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High Frequencies for Color Television

Mechanism Required to Produce Images in True Colors
Will Present Few Difficulties, But Great Width of Fre-
quency Bands Will Create Some Problems of Transmission

OME day television will not he lim-

ited to the dull monotony of mere

black and white, but will be accom-

plished in all the colors of the rain-
bow. A short time later, some manufac-
turer will place upon the market apparatus
for transmitting images in their natural
colors, and the reproduction will be so life-
like und realistic that everyone will admit
that radio, so long in its infancy, has grown
to full stature, to take its place beside in-
terpretative dancing, china-painting, bridge,
the movies, and other full-fledged arts and
scienees,

This possibility is not as remote as it
fayv seem at first glance. Color television
mects obstacles not greatly different from
nor more difficult than those which now pre-
vent the extensive application of television.
Ordinary television outfits can be adapted
to color vision simply Ly the addition of
some mechanism which will analyze each
clementary aren of the pieture as to its
color and tone intensity; so that at the re-
ceiving end the praper color will be selected
and thrown upon the sereen in the necessaty
intensity.

A SIMULTANEOUS METIIOD

Ilow could this be accomplished? A
method is suggested by the fact that various
muterials showing photoelectrie properties
respond most strongly each to a certain
color or frequency of light. For cach ma-
terinl there is a definite frequency of light
at which photoelectric activity commences,
anel this activity reaches a peak at a critical
frequency. If this selective effect can be
intensified and regulated, by means of color
fillers or otherwise, three photeelectric cells,
cach sensitive to one of the primary colors,
might be connected to three separate tele-
vision Lransmitters. If, then, three receiv-
ing outfits were arranged to throw their
light upon the same sercen, the combined
fmages, each representing the amount of a
prinmry color in the original scene, wouild
he superimposed to reproduce the lmage in
its natural colors. At each moment, the
light falling upon an elementary area of the
sereen would be the resultant of whatever
red, vellow, and blue light was being pro-
jected from the three receiving sets; and
the quantity of each color of light would be
that dictated by that particular receiving
vonneetion or channel.

Such o method is, of course, so compli-
cated, and would require such an accuracy
of synclironization, as to be entirely out of
the question. Just as the flrst suggested
television system (requiring as many sepa-
rate photoelectric cells and connecting cir-
cuits ns clementary aveas of the screen) was
too complicated; so this color system would
allow too many possibilitics of error in syn-
chronization and in getting the right pro-
portions of color to be practical. Now the
great advance, by which the ohjections to
the early method were escaped from, was
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the use of the “scanning dise,” by means of
which all the unit areas of the screen are
covered in rotation instead of being pre-
sented independently and simultaneously;
thus enabling a single photoelectric cell and
transmission channel to handle all the vision
impulses. It is made possible by the tendency
of the eye to “hold over” after being stimu-
lated. So long as the entire image is pre-
sented, serially or as a unit, at least fif-
teen times per second, the eye will fuse the
individual impulses into a complete picture.

SUCCESSIVE COLORED TMAGES

Here is a key to color television. If the
eve will blend fifteen short flashes a second
into a continuous picture, it will surely fuse
colored fragments as well. Suppose, then,
that the transmitter is equipped with a de-
vice causing it to respond first to the reds
in the image, then to the yellows, then to
the blues. The receiver synchronously re-
produces the image according to the rela-
tive strength of the impulses it receives;
presenting it first in red, then in yellow,
then in blue. The whole cycle repeats it-
self often enough to allow the eye to blend
the impressions inte a smooth picture. Since
red and yellow make purple, vellow and
blue make green, and red, yellow and blue
make grey or a neutral color, the combina-
tion of the primary colors in varying pro-
portions will cause the image to be repro-
duced in its natural colors.

