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FRANCE sends its matchless wit

—J'ai vue wn lidvre?
—FEt tu ne Las pas, té?
11 était trop petit.
—Pour le tuer?

—_Now pour de toucherl
ol saw a hare!?

"And you didnt Kill it?”
It was 100 small.”

“To kill it?”
“No, 10 hit it1"
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When Modesty is Great
THE great. Italian composer, Verdi, was

extremely modest. He hated the indis-
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“The most notorious cvent in my life was
my birth, in 1813. Since then nothing has
happened which deserves to be calied im-

portant.”
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TELEVISION

great Radiolraining

If you want to get into the
Radio Profession, or if you're
in it and want to get ahead —

READ THIS ANNOUNCEMENT!

Here’s a message of iimportance to cvery man who hopes
to better limself along the lines of Radio. Never bcfore
fias there been a Radio training course that could be made
to fit the needs of all—both cxperienced men who wish to
better themselves and inexperienced men who wish to -tart
from the beginning. There is one now, 1 am prepared
to help the beginner start in Radio from the very beginuing.
And 1 am prepared to help the Radio dealer, the experienced
Radio operator, the Radic service man, the college en-
gineering student, the graduate engineer, the Radio fan,
the “'ham,” the factory or broadcast man who wants to
get a more responsible job.

An old, established systern of Radio home-study training
has now been developed, improved, ftested, and enlarged in
scope so that now it not only will help anyone who wants to get into the Radio
profession, but more, can he adapted to help alinost any man now engaged in Radio
(Radio engineers of experience and standing excepted).

if you want to get into Radio, or if you're already in it and want to add to your
knowledge and get ahiead, let me send you my friee 64-page book of information
about this new and greater Radio training system,

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

1If you'rc earning a penny less than 8$50 o week, you're not carning what you
shiould be able to get out of Radio. Thoroughly-trained Radio men—men whose
knowledge of Radio is practical and completely rounded out on every point—
earn up to $200 and §250 a weck. Radio is a mew industry with plenty of fine
positions unfilled. There are countless opportunities in Radio for a man to earn
a splendid salary. But these are not opportunities as far as you are concerned,
unless you are fully qualified for them, The only way to qualify is through k1owl-
edge—training—practical, complete training that fits you to get and to hold a better
position in the Radio field.

For the beginner, | have a complete training that will take him from beginning
to end. To the Radio dealer 1'll give the technical and practical knowledge he has
to have. I will round out and bring up to date the experienced Radio operator’s
knowledge. I can take a Radio service man whbo has a pretty good idea cf the
“how”’ but very little idea of the "why,” and give him the practical and theoretical
knowledge he must have before he can hope to climnb higher on the Radio ladder.
I can take the college engineering student, or the graduate engincer, who wisles
to specialize in Radio, and give him what he needs.

What other line offers such an oppurtunity as Radio? From §2,000,000 a yvear
in 1920 to $500,000,000 a year in 1926; from 1,900 persons engaged in Radio in
1920 to 300,000 in 1926, That's its record. The accomplishment of television
and the many other inventions constantly being made promise the same sort of
boon for the future, .

If you're alrcady in the Radio business, stay in it. But prepare yoursclf for
advancement and more money, f you're not in Radio yct, get in.  Men always
do their best at work that irterests them.

Send Coupon For Free 64-Page Book

My free 64-page book is filled with facts and photos relative to Radio and its
opportunities, and tells all about my new and greater system of Radio troining.
Under my practical methods, you can study at home in your spare minutes, ana
get a thorough. clear, practical and expert knowledge of Radio in from 4 to 12
months. The time required depends on your previous knowledge, your ability, and
the time you can spare for study. You keep right on with the job you have—no
necessity for yonr leaving liome or living on expense.

This proposition is open to anybody who is not satisfied with his job, his prorpects,
or his Radio knowledge. Regardless of how much you know already (or if you
don't know the first thing about Radio technically) I'll fit my methods to suit
vour needs. No particular amount of general education is needed to start—many
wmen I've trained didn’t even finish the grade schools.

