if it
were composed of a fine screen, over which
a sharp brush would pass, covering one
vertical linc after another, parallel and ex-

tremely close, until every point has been
covered.

(We repeat, an examination of the illus-
trations, or “halftones,” used to reproduce
photographs in this and other publications,
will illustrate this idea. They are com-
posed of points of varying size obtained
by reproducing the photograph through a
very fine screen. The effect of light or
shade is obtained by the use of very small
or very large dots in the various areas of
the illustration. Tt will be seen 'that by
transmitting impulses in any regular or-
der, each corresponding in its magnitude
to that of one of the points between the



white lines of the screen, it is possible to
reproduce any picture in all its details at
any distance. This is the fundamental
principle of the transmission of pictures,
first by land telegraphy and then by radio,
which has so lately been placed on a regu-
lar commercial basis.
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be projected by reflection from the mirror
B to a diaphragm or screen, C, on which
it is reproduced with all its graduations of
light and shadow.

If we make a hole, 1/25 of an inch in
diameter, in this screen, a luminous ray
will pass through it, and fall upon the fixed

61. This a tus is diagrammed bol
eeamur' and thcp?u:irj:stinz stands for dll
image appecars on the screen, althoug

The lummous ray of the television ap-
paratus moves in a similar manner ; but,
instead of leaving ink upon the image at
the receiving end, as does the apparatus
used to reproduce pictures, it only sweeps
over the screen in vertical lines, each
almost touching the next, at such a tre-
mendous speed that it must cover the
whole field in one-tenth of a second, or
less.

An image whose surface, i is, for instance,
18x25 millimeters (about the size of a post-
age stamp) composcd of points divided by
five lines to the millimeter (1/125 of an
inch apart, about the fineness of the photo-
engraving illustrations wused in  Radio
News) will contain 11,250 points. All this
must be transmitted in one-tenth of a
second to produce in the eye the effect of
a continuous image. To transmit a com-
plete scene, in detail, perhaps double the
number of points \\Il]] be required; each
of which must be recorded in 1/225,000 of
a second.

The effectiveness of so short zn impres-
sion upon the retina might be doubted. It
scems hard to believe that it would be per-
<eptible by the optic nerve, and even more
so that the effect should pcr;:st for a tenth
ofi a second. The apparatus which we
shall praceed to describe was especially de-
vised with this end in view.

The Belin Apparatus of 1026

The diagram, Fig. 62, is a schematic view
of the mechanism illustrated on_these
pages. The interior of the projecting
Jlantern contains an eleclnc arc, A, a con-
vex lens, and a slide carrier, O, into which
an  ordinary positive photograph  upon
‘glass is inserted, as if for projecting the
image or plcture upon a screen in the
‘usual manner.

The rays from the arc pass hrough the
positive slide and project its image
through a second or obj ective lens upon a
plane mirror, B, which is attzched to a
drum comp]etely surrounded by such mir-
rors, those at the ends of cach diameter
bemg parallel. The drum is connected by
gears to a motor, by whw it may be
Tapidly revolved. When it is in a state of
xest, the image from the lantern slide may

lantern at the right; the drum of mirrors,

the pro|
ln’;d led lmrmrs in front. At the left a continuous
17 1/25,00 pr i

at any
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mirror, D. The point of light it forms will
have a diameter larger than the perforation
in the screen, because of the spreading of
the rzys; and the mirror itself will accen-
tuate this effect. Accordingly we place
another Iens, E, in the path of the re-
flected ray, which is thus caused to con-
verge, From this it passes to the mirror
F, which again reflects it to the drum of
mirrors. Here it impinges on the mirror
G, which is diametrically opposite to B,
and thence finally to a screen H, where it
appears as a luminous point, correspending
to that which fell originally on the spot on
C through which we made the opening.

Now we start our motor and set the
mirror-encased drum revolving : with what
result? So long as the first mirror B re-
mains stationary, the image which it pro-
jects upon the screen H is moticnless; but
slightly dxfferent angle, comes -into line,
when we set it in motion, m the direction
indicated by the arrow, the image reflected
by it will be deflccted ‘downward upon the
diaphragm C. Over the hole in C all the
points constituting a vertical line in this
image will pass, and be projected in suc-
cession upon the mirror B. Through the
reﬂectmg system which has been set up,
these will be reproduced in succession
upon the receiving screen H. Fach mir-
ror which succeeds B in position on the
revolving drum will receive the image in
the same manner and make it pass through
the opening in the diaphragm C.

The Image Reproduced

We now are able to transmit a luminous
vertical line, traversing the image from
top to bottom, and always composed of the

fixed diaphragm (C).

: same succession of points. They will not
G be of equal intensity; because the ray will
be very luminous when it represents a
transparent portion of the slide on O, and
e
L J + +- SN —
i ~ NF— — Fig. 63. This show
{ -.\.(("g in"a similay man:
s ner, the effect on
5 the of the os-
/ cillation from side to
/ gide’ol the -irrwaf
: a swung from
- side to side on the
: P faph ted screen g
b ragm, un!
! i every part of it has
al_og been cava-.d by the
vertical lines traced by its mava?:ul over the cenlr-.l 'r::;g
mm%t#the mmemhmuduudhlummfwmmﬂ:
Fig. 64. Althlelt-redwwnthemu!vepodﬁmdtbenﬂechd
jmage upen the diaphragm C. e portion of the image indicated by the
E (!Enauy magnified) dot in the cen mﬂm h this to the train
Ny of sui fing s, mrﬂ m&ms is shown the effect of
the downward rohtion the e image passes vertically
from top to bottom of the worﬂhgoht in ﬂla vertieal line llwwn
being successively hmnsu!ttndlo&e H. By reason, how
ever, of the rotation of the mirror G, these points, instead of
remaining in the center of the Feld, are reproduced in a similar
line from the the bottom H. For when B reflects the point
at the bottom the image (as in the top view) to the center of
the screem C, G reverses emnﬂuuathhrvwsitu‘pagain[rm
center to the top of the screen H; and vice versa. The position of the
ray in the apparatus from B to G is always the same, no matter to what
portion of the image it corresponds.
The m e on the

side toward the lamtern.
One ray at a time, from
1/25,000 of the avrea of the
e, passes through the
opening in C. The
mirrors D and F send it
back to the mirvor op-
positc B on the cylinder,
and it Is finally reflect ed
tory .

talzen. The cffect of con- g
tinuous vision is produced,

[ sshbib
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The (llustra-
tion at the left shows

Fig. 65,

the interior of the T.
S. F. “wireless trans-

mission’

Malmaison,

which bas been utilized
by Prof. Belin in tele-
experiments.
crhead 1 e
antenna ceil; and the
grid coil is beneath, in
a  wvertical  position.
Above the frame at the
right are coils;
and just helow them
the modulating tubes,

in a ve tion,
connected to 2 cylindri-
cal  “mol ' air
pump just below. In

the Iower right is an
pil-operated “forepump’”
to which

more obscure when it passes throu%h a
part representing a darker portion of the
image,

Now the problem is to cover the whole
area of the image on the slide, by causing
the luminous line to he displaced at each
movement over the screen, taking a course
very closely and perfectly parallel to the
preceding stroke. This is accomplished by
giving the mirror-drum a horizontal maove-
ment, alternating from right to left; which
is accomplished by the use of a double
spiral cam attached to its base. which
gives it the necessary reciprocal action
from right to left and back, These move-
ments, communicated to the revolving mir-
rors, deflect the image from side to side
upon the diaphragm C. In this manner the
image is made to cover the opening in this
screen with every successive point of which
it is composed. The revolving mirrors
thus transmit to D and .its train of reflec-
tion all the points of the projected image,
in vertical Tines, which by means of the
oscillation of the drum, are dclineated so
close together that each practically touches
the preceding one; and no perceptible por-
tion of the image fails to be projected
through the opening in C.

As the mirror G and those which succeed
it reproduce, in reverse direction, the
motions of B, the reflected ray at II recon-
stitules one by one, in the same order, all
the points of the image on C which pass
over the opening in that screen. As the
entire screen is covered in a tenth of a
second, or less, the image will appear
clearly upon the receiving screen, as if re-
flected over its whole surface at ance.

This ingenious experiment has proved
that every luminous cmission of sufficient
intensity which lasts for 1/250,000 of a
second is perfectly registered by the retina,
the impression on which persists for 1/10
of a second. This brings out clearly the
curious property of the eye, “the persist-

ence of vision,” by which the sight of an
image is preserved for a period of 25,000
times longer than the duration of the im-
pression.

Fig. §7. The

aph; H, I and J, batterics for

To transmit the image by radio waves,
we have only to replace the mirror D by a
photo-electric tube, such as have already
been described to our readers, All lumin-
ous points in the image will be projected
upon the tube, creating impulses which will
be transmitted by means of ethereal (Ilert-
zian) waves through space. By means of
a properly synchronized corresponding

mechanism attached to a receiver, they will

Fig. 66. This is a front view of the cylinder or

drum of mirrors. is by an elec

motor,; and at thc same time swung from side to
side by the gear at its base.

be reproduced and projected in the same
order upon a screen corresponding to H,
producing the phenomena of television.

It must be pointed out that the luminous
ray is not displaced upon the mirror D of
our diagram, any more than it will be upon
the photo-clectric tube. If it passed
through transparent glass, instead of
through the picture on the lantern slide,

veceiving appavatus: A is the -Holvreck mplecular pump: B, tube connecting with ns-
cillograph; C, tube connecting pumps; D, preparatory aru'l‘lfnn" pump; E and G, rheostats; F,

5 and low-fr cuoil.



it would have an unvarying intensity, and
the current transmitted would be a contin-
wous onc. It is nccessary to move the
mirrors in order to cause the displacement
of the entire image which they reflect over
the aperture in the diaphragm. The slide
remains fixed in the projecting lantern,
and the magnified movements of its image
are obtained by the rotation and oscilla-
tion of the drum. It would be theoretically
possible to move the image in the lantern,
or the screen C, to obtain the same result;
but not practicable.

Developments by Messrs, Belin and
Holweck

This new apparatus is based on the mod-
ulation of a light beam exploring a photo-
graphic plate, It was cxplained by L.
Fournicr in the December, 1926, number
of Radio News. .

The system of tiransmission is repre-
sented essentially by two little oscillating
mirrors (see Iig. 68), onc placed above the
other, The lower mirror, of very narrow
width, oscillales vertically at a frequency
of 500 cycles per sccond ; the upper mirror,
somewhat larger, oscillates horizontally at
about 10 oscillations per sccond. The
lower mirror, receiving the luminous beam,
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traverses onc or another of these tints; it
will therefore experience, as it leaves the
plate, a modolation such that its intensity
will change in value at every instant, As
this light, varying as above, is projected
on a photo-electric cell, the cell will pass
a very feeble current, the intensity of
which will depend on that of Lhe light
which reaches the cell. But so far, the
actual experiments have not been made
with the photographic plate. A plate was
used without any half-tones, carrying only
black and white portions.

The reader’s atrtention is reczlled to the
fact that the photo-electric cell contains
two electrodes, the cathode being composed
of an interior layer of metallic potassium
and the anode of a very light ring of
nickel or platioum. The anode and cathode
are connected in a circuit with a battery.
When a ray of light reaches the cell, the
circuit is instantly closed and <he current
passes.  Naturally, the stronger the light,
the more current passes. Tt is thus, by the
action of this apparatus, that it is hoped to
iransfer ligcht modulations into modula-
tions of an electric current, which is con-
nected finally to a vacuum tube amplifier
before being sent to the receiving station.
Tn practice, this amplified corrent will be
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impresses on it as reflected 500 oscilla-
tions per second. As this beam is also re-
ceived by the upper mirror, which oscil-
lates in a line perpendicular to that of the
Iower mirror, the projected beam will be
resolved into two sets of different oscilla-
tions, cach with its own irequency and its
own direction.

Suppose now that this beam is received
on a screen placed in front of it. Let us
follow its course.

The oscillations of the 500-cycle mirror
makes it traverse the screen uninter-
ruptedly from right to left and left to
right, but the beam at the same time
answers to the oscillations of the 10-cycle
mirror, which moves in a direction perpen-
dicular to that of the first. It therefore,
is acted upon hy two forces, The resultant
is traced upon the screen as a luminous
line of the form shown in Fig. 69; that is
to say, the screen is swept over by the ray
alternately from right to left and wice
versa and then from above downwards and
back again.

Ilowever, if we watch the screen, our
eyes will see no sign of the oscillations,
because the ray takes only onc-tenth of a
sccond to cover the entire surface. he
persistence of vision does not permit us to
see movements of such rapidity.

We have alluded to a screen to explain
how the ray would traverse such a surface.
In the actual apparatus this screen is re-
placed by a photographic plate, which the
light traverses, This plate is composed of
transparent and opaque sections and also
has a whole scale of tints varying from in-
tense black to absolute transparency. The
pencil of light is then greatly affected in
its intensity, according to whether it

sent into the radio transmitting station and
transmitted by radio to the receiver.
After what we have said, it is easy to
understand that if a reproduction on a Te-
duced scale is desired, such as an image of
the moving picture film, about 1 x % inches
the points will be much closer together and
more numerous per unit of smriace than
on a screen of 6x9 feet arca, Now, com-
ing back to the film, a point less than .001
of an inch will be enough to reproduce an
image under good conditions. The analysis
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Fig. 69. Due to the oscillations of the two mirrors,
the beam of light follows a zig-zag path across the
screen as indicated above. It oscillates horizontally
500 times per second, and vertically 10 times per

second.

of the image to be transmitted will come
down, thereiore, to the production of 10.-
800 points. As all the suriace of this
image is swept over in 1/10 of a second,
cach point of the plate has only 1/108,000
second to act.

The transparent parts of the photo-
graphic negative wilrpass enough light to
enable the cell to carry out its functions,
but the semi-opaque parts will require
probably a light beam of the luminous in-
tensity of an arc-light to properly affect the
cell. However, if the photographic plate is
larger, the dimensions of the pencil of
light should be increased. Under these con-
ditions, we may ask if the photo-electric
cell, with increased light pencil, will re-
spond sufficiently to the changes in light?

The Synchronizing Device

The movement of the oscillating mirrors
gives us a curious mechanical problem to
solve, for we must not forget that the
transmission apparatus must be synchron-
ized with the receiving apparatus. The
oscillating mirrors are acted on by a little
alternator, which sends current of a ire-
guency of 500 cycles per second either over
a wire or hy radio-transmission to the re-
ceiving stations and which acts like a
motor for keeping the mirrors in motion.
It is necessary to send not only the cur-
rent of 500 cycles, but also another one of
10 cycles that drives the upper mirror. In
the experimental arrangement the upper
mirror was connected to an -ordinary
microphone by a light mctallic bar, whose
end rested upon the microphonic membrane
(see Fig. 70). At the end of cach oscilla-

Fig. 70. The Belin transmitter: A & the 500-cycle alternator used as & motor for the moving mirrorss
B, microph fi 3 3 C, “tramsparency’

Y mirrer; v
alternator rheostat; F, ob

** (photo film) support; D, diapbragm; E,
jective lens; G, arc lamp.



tion of the 10-cycle mirror, the rod, by its
pressure on the membrane sent a current
each .1 of a second, which was reccived by
the receiving station; and in conjunction
with the 300-cycle current, acted to syn-
chronize the sending and receiving appa-
ratus.

It is hoped to dispense ultimately with
the microphone, It is not mnecessary to
transmit two different currents at different
frequencies; it is enough to transmit a cur-
rent of 500 cycles to insure the synchro-
nism of the two stations. This is he-
cause the movements of the two mirrors
arce mechanically conjugate, being actunated
by the same motor, At the receiver a fre-
quency-changing apparatus may be used
for lowering the frequency from 500 cycles
to 10 cycles, a part of the original current
at 500 cycles, being wutilized direetly.

Holweck Cathode Oscillograph

Here comes in the art of Mr. Holweck,
expressed in his cathode oscillograph, This
is simply a modification of the three-elec-
trode tube used in radio-telephony. Above
the filament, Fig. 71, is placed the grid, a
circular plate with a hole in its center,
above which a disc of similar form acts as
the plate, which is also pierced by a cen-
tral hole with a little copper tube above it.
The filament requires 2 potential of about
two volts. he varying potential in the
modulated circuit is applicd between grid
and filament. TFinally, the. plate is kept at
a constant potential of 1,500 volts by a
special battery.

The apparatus thus formed being in ac-
tion, there is produced between filament
and plate, a stream of electrons which is

“canalized” in the vertical tube surrounded
by a little coil. The action of this is ta
concentrate in a very fine ray the invisible
shaft of electrons. Their bombardment is
made visible by their reception on a fluor-
escent screen placed in the upper part of
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We must add that the

the oscillograph.
oscillograph tube is evacuated, by a Hol-
weck molecular pump (Fig. 67).

The current, modulated at the transmit-
ter, and pxcked up by the receiver reaches
the filament and the grid of the oscillo-

This current will introduce a
disturbance in the normal emission of
electrons, a disturbance which corre-
sponds exactly with the variations of the
modulated current at the transmitter. The
luminous point produced on the fluores-
cent screen of the oscillograph tube varies
in intensity in accordance with the pas-
sage of the luminous pencil at the trans-
mitting station, as it traverses light and
dark portions of the photographic plate.
This phenomenon is very apparent when
the point is kept fixed upon the fluores-
cent screen. It gives a little blue speck
of light, comparable to a star on a beauti-
ful winter night.

