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The Scanning Disc, Television’s Canvas

The Simple Device by Which a Moving Scene of Action Is
Built Out of Radio Impulses Before the Observer’s Eyes

F the four devices which are re-

quired to adapt the art of radio to

television,

cell and the neon *“flash” lamp—
are the “eye” and the “paintbrush,” respec-
tively, of the radio television apparatus.
Two others, the scanning mechanisms of the
transmitter and the receiver, respectively,
must be considered together; for they must
perform similar duties, though perhaps in
very different ways, mechanically.

While it is very probable that new de-
vices may be invented to take the place of
the seanning discs, which will be as much
superior to the latter in operation as the
vacuum-tube receiver is to the old “coherer,”
the work which they perform must be the
same—that of breaking up into points the
image which is to be televised, and restoring
it again, point by poeint, into a perfect whole
at the receiving end.

The reason for this is found in the nature
of the human eve. We hear in one dimen-
sion—one impulse at a time. A single point,
moving back and forth with varying speed,
will convey sounds to the ear—as shown by
the old, but simple, “stri'ng telephone.” The
most complex sounds can thus be conveyed
in their fullness over a single wire ecircuit,
or a single radio carrier-frequency.

NATURE'S ELABORATE APPARATUS

But our sight demands thousands of
simultaneous impulses to build up a picture.
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A circle passes only 78% as much Iagﬁt as a

square— ot its edges only a third “as mich,

Dark bands are. thus caused by the wuse of
circular holes.

two—the photoelectric

By C. P. Mason

Thousands of nerves earry them from our
eves to the brain, which thus receives at one
instant the lmpzessmns of form, color and
distance.

= — =

| Fig.1

The

as‘t-ffyirfg holes divide the ifmage inte
stightly-curved strips—ezaggerated here. Each
dark spot-—iske the eyes i this picture—canses
a drop of current in the photoclectric cell and
a darbening of the flash lamp's plate.

It is conceivably possible that, by utter
disregard of expense, we might build
eqgually-complicated apparatus for television.
Thousands of miniature photoelectric cells,
corresponding to the “rods” and cones at
the back of the eve, would feceive as many
fragments of the scéne before¢- our trans-
mitting device. + Thousands “6f" miniature
flash lamps would reproduce “them as an
enormous whole- at the receivirg end. But
all the radie transmitters now in the world
would be needed to send such a picture; all
the radio channels at- preseat available
would be needed for its transmission; and
comparatively few of the complex receivers
needed could be assembled out of all now
in existence.

We are therefore compelled to break up
the picture into little pieces, as we have
said before, and send it bit by bit. This
is easily done in sending a photograph by
vadio, when we can take, comparatively
speaking, unlimited time; but in television
we are limited also by the fact that we must
reproduce the entire picture with all its
changes as fast as they can occur.

“PERSISTENCE OF VISION'

Fortunately, however, we are aided by the
fact that the eye, with all its breadth of

vision, is comparatively slow in discarding -

impressions. A flash of lightning lasts for
an imperceptible fraetion of a secondj but
it will leave the impression of its path.on'
the eye for a minute. If, therefore, we can’

build a picture ont of points af:light

- mecessary for each one to be in itscplace hut™
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a slight instant to give the impression that
it is standing there. Evervone knows the
impression of a continuous curve given by
whirling a single spark in the dark.

If, therefore, we could whirl this point
over a regular track, one line se elose to
another that the space between them could
not be seen, back and forth from the bottom
to the top of a considerable area, we could
apparently fill the space, with the effect of
an unbroken illuminated surface. This task
exceeds the deftness and speed of the best-
trained hand, but it is not impossible with
machinery. Now then, if we can also vary the
brillianey of this spark, certain parts of our
illuminated surface will be darker than
others; if we can turn it on and off quickly
enough, we will have patches of blackness
and patches of light, This is what the tele-
vision apparatus of the present accom-
plishes.