1f you want to enter into any correspondence about your own situation, anything
you write will come directly to me and wiil be held strictly confidential,  Send the
coupon at the right, or write me a letter teday.

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

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

WASHINGTON, D. C.
Em

yployment Service to all Graduales
\Originators of Radio Home Study Traiming |

ater/
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THE BEGINNING OF RADIO, 1898-1902

Beiow is the historical Marconi apparatu«, These *jiggers’” ure trans.

mitters and reccivers, used by Marconi in his rst Radio experimen:s,

enormous progress made by Radio during the
only can transmit any scund by Radio, we have learned to SEE

RADIO TELEVISION
FIRST DEMONSTRATION, 1927

Relow, television apparatus in operation —perhaps the best indicatiom of the
rast 25 years, Now we not
by Radio as well,

Mail this Coupon
or [free information
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J. E. SMITH, President,
National Radio Institute,
Dept. KG-9,Washington, D. C.

Dear Mr. Smith: Kindly send me your free 64-page book about your
new and greater Radio training systom. 1 understand this request places
me under no obligation, and that no salesinan will call on me,
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SAM LOYD’S
Tri&’cks

Puzzles

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

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

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

50c— AT ALL
NEWSSTANDS
or order direct

EXPERIMENTER PUB. CO,, Inc.
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,
even your handshake reveals.
Every inch of your hand has been
charted by the experts of this
highly developed science, and so
simply and accurately that anyone
can learn the telltale signs by
heart,
Here is a brand new book with all
the latest information—written in
such a way that you can quickly
mastes “Palmistry.”

Th SOC
YOUR HANDS it

Tulb 6 ] 96
:!WLF Tm’ pages

!

9x12
inches

SOLD EVERYWHERE
or direct from

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

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

POPULAR
MAGIC

Second Edition

- e

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-
ed—so order now. Delivery with-
in 24 hours.

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

Only 50c

If your dealer cannot supply

you, order direct

EXPERIMENTER PUB. CO, Ine.
New York

230 Fifth Ave,,
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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, a2 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!

sy Way

.

Learn Without Lessons i 90 s

ACK of experience—age,
or education barsno one,
I don’t careif you don’t
know an armature from an
air brake—1I don’t expect
vou to! I don’t care if you're
16 years old or 48—it makes
no difference! Don’t let lack
of money stop you. Most of
the men at Coyne have no
more money than you have.
That's why I have worked
out my astonishing offers.

Railroad Fare
Allowed

I will allow your railroad
fare to Chicago, and if you
should need part-time work
I'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 betrained

. . on the greatest outlay of
electrical apparatus ever as-
sembled ... costing hundreds
of thousands of dollars ...

real dynamos, engines, power plants,
autos, switchboards, transmitting

Prepare For Jobs
Like These

Here are a few of hundreds
of sitlons open to Coyne-
trained men. Our free em-
Ployment bureau gives you
ifetime employment service.
Armature Expert
$100 & Week
Substation Operator
5 o Week
Auto Flectrician $110 2 Week
Inventor - « Unlimited
Malntenance Engineer
$150 a Week
Service Station Owner
$200 o Week
Radlo Expert - $100 a Week

Now In Qur
New Home

stations . . « everything from door- Tuigisogrnew, fireproaf,

ome wherein is

bells to farm power and lighting . . . i':"‘““'b"""“d-"fdd

ars, worth of the newu;

full-sized . . . in full operation every E;‘:’s;}",’;“u'{:’:},:','," Eesi
\l

day!

nds. We now have the
largest amount of

loor
No Books—No Printed v tadhe oo

Lessons

world, Every comfort an
convenience has been ar-
ranged to make you happy

No dull books, no baffling charts fnisoniented during your

ELECTRICAL SCHOOL |

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

COYN

S500 S. Paulina St., Chicago

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

Jobs, Pay, Future

Don’t worry about a job,
Coyne training settles the
job question for life, De-
mand for Coyne men often

¢

Established 1899 3

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

Get the Facts

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

Get this
FREE

Mr. H. C. Lewis, Pres.