But this only gives us a fixed point on
the screen. This is far from the reproduc-
tion of the image! What are we going to
do? Our readers know that an emission
of clectrons is very sensitive to the pres-
cnce of a magnetic field. The presence
of a small coil ~urmumlmg the tobe of the
oscillograph, which “canalizes” the clee-
irons, shovws its sensitiveness very clearly.
When it is not excited the stream of elec-
trons fills the little tube. When a current
passes, the stream is contracted and the
trace, which it produces on the screen,
shrinks up until it is only a brilliant point.

Putting aside the question of television,
we are here face to face with some very
curious electrical phenomena. The stream
of clectrons, in fact, is displaced in any
direction whatever, merely by bringing a
har magnet near the oscillograph; the lum-
inous trace will be seen to describe a circle
on the screen. Remove the magnet and the
point returns to the center. This extreme
sensitiveness has been utilized for making

graph tube.

this point of light repeat the movements
that the mirrors give to the pencil of light,
at the transmitling station.

Two ordinary coils are placed near the
oscillograph at an angle of 90°. Through
one is passed the 500-cycle current and
through the other the 10-cycle current.
After what we have said it will be seen
that each of the magnetic fields which they
produce will have the effect of displacing
the stream of electrons in exactly the same
way that the luminous ray is displaced by
the oscillating mirrors at the transmitter.
As these movements of the receiving spot
of light arc periormed under the direct
control of transmitting apparatus (alter-
nator and mlcrophone), synchronism 1§
secured in a rxgorous degree and the re-
production of the picture at the trans-
mitting station can be obtained on the
screen of the oscillograph. The illustra-
tion, Fig. 72, shows that this screen, which
is placed horizontally upon the oscillo-
graph, has been adjusted there so that a
prism reflecting the beam gives a slightly
inclined image which is easier to observe.

The Television System of Dr, E, F, W,
Alexanderson

Since the transmission of music and
speech by radio has come into its own,
many scientific experimenters have been
looking for new fields to conquer, in this
same realm of radio., Photographs have
been transmitted across the Atlantic Ocean
by radxo in twenty minutes, and now that
this is an accomplished fact, improve-
ments on the method are being sought.

Dr. E, F. W. Alexanderson, one of the
foremost radio engineers in the world, has
been working for the past few months on
the lmprovcmenu mentioned above. He
has succeeded in transmitting, by radio,
photographs in one tenth of the time that
it previously took; and the copies, taken
irom the air at Lhe receiving end, are ex-
cellent reproductions of the ongmals. Dr.
Alexanderson, however, is looking beyond
the transmission of photographs; his goal
at the present time is “television,” his
theory of accomplishing which he out-
lines in the accompanying article. An ar-
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ticle on his system written by him ap-
peared in the February, 1927, issue of
Radio News. Dr. Alexanderson writes:

In the well known play hy George Der-
nard Shaw, “Back to Methuselah,” is de-
scribed a scene which is supposed to take
place in the year 2170. The head ol the
British Government holds  conferences
with his various cabinet ministers several
hundred miles away. He has at his desk
a switehboard and in the background of
the room is a silver screem. When he
selects the right key at the switchhoard, a
life-sized image of the person with whom
he is speaking is flashed on the screen at
the samc time that he liears the voice,
The fact that one of his ministers is a lady
lends some dramatic color to the incident,
but this is heside the point.

A passage of this sort from the pen of a
great writer is significant. The new things
that civilization brings in to our lives are not
created or invented by anvbody in particilar:
it seems to be predestined by a combina
tion of circumstances that ceriain things
are going to happen at certazin times.
Great writers and great statesmoen seem
to have the first presentiment of what is
coming next. Then the inventors and en-
gineers take hold of the same ideas and
dress them up in practical form. It is now
scveral years since Mr. Qwen D. Young,
at a banquet, expresscd his hope that radio
would soun give us visual means ol com-
munication, The idea seemed at the time
absurd to many of the technical men pres-
ent: but work was promptly started and
we have at least gone so far that a com-
mercial radio picture service is in opera-
tion acr ithe Atlantic Ocecan,

Tt takes at present twenty minutes to
send one of thesc piciures, whereas the
imagination of Rernard Shaw forecasts a
divect vision of distant moving objects.

From moving-picture practice we know
that the realization of this idea would re-
quire the transmission of a series of pie-
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shown tha ycceiving mechane
ism of Dr. Alexanderson's ap-
paratus. The cylinder, in
which i encloscd the nega«
tive, is being removed from
the motor attachment that

rotates it.
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shutter for interrupting the
ight source is scen under the
man’s ¢lbow. The impulses
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Fig. 73. Thess three copies of the same photo were

turcs at the ratc of sixteen per sccond. It
is a long way from twenty minutes to one-
sixteenth of a second. It means that we
must work almost twenty thousand times
faster than we do now. However, ve have
tackled this problem; and I shall attempt
to show what prospects we have of real-
izing practical television. In doing so we
shall think of the scene described by Ber-
nard Shaw as the nltimate goal,

Telephotography

The principle of picture trapsmission
over wires or radio was worked out about
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' transmitted at different speeds. They were sent
two, four, and eight minutes, reading from Ieft to right, as explained in the article.

fifty ycars ago, and all work done ai the
present time is based on the same prin-
ciple. The work of fifty vears ago, though
described in many books and patents, fell
into neglect; but the development of radio
has renewed interest in the subject. We
have also some new tools to work with,
such as th¢ vacuum-tube amplifier and the
photo-clectric  cell. Radio photography
has thus become an established fact. /
practical realization of television, or the
art of seeing moving objects by radic, in-
volves some difficulties which bave here-
tofore seemed almost insurmountable.
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Fig, 78. Bcelow iz a closcr
view of Dr. Alexanderson’s

or s ing
];Eotographs by radio,

The
oto to be sent is placed
on the revolving cylinder,
which is synchronized with
the cylinder at the receiv-

ing en

Phato by Ceurirsy AY
General Bleciric Company
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However, before dealing with the prob-
lems of the future, I shall give a brief pic-
ture of the contemporary art of telephotog-

raphy. So much has already been pub-
lished on this subject that I need give only
a few references. Since the interest in
telephotography rtevived, the work has
been taken up simultancously in America,
France, England, and Germany, and the
names of a number of engincers, Korn,
Belin, Jenkins, Ranger, Ives, XKarolus,
Petersen and Baird among others, have
hecome familiar. I hesitate in giving these
names, because there are surely some
equally important ones that I have left
out,

The accompanying illustrations show
some telephotographs made in Schenec-
tady. The originals were made at a rate
of sixteen square inches per minute, and
thus were produced in two minutes. They
were made as a preliminary study of com-
mercial transmission of pictures and fac-
simnile messages over long distances. The
recording instrument used in making these
originals is a standard General Electric
oscillograph, with some adaptations the
availability of this highly developed in-
strument having made it possible for us
to enjoy rapid progress in the development
af a practical technique in telephotography.
Our energies can now be devoted largely to
the main problem, which is the adapeation
of the radio art to this new use, and par-
ticularly to devise ways of dealing with
our old enemies—static and fading—when
we wish to transmit pictures over long
distances.

Static and Fading

The radio art has, up to the present, de-
veloped two distinct methods of signal-
ling: by modulation and by interruption,
The first is usually associated with broad-
casting and the second with telegraphy.
Both of these methods of signalling may
be adapted to radio photography, and each
will have its distinct field. The effective
range of a broadcast station is very much
shorter than that of a telegraph station of
the same power; but within this range it
pgives a service of excellent guality. The
accompanying samples of pictures were
made with a modulation-frequency of 3000
cycles, which can easily be transmitted by
the ordinary broadcast stations. It is
therefore possible that a picture service
may be given by these stations, which' will
be of the same standard of quality as their
musical entertainments.

Freedom from disturbances is insured by
having a large number of stations inter-
linked by a wire system, so that a good
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selection of entertainment is available in
all parts of the country. This method of
dealing with static and fading may be
characterized as “brute force”; but after
all it is this mode of operation that has
developed radio into the great industry
that it is now. This whole broadcasting
machinery is now available, should the
public become interested in radio photog-
raphy for entertainment or otherwise

For long-distance communication we
have, fortunately, another method of using
the radio wave, which is much more
sensitive and cconomical. The most strik-
ing illustrations of this are the feats of
amateur operations in communicating
with their friends on the other side of the
earth with small home-made sets adjusted
to short wave-lengths. So far this method
of signalling has been limited to dots and
dashes; but ahcad of us are the possibili-
ties of using this wonderiul medium of
communication to transmit pictures, fac-
similes of letters or printed pages and
moving picture films. These fascinating
possibilities have induced so many inves-
tigators to work on this problem.

In our research work on the develop-
ment of radio photography and television,
we have looked upon the adaptation of
the telegraphic method of communication
to picturc transmission as one of the es-
sential problems. A system has been
worked out for transmitting half-tone pic-
tures in a way which takes advantage of
the more efficient methods used in radio-
telegraphy. The underlying principle
which makes this possible is the use of a
system of signalling in which the results
are independent of the signal strength.
Thus, if the signal is strong enough to be
recorded at all, it gives the same kind of
records at the maximum as at the mini-
mum signal intensity. This makes the
recording independent of fading. If fur-
thermore, the signals are stronger than
the prevailing statie, it is possible to
eliminate the effects of static by introduc-
ing a threshold wvalue of signal strength
in the receiver, so that nothing is received
unless the signal exceeds this value.

The Multi-shade Process

“Half-tone” effects are produced by di-
viding up the picture into five or more
separate shades such as white, light gray,
medium gray, dark gray and black. The
transmitting and receiving machines
analyze and reassemble these shades auto-
matically, Various methods may be
worked out for translating light intensi-
ties into radio signals, One method would

be to use five wavelengths, one for each
shade. The pictures that are shown
have, however, been made by a process
utilizing a single wavelength.

The transmitting machine is made in
such a way that it automatically, at every
moment, selects the shade that comes near-
est to one of the five shades, and sends out
a telegraphic signal which selects the cor-
responding shade in the recciving machine.
This sounds more complicated than it
really is, because the telegraphic code by
which different shades are selected depends
upon the synchronization of the two ma-
chines, which is necessary under all cir-
cumstances, Thus black in the picture is
produced by exposure of the sensitive
paper to -the recording light spot during
four successive revolutions; whereas light
gray is produced by a single exposure dur-
ing one of the four revolutions and no ex-
posure for the three succeeding revolutions.
The overlapping cxposure is progressive
and the thing is a continuous process.

When we embark on such an ambitious
program as television, it behooves us to
reason out, so far as it is possible, whether
the results we expect to get are going to
be worth while, even if our most sanguine
hopes are fulfilled. We have before us a
struggle with imperfections of our
technique, with problems which are dif-
ficult, but which may be solved. In every
branch of engineering there are, however,
limitations .which are not within our con-
trol.  There is the question whether the
medivm with which we are dealing is
capable of functioning in accordance with
our cxpectations and desires.

We are dealing with the photoelectric

rcell, the amplifier, the antenna and the

radio wave, The photoelectric cell and the
amplifier employ the medium of electron,
which is exeremely fast; but the use of
the radio wave itself imposes certain speed
limitations on account of the limited scale
of available wavelengths. The question
thercfore remains: what quality oif repro-
duction may we ultimately expect in a
television system if we succeed in taking
full advantage of the ultimate working
speed of the radio wave? An experimen-
tal study of the problem and the conclu-
sions may be illustrated by the compari-
son of some pictures made at different
speeds.

These three pictures shown in Fig. 73,
were made with the selective-shade pro-
cess, under conditions which reproduce the
characteristics of one of our long-wave
transatlantic transmitting stations with a
wavelength of 12000 meters, or a wave-
frequency of 25000 cycles. The picture at
the left is the result we get if the time of
transmission is two minutes. For the mid-
dle picture the transmission time is four
minutes and for the picture to the right
eight minutes. Everything else in the
three cases is identical, Relatively, these
pictures represent the effect of the slug-
gishness of the tuned antenna upon the
sh_arpnes§ in the reproductions. The two-
minute picture is not as sharp as the eight-
minute picture. With this particular sub-
jeet we may be satisfied with a two-min-
ute picturc; but with other subjccts con-
taining more details it would pay to use
cight-minute transmission time.

ITowever, if we wish to draw conclusions
regarding the practicability of television,
we may say that if we are speaking with
a friend across the ocean and if we can
see his features as clearly as we do in this
two-minute picture, we will be satisfied,
and probably quite pleased. This picture
has bee_n produced, as accurately as we can
determine by laboratory equivalents, with
a wave of 25,000-cycle frequency,

Now (if we Tet our imagination loose)
we will use a wavelength of twelve meters
instead of 12,000 meters, and a frequency



of 25 million cycles instead of 25,000 cycles.
Ii the photoelectric cell and the amplifier
and the light control can keep up with this
pace, the radio wave will do its part and
transmit a picture, such as scen here, in
1/1000th part of two minutes; 1. e., in one-
eighth of a sccond. We are thus able 1o
predict that it will be possible to transmit
a good picture in a space of time which is
of the order of magnitude of the time re-
yuired for moving picture opcrations, the
cxzéct figure being one-sixteenth of a sec-
ond,

Alexanderson’s Television Projector

But Bernard Shaw's specification has
one more requirement, He wants the
television picture shown, lif¢c-size, on a
large screen. In this lics onc of the fun-
damental difficulties. ;

Fig. 78 shows a model of a television pro-
jector, consisting of a soutrce of light, a
lens and a drum carrying a number of
mirrors. When the drum is stationary,
a spot of light is focused on the screen.
This spot of light is the brush that paints
the picture. When the drum revolves, the
spot of light passes across the screen.
Then, as a new mirror, wkich is set at a
slightly different angle, comes into line,
the light spot passes over the screen again,
on a track adjacent to the first; and so on
until the whole screen is covered. TIf we
expect to paint a light-picture of fair
quality, the least that we can be satisfied
with is ten thousand separale strokes of
the brush. This may mean that the spot of
light should pass over the screen in one
hundred parallel paths, and that it should
be capable of making one hundred separate
impressions of light and darkness in each
path. Tf we now repeat this process of
painting the picture, over and over again,
sixteen times in a second, it means that
we require 160,000 independent strokes of
the brush of light in one second. To work
at such a speed seems at first inconceiv-
able; moreover, a good picture requires
really an elemental basis of more than 100
lines. " This brings the speed required up
to somcthing like 300,000 picture-units
(dots) per second.

Besides having the theoretical possi-
bility of emplaying waves capable of high-
speed signalling, we must have a light of
such brilliancy that it will illuminate the
screen effectively, although it stays in one
spot only 1/300,000 of a second. This was
one of the scrious difficulties; because,
even if we take the mast brilliant arc-
light we know of, and no matter how we
design the optical system, we cannot figure
out sufficient brilliancy to illuminate a
large screen with a single spot of light
The model television projector was huilt in
order to allow us to study the problem
and to demonstrate the practicability of a
new system, which promises to zive a solu-
tion of this difficulty.

Briefly, the result of this study is that,
if we employ seven spots of light instead of
one, we will get 49 times as much useful il-
Iomination. Offhand, it is not so easy fo
see why we gain in light by the square of
the number of light-spots used, but this can
be explained with reference to the model,
The drum has twenty-four mirrors and, in
one revolution of the drum, one light-spot
passes over the screen twenty-four times:
and when we use seven sources of light and
seven light-spots we have a total of 170
light-spot passages over the sereen during
one revolution of the drum.

Advantage of Multiple Light-Rays

The gain in using seven beams of light
in multiple is twofold. Im the first place,
we get the direct increase of illumination of
7 to 1; but we have the further advantage
that the speed, at which each light heam
must travel on the screen, has been reduced
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Fig. 78. Dr. Alexanderson in his laboratory indicating the seven l'z k!-spcts,“;l?dch are used in the
on

method proposed by him for television.

In the forcground is the

ich are mounted the

mirrors, with the motor for rotating it. A system of lenses may be sesn, together with an arc light.

at a rate of approximately 7 to 1, because
each light-spot has only 24 tracks to cover
instead of 170. While the light itself may
travel at any conceivable speed, there are
limitations of the speed at which we can
operate a mirror-drum or any other optical
device; and the drum with 24 mirrors has
already been designed for the maximum
permissible speed. A higher speed of the
light spot can therefore be attained only
by making the mirrors correspondingly
smaller, and mitrors one-seyventh as large
will reflect only one-seventh as much light.
The brilliancy of the light-spot would
therefore be only one-seventh of what we
realize by the multiple beam system, which
gives seven light-spots seven times as
bright, or 49 times as much total light.

There is another advantage in the use of
the multiple light-beam; each light-beam
needs to move only one-seventh as fast and
therefore needs to give only 43,000 instead
of 300,000 independent impressions per sec-
ond. A modulation speed of 43,000 per sec-
ond is high with our present radio practice;
but yet it is within reason, being only ten
times as high as the speed we use in broad-
casting.

The significance of the use of multiple
light heams may be explained from znother
point of view.

It is easy enough to design a television

system with something like 40,000 picture
units per second, but the images so ob-
tained would be so crude that they would
have very little practical value. Qur work
on radio photography has shown us that an
operating speed of 300,000 picture units per
second will be needed to give pleasing re-
sults in television. This speeding up of
the process is, unfortunately, oné of those
cases in which the difficulties increase by
the square of the speed. At the root of this
difficulty is the fact that we have to depend
upon moving mechanical parts.