But how can the transmitter analyze the
colors of the ohject? We may image a
scene being “televised” in colors by an op-
erator sitting, microphone in hand, beside
an ordinary television outfit, and describing
each dot or unit area of the picture as it
came opposite the aperture. “Red, red,
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green, blue, yvellow, orange, violet, brown—"
he names the colors and, as he calls each, an
operator liolds before the television lamp by
which the received picture is built up, a
transpavent screen or slide of that color, so
that the light, whose intensity is automati-
cally regulated by the televisor itsclf, is
given the proper color. Such a scheme
would work very well—if it were fast
enough. But in television, the whole image,
consisting of many thousand unit areas,
must be scanned several times each second.
This means that hundreds of thousands of
dots must be analyzed, transinitted, and re-
produced every second-—a rapidity far be-
yond human possibilities.

Before considering the method of trans-
lating color into electrical impulses let us
recall a simple fact in optics, Every woman
knows that cloth purchased in the store
under artificial illumination often appears
entirely different in daylight. The rcason is
that daylight contains all frequencies of
light, while in the artificial light, certain
wavelengths predominate, others often he-
ing entirely absent. A colored picture
viewed under red light appears all out of
proportion—certain portions receive undue
prominence, others are thrown into ob-
scurity. If the same picture is scen under
a blue light, its aspect is entirely different.
Areas which under red light were din are
now accentuated, other portions which were
bright are darkened. Why? Simply be-
cause, under red light, the portions of the
picture normally red reflected the light to
the eve; those colored otherwise absorbed
it. When blue light is used, those portions
responsive to that region of the spectrum
come inte prominence, the light being “re-
radiated” to the eye, while other portions
absorb it.

Suppose a white object—that is, one
which reflects all frequencies of light—is
viewed flrst under red light, then under
blue, the two colors being alternated very
rapidly. Because the eye continucs to re-
spond to the light for a fraction of a sce-
ond after the stimulus is removed, the two
colors are blended into one—a purple. Let
three colors be alternated—red, green, and
blue-violet, the optical primary colors—and
the resulting color is some shade of grey,
some neutral color; its exact shade depend-
ing upon the relative proportions of the
mixture. It is apparent that, by rapidly al-
ternating the primary colois, we may ob-
tain the effect of any color we wish, just as
an artist mixes pigments to get the desived
tones.

TRIPLE COLOR ANALYSIS

This, then, is our method: to illuminate
the object being televised with light of the
three primary colors—alternated. Each
portion of the object responds to its own
color, and reflects more or less light to the
photoelectric cell, thereby translating the
image into variations corresponding to the
light and shade valucs of that particular
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color. So far as the eleetrical characteris-
tics of the output are concerned, the trans-
mitted rendition of the image is not different
from ordinary black-and-white-image cur-
rents, The coloring is entirely an illusion
of the eye, just as the motion in motion pic-
turcs is purely inmginary. The receiver
gives the primary colors synclironously with
the transmitter, the photoelectric cell regu-
lates the amount of each color going into
the combination, and the rapidity with
which the alternation occurs enables the
cve to fuse the separate impulses into a
composite image in natural colors.

Let us visualize the operation of a trans-
mitter operating according to these prin-
ciples.  Instead of the stadard scanning
disk of bLlack-and-white television, let us use
one of the same design, exeept that instead
of each of the spiralled holes through
which the light passes (in many systems
containing a lens to focus the light), it con-
tains three; those of each trio being close
together and equidistant from the center.
The line traced hy a scanning hole is thus
covered three times in suceession. DBefore
each of these holes or lenses is set a col-
ored, transparent dise or scrcen of one of
the primary colors, so that the light is col-
ored in passing. A single liole in the scan-
ning disc comes opposite the aperture, ad-
mitting a thin pencil of light—red light,
which is reflected to the photoelectric cells
in amounts depending upon the amount of
red contained in each unit area of the ob-
jeet. As the ray veaches the edge of the
field and is cut off hy the aperture, another
simultaneously appears and retraces the line
in green. This, in turn, gives way to a ray
of blue-violet, and the same line tikes on a
still different aspeet as the davker shades
of the speetrum come into prominence
This evele has taken the same time as to
sean one ling, in ordinary television. The
next trie of holes now comes into play, and
a line parallel to and just below the previ-
ouns line is scanned in ihe three primary
colors.  The spiral of the disc moves on,
until the whole of the picturc has been cov-
ered, and the rotation brings the first trio

into play once more. (The veader will at
once note the identity of this layout with the
Baird color-television system, deseribed in
our October issue; the details of which had
not Leen published when (his manuseript was
received —LEvrron.)