COYNE ELECTRICAL SCHOOL, Dept B7-92a
00 §. Paulina St., Chicago, 111,

Dear Mr. Lewis:

Without obligation rend me your big free c:naloayi ana al)
detalis of Railroad Fare to Chicago, Free limployment
Service. Radio and Automotive Courses. and how 1 can
“earn while learning.”’ I understand 1 will not be bothered
by sny salesman.
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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
long as we can hear voices overa distance, to see each other from widely remote points.
Seeing at a distance, whether by wire or by radio—it matters not—is true television.

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

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

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

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

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

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

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

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

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

Summer 1927.




TELEVISION

CHAPTER 1

Television Experiments

OT so many vears ago experinental
N radio, or wireless, as it was then

called, gained a tremendous hold

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

The suggestions given, i the {ollowing
paragraphs follow closely the television sys-
tem used in the recent successful demon-
strations by the Bell Telephone Laboratories,
and while there are other methods of carry-
ing on experiments in successful television,
such as that of Mr. Baird, and details of
which appear in another chapter prepared
by Mr. C. A, Oldroyd, well-known knglish
engineer, we have paid considerahle 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 irom the experts who developed and
demonstrated this perfected television ap-
paratus that the parts must be carefully

of the shaft should be approximately 1080
revolutions per minute.

The beauty of this simple set-up of tele.
vision apparatus lies in the fact that the
experimenter can always have recourse to a
so-to-speak standard model, by means of
which he can try out his photo-electric cells,
neon tubes, diapliragms, amplifiers, ctc., with-
out having to worry about the fact that the
transmitting disk is probably rotating out ot
syinchronism with the receiving disk. Iach
of these disks are perforated with 50 small
holes laid out on a spiral, as described fur-
ther on in detail.  The main thing to note
in all television apparatus is that the holes
in the rotating disks in any system must
be at the same position at any given instant.
As soon as we cut the shaft in hali that
joins the two disks in the apparatus shown
in Fig. 1, and have to provide a means for
synchronously rotating the transmitting and
receiving disks when separated at a distance,
then we have another problem on our hands,
A special chapter on synchronizing means

SLIT ONLY QPENING IN LIGHT TIGHT

BOX. SLIT SIZE OF PICTURE.

6 OR MORE STAGES OF

current, and in consequence a distortion or
blur in the reproduced image at the receiv-
mg  disk. The Bell engincers placed the
first three vacuum tubes mside metal tubes,
the audions heing packed in mineral wool,
and the metal tubes in turn suspended by
rubber bands.  The mumber of stages ot
amplification to be used will depend upon the
characteristics of tae ueon tube behind the
disk at the recciver, and also upon the plate
voltages and the type of tubes employed in
the amplifier.  The number of stages re-
quired will also be dependent upon the effici-
ency and clectrical characteristics of the
photo-electric cell employed. The Case
thalofide cell is useful for experiments, but
the best is the potassium cell.  Experiments
may be tried with good quality selenium
cells, but these usually have too much lag
to be useful for this purpose.  There is a
new English make of selenium cell which
is claimed to have practically no lag, but as
photo-¢lectric cells can be purchased in the
market, and in view of the fact that they
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The simplest experimental television machine which will hel;_) to, demon-
strate the principles of transmitting the living image over a wire, is shown
in the picture at Fig. 1 abave.