THE NATURE OF SIGHT

While we are accustomed to think of the
imapges present to our eyes as even, un-
broken, uniform scenes, such is not the case,
There are minute holes in our field of sight,
which is composed of a multitude of little
impressions fitting closely together. At
twenty to thirty inches from our eyes a
crack 1/100th of an inch wide will vanish,
nnless it is illuminated much more brightly
than its edges. -

Advantage is taken of this fact in making
illustrations - for printing purposes, They
are photographed through screens which are
ruled at distances of from 1/60th to 1,/300th
of an inch apart. For orvdinary magazine
work, such as this, divisions of from 1/110th
to 1/120th of an inch are used. The picture
thus made presents the effect of surfaces of
light and dark grays over an unbroken
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arcn; hut examination of the reproductions
of photographs in these pages (“halftones™)
will show that they are composed of dots of
varying  sises, vach oceupying the same
amount of space and sepavated from its
companions. Where they ave large and close
together, the surface appears nearly hlack;
where they are small it is nearly white.
Yet, viewed at ordinavy reading distance,
no single dot is visible separate from the
others,

1f, therefore, we ean hreak up a scene he-
fore onr television transmitter inte similarly
sl dots, and reproduee cach according to
its corresponding’ brightness, in the same
relative position at our receiver, we can re-
produce the pieture with sueh acenracy that
it will he aceeptable to the cye. 1f we ean
do this at the rate of about fifteen times a
sceond, we can present o continuous mov-
ing picture at the receiving end. This is
television.

TIHE PERFURATED DISC

We have, in the photoclectrie eell, o de-
vice which will emit clectrie current propor-
tionedd to the amount of Hght which falls
upon it. We have in the neon flash Ilamp a
deviee which will emit light in proportion
to the current passing through it.  We have
radio amplifiers, transmitters and receivers
which will reproduce small curvent varia-
tions as very large ones, and this through
almost unlimited space. We have only to
adopt o meehanism which will break up the
image—*“scan” it——at the transmitting end,
and put it together again at the veceiving
enck. 1L is not neeessary that the mechanism
at both ends be alike—in faet, in several
television systems, it is not—but it is nee-
essary that each part of the picture corre-
sponding to one transmitted impulse shall
be reproduced in identically the same refa-
tive position as fhat part of the fmnge which
ciaused the impulse,

Many mechanical systems have been made
for {his purpoese; but the first one proposed,
fortv-odd yeavs ago, even before the bhirth
of radio, is the simplest and involves the
least difficulty in operation. Tt is simply a
dise, perforated spirally by small holes.
Toach of these holes is as far from the next
one us the weidth of the picture; the distance
of cach from the center differs from that of
the next by the width of the hole itself.

Let us suppose that, with the aid of a
camera lens, we reduce the image at the
transmitter to an inch wide, The disc is

n  experimental  receiving

television setwp.  The hood

before the disk helps to define

the image and kecps ont side-

lights; the rheastat reanlates

the speed of the motor and
disc,

F
= /7
From a }'Jrowgmph of a_subject being televised

by the Ives system. The dark bands consed
by the edges of the circular holes are wisible.

pliaced hetween this image and the photo-
cleetrie cell and starts to turn, (See Fig. 1)
The hole in the dise which is farthest from
the center crosses the image, in almost a
straight line, at the top. If it enters upon
a part of the image which is bright, a rvay
of light passes through into the photoelectric
cell, which emits a throh of current, T'his
is amplified and transmitted to the receiver,
where it lights up the neon linp.

‘The scanning dise at the receiver is turn-
ing in exact synchronism with that at the
transmitter.  Just as the hole in the Intter
crosses the cdge of the image, that at the
receiver cones into the *frame” at the top
of the plate of the neon lnmp—and the ob-
server sees a point of light which is moving
very rapidiy.