If we knew of any way of sweeping a

ray of light back and forth without the use
of mechanical motion, the answer might be
different. Perhaps some such way will be
discovered, but we are not willing to wait
for a discovery that may never come. A
cathode ray can be deflected by purcly elec-
tromagnetic means, and the use of the ca-
thode-ray oscillograph for television has
been suggested.  Ii, however, we confine
our attention to the problem as first stated,
of projecting a piclure on a fair-sized
screen, we know of mo way except by the
use of mechanical motion. If we also in-
sist upon a good image, we find that we
must speed up the process seven times and,
in doing so, we must reduce the dimensions
so that we will have only one-forty-ninth
as much light,

Sevenfold Television Apparatus

Our solution to this difficulty is, not to
attempt to speed up the mechanical process,
but to paint seven crude pictures simul:an-
eously on the screen and interlace them op-
tically so that the combination effect is that
of a good picture.

Tests have been made with this maodel
television projector. to demonstrate the
methad of covering the screen with seven
beamns of light working simultaneously in
parallel. The seven spots of light mzav he
seen on the screen as a cluster. When the
drum is revolved these light-spots trace
seven lines on the screen simultaneously,
and then pass over another adjacent track
of seyen lines until the whole screen is cov-
ered. A comglete television system re-
quires an independent control of the seven
light-spots. For this purpose, seven photo-
electric cells are located in a cluster at the
transmitting machine and control a multi-
?lex radio system with seven channels, A
Hammond multiplex svstem may be =used
with seven intermediate carricr waves,
which are “scrambled” and sent out by a
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Fig. 79. Exterior view of the Dauvillier television
transmission apparatus and the inventor at its side.

single transmitter, and then unscrambled
at the receiving statien so that each con-
trols one of the seven light beams.

Seven television carrier waves may be
spaced 100 kilocycles apart, and a complete
television wave band should be 700 kilo-
cycles wide. Such a radio channel might
occupy the waves between 20 and 21 meters.
Ii such use of this wave band will enable
us to see across the ocean, I think all will
agree that this space in the cther is as-
signed for a good and worthy purpose.

How long it will take to attain this end T
do not venture to say. Our work has, how-
ever, already proven that the expectation
of television is not unreasonable and that
it may be accomplished with means *hat
are in our possession at the present day.

The Dauvillier System

We are going to speak now oi the appa-
ratus of Dauvillier, a young scientist, chief
of the physical research laboratory for
X-rays, founded by M. de Broglie, and de-
scnbed by Lucien Fournier in the March,
1927, issue of Science amd Invention. To
cxplorc the image. M. Dauvillicr utilizes
two tuning forks kept in vibration by elec-
tricity, and producing induced currents.
Onic of the tuning forks vibrates eight hun-
dred times a second, and the other ten times
a sccond. The mducm_d currents are syn-
chronic, which are conducted by wires to
electrostatic fields in the cathodic oscillo-
graph receiver which is a Braun tube. The
author of these investigations proposes a
direct solution of the problem of television.
He tries to have two correspondents in tele-
phonic communication sec each other mu-
tually, and this is why he calls the appa-
ratus the tclephot.

The image given by the objective strikes
the mirror carried by onc of the legs of the
tuning fork of eight hundred vibrations per
second. It is supported horizontally and

A, the two legs of the electric tuning fork
of 10 cyc]es-B mirror; C, screen; D, governing
rheostat; E, th e electric’ tunmg fork of 300 cycles;
F, photo-electric tube.
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the mirror is moved from right to lcft, and
back again at the rate of eight hund'rt‘d
nmes per second. The i image is transmitted
in “horizontal vibrations” to a second mir-
ror on the other tuning fork of 10-cycle
periodicily. This is so arranged that the
Iegs vibrate up and down. The image re-
flected by the two mirrors then has a rapid
horizontal movement and a much slower
vertical movement, as it is received om an
opague screen pierced by a hole. Each of
the points which constitute it will pass
through this hole and will pass in succes-
sion one after the other. Thus the image
will be ecompletely explored or traced.

As our diagram shows the pomt of light
passing through the screen as it falls apon
a photo-electric cell, familiar to all our
readers, and the currents issuing irom the
photo-electric cell and produced by the ray
of light are directed to the receiving sta-
tion wnh the intermediation of an ampli-
fier and fwo conducting wires. We said at
the beginning that Lhe electric tuning fork
produced induced currents which became
synchronized currents.

Fig. 81.
ten cycles; B, mirror; C, permanent mametic cir-
cuit; D, l’rum(‘. E, receiving coil of the tuning fork
connected to the triode tubes; F, legs of the tun-

A, coil producing alternating current of

ing fork (oscillating armature of the alternator),

These are produced in the coils shown
in our diagram respectively of 800 cycles
and of ten cycles, and after amplification
reach the receiving station by three wires.
The Dauvillier system includes then really
five line wires.

The receiving station includes a Bramm
photo-electric tube which operates as fol-
lows,  The current modulated by the lumi-
noms intensity varying for each point of
the image passing through the hole in the
diaphragm, is received by the grid-hilament
circuit of the Braun cathodic ascillograph.

It modifies the cathodic emission in exact
correspondence  with  the  variations of
luminous intensity received hy the frans-
mitting vacuum tube. This js the first
point to be noted. As regards the syn-
chronic currents, they act upon the osciilo-
graph by two electrostatic ficlds (sce the
Fig. 84), which are simply due to two con-
densers  placed at right angles to each

Fig. 82z Rct:ﬁwng apparatus Al ﬂuorescent

screen; B. tube for

in the ascillograph; C, concentfnhng ouﬂ D, ca-

thodic oscillograph; E, platc batteries, 308 volts;
F, potentiometer box,

other. These condensers periorm the same
functions as the coils of the Heolweck os-
cillograph in the Belin apparatus.

By their action the synchronic currents
act upon the cathodic beam causing it to
vibrate exactly in the same conditions as
due to the image to be transmitted after its
reflection on the two mirrors of the elec-
tric tuning forks.

The cathodic beam now has to cover all
of the fluorescent screen in its path deter-
mined by the Braun tube and then the
image will appear. It will be seen that the
Dauvillier system is very simple. There is
no other mechanical part than the two elec-
tric tuning forks, which is a considerable
advantage. The inventor has told us that
he hopes very soon to solve the problem of
television by using new special amplifying

ubes.

The same members of the British Royal
Institute who saw, in 1926, the first demon-
stration of television of human faces
were recently allowed an opportunity to
judge improvements in the process made
in the course of twelve months by the in-
veuior, J. L. Baird,

Mr. Bazird proved a year ago that it was
possible Lo combine sight and sound, but
faces transmitted were under a hght of
such intense brilliance as to cause great
discomfort to their possessors. Mr. Baird
at the new demonstration showed that he
could transmit faces of human beings sit-
ting in a room of inky blackness to a screen
fixed in another room in which the watch-
ers were in total darkness.

Tlle lll\.’Ln‘lDl' accomplishes this seeming
miracle by using invisible infra-red rays.
Such rays will pierce fog. By means of
them it will be possible for a General i
future wars to see every movement, even
in the darkness, enemy troops, and an air-
planc can be watched without the aviator
realizing that his presence is detected. In
a fog at sea g beam of invisible light sweep-
ing the water in front of a vessel will pick
up any object ahead of it, such as another
vessel or land.

Fig. 83.
vacuum fube wu.
cathode beam oscillated or controlie l:y the elec-
. tro-static fields.

Close-up view of the Dnuvl“:ll!r _special

to reproduce



At Last Practical Television

And then—the first really practical tele-
vision machine was demonstrated. To
those who may pick up this book in the fu-
ture we would say that the present day
mechanism is not the ultimate television
-nachine, Many changes will be wrought
and much simplificaiion will be effected.
On this point we would like to quote Mr.

Hugo Gernsback, from an editerial in the
June, 1927, issue of Radio News. He
writes :

With the official recognition of Televi-
sion by the Radio Commission, as well as
the actual successful demonstration early
in April by the American Telegraph and
Telephone Co., it may be said that tele-
vision has finally arrived. The Commis-
sion, in setting apart the wavchand of 150
to 200 meters for television, and particu-
larly- television for experimental purposes,
recognized that one of the greatest, long-
awaited and predicted inventions of
modern times has at last come to the
front,

It is interesting to note, in passing, that
Radio News' sister magazine, Science and
Invention (then called The Llecirical
Ir,‘rumcnm), was the first to use the
term  “Television,” in many articles on
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But, if, for instance, you are not dressed
or otherwise do not make a presentable
appearance, a button located in the tele-
phone stand which starts transmission may
be left unpressed; in which case you will
he able to see vour friend, but he may not
see you.

Television, as far as radio is concerned,
will extend ihe present benefits of radxo
tremendously. It is recogmzed by every
one that, inasmuch as radio is “blind,” an
entirely new world will be opened to the
radio listener if he can see as well as
hear. It will then be possible not only to
hear the President of the United States,
when he speaks, but to see him as well.
And the same thing will be true of Lopez
and his orchestra, as well as of all the
performers when grand opera is broadeast
direct irom the stage.

The racc for television has been on for
twenty-five years, but it may be said that
television became practical only during the
past few vears, since the invention of a
light-scensitive photo-clectric tube. Here-
tofore it was necessary to use selenium as
a light-sensitive instrumentality, which
translated the light impulses into electrical
ones. It was found that selenium is too
slow because of its inertia, and television
apparatus constructed with selenium cells
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and step-down transiormers, where they
will be used for the regular television re-
ception methods.

And continuing along the same line of
thought, Mr. Gernshack has this to say in
the corresponding issue of Science and In-

wention in an cditorial entitled “After
Television—What:® While not dealing
exclusively with tlie subject of television,
we are sure that our r(.ukrs will agree
with us, when we say “The thought ex-
pressed therein were well worth the time
and effort expended.” Perhaps some of us
will be interested in other “Tele” phe-
nomena. If so the outline here given
might deter the inventor and set his
thoughts along the right road.

Teleyision, which has been in the mak-
ing for the last twenty-five years, and the
perfecting of which has been 1reely pre-
dicted in many technical articles by many
writers, as well as by myself, is now a
reality. No longer need we look into the
future for it. Although not perfected so
that it can be attached to every telephonc
or to every radio sct, television is, today,
in a state comparable to that of radio
when its principles were first laid down by
Heinrich Hertz, in 1888, and to that of
Bell's crude telephone, in 1876. It will
take a few vears to develop the lelevision
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currents; F, 800 cycle tuning fork; G,

le tuning fork; K, exci current; L, hole dete:
cycle tuning m‘a] Q,'gnd

ment; P, :ancmlrahng

this subject which it has heen publishing
for some fifteen years.

I have said many times before, that
there exists some confusion in the public
mind because there has appeared in the
press  the unfortunate term  of “radio
movies,” which is a totally different thing
from television, The “radio movie" is to
television what the phonograph record is
to the telephone. The telephone transmits
and receives a conversation while it is
being hdd the phonograph records the
conversation or the mnsic, and it is then
laid aside until it can be repmdmcd at a
later date. Radio movies are ir this class,
in that an event is filmed or otherwise
recorded and then transmitted at a dis-
tance by wire or by radio. [ hold the
opinion, however, that most Iikely radio
movies will not be very popular in the
future when once we have television—
which indeed we already have,

When the term “television™ is used now-
adays, it means television coupled with
radio, although there is, of course, no
necessity for such a view; because if you
have television by radio you ecan have
television by wire, and wice wersa. If
television apparatus is perfected to such
a degree that it becomes a commercially
practical instrument, the telephcne com-
panies will not hesitate to make an at-
tachment that can be used on yeur desk or
home telephone. Tn that case you \u[! he
able to converse with vour friend and sce
im at the same time, it this is desirable.

G, exciting curreni; H, ul‘lﬂlo-electnc cell, I, c

point of the image

gave no practical results. The photo-
clectric cells, of which there are now a
number of excellent types, have no inertia
or lag, and work practically with the same
speed as the varations of light,

The race for television is at the present
at its maximum of effort. All the big tech-
nical research organizations, the world
over, are frantically working on the prob-
lem, and il may be said that the organi-
zation or inventor who solves the problem
in the most practical way will have an in-
vention that will far cutrank radio as we
lnow it today. Even as late as five years
ago it was thouzht that a television at-
tachment would probably be a most cum-
hersome apparatus. We no longer think
so today, and 1 am qnite certain, ‘for one,
that the final television apparatus on your
radio set will take up no more room than
your present cone spealker.

And while T am delighted with the de-
cision of the Radio Commission to set
aside a special band for television experi-
ments, aciual television as '‘applied to
radio, wwill not nead an exira waveband. The
reason for this iz very simple, in that the
television impulses can he sent ont hy the
present broadcast ftransmitters without
any trouble, They will be sent out on ex-
actly the same -wave at a frequency (of
modulating vibrations) so high that the
human ear can no longer hear the result.
The process will be then reversed at the
receiver, where the inaudible signals will
be fed ﬂxrough a sysiem of intcrmcdiate

Diagram of the Dau\ﬂller apparatus: A, object; B, objective; C, amplifier; D, mirror; E, coil generating synchronic

eneraﬁnv s}nchronous currents; J, 10

rmining
R, plate; S, condensers producing elncho!!nhc ficlds; T, fluorescent

optical screen; N, amplifier; O, fila-
screen.

apparatus out of the Iaboratory siage, and
much work as yct remains to be done.
This is always the case when bringing the
laboratory product to the final and prac-
tical everyvday use with any instrument or
technical appliance. It may take two years
and even five years before every telephone
and cvery radio set is finally cquipped
with its television attachment, but you
may rest assured that this generation will
soon personally witness the appearance of
this stage of the art. There can be no
([uuht about it. - But, and we may ask this

question soberly,—"After telévision, what
next
It is now possible to hear and see 2 per-

s0n over a \vire line, or over the radio.
We have, therefore, made it possible to
traisport lwo senses, so to speak, to a dis-
tance, the two senses being sight and hear-
ing.

[+ these days of wonder and achieve-
ment, we should ask ourselves the ques-
tian, “What other of our senses i3 it pos-
sible to transport to a distance, and, from
our - present-day . knowledge of science, is
IT“[‘I’TS:I"J]E to tramsport any of them at
a

The remaining senses are smell, taste
and touch. Now, then, of course nothing
can be said to Dbe impossible, although
some things are highly improbable. Thus,
the next of the senses on the list heing
smell, is it possible to smell at a distance?
T might say that this is not impossible,
although highly improbable. From a tech-
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Fig. 85. The electromagnetic rays of the ‘‘visible spectrum,” one billionth as long as those used in
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her end, no sensation of sight is caused.
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electric cells register the impact of both ultra-violet and infra-red rays. The latter are used for
“lighting' at the receiver of the Baird Televisor; and at the transmitter are reproduced as visible
light, giving a normal effect.

nical standpoint, it may be guite possible
to build an instrument highly sensitive to
odors, which instrument would be able to
dxstmgu:sh bet\\'een the most sublle varia-
tions of various simells or odors. The next
step would then be (o amplily these, which
presumably counld be done by means of
vacuum tube amplifiers, After that, trans-
mission could be ¢ffected electrically by
many ways now known.

At the receiving side the impulses would
be stepped up and some means would have
to be provided ta unscramhle the odors.
We can imagine, for instance, 5000 small
tanks at the receiving end, each of which
would releasc. upon a contact being made,
an amount of odor depending upon how
much was wanted, as indicated by the im-
pressed signal. Thus it would be possible
-to recreate at the receiving end, odors or
smells  similar to those sent out from
the transmitter, A1l perfectly possible,
but, and here comes the big question mark,
why would any one want to do it? It
would cost a million dollars or more to

build such an apparatus. and to what
good? So thal is why T said, "Not impos-
sible, bist highly improbable.”

The next sense to be transmitted would
be touch, Again T sav, 'Not impossible,
but somewhat nnprnhable It should be
a simple thing to construct an electrical
apparatus operated at a dn!anu to trans-
port the sense nI tonc in some wavs.
Ifor instance, it is possible; today, to build
an apparatus that, by means of “television,
would enhable mechanical fingers 1o open
the combination of a safe. Yon would
watch by television a techanical hand, of
which you would operare a duplicate at
the sending e¢nd, and vou could thus cpen
or close the combination of the safe with-
out much trouble. This is not impossille,

nor is it improbable, but, as with-the trans-
pertation of the sense of smell, there would
not be many uses for such a device,

We have with us today the science of
telemechanics, which means, operating
cither by wire or by radio an apparatus at
a distance. Some years ago, before tele-
vision was invented, I described the radio-
controlled  television  plane, which  will
make it possible, in a not-far-distant
future, to operate an airplane without a
human being on board. and which, being
provided with television apparatus, will
enable a distant operator to see and guide
the plane over enemy territory and drop
bombs at any desired instant, although no
one be on board the alrp]ane We may
call this “touch at a distance” and, in fact,
it 1s just that. This is not only quite pos-
sible, but will be done in the next few
years.

But, when it comes, for instance, to
actually feeling the texture of a piece of
cloth, at a distance of a thousand miles,
this wonld seem highly improbable, at least
for practical purposes.