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

The Simple Television Apparatus

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

will help you in this particular problem,

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

The djagram abo_ve shows how the moving picture images fall upon a photo-
electric cell, which causes corresponding current fluctuations in the am-

plifier and nean tube circuit.

are practically instamtancons in their action,
i. e, in the recovery of their electrical re-
sistance after light has ccased to fall on
them, it will pay to procure one of these.
The electric motor should be of about
4 to 14 horse-power if it is to drive two
of the small 16-inch disks, as shown in Fig.
4, or it will neced to be a motor of about mne
horse-power possibly todrive two of the large
38-ingh diameter disks, shown in Fig. 5
Caution shiould be observed in driving two
of these large disks at 1080 revolutions per
minute, as they would be liable to wreck
the laberatory ii they ever got loose at that
speed. At least a l-inch diameter shaft
should be used for the large disks and sup-
ported in substantial bearings, while for the
small 16-inch disk a % or 3; inch diameter
shaft, preferably the latter, will suffice.
Three bearings are better than two if the
shaft is to be any longer than 2 ft, and
take care to place the driving pulley close
to one of the hearings 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 each
tube is tested out in the laboratory and a
characteristic curve plotted for it.

It was pointed out by the engincers who
carried on this work that a great deal de-
pended upon the operating characteristics
of the neon tube used.  As these tubes were
specially made at their laboratory, it is
necessary for the experimenter to try out
whatever neon tubes he can get hold of,
One of the simplest and cheapest types
possibly is the \Westinghouse spark “C”
(ncon tube) many of which have been sold
for testing the spark plugs on automobile
engines. If one tube is not sufficient to
cover the height of the picture, then several
can be placed side by side, as shown at Fig.
7. As shown in the diagram Fig. 8. about
140 to 160 volts is usually employved 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 kind. 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 directly in the
plate circuit of the last amplifier tube. The
arid bias or “C” battery potential on the
last vacuuwm tube in the amplifier must be
carcfully adjusted and made high enough,
so that normally when there is no illumina-
tion on the scrcen or object at the trans-
mitter, the ncon tube is dark. In other words,
the bias wvoltage on the last amplifier tube
must be adjusted, so that the neon tube
glows only wchenever an incoming signal or
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current from the transmitter arrives and
impresses itself wpon the grid of the last
vacuum tube.

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 at the receiver
is enlarged by placing either a lens in front
of the revolving disk, or else by allowing the
image to pass through a lens, or perhaps a
series of tubes (as Baird does it), and the
image in turn enlarging and falling upon
a suitable screen, the illumination factor
reduces also, thus making the image or
picture a great deal dimmer.

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

NOTE HOW HOLES OVERLAP DUE . FIRST HOLE
TO D BEING LESS THAN OIA. B DN A TONERHEEE N SPIRAL The proper neon tube to
OF HOLES THROUGH IMAGE ) o use behind the perforated
Y SLOT AT e receiving disc in the tele.
RECEIVER ) vision Ippﬂrat‘l‘, is one
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large enough to cover the
size of the image. As
shown at the right sev-
eral small tubes may he
utilized in an experimen-
tal apparatus, placing the
tubes close together,

LAST HOl:E Diagram at left shows in
IN SPIRAL simplified form at Fig. A,
: 4oy how the holes are to he

laid out on the discs, so
that they slightly owverlap
as they move into posi-
tion before the diaphragm,
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The holes in the disc used in the Bell television apparatus are laid out on
a spiral in the manner illustrated.

Laying Out and Drilling the Disk Holes

In the diagrams, Figs. 4, 5, and 6, some
details are given which will enable you to
lay out the spiral of small holes on the disks,
which are to be revolved at the transmitting
and receiving ends of the television appa-
ratus, as shown in Figs. 1 and 2. In the
first place, care should be taken to purchase
sheet brass big enough to cut the disks from,
which has been kept on a shelf and not left
standing on edge in the stock rooms of the
company supplying the brass. The disk
may be 1/16 inch or preferably 3/32 inch
thick.  The reason why care should be
taken to obtain brass, if at all possible, that
has been stored flatwise on a shelf, is be-
cause of the fact that sheet brass which has
heen stacked on end will tend to have a
slight bulge in it, and 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 piece of wood, placing small clamping
strips all around the edge to hold it in place,
while a lathe tool is run into the brass so
as to cut a disk of, say, 16-inch diameter.
There are numerous other ways in which
the Dbrass can be cut out, but it should
be done with some form of tool in a lathe,
or clse with a radial arm cutter, such as
those used for cutting holes out of radio
pancls and sheet metal boxes,

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

TO TERMINALS

SUFFICH-’:NT NEON TUBES TO COVER
IMAGE OPENING: BEST TO USE ONE
NEON TUBE LARGE ENOUGH.