At the receiving end, the motor, running
in synchronism with that at the sending sta-
tion, carries upon its shaft a dise exactly
similar to that used for transmission. Out
of the ether conmes an clectrical impulse
which, traveling swiftly through the ampli-
fier and associnted cirenits, flashes the tele-
vision lanip behind the scanning dise.  Col-
ored by the glass slide or transparent screen,
through the hole in the seanning disc at that
moment hefore the aperture passes a ray
of red light, which fluctuates from bright to
dark, exactly as the photoelectric cell of
the distant transmitter analyzes the object.
A single line of the picture is built up in
red, then immediately in green, then in blue-
violet. In a fraction of a second the whole
picture has been traversed—too rapidly for
the eye to sec each change individually, It
sees, not a rapidly-changing series of lines
in primary colors, but the result of blend-
ing of these colors into their proper pro-
portions: a picture in the true colors of
Nature !

REFINEMEXNTS OF THE METIIOD

T.et us simplify this method still further.
In front of the ordinary scanning disc of
black-and-white television, let us place a
cireular dise of a transparent material
(Fig. 1) divided into three pie-shaped sce-
tors, each of a primary color. 'This disc,
geared to revolve at a speed one-third that
of the scanning dise, celors the light passing
through, Now the whole picture is scanned
while the coloring dise makes one-third of a
revolution; and as cach color oceupies one-
third the area of the disc, the entire picture
is seanned in one color hefore the next sec-
tor has come opposite the aperture. Three
times the operntion repeats itself, rendering
three versions of the picture, each entirely
in terms of a primary color.

The receiver (Fig 2) carries a tricolored
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transparency identical with that at the
transmitter, and of course revolving syn-
chronously, so that the picture is viewed
through the right eolor at the right time.
I'hus, the three versions of the picture are
superimposed, resulting in the reconstrue-
tion of the picture in its natural eolors.

Still another method is eonceivable. Lot
the light, after passing through the scanning
disc and lenses, be directed into a prism,
which breaks it np into its constituent col-
ors, producing a rainhow-like speetrum, -\
revolving disc passes between this prism
and the photoelectric cell, traversing ihe
spectrum so that the passage of light of one
color only is permitted at a time. The re-
ceiver employs a sinilar arrangement. The
light passing from the local source (which,
unlike a neon lamp, wust be while) is
broken into its constituents; the dise then
allowing each color to cmerge in its turn,
The slotted dise is geared to advanee one
color each time the picture is seanned, This
method, while possibly resulting in greater
fidelity of color, would net only be much
more critical of adjustment, but would re-
quire an enormously high speed of scan-
ning to prevent flicker. Since a series of
color gradations must intervene between
the reproductions of corresponding points in
suceessive cyeles, the eve would have to
hold over the images a comparatively long
time; while at the same time each eolor is
shown for so brief a time that the illumi-
nation of the whole picture is reduced.

These svstems seent delightfully simple in
theory., The actnal application is, of course,
another matter. The advantages resulting
from the use of eolor television are obvi-
ous; but what about the difficulties?

RADIO PROBLEMS

The first and probably moest important
problem to be solved is the same as that
now foremost in the minds of those work-
ing with television: naniely, the width of
channel necessury for transmission of the
vision cuvrent. In order to nnderstand the
relation hetween the size of the image and

(Continued on page (78)
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duces red, green and Ulue images, all Wleaded
by their speed. The lamp light must be white.
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Color Television
(Continued from page 633)

the width of the sideband, let us think of
the picture as composed of a great number
of unit areas. For a picture of a quality
comparable with half-tone engravings, about
10,000 aveas or dots per square inch will be
necessary. The larger the scveen, the more
are the elementary areas necessary for the
smne fineness of texture or grain. This

means that a great many more unit areas |
must pass before the aperture each second |

for a large picture than for a small one.