“prcoMrosiNG’” TIE IMAGE

The transmitting dise strikes a dark spot

in the image; the photoclecetrie cell, relieved
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from the bombardment of light, stops its
emission of current, and this reversal is felt
electrically all the way to the recciver. The
neon famp goes out, and the moving point of
light disappears under the eyve of the ob-
server.  The process is repeated, and the
progress of the hole in the first dise across
the televised image is registered in a broken
line of alternating light and darkness hefore
the eve at the receiver. The spinning dise
is the convas wpon which w pencil of light
is peinting the received pivture.

At the instant the flyst hole clears the
image at the transmitter, the second one
starts just below the first, and records the
variations of light and darkness in a second
linc; this is repeated until the last hole has
run across the bottom line of the image, If
we should take one of the illustrations in
this magazine, and cut it across from side
to side into many narrow strips, then paste
them together end for end, we would have
the picture “decomposed” into a single line
of light and dark spots which, obviously,
could be telegraphed or sent by radio. This
is what the scanning meclunism at the
transinitter does. We have deseribed here
the picture as composed of Tight and dark-
ness (like a “black-and-white” drawing) but
nuny shadings are possible by varying the
current at the neon lamp.

The precisely-corresponding  mechanism
at the recciver is also passing an cndiess
series of holes over the rapidly-flickering
neon lnmp, cach hole tracing a single line
of alternating light and darkness, and the
lines are so close together that the eye can-
not sec hetween them. Frery fifteenth of o
second, the picture is completed at the hot-
tom, and the outermost hole starts at the
top of the frame to “paint” a second picture,
which the transmitter is beginning to send.

1t will be noticed that the bottom of each
picture is reproduced 1/15th of a sccond
Iater than the top. This differs from the
motion-picture method by which cach pie-
ture is taken simultancously, with a pereep-
tible interval hetween, In the moving pic-
tures, we may sce the “stroboscopic” effeet
by which an automobile’s wheels turn back-
ward, appdrently.  In the television ap-
paratus, we might see the automobile's
wheels persistently keep a foot or so ahead
of its hody—unless some method can be de-
vised of fixing an instantuneous image be-

(Continued on page 270)

The disc whose size is shown at the center
las small squarc holes through the larger wwhite
dots, wohich arc the alwminum crposced, (Cowr-
tesy of Lexington Tele-

vision Corp,) Below, the

arrangement of the set-

wp: 1, ncom-lamp plate;

2, base support; 3, driv-

[ g mechanwism; 4, rheos

stat; 5, hood,
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The Scanning Disc

(Continuved from page 223)

fore the television transmitter for the period
necessary to transmit it.

PROBLEMS OF THE APPARATUS

So far as we have dwelt on the simple
theory of the television apparatus; but there
are many practical problems which malke its
operation more difficult, or the theory would
have been put into practice many years ago.

If we should adjnst the scanning disc at
the transmitter to the object glass of a tele-
scope, with proper precautions, we could
transmit very readily an image of the disc
of the sun, with a large sunspot or two, if
they were in sight. With a very large tele-
scope, we could send pictures of a region of
the night sky, with its stars. But scenes on
the earth are not lit as brightly as the sun
or stars, and it is exceedingly difficult to
get enough reflected light from a spot a
gquarter of an inch in diameter, through a
hole 1,48 of an inch in diameter, to produce
the slightest effect on a photoelectric cell.

It 1s true that we are not limited to a
small disc at the transmitter; we can use a
larger one than is possible for reception, if
it is magnified exactly in propertion. But
the amount of energy sent out from the
photoelectrie cell is exactly proportioned to
the amount of light falling on it; and is very
small at the best.

Enormously-powerful lights have been
turned on the objects to be televised: bt if
they are human beings, there is a limit to
the amount of light and heat they can en-
dure, and they are poor reflectors at best.
Another solution of the difficulty, which is
meeting with much favor, is that of using
the scanning disc to pass a beam of very
intense light, which travels over the object
televised. It dwells on a single spot only
1/35,000 of a second at a time, so that it can
be borne by a hwnan subject; and its re-
flection can be received by several very
large photoelectric cells at once. The prob-
lems, however, which would arise if this
method were to be used on objects at vary-
ing distanees from the photoelectric cell are
many; because of the various angles of re-
flection of the light. It is probable that the
apparatus which will be necessary to take
outdoor and moving scenes will be elec-
trically, if not mechanically, far more com-
plicated than that at the receiver.