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

build a set of true running disks of this
size, not to mention the larger motor re-
quired to drive them. Figuring on an
image approximately l-inch high by %-
into 50 equal divisions, each measuring 7.2
inch wide and referring to the disk lay-out
diagram at Fig. 4, we see that the first
step is to divide the circumference cf the
disk by means of a protractor or otherwise
degrees. These disks are laid out by draw-
ing 30 circumference marks on the face of
the disks with a pair of dividers. Dividirg
the height of the picture P by 50. gives
us the difference in radius for each cir-
cumference mark between the top amd the

P=3 LARGE
PHOTO ELECTRIC
CELLS

LARGE CAMERA P
LENS. ( FAST
AS POSSIBLE)

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

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

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

SLIT WIDTH OF IMAGE
OR= PITCH BETWEEN
_HOLE CENTERS Pi

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

ARC
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7 oS the “?Mtsh and shadows
REVOLVING DISC-~ Atz of the image.
FIG. 11 nov. 0.C.

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

size of the image, i. e., its height must be
sufficient to come even with the top of the
outer hole on the disk, and
also with the bottom of
the innermost hole on the
disk; while the width of
this diaphragm opening is
equal to the pitch or dis-
tance between the centers
of two holes. The distance
is approximately 3 inch
for the small disk, as
shown in Fig. 4, where the
dotted lines at the top of
the disk indicate the size
of the image.

For the large 38-inch
disk shown in Fig. 5, used
for producing a larger
image 2%-inches high by
2-inches wide say the di-
ameter of each hole would
be 214 divided by 50, or .05
inch, The circumferential
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Figs. 9 and 10 sheww meéhod of arranging invisible infra-ray illuminants for
use at the television transmitter.

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

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

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

LARGE CAMERA LENS
( SHORT FOCUS)
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The Jenkin’s television scheme utilizes a revolving flat glass prism,
which causes a light beam to travel over the whole face, progres-

sively, many times a second.
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with a diaphragm placed close behind it for
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 is cotmected through a coupling resis-
tance to the first stage of vacuum tube
amplification. It was pointed out by the en-
gineers who successfully demonstrated the
Lell apparatus recently, that the common
method of connecting the photo-electric cell
to the first stage of amplification without
any coupling resistance or other medium,
proves very unstable and is undesirable,
Proper C battery bias is to be used on cach
stage of the V. T. amplificr.

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

TELLEVISION

Bell Telephone Laboratory Television
Transmitter

In the diagram Fig. 11, we see how the
el Telephone Laboratory television trans-
mitter is arranged. Here an arc lamp in a
light-tight but ventilated metal box passes
a powerful beam of light through a con-
densing lens of large size, the condensed
heam of light being focussed on the rear of
the revolving disk and the diaphragm just
allead of it.  The diameter of the focus
spot is equal to the diagonal of the image
opening.  This diaphragm may be a sliding
metal plate affair, the distance between the
plates heing 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 to pass
a ray of light, either out to the ohject
or inward onto a photo-electric cell, de-
pending of course upon which type of
transmitter is used. A suitable lens is
placed after the disk, i. e., Dbetween 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 Magazine, and also the June, 1927,
Ramo News, and reprinted in chapter V11

properly ventilated with blinds or shields

c:xbjpct, and also one bank across the top.