The remaining sense, namely, taste, may

be classed with the transportation of the
sense of smell. It i3 not impossible, bnt
highly improbable. A machine can be in-
vented whereby, just like the one explained
under odors, certain impression arc made
upon certain media, when certain foods or
liquids are placed npon it, The tongue

by dissolving certain of the ingredients 04
the foods or liguids, gives the sensation of
taste. The counterpart of an eclectrical
tongue would present no insurmountable
difficulties Lo a clever physicist, and it is
possible to transmit such impressions, in
the form of electrical impulses, to a dis-
tance. Here, at the receiving apparatus
the impulscs could release irom tanks or
some such other apparatus liguids to simu-
late the transmitted taste impnlses. This
is mot impossible, bLI the whole thing
wonld be the height of foolishness, becausc
no one would want to do it, as the expense
would be entirely too hlzh

It might be \ka for a New York
merchant in this way to taste the quality
of Chinese tea 6 000 mlhs irom New York,
bul why would he wish to do it after all?
Andd u‘rtunlv, i1 he had to pay the cost of
doing it, he probably would think twice be-
fore attempung it. Coming back to tele-
vision, what applzcalmn this interesting in-
vention will taks in the future can only
be dimly guessed at, There was a timo
when we were talking first about radin
telephony, when it was conceded by prac-
tically all of us who had 2 hand in the
chapmf' of ns destinies, that the logical
thing would be talking by radio to our
friends, Thus in the first book ever writ-
ten on the subject: “The Wircless Tele-
phone,” published by mec in 1908, before
thers was a R.ulm‘vhphone I could sce
only one use for the coming m\entuon and
that was a parallel to the wire tclephone,
I did not dream of broadeasting, nor did
any one clse.

The same may be said of television,
Right now we are glibly talking about
television attachments on our telephones,
and radio sets, We¢ may he all wrong,
and the new art of television may turn
mto entirely different directions, nndreamt
of today. Scicnce has the habit of doing
the unforscen, and often throws our best
?ml most logical predictions on the scrap
cap.

Baird’s Devclopments

At a demonstration of John L. Baird’s
system in 1926, tremendously powerful
lights were necessary to illuminate the
sitter whose image was to be transmitted
to distant points. So poweriul were these
lights, in fact, that the “victim” was well-
nigh blinded and burned by their intensity.

Obviously, the first necessity was to in-
crease lhr sensitivity of the light-sensi-
tive cell in order that the intensity of the
Tight required might be decreased. Within
a few months this was successfully accom-
plished so that the lighting requ:rcd was
no more brilliant than that used in a photo-
graphic studio.

Not entirely satisfied with these results,
hm\chr Baird began experimenting o
see if he could not make use of invisible
rays, and these experiments led to most

.
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important results, says A. Dinsdale in
an article in June, 1927, issue of Radio
News. In order to understand clearly ex-
actly what has been done, let us consider
briefly the spectrum. X

Beneath the range of the shortest wire-
less waves are other wavelengths extend-
ing in length down to infinitesimally small
iractions of an inch. The frcquency of
these waves is enormously high, and the
entire range of known frequencics, irom
the lowest to the highest, is known as the
spectrum.

An illustration of these appears at the
left, showing the wavelengths to which we
assign colors, and the range of normal
sight,

The composition of the spectrum may be
outlined as follows: Starting at the high-
est known frequencies, the spectrum is
divided up into sections in which fall first
the gamma rays given off hy radium,
X-rays, ultra-violet rays, the visible spec-
trum  (light), infra-red rays, and finally,
radio waves. (A description of its ex-
ploration will be found on page 218 of the
September issue of Radio News, previously
mentioned.) : 5

The most familiar of these sections is
the visible spectrum, which contains_ the
colors extending from violet to red. Tt is
more familiar to us because it is the only
hand of irequencies within the entire spec-
trum to which the unaided human scnses
are capable of responding. To detect the
other frequencies special instruments are
neeessary; such as, for example, a radio
receiver, when it is desired to detect radio
waves.

Light-sensitive cells, such as are used in
a television transmitter, are capable of
responding to not only visible light, but
also a narrow range of frequencies beyond
the upper and lower limits of the visible
spectrum; and it is this fact which has
made possible one of the latest develop-
ments in television.

In his first attempt to make use of in-
visible rays, Baird used ultra-violet rays;
hut these proved to be far more dangerous,
for they had a bad effect upon the eyes of
sitters.

Turning to the other end of the wisible
spectrum, Baird next tried infra-red rays,
and immediately discovered that his light-
sensitive cell was capable of responding
equally well to these rays, whick arc in-
visible to the human eve.

Seeing in Total Darkness!

Within a short space of time the in-
ventor was able to dispcense entirely with
visible light, with the very startling result
that it was possible to see in dolal dark-
ness!

This is, perhaps the most spectacular de-
velopment of all in connection with tele-
vision, and it has an uncanny and impres-
sive effect upon visitors to a demaonstira-
tion; as I discovered for mvself recently
when I was privileged to witness a demon-
stration of “secing by dark light”

First of all, T was shown inte the trans-
mitting studio, the windows and doors of
which were heavily draped to exclude all
daylight. The place was in complate dark-
ness. Even after having become accus-
tomed to the stygian gloom it was literally
impossible to see my hand in front of my
face; and yet those watching the receiving
screen were able to see me put my hand
up 11 an effort io see it!

Leaving a iriend of mine there [ wended
my way down stairs to the receiving
theatre. where I conversed with my friend
over the telephone and simuliancously
watched his face on ihe televiser screen.
He assured me that he was still in tolal
darkness, and yet there was his image on
the screen before me, an image which, in-
cidentally, showed considerable improve-
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ment over that which T first saw over a
vear ago!

Thus have the Powers of Darkness been
dispelled—those mythical powers which,
right down through the ages of Man's his-
tory, have struck terror into the hearts of
the ignorant and the superstitious.

Fig. 87. Mr. Baird demonstrating his
Phonoscape, a machine for preserving
radio pictures by rnadans of phonograph
records.

It is difficult to estimate the full extent
of the importance of this achievement in
warfare, for it renders it possiblec to fol-
low the movements of the enemy when he

believes himseli to- he sader-the cover of

darkness.

Attacking aircrait, approaching under
cover of the night, will be disclosed to the
defending headquarters by the electric eye
of a television apparatus. They will be
followed by searchlights emilting not vis-
ible light but infra-red rays, and as these
rays will be invisible to them they will
continue to approach until, without warn-
ing, they are brought down by the guns of
the defense.

Darkness, the great cloak for military
operations, will no longer give security.
The attacking party, creeping forward for
a surprise attack on a pitch-black night,
will be swept Dby an invisible searchlight
and watched on the television receiving
screen of the defenders. They will be per-
mitted to come well within range and then
find themselves, in spite of the apparent
protection of darkness and the absence of
visible searchlights, overwhelmed and
decimated by well-directed punfire,

It is to be hoped, however, that other
uses may be found in peace time for this
latest development oi television. The fact
that infra-red rays possess great fog-pene-
trating powers opens up possibilities in
connection with the navigation of ships
during foggy weather.

Seeing Through Fog
To understand the possibilities in this
direction it is only necessary to consider
the behavior of ordinary visible light duor-

ing fopgy weather. The most intensc
white lights, it will be noticed, show
through fox as a dull red color. The

thicker the fog the duller the red which
shines through.

his phenomenon is not due fo any
change in the characteristics of the origi-
nal source of light. The fact is that any
given light-source emits not one single
color of light, but several, which combine
to give the cffect of a single color. By
means of filters which will allow only cer-
tain component colors to pass, all other
colors can be eliminated. Fog acts as a
filter which will pass only red light.

The penetrating power of lizht varies
as the fourth power of the wavelength! so
that red light penctirates some 16 times
more effectively than blue light, and infra-
red light 200 to 300 times.

Red light has already come widely into

use in aerodromes and for other purposes
where fog-penetrating properties are of
portance. This new application of tele-
vision renders possible the use of infra-
red rays with their still greater powers.

They will net, of course, be visible to the
naked eve, even through fog. It will be
necessary at the receiving end (e, g., a ship
at sca) 1o make use of a tclevision ap-
paratus in order to actually see through
fog.

In order to genecrate infra-red rays any
form of lamp may be used which will pro-
vide the necessary intensity of illumina-
tion, although certain types of lamps are
richer in infra-red rays than others. Hav-
ing selected 2 suitable light-source all that
is required to obtain infra-red rays from
it is a filter which will cut off all the ire-
guencies but those belonging to the invis-
ible rays, Sevcral substances may he used
as filters, such as, for example, hard rubber.

Thus, in order to transform an ordinary
searchlight (which is already very rich in
infra-red rays) into an infra-red ray
searchlight, it is necessary only to cover
the front of il with a suitable filter sub-
stance,

The inira-red rays are used by Baird in
exactly the same way as ordinary visible
light. That is to say, the rays are dirccted
upon the sitter, and the “dark Iight” rc-
flected from his face is passed on to the
television transmitrer.

Improvements in Image-Exploring
Mechanism

Since his apparatus was last described in
these pages, Baird has made some fmprove-
ments in his image-exploring mechanism.
He has discarded his rotating disc of
lenses, retaining only the two rotating
slotted dises, To understand his reasons
for doing this, Tet us consider briefly the
rotating lens disc and its function in the
apparatus,

The lens. disc, it may be remembered,
consisted of a large disc upon which were
mannted 16 lenses, in two proups of 8.
cach lens in each group teing sct a little
nearer the center of the disc, or stagzered.
As the disc revolved each lens took a
small portion, or narrow strip of the image
and swept it across the light-sensitive cell,
so that the entire image was so swent
across once for every revolution.

The image was thus divided into 16 ver-
tical strips, They were further sub-
divided into minuie horizantal portions. or
flashes, by the twa other rotating discs,
and each flash was, in turn, thrown upon
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Fiz. 88, Mr. Baird seated before his television trunsmitter. The
three black-faced hoxes are the sources of the infra-red rays.

the light-sensitive cell and signalled to the
distant receiver,

From the foregoing it will be obvious
ihat the fineness of the “grain” ol the
image as seén on the televisor screen was
limited to sixteen vertical strips, or lines,
This is all right for a small reproduced
image; but when it is desired to enlarge
the size of the televisor screen it hecomes
necessary to retain the fineness of grain
during the magnification process. Sixteen
image strips are scarcely discermible as
<nch, on a screen only ahout six inches
sipnare: but on a screen six feet square the
effect can well be imagined.

The obvious solution to the problem
seems to lie in an increase in the number
of lenses mounted upon the rotating lens-
dise, but when an attempt was made to do
this, mechanical difficulties were imme-
diately enconntered. In the first place, in
order to accommodate the desired number
of lenses, the diameter of the disc had to
he increased to such an extent that it be-
came unwieldy. Secondly, the weight of
the lenses increased the centrifugal force
of the rotating disc to such a great extent
that it burst.

Baird therefore cast abont for some
other means of prajecting an image n
small sections acrass his light sensitive
cell.  Besides lenses, prisms and vibrating
mirrors can he, aml have been used for
this purpose; but they have their own
peculiar disadvantages. Finally the idea
of the pin-hole camera occurred to Baird
one day, and he devised an apparatus
based on this principle,

Projection Tubes a Solution

This apparatus is illustrated in Tig, 86.
It consists of a bleck, or cellular structure.
of tubes of tiny diameter which is arranged
between the sitter and the two rotating
slotted discs. The cellnlar structure can
be seen in the illustration of this block.

Each tube in the block casts an image of
a small part of the scene hefore it, so that
the total effcct of the Dlock is to split ap
the entire image into scorcs of tiny round
sections, or dots, and it only rcmains to
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impress the light values repre-

sented by each individual dot

upon the light-sensitive ccll in
proper sequence.

Baird does this by retaining
two rtevolving discs of his
original system. Oune of these

-discs has a long spiral slot in
it, while the other has a series
of radial slots, These discs re-
volve immediately behind the
cellular structure, as shown in

Fig. 89, in such a manner that

the discs oyerlap, the over-

lapping portions moving past
ecach other in apposile direc-
tions as the discs revolve.

The spirally-slotted dise, C,
revolving comparatively slow-
1y, exposes layer after layer of
the lubes to the light-sensitive
cell, shifting in a vertical di-
rection, The slots in dise D,
which revolves at a high rate
of speed are so arranged, how-
ever, that the light ray of only
one fube at a time is exposed
tu the light-sensitive cell.

Thus, while, say, the lower
layer of tubes is open to the
cell through the spiral slot, the
slots in the disc D swing rap-
idly along the line and Hash
the light of each tube in turn
upon the cell. Then the next
row of tubes is dealt with, and
so on, until the entire image
tias been flashed over the cell.

At the receiving end, appa-
ralns  exactly similar i3 in-
stalled, except that the light-
sensitive cell is replaced by a

source of light which is varied by the in-
coming electrical impulses, which are strong
for high-lights, medium for halitones, and
zero for dark parts of the picture. Imme-
diately in front of the cellular structure,
at the end remortc from the spinning discs,
there is a ground-glass screen, upon which
the picturc appears, a faithful living repro-
duction of the original, complete with even
gradations of light and shade, and show-
ing the movements of the sitter.

Whereas the older method wused by
Baird, employing a spinning disc of lenses
to project the image upon the light-sensi-
tive cell, tended to produce at the receiver
end a picture made up of closely-fitting
narrow strips, the new method gives a pie-
ture made up of tiny dots, like a news-
paper reproduction,

The grain can be made very much finer
by this new method, and the picture en-
larged considerably; hut, cven so, the
nltimate degree of fineness obtuinable
when enlarging the screen, is limited by
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holes in the whirling
over the obj

A lens is also used in front of the disc.

Successive light beams issuing from the
disk at the transmitter sweep
ject; their movement is exagzerated here.

mechanical imperiection. Obviously there
is a limit {o the number and thinness of
the tubes which can be employed, as also
there is a limit to the speed at which discs
can be revolved.

Recognizing this, Baird continued his
research umtil he has now developed what
he calls an “Optical Lever” o replace all
his present  image-exploring  mechamsn.
We are not vet at liberty to describe this
latest development, owing to the patent
situation, but it can be stated that by
means of it any degree of fineness of grain
can be optically obtained, and there is no
mechanical limit to the speed of operation.

Permanent Records of Scenes

_An intcresting phenomenon in connec-
tion with television is that, if the outpui

Fig. 89. The cellular structure of the image-projece
tion tubes used in Baird's tclevision apparatus,

currents of the light-sensitive cell are
listened to in a telephone receiver, they
can be heard as sounds, and every object
or scene has its own peculiar characteristic
sound.

For example, the {ingers of a hand held
in front of the transmitter will give rise
Lo a sound similar to the grating of a very
coarse file, while the human face will cause
a_high-pitched whistle which will vary in
pitch as the head is turned or even when
the features are moved.

For experimental purposes Mr. Baird had
some phonograph rtecords made of the
sotunds made by different persons’ faces,
and by listening carefully to the reproduc-
tions of these records it is possible to dis-
tinguish between one face and another by
the sounds they make! With practice,
faces may cven be recognized by the
sounds produced.

A further interesting point of far-reach-
ing importance is that these records can by
turned back into images. This is done by
replacing the ordinary sound hox hy an
electrical reproducer and causing the out-
put currents from it Lo vary the intensity
of the light source of a televisor. Thus,
we cail now store a living scene in the
form of a phonograph record as well as in
the form of a cinematograph film! Baird
calls this invention a “Phonoscope.”

There is room here for the imaginative
to indulge in speenlation on the scope for
future development along these lines.

There would appear to be no limit to
the remarkable inventive genius of John L.
Baird, and the cnormous possibilitics of
television stir the imagination, conjuring
up visions of marvelous inventions before
which even Sam Weller's magic opera
glasses pale into insignificance.

Modern Practical Television

And so we arrive at last at the close of
this chapter on television. Here is 2 com-
plete informative description of the Bell
Telephone Lab. system of television as
rendered by H. Winfield Secor. the Man-
aping Editor of Science and Invention
Magazine and the co-anthor of this work.
“This description appeared in June, 1927
issue of the aforesaid publication and also
a corresponding article appeared in a sim-
ilar issuc ol Raedio News Magazine, Be-
cause the subject maltter overlaps, the ar-
ticle from Radio News has been given



preference in this work to the one in
Science and I[nvention.

April 7, 1927, will always be a memor-
able day in the znnals of science, for on
that day, beiore a group of invited guests,
the experts of the Bell Telephone Labora-
tories demonstrated in New York the first,
practically perfect reproductions of the
living image of Mr. Herbert Hoover and
other speakers at the W ngton end of
a telephone circuit; and sceondly, similar
images transmitted by radio from Whip-
pany, N, J., thirty miles away.

To make the ad])](\.t more interesting, it
is well to state at the outset that at the
transmitting end of the circuit the image of
the moving object was uprudhcul in two
forms. In the smaller receiving instr
ment the size of the image is about 234x2
inches, and here the likeness was very per-
fect; Mr. Hoover's face appearing in a
photographic reproduction dgam>t a rose-
pink background. This color is duc to the
use of neon gas in the glow-t which is
placed behind a revolving disk in the
small machine, The larger reproduction
apparatus, used to show the built- up image
before the assembled guests, had a screen
approximately 24 inches wide by 36 high.
Here also the general color of the luck-
grmmd was pink, duec to a grid of evacu-
2 ss tubing containing neon gas,
which formed a surface on which the pic-
ture was built up by means of 43,000 light-
flashes sweeping over the screen every
sccond.

How Image Is ’Iransmittcd

Referring to the di (Fig. A, B
and C), we shall first consider how a con-
LL‘IllraICd light-beam frem an arc lamp is
Lauqul 10 SWeep across tllc object, a human
face for example, in 2 series of small spots
and at the rate of 900 light-flashes per sec-
ond. The light from the arc is concen-
trated through a condensing lens upon the
back of the rotating perforatec disk shown
in the figure. There are 50 small holes
drilled through this disk, these being laid
out in a spir it rotates eighteen times
per second, or 1080 revolutions per minute.
As the three stages of the -process (Figs.
90A, B and C) demonstrate, and thanks to
the slit or diaphragm placed Dbehind the
disk, one hole only is permitted to pass a
light beam at a time. Lock at Fig. 90A;
then note that at B the second hole in the
spiral has reached the vertical position
and a small beam of light passes through
and sw €eps across the image in the second
lower position. Look al Fig, 90C. and it
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Fig. 51
Walter S. Gifford, Presi-

At right Mr,

dent of the American

Telephone and Te'egraph
Company, speaking in
front of the small tele-
vision receiving screen.