DESIGNING THE DISCS

We are also faced with the problem of
the size of the holes in our scanning mecha-
nism. The smaller they are, the finer the
picture which we will produce, and the bet-
ter its dctail—IF they will pass the needed
amount of light to register on the photo-
electric cell. DBut, as we increase the num-
ber of these holes, we increase the number
of impulses per second which our apparatus
must register, we increase the speed which is
required of our photeelectric cell—and we
increase the width of our vadio channcl. A
200-kiloeyele channel has been authorized
for television; this gives us 13,333 modulat-
ing vibrations for each television image, or
about the number of distinet impulses that
are required for dots in one square inch of
a halftone in Rapo News.

Tt would also venuire, for an image one
inch square, 116 holes in a scanning dise 37
inches in diameter at the receiving end; and
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this revolving at 900 revolutions per minute,
to take full advantage of this channel with
the systern we have mentioned.  Such an
image, of course, could be magnified several
times, if the neon lamp gives sufficient light,

1t is diffienlt to make very small square
holes in a metal plate; nevertheless, the
value of a square hole, as compared with a
round one, may be seen by comparing their
arci. A square hole contains 27 per cent
more area than a eircle of the same width,
and will pass, therefore, 27 per cent more
light. (Sce Fig. 2.) With circular holes,
durk bands are visible on the enlarged
images. On page 223 they may be secn on
the taee of a young woman who was being
televised in demonstrations nt Schencetady;
this is reprodnced from an unretouched
photo.  With square holes, this defeet would
be overcome; and some experimenters malke
round holes slightly oversized, so that they
will lap. 'This, however, to some extent con-
fuses the distinctness of the various lines, if
the overlap is sufficient to compensate for
the loss of light by the roundness of the
holes.

It will be seen that both discs must re-
volve very truly on their centers, and that
the holes nust be bored very accurately, A
vibration of as much as a hundredth of an
inch, in a 50-hole disc, would be fatal to the
picture. Ior that reason a home construc-
tor cannot attempt to drill his own dise,
unless he has measuring tools of preat pre-
cision. A motor of greal steadiness, also,
must be used.

GETTING THE DISCS INTO PHASE

It is necessary, not only that the scan-

ning mechanisms shall be construeted with-

similar proportions, but that they shall he
operated exactly alike, with reference to the
television impulses.

Yor instanece, suppose that our receiving
dise, with the smne spiral of holes, is run
toekzard compared with the sending dise.
‘The image will not be reversed from right
to left, as in a mirror—it will be reproduced
upside down! The backward-running disce
Luilds up the picture from the botlom to the
top. (Fig. 8A.)

Suppose that we have a counter-clockwise
spital of holes in the sending dise, and a
molor turning it accordingly, The motor at
the receiving end runs clockwise—as com-
mon motors do—and its dise is drilled ae-
‘cordingly. Then the picture will be re-
versed, as in a mirror—from right to left.

In fact, this is just what happens if the
dises are alike on the side turned toward
the person being televised and the side
turned toward the obscrver. The photo-
electrie cell iz the electric eye, which takes
the place of the observers; and if it is
placed back of the disc, instead of in front
of it, the image will be reversed, (Fig. 3B.)

Suppoese that our two discs are both prop-
erly placed, at the beginning of a transmis-
sion, but that the receiving dise is running
very slightly faster toward the right. The
image in reproduction will be shifted to the
right and down: it will be twisted out of
shape towavd the lower right, and it will
move downwards to the right at o rate de-
pending on the extent to which the motors
differ in speed. This is because the series
of points which reproduee the image is mov-
ing further and further along in their course
down the hmage, and toward its right, at
every revolution.  (Fig. 3C.)