Now it is evident that, for each two sue- |

cessive areas passing before the aperture,
the photoelectric current will pass through

| one cvele of change; that is, the greatest

possible variation in current will be pro-
duced by the change fromm a unit of solid
color to one completely dark. According to
engineers of the Bell Telephone Labora-
tories, the highest frequency necessary to be
transmnitted per second is equal to half the
number of dots or areas scanned per sec-
ond; any change smaller than from one area
to another is too small to be of consequence.
The 50-line picture used by Bell engincers
required a transmission channel of which
the highest frequency was half the unit-fre-
quency of 40,000 areas per sceond, or 20,000
eyeles.  Actually, an even narrower channel
was found to give satisfactory results. Now,
with a systein whereby each line is succes-
sively traced in the primary colors, the num-
ber of fluctuations per picture would be
tripled—and hence, the width of sideband.
The same would be true of the others, espe-
cially of the prism method last outlined.
Here is romn for much experimentation;
will it be necessary to scan each line suc-
cessively in each color, or to complete a
picture in one color before beginning an-
other? Will the speed of scanning need to
be greater than that of black-and-white
television, or would a lower speed prove
satisfactory? Experiment alone will tell.

WIDE CHANNELS ECARCE

The use of a sideband wider than 5,000
cveles is prohibited by the regulation pre-
scribing ten-kilocyeles separation between
broadcasting channels. Technical difficul-
ties also make the nse of an extremely wide
sideband difficult. Modern receivers now
represent a compromise between selectivity
and quality: that is, a receiver must sepa-
rate stations ten kiloeyeles apart without
cutting sidebands. A set which is tuned
sharply to 1,000 kilocyvcles practically re-
jeets frequencies of 1020 kilocyeles, What,
then, if the sideband is widened even mwore
than that required for ordinary television?
A single receiver ean respond to frequencies
of only a limited width without attenuation
of the higher frequencies, which means
coarsening of grain and loss of detail. Sin-
gle-sidehand transmission, much advoecated
as a punacen for the crowded conditions
prevalent on the broadeast waves, is much
too complicated for general use; as are also
double-modulation  schemes and others
which require an accuracy of adjustment
bevond the abilities of the average listener.
Short waves offer a less diffienlt problem, so
far as the problem of sideband is concerned;

for at 1.000 ke. (300 meters), 20,000 cycles |

constitutes a 2¢¢ sideband, while at 4,000

| ke (75 meters) it is merely 34 of 19%. But

the short waves are already facing a con-
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gestion hardly less acute than that on the
higher wavelengths,

When television is perfected to the point
that it no longer reguires studio lighting
conditions, one of its chief values will be as
a ficld reporter of important events,  Chain
broadeasting, also, will he highly desirable,
Both of lhese require telephone cireuits for
long-distunce connection.  The limits of
present long-distunce wire transmission vir-
cuits do not allow the use of a chinnel
wider than 40,000 cyeles. Thus a large
panoraws, such as a football game, pag-
eant, or any large spectacle would neces-
surily be reduced to a small size, or clse
detail would he negligible. To be suve, the
frequency range ean he divided; so that dif-
ferent wide cirenits might transmit various
portions of the spectrumn, the sections heing
separated by band-pass filters for transmnis-
sion and re-assembled ut the veceiver., Dut
the expense and the difficulty of such ar-
rangements would be tremendous.  Madio
re-transmission from ficld cars is perhaps
less expensive, but no less complicated, to
say nothing of bughears such as selective
tuding, static, ete

THE EYE AND TIIE CELL

A peculiavity that will perhaps need to
be compensated for in design js the distor-
tion resulting from the response-charvacter-
istics of the plwteclectric cells i e, the se-