W e o e oy

Fig. 92. The large 24 by 36-inch glass tuhe sereon

on which the television images was reproduced at

the demonstration in the Bell Telephone Labora-
tories in New York City.

“ig. 93, Photo at left shows
subject at Television trans-
mitter with microphone which
picks up the voice, Behind
the three grille doors are
placed the large phato-elec-
tric cellks, which picle up the
reflected lisht images from
zubject’s face, a= the rapidly
moving pencils of light com-
ing nut of the sguare open-
ing shown_ explore it. The
apparatus in the background
comprises nmp]:ﬁv.‘rs Aan

other devices used in the
transmission.
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hecornes  evident that No. 3 hele has
reached the wvertical position, and the
third pencil of the heam sweeps across the
image in the third position from the top of
the face or other cbject at the transmitter.

This action is repeated, as becomes clear,
50 that when the 50th or innermaost hiole of
the spiral on the disk comes into position
before the dxaphm«-xm a pencil of light
passes through, sweeping the bottom of the
nmage,  This is clear on inspection of
Tig. 95, A second lens is used in iront of
the disc.

It is well known that the motion picture
of today is possible o.lly because of the
refention of vision by the human eve. That
18, sixteen :.hghtlv-dlﬁerent p1cture> are
jerked, one after another, in iront of the
lens and flashed on the theatre screen
every sccond. Due to the “lag” of the
human exe, the individual pictures overlap
and give the illusion of a pericct moying
image. The same thing occurs in this
television system; but instead of flashing
each light across the face sixteen times per
second, the engineers who develaped this
system of television in the Bell Telephone
Laboratories causc the light-beams to
travel across the image at a speed of
cighteen times per second. As there are
fiity light-beams, due to the ffty perfora-
tions in the rotating disk at the transmit-
fer, we have 18 times 50, or 900 Lght-targets
1r.ue1mvr across the image every second!

It migln be thought that such a strong
concentrated pencil of light, when it trav-
eled across the eyves, for instance, would
prove unbearable; but such is not the case.
The effect when looking toward the open-
ing in the transmitting machine is like
looking into a camera lens with a fairly
strong light behind it. The light huams
change place so fast that the final result
is a slightly flickering blnish light which
scems to bathie the face or other object
at_the transmitter,

The next very xmpo'“tanl point 1o not e is
that, as the light-heam (at Fig. 90A for i in-
~_\"-1me), moves acrass the top of the man's
face, a ray of light with a constantly
changing angle of incidence is reflected

Arom the face and impinges on somc part:

of the three large photo-electric cells used
in this perfech.d system of television.
Looking at Tig. 95 we sce how the three
large photo dec Tic cells of new design are
arranged in front of the imapge. Tn the pic-
tures you will noie that these three photo-
electric cells, each of which measures zhont
14 inches long and 4 inches in diameter,
are placed in side three melal boxes pro-
vided with wire-grille doors to protect
them firom electric ficlds. The doors are
shut, even when the machine is in epera-
tion. These photo-electric cells, which were
devised under the direction of Dr. Herbert
E. Ivcs of the Bell Telephone Laboratory




Fig. 94. The glass screen and front of the loud-speaker horn used, The

large imagc reproduced appeared on the screen at the top.

amplifier at right,

staff, comprise a central electrade Tunning
the length of the tube, while the rear in-
side half of the tube a1l the way up is
coated with a metallic deposit. The tiuhes
are then exhausted and the proper gas in-
troduced,

As Fig. 95 shows, there is a consiant salid
angle of vision, filled with a constantly-
moving series of light-beams. As becomes
evident, the angles of the reflected heams
will be constantly changing as the initial
Leams shoot forth from the apertures in
the rotating disk. This is one of the main
reasons why such large photoclectric cells
are required. These are undoubtedly the
largest ever used. The terminals of the cells
are connected in parallel, so that their ac-
tion is all concentrated in one circuit, as be-
comes clear from an inspection of the dia-
gram, Fig. 97.

Instead of using three telephone circuits,
in the radio transmission three dificrent
wavelengths were wutilized, as indicated in
Fig. 97. Looking at this we sce how 2 con-
centrated light heam from the are shaots
through one of the holes in the revolving
disk which is driven by two syachronous
motors; thence to the face, from which the
light beams are reflected progressively
upon one of the three large photo-electric
cells. By the instantaneous action of the
photo-electrie cells, every gradatian of
tone or color upon the face or other image
encountered by the spot of dight as it
sweeps across the face is transmitted to
the receiver. For this rcason the spots
of light, as they build up the image at the
receiving instrument, give a very faithful
reproduction of the image at the trans-
mitter,

A special vacuum-tube amplifier of several
stages serves to magnily the very minure
fluctuating currents coming from the photo-
electric cells five thousand, thousand, mil-
lion (5,000,000,000,000) titnes. 1t is iater-
csting to note that this vacuum-tube am-
- plifier had to be designed to ampliiy all fre-
quencies from ten up to twenty thousand
cycles. The image-currents thén enter a
5-kilowait standard radio transmitter of the
vacuum-tube type, and leap acress the
thirty-tnile gap between Whippany and New
York City on a wavelength of 191 meters,
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In New York a
standard receiving set
picks up the 191-
meter  image-signal,
and aiter amplifying
it sufliciently, passes
it into a ncon tube,
placed directly behind
a second revolving
disk having the same
speed and number of
perforations as the
disk at the trans-
mitter station. The
person at the receiver
simply looks through
a small aperture at
the  swiftly-moving
pulses of light as they
become visible
throngh ihe whirling
holes in the spinning
disk. He sees the real
image build up ap-
parently at the post
tion of the disk, while
the virtual image is
of course consider-
ably behind the i
as the drawing shows.

How Synchronism is
Established

It required much
special research work
and clever designing
of the synchronizing
circuit and  motors
used for this perfected
feleyision scheme; and to Mr. H. M. Stoller
is due the credit for the special synchroniz-
mg means finallv adopted,

Vacuum-tuba

TIRMINGLE T OF 3 PAOTO- ELECTRIC
CELLS CUMKECTID IN PARALLEL =T
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ALVOLVIG BIST
Fig. 95. How the extreme positions of the succeed-
ing pencils of light exploring the object at the
transmitter are enabled to pick up the whole image.
The solid angle of vision is made up of rapidly
moving beams of light.

This very important part of the system of
television has several new aspects. Duc to
the high speed of the light-image transmis~
sion and receptioft, quitc nccessary to pro-
duce a practically perfect image at the re-
ceiving end of the ling, it was soon found
that ordinary OD-cycle svnchronous motors
would not do. Synchronous motors, as is
well known, have the habit of hunting; that
is, they will swing a little below or a little
above their true normal speed at times. To
reduce the degrec of this variation result-
ing from hunting, a sccond synchronous A.C.
motor was placed on the same shaft that
drives the rotating disk, at both the trans-
milter and receiver, this motor being de-
signed for a frequency of 2,000 cycles per
second.  As will be seen, a glight variation at
this frequency is much less noticeable than
it would be at cycles; and so, between
the two motors, the synchronous speed is
maintaincd practically uniform at all times.

Note particularly how the 2,000-cycle al-
ternating current sopply is connceted in
parallel to the 60-cycle A.C. supply cireuit,
Suitable filters made up of inductances, re-
sistances and condensers are placed in each
pair of leads runaing to the synchromous mn-
tors, as Fig 97 shows. Where television
takes place over three telephonc circuits, the
action is quite simple; while with radio

transmission the insertion of a standard
transmitter of the vacuum-tubc fypc is
necessary to transmit the synchronizing sig-
nals to the receiving instrument,

In the demonstration recently conducted,
these synchronizing signals were transmitted
to the receiving station by a one-kilowatt
transmitter, on a wavelength of 1,600 meters,
It should be noted at this point that no such
high power is necessary, and all of the units
were operated at eonsiderably less than
normal capacity. The reason that these par-
tionlar transmitters were used is the fact
that they happened to be available and handy
at the experimental station,

In radio transmission of the television
image, the synchronizing signals were picked
up on a standard receiving set fitted with
suitable inductances and condensers for tun-
ing at 1,600 meters; and the amplified
synchronizing signals were then fed into the
circuit supplying the 60-cycle and 2,000-
cycle A.C, to the two synchronous motors
driving the revolving disk in the receiving
instrument.

How Voice Was Transmitted

Referring to Fig, 97, we see that the voice
of the subject before the television trans-
mitter at the receiving station was picked
up by a standard microphone, fed into a
standand radiophane transmitter (a  30-kw.
set was here used at greatly reduced power),
from whence it leaped across the 30-mile
zap to New York on a wavelength of 207
meters.

The wavelengths used were purely ar-
bitrary and chosen because of their freedom
irom interference at this time. Any wave-
lengths available can be used, so long as
the three arc sufficicntly separated to be
tuncd in clearly and without any overlapping
at the receiving station.

The radio waves carrying the voice were
picked up on a third and independent an-
tenna amplified by means of a standard re-
ceiving set, and then passed into a loud
speaker placed alongside of the picture-re-
production mechanism,

Reproduction of Image

Sufiicient has been said to give an insight
as to how the image is reconstructed or
built up by light pulses, rapidly following
one another at the receiving instrument.
Referring to Fig. 97 onee more, we note that
ithe neon glow-tube, placed behind the re-
volving perforated disk, is about the size of

Fiz. 9. Dr. Herhert F. Ives is shown holding one

of the gziant photo-clectric tubes, At his left, tha

screen on which the large telavision image was
reproduced.
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the left, while the person

these are amplified 5,000,000,000,000 times.

signals pass into a neon glow-tube placed behind a second revolving disk, driven in exact synch
ing through the small aperture sees the image built u i
while a third radioc wave transmits synchronizing sign:ll

a 75-watt electric light bulb; it containg
two flat metal plates a short distance apart.
The detail sketch in the upper right-hand
corner of Fig, 97 shows the relative position
of the eye, the perforated disk and the neon
glow-tube when viewed from the top. Usu-
ally a curtain is drawn around the person
looking through the aperture, The remark-
able thing is that no screen of any kind is
here used, and we might say the person at
the receiving instrument sees the likeness
of the person at the transmitter actually re-
constructed in the air.

The image at the receiving instrument is
built up by reproducing the same number of
light pulses per second, as those flashed
across the face or other object at the irans-
mitter. That is, the eyes of the person gaz-
ing through the aperture at the receiver
witness 200 flashes of light per sccorid, cach
of which carries the proper tone of some
part of the image. The revolving periorated
disk at the receiver rotates at the same
speed as that at the transmitter, and Iike it
has also fifty perforations. One oi the
wonderful things accomplished at this junc-
ture is the perfection of the synchronization
hetween the two revolving disks. Another
very important contribution te the science
of television is of course the special photo-
electric cells used at the transmitting instru-
ment.

Simplified Radio Transmission

Where the picture is transmitted and re-
ceived over telephone cirenits, four circuits
would erdinarily be required; hut, thanks to
the ingenuity of the scientists who worked
on this problem in the Bell Telephone Lab-
oratories, this has been reduced to three
circuits by combining ihe 60-cycle and 2,000-
cvele alternating current circuits feeding the
synchronous moters. Where regular wire
circuits are to he used, there can be a still
further reduction to one full-metallic circuit
of two wires; as it is perfectly feasible now

A comprchensive diagram of the entire radio television apparatus; the subjec
observing the transmitted and reproduced image appears at
light to sweep across the face; the reflections fall on photo-electric cells, P.
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RECEIVING” STATION

2=2Va
APERTURE

an image of whose face is being transmitted by radio, appears at
The perforated disk causes rapidly moving targets of
The light fluctuations arc thus transformed into minute electric currents,

radio -image signals are picked up by a standard receiving set, and after amplification, the image

on a plane behind the whirling disk.

to transmit the three distinct currents for
the image, for synchronism, and for the
voice, by utilizing three carrier-frequencics.
These must have a value above an audible
frequency, in order mnot to interfcre with
the voice transmission. With voice trans-
mission over special telephone circuits, the
engineers have for several years been able to

ronism with that at the transmitter,
The voice is transmitted and received in usual manner;
s for the motors. A lens between the rotating disc of the receiver and the aperture has been omitted,

server look-

transmit six telephone currents over one
circuit simultancously, by using earrier-cur-
rents of different frequencies; in the case
of multiplex telegraphy they are now trans-
mitting ten different signals over a two-wire
circuit simultaneously by the use of suitably
graduated carrier-currents,

Looking at Fig. 99 we see how it is pos-

Fig. 98. A subject sitting before the transmitting mechanism.

and 2,000-cycle A.C. motors which drive the

In the center cabinct are the 60-cycle

rforated disk. The light from an arc in the cabinet at

the rear passes through the holes in the revolving perforated disk and falls on the face of the subject.

Photos courtesy of Bell Telephone Lakaralories.
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Fig. 99. Simplilivd system, whereby three bransmitters, tuned to differ-
ent wave-lengths, are joined to a common antenna through suitable filters.

sible to simplify the radio transmission of
picture images hy this or any other s
and where three different wavelengths have
10 he transmitled simultaneously for the im-
age, synchronism and voice transmission.
As pointed out in an interview of the writer
with one of the sclentists of the Bell Tele-
phone Labeoratories, who is familiar with
this remarkable achievement by their en-
gineers, it is possible, if occazion required
it, to connect the three standard radio trans-
mitters shown in Fig. 97 to a single antenna
as shown in Fig. 99. This can be accom-
plished by connecting special, high-voltage
filters  comprising  suitable  inductances,
condensers and resistances, in series with
the respective radio transmitters and the
common aerial and gronnd. In the recent
demonstration and tests leading to it, it was
found much cheaper and more convenicenl to
use three separate fransmission antennas and
also three separate and indepemdent receiv-
ing antennas, These special filters required
where three radio lransmitters are to be con-
nected to one antenna, arc. quite expensive,
and ordinzrily it dees not pay to use them.

There are several ways in which the three
wavelengths being transmitted simultanemis-
ly can be picked nip and passed into the three
independent  ircuits, for the image, syn-
chronism and voice circnits. One of the
simplest ways of picking up and shn.rp!y
tuning the three desired  wavelengths is
shown in diagram at Fig. 99. Her.e AT APEri=
odic primary winding on a special coupler
transfers the aerial cnergy to three or more
independently tuned secondary windings. All
the operator has to do is to tune the respec-
tive secondary circuits to the desired wave-
lengths. This is the system used for recep-
tion of transatlantic radio telegraph mes-
sages. The more elaborate system of Dri
A. Hayt Taylor of the Navy can be used;
as well as numerons olhers which have been
patented and deseribed in the techmical press.

Details of Large-Image Screen

These details have prohably made
comprehensible how at last it has become
possible for a person at one end of a tele-
phone or radio circuif, o actvally see the
moving image of the person at the other
end, but the mind fairly staggers at the re-
sults obtained in reproducing a larger tele-
vision image On a screen measuring two by
three feef, such as that demonstrated Beicre

CELLS AT SENDER..

Fig. 100,
slass tubing,
segments, The tm

the audience whicl: attended the introduction
of this system of television,

Imagine for a momen: what a problem
the engineers had to solve, when it became
evident that to properly build up the image
of a face for example, on a screen as large
as twa by three feet, thal not less than
43,000 Yght images or pulses per second,
must ocenr.  This meant, for one thing,
that the synchronism between the two ro-
fating elements at the transmitter and re-
ceiver must not be out of step by more than
ane ninetv-thousandth of a sccond, As one
of the scientists’ connected with this work
pointed out to the writer, if either one of
the revolving elements slipped out of
synchronism by one-half a cycle, it wonld
result in a nwegatice image belng  received
instead of a posuive. In other werds, you
woenld see a while man with a black face
and white hair. This problem, therefore,
was one of the hardest ever placed before
electrical engineers,

The Large Neon Lamp

Other phases of the research problem
were encountered in the developmens, by 1ir.
. Gray, of the large neon tube used for
the production of an image large enough to
be viewed by a considerable audience. The
development amd use of such a tube, with
its present total of 2,500 external clectrodes,
required the construction of a current-dis-
tributor from which 2,500 wires, like a
gigantic optic nerve, extended to the tube.
When the front of this tubc 1s observed, its
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Fig. 101. How the image on the large receiving

screen is built up. 45,001 ht pulses flash across
= it every se{:nmr

whole area appears to glow at once; so rap-
idly does the instantaneous spot travel from
one electrode to another that the vye docs
not appreciate 18 sucecessive positions.
Referring to Fig. 100 we see that, instead

The large oxhibition screen, built up of a continuous length of
along the vear walls of which
o

are cemented 2,500 tin-foil

is filled with neon gas: light spots appear apposite
cach segment when electrically cnergized.

of the revolving disk previously used fer
reproducing the image, we here use the two
synchronous motors on a2 common shaft to
rofate a commutator arm, and this arm pass-
es over no less than 2,500 compactly-ar-
ranged metal segments, cemenied along ihe
rear walls of the 50 convolutions of the
neon tube.  These are correctly and pro-
gressively  energized.  Note that the in-
coming image signals, instead of passing
into g single glow-tube, as in Lhe simple ap-
paratus for the small image, are now am-
plified to a suiliciently high potential to
cause the neon gas in the large grid-tube to
glow at the spot corresponding to any one

-of the 2,500 tinfail electrodes.