When the image drifts down te the bot-
tom, and sinks below it at onc corner, the
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A NEW

HIS new Aero Receiver em-

bodies many noteworthy im-
Uses latest design §

praovements.
Aero Interchangeable Coils that
provide increased efficiency of oper-
wtion.  Sensitivity has been in-
creased, control made casier, noises
climinated. Particularly adapted
Lo musical broadecast.

Uses New Kit
The coils illustrated are the L.W.T.,
10 Kit, price $10.50. Designed for
use with specin! foundation unit
which includes mounting base,
These new coils are only 2 in. in
diameter, insuring smaller external
field and better performance.

Get Literature
Investigate this set today. Write for

and BETTER
SHORT WAVE RECEIVER

THE AERO INTERNATIONAL FOUR

(Rear Panel View)

complete  descriptive  literature NOTICE
NOW. Address: Your dealer can supply you
' i’“’" kdmmm form
Aero Products, Ine. R T CADIE, bolan 2t

4611 E. Ravenswoed Ave, Chicago, Il

Dept. 105 tory. I your dealer ean't

supply you. order d

WRITE for information
on the New DYNATONE

MAGNETIC 40 - CYCLE REPRODUCER

Bri out bass and th from
et Compicte. with 7-tach $15
cone and baffle.....ccooveviinnnnn, 5

FANSPEAKER RADIO OOMP;&NY
74 Dey Street - = =

New York, N. Y.

AIRPLANE CLOTH SPEAKERS

Send for Free Catalog

It contsins many bargains in all types
of Cone Speakers, Units, complete parts
to build all types of cone speakers. Also
the latest parts of the New AIRPLANE
Cone Speaker.

ACCUSTI-CONE, 1 No. Tth St., Phila,, Pa.

Accessories.

Please say you saw it in Rapio News.

www amercanradiohistorvy com
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bottom of it will reappear at the opposite
corner above. It is obvious that if the send-
ing disc were just beginning on the top of
the image when the middle holes of the
spiral on the receiving disk were passing the
plate of the neon lamp, the received image
would be like a moving picture out of its
“frame”—the top half and bottom halves
reversed.
ADJUSTMENT OF SPEED

In the early experimental transmission of
photographs by wire, very odd results were
obtained before the svnchronization of the
apparatus was accomplished. The upper
right corner of a photograph would be re-
produced in the lower left corner and wice
versa, before the correct adjustment was
made. Similar effects must be expected at
first in television. While it is possible to
send synchronizing impulses which will au-
tomatically regulate the recciving ma-
chinery (mechanism suited to this purpose
will undoubtedly be a feature of the finished
commercial receiver) the complicated con-
trols which it involves are unnccessary for
the experimenter in these early days of
television.

It is apparent that it will be desirable
to establish some standard geometrical
image to be transmitted for preliminary ad-
justment of the receiver. An excellent one
for this purpose would be a white X, run-
ning from corner to corner of the field and
crossed at its center. Practice will very
quickly teach a “looker-in” to adjust the
speed of his motor to bring such a figure
back to shape.

1t is probable, however, that each broad-
cast station will adopt its own special fig-
ure for this purposc; such a figure gives a
characteristic note during its transmission,
which would identify the station for a lis-
tener-in through a loud speaker. After a
reasonable period for adjustment of the
image, which will enable the receiving op-
erator to bring his motor into phase with
that of the transmitter, the reflecting sur-
face carrying the figure at the studio will
be withdrawn, and the “program” acted be-
fore the “clectric eve.” It will be transmit-
ted through the ethereal mediwn, received,
and the “electric paintbrush” will write it in
rosy fire on the black rim of the scanning
disc—the canvas of television.

HE TUNED IN CUBA INSTEAD
Teacuer (to geography class): “What
was Columbus trying to find in 148622”
Briour Purin: “A short-wave hook-up to
get India"—A. E. Hauser.
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