Fig. 12 shows how C. Francis Jenkins,
the well-known Washington, 1. 'C, in-
vestigator of television and radio picture
transmiission problems, does away with a
perforated disk at both the transmitter and
the receiver.  Mr. Jenkins causes a  pen-
cil of light to travel over the object by
means of a flat glass prism, revolved by a
motor in the usual way. This flat glass
prism corresponids to the rotation of a reg-
ular prism, and it has bheen very carefully
and mathematically worked out.  Suitable
lenses are employed with the transmitting
prism as shown, One of the latest ap-
plications of this revolving flat glass prism
of Jenkins, is the projection of motion pic-
tures without the use of a shutter or inter-
mittent mechanism the film traveling through
the projector continuonsly.

Perforated Belts Instead of Disks

In the illustrations, Figs. 13 and 14, a
different idea than that previously described
is suggested. One investigator, whom the
authors have been in touch with, Mr. L. J.
Schramek by name, stated that he had ob-
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The experimental television machine shown at Fig. 13 and 14 above, has been tried out successfully by its inventor, Mr, L. J. Shramek. The per-
forated belt represents one way of causing the light ray to progressively traverse the image at the transmitter, and also to build up the image from
the successive light pulses in the neon tube at the receiver.

over the ventilating holes, it will have to be
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 wvisible light rays. If
a secarchlight is to be used for carrying
on - experiments in  #octovision or seeing
in the dark, as demonstrated by DBaird
recently, then the diagram Iig. 10 shows
the position of the hard rubber sheet at
the end of the metal barrel fitted on the
front of a searchlight, so as to keep it
several feet away from the pyrex or other
glass front on the usual searchlight hous-
ing. No doubt air would have to be cir-
culated in and out of the extended cas-
ing on the {front of the scarchlight, in
order to keep the heat down, and a water
cell would also help.  Another way to cut
off the heat from the visible and radiant
light rays striking the hard rubber sheet,
will be to extend the length of the steel
tube or barrel carrying the infra-red filter,
and mounted on the front of the searchlight.

herewith describing the radio and clectrical
features of the Bell television apparatus as
actually demonstrated, use is made in the
Bell transmitter of three new and extremely
large photo-electric cells, P,  These large
photo-electric cells devised by Dr. Herbert
Ives, of the Bell Telephone Laboratory staff,
are similar in principle to the usual type,
but measure 4-inches in diameter by 14-
inches long.  One cell is placed at either
side of the transmitter disk cabinet, and
one cell at the top. The consequence is
that the rapidly changing reflected light
beams coming from the face of the subject
are bound to {all 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 photo-electric cells,
or selentum cells of the new quick-acting
type, are used instead. These banks of cells
should he placed at either side of the disk

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

As the diagram Fig. 13 shows, the holes
may be laid out by drawing a diagonal line
along the entire length of the revolving belt,
allowing space at each 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 30, as previously explained for
the disk. The spacing of the holes will
determine the height of the picture, and the
longer the belt, the greater the height of
the picture and vice versa. The belt should
be made of some stiff cloth material, or
painted photo film may be tried for ele-
mentary experiments. The belt must be




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

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

TELEVISION

of the transmitter will have 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 to the number of holes in
the moving belt or disk in the previously
described machines, it may be wondered why
50 is invariably recommended. This is
due to the fact that the less the number of
holes or perforations used in the disk, belt
or other light interrupting device, the coarser
the “grain” of the picture. Likewise the
more holes you use, the finer the grain of
the picture, but 50 has been found to be a
happy medium. As aforementioned, the
main purpose of the diaphragm is to frame
the picture and prevent more than one hole
at a time passing light, either to the cye
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from the neon tube or again from the
illuminated face or other object onto the
photo-electric cell of the transmitter.