The man who built the commutator needed
lots of patience, a good hot seldering iron,
and also plenty of time. Ile had to connect
the 2500 insulated wires running from as
many tinfuil scgmeits, cemented on the back
of the ncon tube, in exact order to their
respective segments around the stationary
commutator frame. When he had connected
50 wires from the 30 segments along the oy
glass arm fur example, he then repeaved
this with the 30 wires coming irom the 30
tinioil scgments along the second leg of the
neon tube, ete. The action taking place in
the magnihied image on this large cxhpition
screent is made a little clearer perhaps by
locking at the mechanically analogous dia-
gram in Fig. 101 3

' How Neon Lamp Works

Referring to Fig, 101 for the moment, let
us note that as one of the fifty pencils of
Light at the transmitter sweeps across the
face for example, it, by analogy, causes a
mechanical arm, corresponding to the com-
mutator ‘brush, to sweep across the fifty
metal segments, and has thereiore caused
fifty spotls of light of varying intensity or
tone to sweep across this top leg of the glass
neon tube. As the commutator has 2,500
segments, it will be seen that, while the
fifty light beams passing through the trans-
mitter disc cause 900 spots of light to
traverse the face or other ohjcct cach sec-
ond, the number of hight pulses, all proper-
Iy graduated, reproduced on the large glass
tube screen will be 43,000. In other words,
2500 light pulses appear 18 times every sec-
ond on the 2x 3-foot exhibition screen: this
is sufficent to give a satisfactory image,
owing to the retention of vision by the ho-
man eye, as described in the first part of
this article.
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Experimental Information

As carly as September, 1919, Leroy J.
Leishman described the construction of a
television machine in the Electrical Ex-
berimenier of that issue. The second part
of the article appeared in the October, 1919,
issue of the same publication. Both por-
tions are reproduced hercwith because
some rcaders will wndoubtedly be inter-
ested in sccuring this simplified explana-
tion,

It is a very simple matter to felegraph
pictures. A crude machine for this purpose
was suggested seventy years ago. The idea
is thereiore not entirely new to students of
clectricity.

How little the general public knows of
telephotography is shown by the fact that
when two of my machines were exhibited
on the Orphenm and Pantage’s deville
circuits two years ago, the demonstration
was fascinating, baffling and wieanny to the
audiences everywhere, Even most oi the
newspapers had never heard of such a thing
previous to these demonstrations,

Even 1o this day a person with an eclectric
picture transmission machine may entertain
and baffle his friends and 10\\11speople be-
sides conducting a great deal oi experi-
menting  which will be instructive and
highly beneficial to himself.

At the time this article appeared, popular
interest in telephotography was heightened
by the use of telegraphed pictures by many
of America’s leading newspapers. everal
papers published “news pictures” periodic
Iy, and pictures had been telegraphed across
the continent at vegular {niervals and dis-
played on bulletins,. The practicability of
the scheme as shown by the fact that ex-
cellent pictures had been transmitted 4,856
miles! Many newspapers had subscribed
for a service that supplied one hundred and
fifty news pictures a year, making it possi-
ble for them to publish a picture of an
cvent the day it happens, regardless of
geographical location or distance!

The person with the necessary apparatus
to telegraph pictures will find himseli the
center of interest everywhere.

It has often scemed puzzling to me why
more electrical students have not experi-

Top view of telephotographic machine here

described in detail.

mented with telephotography. Many letters
which T have received lead me to believe
it may be duc to a popular misconception
that such experiments are too costly. |
therefore designed some Picture Telegraph-
ing Instrumen!s which are lowpriced enough
to suit every experimenter who may be in-
terested, To further interest the readers
in this fascinating and instructive field, I
am explaining in this article how a simple
telephotographic set can easily be made.
However, the chief fascination and instruc-
tion is in the operation of the finished ma
chines and in the various experiments that
can be made with them,

No exact dimensions will be given for
any of the various parts, as the material
at one's disposal sometimes makes it ad-
visable lo change some of them; and then
the others must be altered accordingly.

General Design Features of Apparatus

it an idea of the general
apoearance of device we are going to
make. A glance at figures 1 and 2 will
show that the machine resembles very much
an old styvle cylinder phonograph. The cylin-
der of the picture transmitting machine
holds the pictures to be telegraphed in the
same manner that the phonograph cylinder
holds the record to be played. The send-
ing and receiving carriage corresponds with
the phonograph reproducer, and it passes
slowly from one end of the cylinder to the
other on a threaded shaft as the cylinder
revolves. In this manner the carriage necdle
finally touches every part of the picture.
The threaded shaft on which the carriage
travels must be absolutely parallel to the
eylinder.  The reproduccr on a cylinder
phonograph has a half nut that rests against
the threaded shaft, so that the reproducer
may be lifted up and moved to the other
end of the cylinder. This necessitates an-
other shaft, parallel to the threaded one, on
which the  reproducer pivots. A picture
transmitting machine is similarly equipped.

The size of the complete apparatus de-
pends upon the dimensions of the pictures
to be telegraphed, as this determines the
size of the cylinder; and the shafts and

Let us first

Telegrapn sownaer

Cylinger-

The parts required in building

it are few and simple, but should I;e made with as great an accuracy as possible.

Fig. L
scribed.

The telephotographic machine here de-
It opens up an era in scientific experi=
ments for the clectro-mechanical student and pro-
vides a stepping stone to this newest branch of
applied science.

base must be proportioned accordingly. A
convenient size for the picture is about 5
by 6 inches, As plenty of margin must be
allowed, this nccessitates a cylinder about
2 inches in diameter and 33% inches or 6
inches long. Electrical contact must be
made with the rolled copper plate which is
slipped on the cylinder, so it i3 most con-
venient to make the cylinder from metal
tubing. Ordinary pipe will not do; as the
cxlinder must be very true and perfectly
uniform thruout, Brass or dickel-plated
fixture tubing is excellent. A metal bar
or disc must be scldered in each end, and
holes accurately drilled in the exact centers
to fit the shaft. As the cylinder is light
and supports no great weight, the shaft may
have a small diameter, so a rod can be
selected for this purpose which will fit the
gears available. Erector, Meccano or other
rods are satisfactory, and can easily be
fitted with gears which are obtainable in
the regular sets or at any hardware store.
The cylinder rod should be 3 or 4 inches
longer than the cylinder and must be per-
fectly straight, Place it thru the holes in
the cylinder ends and solder it so that one
end is flush with one end of the cylinder.

After the cylinders have been made, the
length of the base can be decided upon.
as this dimension should exceed that irom
one end of the cylinder to the other end
of its shaft by about 4 inches. The width
of the base should be 8 or 9 inches. It is
inadvisable to make these bases irom metal,
as short-circuits are too liable to occur.
Wood is good enough.

Five holes arc to be bored in each base
as indicated in Fig. 2. A and are for
binding posts. C should be a small haole
to accommoddtc a picce of annunciator or
magnet wire. D and E should be large
enough for two flexible cords such as that
used for light drops. Do not bore E until
the machine is practically completed for
reasons that will be apparent later.

The uprights A (Fig. 1) that support
the cylinders must be made of metal. They
can he triangular shaped, and should have
half an inch of the lower edge turned up
to a right angle for affixing to the base
(see B, Fig. 1), From this angle to the
hole which is to be bored at the top for the
cylinder shaft the distance must be at least
a half inch more than the radius of the
cylinder. The holes in these must be bored
exactly the same distance from the bottom,
so that the eylinder swill be supporied ab~
solutely level.
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The cylinder should be mounted close to
the opposite edge of the base to that mear
which the holes were bored for the binding
posts. The binding posts are at the back
of the machine, and the cylinder at the
front. Mount the cylinder and shaft so
that the cylinder comes about 3 inches irom
the end of the base, leaving about 1 inch
Hetween the end of the rod and the cther

TELEVISION

I1f you do not have two sounders—one
for cach machine—the essentials for mak-
ing the carriagc are merely the needle arm,
the fulerum, a pair of electro-magnets, a
bar for the magnets to attract, a coiled
spring, and a stop to prevent the arm from
moving too iar up or down.

Under the fromt of the carriage, near
each side, some sort oi threaded half-nut

Fig. 3.

end oi the base. Ore support should be
placed against the cylinder and the other
aboul 1 inch from the end of the shaft (sce
I and G, Fig, 2). Screw the supports in
place so that the cylinder is parallel to the
cdges of the base, and then place the cylin-
der rod through the holes provided for the
purpose. 1i Meccano or Ercctor material
is used, collars can he obtained for keeping
the cylinder and other parts in place.

Now get a cold-rolied steel rod about 3
inches longer than the cylinder and about
14 inch in diameter. Have this threaded
within a half inch of on¢ end and an iach
of the other. No particular pitch is essen-
tial, as the progress of the carriage can
be governed by other mcans. The un-
threaded ends must now be turned down to
the same size as the cylinder rod, so that
the same make of gears or pulleys will fit,
Then sectire a rod about a half inch shorter
than the threaded shaft. This rod can be
of the same diameter and material as the
cvlinder shaft.

The height of the suppons for these will
vary wnh the material at your disposal for
the carriages, which can be made from ordi-
nary l(.lcgraph soutiders by scldering an
cxtra picee on the end of ﬂle arm where the
spring is attached. . This piece can he the
same width and thxckne s as the original
arm of the sounder, hut must be at least
3/16 inch square. The length will be de-
pendent upon the diameter of your cylinder
and the way the sounder is mounted on its
own -base.  Hold the sounder level and at
the same height as the cylinder rod, keeping
the end of the sounder with which we are
concerned toward the cylinder and the base
of the sounder at least I£ inch behind the
cylinder. The addition to the arm must be
long enowgh to extend about 14 inch he-
vond an imaginary line perpendicular to
the hazse of the whole machine and extend-
ing through the center of the cylinder when
the carriage is held in this position.  The
phonograph needle, to be placed in the
end of this extension arm, will then touch
the cylinder right at the top.  Drill 2 hole
the size of a steel graphophone needle down
through this extension arm about 34 inch
from the end, when measured from the top,
and slightly less than 3/16 when measured
from the bottom, so that the needle will set
at an angle of thirty or forty degress. As
the needles must be changed, 2 thumb screw
(H, Fig. 2) should be placed in the right
side of this arm to hold the needle in place.

A Victor or Columbia graphophcme thumb
screw is satisfactory, and most phonograph
repair shops have taps to thread holes to fit.

A simple elecirical synchronizer apparatus for operaling two telephotographic machines.
The commutator of the motor is used at the transmitter and the motar at

the receiver.

arrangement nust be provided. It is satis-
factory te use a couple of picces of tin
with the zdges turned down and slotted ap-
proximately to fit the screw or threaded
shaft, Place one at each side. Under the
back of tlie carriage two screw cyes can
be used for the guide rod to pass through.

The height of the uprights or supports
C (Fig. 1) for the guide rod D and threaded
shaft IO can now be determined. They
should hold these rods at a height which
will support the carriage so that the cnd
of the phonograph needle in the end of
the arm will touch the cylinder when the
arm is in its downward position. These
supports can be made of metal, like those
for the cylinders, or else from wood.
Separate supparts can he made for the
screw and rod, or else double supports with
two holes. The serew and rod must be
ahsalutely parallel, otherwise the carriage
will catch or hind. They must also be
parallel to the cylinder, but not necessarily
in the same plane. This means that great
care must be taken in boring the holes in
the uprights so that the screw and rod will
be nat only the proper distance from each
other, but absolutely the same distance
irom the base throughout. Be sure, there-
fore, that the rod and threaded shaft are
straight. Mount these so that the rods ex-
tend the same distance beyond each end of
the cylinder, and so that the front of the
mounted carriage comes about 34 inch be-
hind the cylincer with the needle at the
top of the cylincer directly above its center.

The only place in the whole set of ma-
chines \\here pulleys can be used instead
of gears is in connecting the threaded shaft
and the cylinder. The pulley I (Fig. 2) for
the screw must be larger than the one on
the cylinder rod, the ecxact sizz depending
on the pitch of the threads and how dark
or light vou ma\ desire the telegraphed
pictures 0 be, The cylinder should make
irom 60 to 120 turns while the carriage
travels 1 inch. Adfter the pulleys are placed
on the rods and lined up, put on a cord,
c[a:uc band or spiral spring for a belt.

It is essential that the cylinders of hoth
machines turn as true as possible. [If they
do not dc this, bend the rods till they are
as perfect as ycu can make them.

Hole E (Fig. 2) should now be bored
about a hall inch behind the guide rod D
(Fig. 1) and | (Fig. 2), and midway he-
tween its two ends.

After both machines are this far com-
pleted, they may be wired. Get a piece of
flexible fixture cord and cut two pieces
about 2 feet long. TPeel the ends and

scrape the strands of wirce till they shine.
Inasmuch as it is difficult to tell which one
of the wires you want aiter they are drawn
through the base, it is best to twist bath
ends of one of the wires in such a way that
it will be recognized from- the other. Fut
a pair of these wires through the hole E
in the base of one ‘machine, and unse the
other pair in like mammer for the other in-
strument. Attach one wire to the terminal
of the magnet windings on the carriage,
and also ground it so that it is electrically
connected to the metal arm bearing the
phonograph needle. Connect the other end
of the same wire to ome of the binding
posts. The other wire should be connected
to the other side of the carriage magnet
windings, so that a current in hoth wires
will ¢nergize the magnets and lift up the
needle, The remaining unconnected end of
these wires should be drawn through hole
D (Fig. 2), where it is to be connected to
the right side of a two-way battery switch
G (Fig. 1). The slick in this wire should
be pulled above the base to give the car-
riage plenty of play, A picee of magnet or
annunciator wire should lead from the left
contact of this switch through hole C, and
be grounded to' the support of the cylinder
rod. The main terminal of the battery
switch must be connected to the other bind-
ing post at the back of the base, Both ma-
chines must be connected the same way.

Now suppose we examine these circuits.
Tirst turn the battery switch to the contact
at the leit—the position used when “send-
ing.” The current now comes from the
binding post to the switch, through the
right contact to the upright and through
the rod to the cylinder, thence through the
needle down one of the flexible wires to the
other binding post. When the switch is
thrown to the right or “receiving” position,
the current passes to the carriage magnets.

Excepting for the gear connections, the
machines themselves are now completed,
but as no picture can be transmitted unless
the cylinders run in synchronism, I shall
first explain three ways to synchronize
them hbefore showing how to prepare and
transmit a picture,

We can use a rod connection, or one of
several different electrical schemes which
permit the machines to be operated at
long distances away from each other,
However, only two electrical synchronizers
will be c\pla.nmd The simplest and least
fascinating way to synchronize the ma-
chines is by a rod connection H (Fig. 1),
with the instruments only a few feet apart.

few rods, such as those used for shafts,
can be connected with couplm s and one
machine placed at each end with the cylin-
der rods toward you, Make two or more
supports for this connecting rod to hold it
at the same height as the cylinder shaits,
to whicly it runs at right angles, Place a
crown gear I (Fig, l_§ or K (Fig. 2) on
each cylinder rod, with the teeth turned
toward you on one machine and away from
you on the other. Now slip an upright on
hoth ends of the synchronizing rod and
place a small gear J (Fig. 1) flush with
cach end to mesh with the crown gears.

Fix the uprights or supports in place so
that the proper connection is maintained
and so that both machines run together,
regardless of which cylinder is turned. The
machines may be operated by a crank at-
tached to the end of one of the cvlinder
rods, or by a motor properly geared down.

The cylinders themselves must turn at
about one revolution in three seconds, This
may seem quite <lnw but it must he re-
membered that this is a very inexpensive
home-made set, and that T. Thorne Baker
and Dr. Komn operate their cylinders at
only one revolution in two scconds, and
that the most delicate sets for one of my
systems uhhze drums operating as slow as
a revolution in one second. Faster work
can be done with some of my latest appa-

(Continued on page 109)
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Visitron 5. A standard
size photoelectric cell  of
very high sensitivity, Used
in television systems where
light at transmitting end
can be focused to enter the
one inch window of the cell.
Bulb about 115 inches in
diameter. Bakelite base is
standard X-type with four
prongs, two for support
only. Anode and catl de
(positive and negative con-
nections) are clearly marked
on basc.  Price prepaid,
$18.00.

HE Fisitron and Neotron Tubes are
the last word in television equipment.
“They are finished, perfected and thoroughly
tested in-our ow: extensive laboratories by
television cxperts who understand the science.
They know the nceds of amateurs and also
those of scientists.

These tubes may be used either in telephoto
work (recording of illustrations upon sensitized
plates) or for television—the transmission of
motion pictures.

The Fisitron 1z oractically instantaneous
in response to every visible light impulse. It
is the unit used to transform light variations
or pulsations into corresponding clectric im-
pulses which are amplified by regular radic
amplificrs (cither resistance or transformer
coupled). From these amplifiers the current
is passed through the light valve or Neotron
and thereby converted into light impulses.

The Neotron is a highly efficient light
source which may be easily modulated. It
operates at mcderate voltage from ordinary
radio amplifiers.

These tubes are being used commercially
every day in connectionawith television work
and the concerns using them repart that they
are serving very satisfactorily; in fact, they
arc very enthusiastic in their praise of the
Firitron and Neotrou.

Visitron [f5. Exceptonally sensitive photoclectric
cell. Three inch bulb with two inch window. Buite
for television transmission where light received by cell is
over wide range. Pzirs well with Avotron 33. Price
o oot E A N e S A B £35.00

Visifron 21. Very small, for use where high speed
and low capacity of cell eircuit are desired. Less than 1 inch
in diameter. Mounted complete in standard X201A
radio tube base. Sersitized cathode less than 1 centi-
meter in diameier having ve
Price prepaid.. ... i

Neotron 35.