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

Baird Television—Experimental Data

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

last succeeded in making his system

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

lamps illuminates the subject whose face,

This picture shows one view of the television trams-

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

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

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

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

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

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

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

The working principle of the televisor
is explained by the diagrams; in Fig. 3
we have the transmitter in action. On
the left is the subject whose image is to
be transmitted, for instance a face.
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 clectric motor “A” rotates the
lens disk at high speed. At a certain in-
stant of the transmussion, lens No. 15 may
have arrived opposite the subject, it forms
an image of a narrow section and projects
it upon a photo-electric cell of special de-
sign which is shown at the right. If the
image happens to be bright, the cell will
pass a comparatively heavy current; if the
image projected is dark, the cell will pass
little or no current.

If we use the transmitter in its pres-
ent form, we shall find that the images
falling on the photo-electric cell are merely
blurs drawn out into a narrow band. To
get well-defined impulses, the image thrown
by the lens disk is broken up by a rapidly
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FIG.3

LENSES -

The diagram above shows arrangement of shutter
disc together with lens disc and phote-electric cell
in one of the television laz:_::idines devised by Mr.

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 ecither pass through the slot or—
a fraction of a second later—be held back
by the spoke of the shutter disk. A smal!l
electric motor “B” drives the shutter disk.

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

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

transmission is to take place by wire.
Through the ether, they reach the receiving
televisor, its construction is shown in Fig.
4. After the signals have been detected and
amplified in the mamer familiar to all
radio fans they reach a neon tube, accord-
ing to the received signal intensity. In front
of the ncon 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 be in phase.
when at the transmitter end lens No. 15
is at the uppermost point, lens No. 15 of
the receiver lens-disk must occupy the identi-
cal position at the same instant. A special
synchronizing system holds the two disks
automatically in phase. (See chapter on
Synchronism.)

In our diagram, lens No. 15 is just oppo-
site the neon tube, the light passes through
the lens and produces a light spot on the
receiving screen indicated at the right. On
the receiving screen, the spot of light will
appear relatively in the same position as the
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RECEIVER
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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 screen, the image
being built up by the rap-
idly changing spots o
light thrown on a screen,

i
OBSERVER ON

MOTOR OTHER SIDE due to the joint action of
LENS ..-- Ch OF SCREEN the light pulses from the
- neon tube and the revolv-
DISC ing lenses on the whirling

~RECEIVING disc.

TELEVISOR~
FIG.4

bright section of the subject’s face which — overcome this dificulty Mr. J. L. Baird

was analvzed by transmitter lens No. 15 at
the particular instant and which caused the
electrical impulse. 1f, 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 of
light placed in the center of the screen.

Iorom countless more or less bright light
spots, the image is built up on the receiving
screen.  Our cyes cannot scparate the indi-
vidual light splashes, its inertia is too great;
and as in the movies, the light spots melt
into one continuous picture.

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

Falling on the photo-electric 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 (6).

The receiving televisor detects the im-
pulses coming through the ether (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 screen where we behold a
picture of our small gray square. All these
changes take place in a minute fraction of
a second.

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

This picture shows one form of the Baird television

transmitting apparatus with invisible infra-

sources of illumination, placed at either side of the

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

tried rays lying outside the visible spectrum
for illumination. Inira-red rays are invisi-
ble to the eye, but they affect the sensitive
photo-clectric cell like visible rays. In
other words, the televisor is able to see
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 broadcast set
tuned to the wave employed. The trans-
mitted scene is heard as sound, each object
having its own characteristic sound. Mr.,
Baird has used this fact in his visual phono-
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 sensitive
microphone, the resulting current is ampli-
fied and fed into a recetving televisor. On
the screen, the scene comes to life once
more, and the process can be repeated as
often as desired, just as a phonograph
cvlinder can be played any number of times.
(See diagram, Fig. 7.)

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

seems thoroughly uncanny to say the
lcast. In fact, on first thought, it would
seem 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 one second for
example: the image current from the photo-
clectric cell is a continuously and progres-
sively pulsating one, as the diagram Fig.
7-A portrays. In attempting to record the
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The diagram above shows progressively the stages gone through in transmitting and reproducing an

image by the Baird television system, of the type employing revolving lens diccs at

receiver.

both transmitter and

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 televisor; 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 th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>