Large difuse neon lamp. Used where
moedulating source of is viewed directly. 3 inch
zlaw bulb wirh Jight window illuminates about 3 inch
area. Newly develored low voliage cathode of large
e makes lamp ihe mort gficient rource of modulatd
iwhe' knoum fo stimmce. i\mp!iﬂ&r output of just

iamperes gives ample light intensity wich Uids
Price prepaid .

=iy

Neotron 25. A most
intense concentrated source
of “cold light” which may
be readily modulated. This
neon lamp i3 intended for
use in systems where the
transmitted image is pro-
jected by optical means on
a screen. Practically entire
light is emitted from a point
about 2mm. in diameter,
Tube is viewed end on,
Base of small standard X-
type with four prongs; two
for mechanical support only.
Price prepaid, $25.00.

G:M SCIENTIFIC INSTRUMENT CO.

URBANA.. ILLINOIS
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Price $1.97

A
RADIO
EDUCATION

IN 5 VOLUMES

“THE RADIO
EDUCATOR”

Theory, Design, Construction,
Operation and Maintenance

LEARN AT HOME

HESE five component

parts of a complete Radio
Instruction Course are outlined
in five volumes that contain not
merely the essentials as so
many books do, but more, they
contain all that any modern up-
to-the-minute textbook on any
subject would cover. They are
in themselves a COMPLETE
radio education teaching every
possible portion of Radio
science.

Size of each book 6 by 9 inches,
handsomely bound and illus-
trated with charts, diagrams,
descriptions of eguipment, etc.
Each volume 52 pages.

SEND NO MONEY for these

books. Just forward your name

books at once. On receipt of
same you pay the postman
$1.97 plus a few cents postage
and then they are yours.

Distributed by
The Consrad Co.

Incorporated

230FifthAve., New York,N. Y.

and address. We send you the

Chapter V. The Korn System

(Continned from page 27)

tween the light and the selenium cell. Con-
sequently, there will be a varying current
of electricity passing through it, and this
current will vary in strict accordance with
the lights and datks of the picture. Since
the spot of light passes over every part of
the picture in the same way that the sharp
stylus traverses the tinfoil image in Meyer's
apparatus, we will have our whele picture
translated into a varving electric current
that flows to the recciving station.

Now for the receiving apparatus whose
purpose it is to accomplish this translation
we again have, of course, the inevitable
rotating cylinder,  We have also an electric
fight as before and a lens to focus that
fight into a very small spot on the cylinder.

Over the cylinder is wrapped a piece of
sensitized photographic paper.

But before the light can reach the paper
it goes through a very small window, which
window is normally closed by a very fine
wire stretched between the two poles of a
powerful electro-magnet.  When a current
flows through this wire it moves sidewise
between the poles of the clectro-magnet,
and in doing so incovers the window, allow-
ing light to pass through to the photographic
paper. only a small current passes,
the wire will not move very far, and not
much light will get through, but if a large
current comes in over the line the window
will be-entirely uncovered and all the light
will get through to the sensitive paper.

The Jenkins System
{Continned jrom pege 42)

light to sweep across the picture in adja-
cent parallel lines, until the whole suriace
of the picture negative is covered.”

This newly designed optical shape in
glass, for which a patent has been granted,
is the heart of this invention. - By use of
these revolving glass rings, the lights and
shadows that constitute a photograph are
built up, line by line. The dense areas
make highlights; less opaque parts of the
surface, the hali-tones: and extremely thin
areas, the shadows of a picture,

From these revolving plates of glass the
fight beam goes to a dark box, containing
a so-called photo-¢lectric cell (selenium or
other chemical sensitive to  light),
“chopper” in the pathway of the light beam,
located between the optical rings and the
photo-electrie cell, causes the light beam
to shoot up and down about 500 times a
second. An oscillating device would also
serve this purpose. The light character-
istics are then converted into electric cnr-
rent characteristics by passing through a
transformer, At this point {wo stages of
amplification are introduced in a conven-
tional wireless sending set, after which
electro-magnetic waves become the vehicle
for broadcasting pictures just as music and
specch are now umiversally disseminated.
An antenna, extending fifltcen feet above
the three-story building in which the Jen-
kins laboratory is housed, completes the
cquipment hoth for sending and receiving
photographs by wireless, Ile also main-
tains transmitting and receiving outfits al
his laboratory in his home on Sixteenth
street.

When these modulated wircless waves
arrive at the receiving point, whether it he
in an adjoining room or seven miles away,
as in the case of the sending of the pie-
tures of the Government officials, the elec-
tric characteristics are re-converted inte
picture characteristics, This is accom-
plished by duplicaiing the apparatus at the
transmitting station, namely, by use of two
pairs of the newly shaped optical glass
rings. Two methods oi receiving pictures
have been devised by Mr. Jenkins, both of
which employ an ordinary radio-telephone
receiving outfit.

Certain additions, however, are made 1o
the wircless receiving set. On the metal
diaphragm of the receiver is mounted a
tiny mirrar, which wibrates in accordance
with the diaphragm as the wireless oscilla-
tions are recorded. Focused on this mirror
is a strong ray oi light, which is reflected
through 2 shutter when the mirror is sta-
tionary. As the electric impnlses are set
ap by the transmilting station, this mirror
oscillates with the metal diaphragmm on the
receiver and ihe reflected ray likewise os-

cillates across the shutter hole. Conse-
quently, when this diaphragm is vibrating
widely more light from the ray filters
through the aperture than when the vibra-
tions are narrow. The electric current vari-
tions received by wireless are accordingly
transformed back to light variations. The
latter are impressed on a sensitized photo-
graphic plate, and the final product is a
faithiul reproduction of the picture broad-
cast irom the radio-transmitting station.

However, these light variations must be
reproduced in perpendicular “strips” or
“slices” across the area of the photographic
plate just as they were originally trans-
mitted irom the sending station. Here,
again, the new formation of optical glass
—or prismatic ring, if you please—are in-
dispensable, These unpretentious clmnks
of glass, to tell more of them, are circu-
lar in appearance and about 10” in diam-
eter, The rim of each of these glass rings
is beveled so as to form a prism of spiral
shape and of gradually increasing thick-
ness at the edge. As the beam of light or
picture characteristies from the reflecting
mirror strikes these revolving prisms, a
pair being used becaunse of slight error in
one unit, it 15 bent along a perpendicular
path dewnward across the photographic
plate, The procedure is repeated until,
line by line or section hy section, the orig-
inal photograph is in complete iorm.

The second method for the reception of
broadcast pictures, and the one more re-
cently applied by Mr, Jenkins, involves the
sending oi the clectric current as amplified
by radio apparatus through a specially de-
signed incandescent eletric-light bulb. The
filamen: of same is surrounded with hy-
drogen, Approximately two volts of elec-
tric energy from a storape hattery are con-
veyed constantly through this filament so
as to preduce a red glow in the bulb. As
the electric or amplified radio current
varies in intensity it is rcflected by this
filament -thus lighting up or being dimmed
as hali- ones, shades or other picture char-
acteristics are reflected directly on the
phatographic plate.

Not only does the Jenkins invention per-
mit of the broadcasting of camera studies
by that popular. vchicle, radio, but prints
and plates may be eliminated and the like-
ness of a subject sent out through space
offhand. In fact, this wenderful feat has
already been achieved. In the laboratory
of the inventor, a wirl placed her face
against a window as a means of stcadying
herself and her likeness was transmitted
on clectra-magnetic waves to the labora-
tory of Mr. lenkins, on Sixtcenth street,
about five miles distant. The image of the
subject wae illuminated by daylight.
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Telephotographic Apparatus

(Continued from page 106)

ratus; but the system is far different from
the one for which these machines are used,
and the machines are too costly aml com-
plex for the average experimenter to build.
So let us be content with one revolution in
three scconds.

A Simple Electrical Synchronizer

A simple ¢lectrical means for synearoniz-
ing the twa machines utilizes a motor for
one machine and its commutator for the

other. (Sce Fig. 3.) The armature of the
motor is s t.paratc]» excited and has but two
poles ; wlul-: the ficld has three poles con-
nected in series, with thn. conmcuonstapped
between the magnets for the three wires
which extend to the three segments of the
commutator of the other machine, Two
diametrically opposite brushes rotale
against this commutator and cause the field
1o rolate in synchronism. The current can
be supplied 1o the brushes by collector
rings. As before mentioned, the armature
of the motor is separalely excifed.

The shait supporting the brushes st
be geared (nothing but gearing will do) to
the sending machine, and the motor must
be geared in exactly the same manner to
the recciving machine. The sending ma-
chine can be operated by hand or by a
motor as desired, and the receiving ma-
chine will then operate in exact synchro-
nism.

An Automatic Electrical Synchronizer

The most interesting and ideal synchro-
nizer of all requircs no extra wires what-
soever. The principal part is a weoden or
other non-conducting drum A (Fig. 4}, the
shaft of which is connected to the shaft of
the cylinder upon which the picturcs are
sent and received. B is the edge of a piece
of metal electrically connected with the
shafl. C and D are picces of graphite con-
neeted on opposite sides t0 metal  strips
or wires which are in turn connected with
the shaft. F is a narrow piece of metal
also connected with the shaft. F is a
metal band much wider ithan E which
cextends around the cylinder from one side
of E to the other, hut does not ‘ouch T, as
¥ and F muost be insnlated from each other.
G, H, 1, J and K are brushes, J touches
both E and I' as the cylinder revolves, but
K touches I' only. L and M are binding
posts to which the wires arc attached that
come irom the distant machine. N and O
are the binding posts of the p..rhcuhr
pictare frnmmmn" machine to which the
synchronizer is attached. II and | are
connected to two solenvids into whicly the
horns of an iron rocker arm protrude,
There is sufficient [riction in the pivot of
this rocker arm to keep it from iurning
excepting when the solenoids are energized
U is a theostat with which a brash on the
rocker arm makes contact, V is also a
rheostat, and W is resistance in serins

s with
the mf;l.m ‘' represents the electro-mag-
nets of a pravity relay, the arm of which
resls against the stationary contact Z until
T is encrgized, after which it rests againsl
the contact Q. R. 5, P is a two- -way hat-
lery switch. X dis a motor that is geared
down to operate the picture transmission
machine proper. The clectrical connections
are all shown in the diagram.

11 this type of s}mchmmzer 15 |o Lo used,
one must be made for both machines, The
particular advantage of this type over all
others which require no additional line
wires lies in the fact that the oylinders are
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permiited to revolve continuously and are
not stopped momentarily each time a revo-
lution is made.

Now let us sce how this synchronizer
operates. With the arm of relay T against
Q, we adJu;t the rheostat V so that the
motors X of the sending and rcccwm;:: ma-
chines run as nearly as pessible in syn-
chronism when the contact of the rocker
arm is in the center of U, The synchro-
mizer is now ready to operate.

Of course, we have not yet explained
how a picture is prepared or transmitted,
but you Lknow that the necedles on the
carriage arms must be in contact with the
cylinders, TUntil the machines are running
in synchronism, we therefore do not let

speed of the motor on the sending appa-
ratus,

The accurate synchronizing now goes on
automatically. You will remember that the
caurrent to the resistance picces € and D
comes from metal strips on opposite sides,
When the synchronizing impulse comes in,
when H aad I are in the exact centers of
C and D, the currents in II and I are
therefore cqual. The solenoids also receive
equal current and keep the rocker arm in
the center of U, supplying the motor with
a uniform amperage. If the receiving ma-
chine gets ‘urhll\ behind or ahead of the
sending machine, the brushes I and T will
be slightly ahove or helow ceniter, and ot
brush will be nearer the metal strip which

Layout far improved electrical synchmuer to be used for operating telephotographic transmitting and
receiving apparatus here described,

the needles rest on the picturcs, as every-
lhluq transmitted before synchronism is
Jlished would be distorted beyond rec-
gnition.

On the sending outfit put the arm of the
gravity relay a‘ra.mq Q, and put the two-
way battery switch on S. The motor of
the sending machine is now started, and
by studyving the diagram you will see that a
cireuil is completed every time B and E
come in contact with G and J, respectively,
causing an impulse to be sent over the wire
once every revalution, Start the motor of
the receiving machine with the relay arm
against Z, and throw the battery switch to

This motor is now going slightly slower
th;m that of the other machine, because it
is in ceries with the resistance W. The
moto: of the sender is not series with
its resistance, as its relay is against Q
instead of Z. On account of the slower
motion of the receiving cylinder, the
brushes are on a different part of the
circumference of the drum A each time
the once-every-revolution impulse comes
from the sending machine. The brushes
H and T are therefore finally on C and D
when this synchronizing impulse comes.
This causes the current to go through the
solenoids and the relay T, the arm of which
is pulled from Z to Q, thereby cutting ‘out
the motor resistance so that the motor will
of its own accord run at the approximate

supplies the current to the resistance, and
the other brush will be further away. One
brush, therefore, carries more current than
the other, and one solenoid will pull harder
than its companion, causing the rocker arm
to change its position on the rlecostat U,
thereby carrecting the speed of the motor.
The function of E, F and K is to distri
the current alternately to the synchronizer
and the picture machine proper.

If this synchronizer seems too difficult
ov costly to make, the other synchronizer
may he used or else the rod connection
cmployed. In the latter case, your picture
transmitting set will have heen very easily
and inexpensively constructed, and the de-
zree of excellence of the received pictures
will not be lessened in the least.

The machines are now ready to be ad-
justed. When sending, the needle in the
cartiage arm may have a play of as much
as a quarter inch. It must at all times
touch the cvlinder, and should there be any
sort of bulge in the rolled transmitt ing
plate, this much pla\ is necessary so that
the bulge will not raise the needfe beyond
its play and throw the half nut on the
bottom of the carriage out of- mesh -\’hh
the threads on the shaft. Tor receiving,
the needle must be very delicately adjusted.
It must rest on the cylinder when the mag-
nets are not energized, and when raised
up it should be jusl high enough to clear
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the cylinder at all points on its circum-
ference. The less upward and downward
motion the necdle has the faster it will
operate and the better the pictures will be.
Extend a wire from one of the binding
posts of one instrument to one of the bird-
ing posts of the other. The remaining
posts must be connected to the batteries—
preferably two dry cells. If the last ex-
plained sumhromver is used, these wiring
directions may be considered 1o apply to
the synchronizer binding posts instead,

Transmitting Pictures

wBLfUrc fransmitting hali-tencs, you can
write or draw with shellac upon a thin
metal 'plate and transmit this, After the
shellac is dry, roll the plate into a cylinder
and slip it over the cylinder of the machine
vou are going to wse for transmitting.
Place the edges at the tap of the cylinder
with the overlapping part of the crlinder
toward the carriage, and if the plate is put
on as explained the overlapping edge will
not strile the needle and cause trouble.
Put heavy rubber bands around the ends
af the plate 1o hold it {irmly against the
cylinder,

Receiving the Pictures

To receive the picture, you will need a
sheet of ordinary white paper and a piece
of pen carbon paper. The carbon sheet
goes on the eylinder face down around Lhe
white paper. 1f the rod connection or the
first explained electric synchronizer is be-
ing used, be sure that the edges of the
paper arc placed at the top. If you are us-
ing the synchronizer which requires the
extra cylinder or drum. the edges of the
paper when placed on the picture cylinder
should be in a straight line with the resisi-
ance pieces and the copper strip. This also
applies to the copper sending cylinder.
Overlap the ends of the paper toward the
carriage, the same as you dil with the
plate. I you should carelessly overlap it
the other way, the meedle will eatch the
edge of the paper and tear it of. DBa sure
that the carbon sheet fits fightly against
the white paper. Secure these to the cylin-
der with rubber bands.

Put the carriage at one end of the cyl-
inders with the needle in contact with the
same. Now place the switch on your send-
ing instrument at the right and on your
receiver at the left. Start your motors, or
else turn the cylinders with a crank. As
beiore mentioned, the speed should he
about one revolution in three seconds.

By the time your carriages have ad-
vanced Lo Lhe other side of the cylinders
the picture is ﬁnnhrd As long as the
needle of the transmitting instrument is on
bare copper, the current flows, energizing
the electric magnets of the receiying car-
riage and causing the ncedle to be¢ raised
out of contact with the carbon paper.

TELEVISION

Whenever the shellac comes under the
needle the current is broken and the spring
holds the receiving necdle against the car-
bon paper, thereby making a mark. In this
way the transmitting of the entire picture
is accomplished, d

In the inexpensive scis that T mentioned
having designed for the market, half-tore
pictures were eupphed already plepared on
copper for transmission; hut there is some
satisfaction in having them prepared your-
self. Any photo-engraver can do it. You
should have a photograph without too much
detail and with considerable contrast—that
is. hlack and white. Better results are pos-
sible if the photograph has a glazed finish.
Obtam a sheet oi thin polished copper of a
size that will roll to fit the cylinders. Tell
the engraver that you want him to proceed
as if he were going to make a half-tone on
this copper plate, but that he must stop
atter he has cooked his gelatine to a dark
chocolate color. {f mwst noi be elched.
Tell him you want the screen to be na finer
than 25 or 30. He undoubtedly will have
no screen this coarse, so instruct him 1o
make a small zinc hali-tone cut of 40 or 65
screen, and to make a print from this,
Then have him make an enlargement of
this print, without his screen, until he has
the 25 or 30 mesh which you desire,

This plate is rolled and the picture trans-
mitted just the same as the shellac dravy-
ing.

Pictures do not haye to be received with
carbon paper. Your apparatus will permit
the use of a few other methods. Smoked
paper or wax-coated paper will de. 1f the
former s used, however, the received pic-
ture will be a negdtns_ unless a negative
is used for transmitting, Various othzr
plans of receiving may be experimented
with and will be found very interesting to
the experimenter.

Pictures may be received without amy
carbon paper by turning the switch of the
receiving machine to the right or sending
position and utilizing a sheet of paper
soaked in a solution of the following pro-
portions :

Nitrate of ammonia, 4 pounds; ferri-
cyanid of potassmm, 1 ounce; gum traga-
canth, 4 ounces; glycerine, 4 ounces ; water,

1 zallon.

The paper should be kept moist while the
picture is being received. Like the smoked
paper, this produces a negative when a
positive is heing used for transmission, and
a positive when a ncgative is being sent.
These visible ways of recording make a
much more interesting demonstration, zl-
though the picture is not as good.

Of coursc, there are ways to telegraph
pictures which are radically different from
those explained here, but only the simpler
ways sre given so that the apparatus can
be constructed easily and cheaply,

The experimenter will find telephotog-
raphv a very interesting, instructive and
iascinating field.
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say io understand the tuning Address

of a set—is given in this

’
i
i
]
I
]
]
]
book. H

City, State

B i

]

buys an entire
set of these

four books of
pital impora
fance to every
one owning or
contemplating
the purchase of
@ radio ser.

They can be
bought sepa-
rately if de-
sired at

25c¢ each

Fill out the coupon
belaws and mail it
with your remil-
tance today.

—_—

A1l ovders filled
promptly.

P o T T e
CONSRAD CO., INC,, 230 5th Ave., New York,
Gentlemen, T enclose S....ccoierinnns
O Directory of Standard Radio Seta,

O How to Tune Your Radio Ser.

for one copy of

{

£1 Radio Trouble Findet.
O 150 Radie Huckups,

[

“THE RADIO TROUBLE
. FINDER”
fo insure
permanent
satisfaction

HE “RADIO

TROUBLE
FINDER™ is a
hook prepared by
a Radio Iixpert
with many years
of pxddudl exX-
perience, It isa pAcn en fact that 99 out
of every 100 complaints from Radio set
owners can be traced to simple and minor
troubles that a child could repair with a
simple book of instructions—and only
once in a lifetime the average man need
pay an expert to repair his set—if he has
a copy of ithe “RADIO TROUBLE
FINDER.”
This simplified G4-page book charts all
troubles and how to correct them.
It is the simplest thing imaginable to use
it.  Even the more difficult jobs of chang-
ing internal mechanism of the set can le
accomplished success{ully.
The “RADIO TROUBLE FINDER”
contains 04 pages, many of which are il-
lustrated. 1t is size 6 Dy 9 inches with a
colored cover—PRICE 25c.

ISE
“150 RADIO HOOKUPS”

for
BUILDING

HIS 68-page hook oi

the Consrad Company
is the Talest compilation
of Hockups in Radio.
The Hookups are those
that have been iried,
tested and perfected by
time and by thousands
of Radio Listeners.
This priceless book con-
tains: 18 Crystal Deotec-
tor circnits, 39 Regenerative, 21 Reflex, 23 Radio
Freguency, 10 Super-Regenerative, 10 Amplifier
and Oscillator, 3 Super-Heterodyne and other
valuable Hookups.
All circnits are shown by
ssmplified  drawings and
each is explained in detail.
The book is 6x9 inches in
size; illustrated, and is
contained in a special at-
tractive 2-color cover.

PRICE 25¢

ﬂ



FRENCH HUMOR

Food for Thought
STORELLL, who be-
sions during -m Tualiun-
elongel to: e guard of
honor. - For thit reason he wore 2 cagle
i his cip.

One day he Fad & viglent altercation
with a eolanel of the infantiy about 2
plan which {he Farajer Was aliborating.

“The cagle which you Ay SR yOUE Tead
lag rcalen your brain,” cxvl imed the €X-
aoperated €l womel of 1he nEy s

Tbcn Colontl  Pastorelli answered very
cobmd

“"h1-> Tucky for kim. 1 the gagle wers
en yeur hiead, he would haye stasved 19
death?”

e

Nothing to Worry, About
2 |hy o learicd deetor 1old his pa-

¢ that he had 1o submiit to @ very
opr'.m«‘n-

“Is it dangerens? e the gtint:

Not for the patienl, a8 we gt him Ao
aleep. But itas 5 very painful operation fut
{he dovier

“How's that?"

“We snfier from aaxiely. Just think1 Iz
surveeds ouly ‘ouce at of a humdred tines”

“ THE BIG SH?Tj\
s

i e e fidwrat
Tt 1u ne Yos pas be?
lait lrap riit.

—Pour le t
— XN gour le toucher!

L saw 3, Tharel”
you dxdn( Jii xlI e
R lcb s

Ta Jull it
“No, t©© hi: )51"

—=Et ke mrrngd‘ Vous a-vrt.
— Rien tfr, Jame 2

ward whal do {
HOE conze, 1 think

When Modesty is Great

THL gruﬂmnu CDmPITE Verli, was
cxurermely TR dost. FTe huted the fndise
voct, and Aed precipitously from thoss who
Siched to intarview bis.

Oue day a Fegorief acked him what were
he mo:t impertan: | h:wmmxs 3 his Tife

Verdi thought' it over fur a woment, and |
(heat anewered gen my.

e mest noterions esenl o my life was
my birth, in 1813 Siaee then noling: fus
Tappetet which "deseryes 10 be ¢alled iae

DL

Bravery

\HE old meid—0h) Toat was & won-
Gerful charity bazaar we tad, and L
iad such a good time. Can you imagine, e
Magor sdve me l'we dnlh\s for one Kiss!"
The yommg maid— “The Mayos is & very
wuxap.w- . ]Ie dees cverything for
hncity”

ik ol u.amnge?
ity greatl But it

e i jnge ?
Snuis cest le mori gu

me gind,

you Jike it
s the husbm.d thﬂ anmoys 18"

JSN'T IT THE 11 TP

—(hlesl-er qud ot qur @ portrait &2
Jomme 132

—_Clegt ume Forpne UE j'a commet gufrelcis.

—Alors, c'est §3, T WE |rompais déjé avems
2o e conuitre!

“What's this v.:-ma-ls pictare doing liere”
pars & girl T ussld to Koow”

g, that's itt You were unirue to, e even
before you met mel”

|,lllﬂ”lldlmi“““”“ a0

.the magie Jand of humne

AT

FRANCE sen
Fras ds its m';tchless wit and humor to every American Ho
me

_e’l“td ‘parlay,’ i

no woffers humos-1
3 finest hu > 0% ﬂf{ Americans ils
FRENCE HUMORS unor through the new weekly magazing,

Americans (
who have never b
the Opinion t ever been in France) in =
smut 1\)’um atc‘ax:n?:]l‘ ¢ 111*1[1‘12“(:11 i humor or J(ng;a}:)lltxim}lf
average fa [ is, oi course, all tom
r-famed Gallic with is no maore :!mm‘- ;m\m( The
T go citizen is a Gun-man y than the aver-
s mew  Tagazin il 3
Trenc gazine will show America why .
hman laugh—also that humor is intanl\:lll:'ua;n'lk“s e
)

loc WEEKLY It will

ON ALL NEWSSTANDS

foster a better understanding betwewt Americ

: Mustrated jok 7
are ;')r:nt'cd first in [French Sl

men as a whole,

Ay

v

u have ever read.
“opi

mches

EXPERIMENTER
230 Fifth Ave.

will

vies are sold on all 3512 Y Z¢ magazies JX
) all newsstands, lar;
¢ size mag: Ux12
. profusely illustrated with genuine French ﬂlmtraUJ
D 013,

PUBLISHING CO., Inc.,
New York

wAferica

7

('H.md Frencl-
] 1 HUMOR*
e and then in the English translati
i l:lc“ot fx‘::ta:tn(te}‘est a_nr]l help to thoese w;u; a:clhallav.ifl(;'"
o have A s ring of this importal v é ;
Theit‘firtl;) ::op)-' of ‘FRENCH HUM (‘)pl{” 4 “1;)":?(-1‘:""};:}]“&
e funniest, wittiest and mosl entertaining 'm"a:: i“::
IR Zin
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SUBANTENNA—new underground Antenna System

astounds listeners and laboratories with loud clear

DX on hot summer nights when old style aerial gets
nothing but unwanted noise

Imagine the intense pleasure of bringing in
your favorite distant station loud and
erystal clenr—right through summer's eur-
tain of statie and noise! But, youdon’thave
(o be content with merely imagining it. Real
X in summertime—real big volume—
amazing clarity—much better scleetivity
—zl1 these are now available to you—and,
with your present zet. Simply connect your
set to SUBANTENNA~-the marvelous
new undergrounid antenna system that
uses filtered ground waves instead of noisy
I Waves.

Read PROOF that SUBANTENNA
is the Greatest New Thing in Radio

=
Says Static Is No More
“Ihaverecsived theSubantenna, M{ rand-
son iestalled it. STATIC IS NO MORE.
Am well satisfied. I can tune in stations
I never could cozx out of the uir even
though L had alongacrial.”—A. K. F., Kans,

=
“ Better Selectivity—No Static”

“Tt has always been impossible for me to
eliminate the Drake Hotel, 1 was told that
Subantenna would enable me to do this,
Although skeptical, in view of many similar
clzimsmade by othermanufaciurersof radio
uecessoriea, I had coe of e Subanicnnas
installed. The results have hean moat satig-
factory, in that I hava not only been able

Underground Anfenna Sysfem

o geb every station in Chiengo of any con-
sequence, when the Drake was on the air,
but vut-ol-town stations as well. In addi-
tion T am able to report that static, which
was a Rource of much annoyance before,
has been enti.rel}' eliminated so far as I am
able to cheerve. '-—-ILL. P, Chicago.

Michigan Gets California
“J have had KTFI, Californiu, several times
and goall over U, 8. A, to Portland, Maine.

You have the goods, It is far better for
volume and tone on loud speaker than out~
side aerial.”—C., J. 8., Mich.

=

Why SUBANTENNA Makes Every
Night a Good Radio Night

In summer air, the ratio of statie atrength to signal

stzength fuveos3 3tatle, Tha “nofse {320 much greater

CLOVERLEAF MANUFACTURING CO.

2717-A CANAL STREET

CHICAGO, TELINOIS b m e e e -

than the Lroadesst sigtal that it Mdes the musle you
wiah to hear, That's why yon don’t et distanee in thn
summertime, But, when yuu use SUBANTENNA,
the situntion is just revessed. For,in the ground, Uie
rtia of statiert-rigth to aianal etrength favers the
luiter, In fued, there i oo Jitcle stutie dn LLe ground
that the hroadcast signal easily dominutes iv, with the
result that yea hardly hear the static, even on the
mee b distunb vlulivrs, Bedio research nien hava long
Jnonwn this fack, but na déviee had ever been per-
fected by which ground waves could beused, Now,
luwever, you beve SUBANTENNA—3 preat new
davive which makes radlo, for the firet time, an all
year 'founc pleamire,

Eliminates Lightning Risk
Not anly will SUBANTENNA give you lead, clear
DX in sununer—rob only will this remmarckable thvens
tion better tow selectivity of vour set—%hat it ulso
complelely  sliminaie (he lm\hudn:. buzanl, Witk
SUBA N’ﬁcNNA Toucan goright on Hstening-in dus-
ing the most severe cleetrical storm withon: nefas,

Ty ol ablraclisg Lpkluing vr damagitg your sot.

FREE TRIAL

Make This Convineing Test
Inntall SUBANTENNA, Leave your old awisl up.
Balect o bad night when DX {xalmant impeasalhia with
the ordinary ecrigl, Malte n comparizon station for
station, connecuing firas your sersl, Len STDAN.
TENNA. If,from staticrs that gra. jnst a mes of
jumbled naise with the ald rerial, you don’cget. E-

ion that rivals local in sweatawes sad cleri b
inatantyou switch to SUDANTENNA, thistest won't,
coat yan even reinglepenny. Send coupon gt ares for
ecientific explanssion of SUBANTENNA nad lor

articulars of GUARANTER and PRIVD TRIAL
FFER. 8cnd COUPON NOW!

CLIP AND MAIL AT ONCE

CLOVERLEAT MG, CO.,

717-A Caonnl Strece, Chicego, Minals
Tell meall I‘II')UUL %UBA.\'TENNAJym)r un "?"IE
fiel, uncendilivnal guarantes g FRE
TRIAL OFFER bt

Name

1
Adcress =
¥




N Tube Set

INCE Single Dial Radio

T

o TS,

Radio Sets
Are Equipped

For
BATTERY or
ELECTRIC

operation

Wonderful offer direct from the factory! The world’s greatest
radio! A perfect working, single dial control, 7 tube receiver! And
?ust to prove our claims, we will ship it to your home i for 30 days’ free trial. Test
L under all conditions, ’1:- it Tor distance, volume and tonal quality—and if you are not con=

vinced that it is the best single dial set you ever heard, return it to the factory, We don't want
> . your money unless you are wmph tely satigfied.

Three Year Guarantee
BIG PROFITS
T0 AGENTS AND DEALERS | Metrodyne Super-Seven Radio

Our Agents and Dealers make big money
il S A single dial control, 7 tube, tuned Easiest set i operate, Onlr one small

selling Metrodvne Sets. You can work ail
or part. time. Domonstrate the superiodty radin fn-qm ey wel, Tened and approved knob tunes in all stationd. The dial js elecirice

Big Discountsto
Agents and Dealers

of Metrodynes right in your home, Metro- by Popular S Institute of Stand ally lghted so that you <an log stativas in the
dync Rndms have na campeition, Lowest Popular Radio Laboratory, Radic News Labora- 1tk The volume control requlates the recejs
wholesale prices. Demonstrating set on 30 tary and by Amerien’alondiae Radio Enginecrs.  lion fmm a faint whisper to thunderaus valume,

Designed and buile by rvadio experts, Only the 1,000 to 3,000 miles on loud speaker! The Mot~
highest quality law loss parts are peeds Mage  rodyne Super-Seven s a beautiful and eliclent
nificent, twa-tene wilnut cabinet with beantiful, rurlvtr. and we are so sure that wou will be
gilt metal (ehmnings; Very newest 1923 wodel,  dilighted with it, that we mnke “this libeeal
embodyving all the Litest selincieents. 30days"free trial offer. You to ke the judge,

MAIL COUPON BELOW

Let'us send you preof of Metrodyne quality—oxr
30 days' free trial ofjer and 3 year guarantce

Wlm. Leffinowell, Wastficid, N. J. 3 3
L tadlo l|nm if el Fou isn \’ova 'IEE. n?i:-cill a4
e

Todyne
Avu 5'326 Faekilon 1w

days” free rrial. Greatest motey-making
opportunity. Send coupon. a letter or
postal for our agent’s proposition.

Maymood, I|L. \wl'e: My time s up
nml mc llnmuimn WOLEE 1 got Muvena, Calis, 03»
mntl F'-L"‘ Jronsur, Ooln.. Torouto, Canscs, ull oa

w. l.udvlllc. 0: “Rocsived e Ts
lnlw lhlmlym: in fue oo (hmr T m_ it up and workin g
Tame d3y receivel. Y5es zoca Latening 14 Lan Avecits, H
E:'xv.-. »dl Al run\ her Cshlumm pu 1ntd; alsa Bto Laeis,
T3 (315 ol other exss ém soatls st uvma——.’d voniing
in fion. Am more than plessd, Bure enjoging it
Wo will send you bmnln:dn of similar lelters from
owners who neclnim the Metrodyna na the greatest
radio set in the world A ypestal, Jotter or tlie enapan
bricga complate fnferm:tion, mauuummls whu!nlu
prives, and our libernl 30 days® frce n'hf

TP L -
METRO ELECTRIC COMPANY

2£01-71 N. Callfornia Ave., Dcpt. 206
Chivago, Minols

30 Days' Free Trial—3 Year Guar-l‘u

Metrodyne Super-Six

Arnother trivmph in radio. Here's the new 1928 madel Metro-
dyna B tube, tyo dial, loax distunce teed sudin frequency. receiv-
ing et Ap ruvul by leading rudio engineers of Americe, Eighest
gmd: luw loss pirts, completely assembled in a beantiit! wilout
iret. Vasy th operate. Dials ewsily Jogzed. Tine in yorr fave
arite station oa same dial readings every time — 1o gucssiag

. My, m.\m% af f“(rn~xJR Al \") it !‘\‘;‘ c;*:lcm:u .l\llf-lll Pt _a- Geatl H
were on & truel e seventens gtf-of-tovon stations, i s a

SIAi pese O Hio i ST R g Jond spaker hoed, ey Jond pog MAIL THIS Send madull particulzes shont Metrodyvne & tube
eicar, an thoogh Lhey were all in Ol crand ICOM ’:-(ur et our and T tube zetsand your Sodaystirectrial offer,
We are ono of the plonesrs of ruhn AThe idcoensiof Metrodyne setz e bt Euyimg a rado.
in due to onr liberal 10 daya’ froa trial -I'l’-r, which gives you the el dizsat wth i Name e
om-rlnml of trying before buying, Thousands of Metrodrnes SAVE MONEY = WRI'I: NW

have been bought on our liberal (u- trial basis. | AAdd;

METRO ELECTRIC COMPANY -

1 yow are interested it AGENTS drop-

2161-71 N. California Ave, . M‘o 296 + Chicago, Illinois ositipn, place we VX' & 2ke square v

—~