. lective effcet mentioned carly in this ar-
ticle. Siuee the photoclectrie ecll is not uni-
formly responsive to all colors, certain por-
tions of the picture would be over-empha-
sized; thus altering the relations between
colors.  This distortion might be ecompen-
sated, cither by the use of a number of
photoclectric cclls of differing characteris-
ties, or optical means, such as regulating the
transmission properties of the transpar-
encies used for coloring,

An interesting physiological question sug-
gests itself with regard to the visual re-
sponse to color television. The nerve cells
of the eve which respond to light waves arce
of two kinds, the “rods” and the *cones”
Color vision is accomplished Ly the cones,
light and shade by the rods. How quickly
do the cones respond to color changes? This
clement inight affect considerably the speed
necessary for color television,

A set receiving pictures in color would
produce queer effects if slightly out of syn-
chronism with the transmitter. A picture
“Yout of frume” would also be out of the
right relation with the coloring dise at the
transmitter, and hence, the order of the
colors would he transposed. Our favorite
soprano might surprise us with a blue face,
red eyes, green lips, and while hair. Static
would show up as a purple blush or a row
of yellow dots sweeping across the scrcen,
Any transient variation in atmospheric con-
ditions would throw the colors out of their
correct proportions. This latter effect would
probably be slight; because a momentary
discoloration would be quickly covered up
as the scanning beam swept over the sereen
again, smoothing out and concealing the
discolorations.

A phenomenon that has canscd neticeuble
distortion in television is the so-called “en-
velope delay,” which is due to the difference
in time required for currents of differing
frequencies to traverse the filters and vari-
ous circuits encountered in transmission and
reception, A group of closely-related fre-
quencies suffers a distortion of wave form
because of the altering of phase relations
between the various frequencies. With color
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television, this would not only result in dis-
tortion and poor resclution of images, but
cause an aberration from the true color re-
lations. Bell engineers have compensated
this distortion by balancing against it an-
other distortion opposite in its nature; that
is, what is called “aperture distortion”
After the edge of a single hole of the scan-
ning dise comes opposite an illuminated
spot, more and more of the hole gradually
permits the passage of light; that is, the
hole does not fall into position instaneously,
but gradually, and as a result, the photo-
electric current from a given image-arca
builds up gradually instead of rising to its
full value instaneously. In color television,
will this compensation be possible? TExperi-
ment alone will tell,

Lest hie be misunderstood, the writer
wishes to male clear that he does not be-
lieve it likely that practical television in
natural colors will be possible tonorrow,
that next vear’s tclevision receivers will be
provided with color attachments such as de-
seribed above. He does maintain, however,
that, when the obstacles above sketched are
overcome, and television on a ecomnmereial
geale is actually accomplished, color tele-
vision will represent merely a refinement of
detail, a further development along the same
lines that make universal television possible,
If a picture of 240,000 dots per second can
be successfully transmitted in Dblack-and-
white, surely our engineers can produce a
picture of one-third the size in three colors.
It seems hardly likely that television will
be applied on a universal scale until some
major advance overcomes the chief difficul-
ties mentioned above; but when such an ad-
vance is achieved, the possibilities of the
future seem unlimited. Meanwhile, tele-
vision rests upon the knees of the gods.

A “*Wireless'’ Relay

CURIOUS contrast to American meth-

ods is shown by a dispatch from Be-
ziers, France, stating that its broadecast
station has been hindered in an endeavor
to present programs, by remote control,
from the Roman amphitheatre in that city,
through the refusal of the “P.T.T.” (Frcm:h
governmental telephone monopoly) to allow
the use of telephone lines for the purpose;
and the Beriers broadcasters will be com-
pelled to fall back on a short-wave radio
relay for the purpose of getting the pro-
gram to the studio.

A Couple of Ear Twisters

IIAT words do you think would be

the best to test transmission and re-
ception? In the Bell Telephene Labora-
tories,” where telephones are tested, two
sentences are repeated over and over by
phonagraphs “Joe took father's shoe bench
out,” and “She was waiting at my lawn?”
The vadio “ham” who can get these across
by phone to his fellow-workers may know
that his modulation is good.

FORCE OF HABIT

Huaxeer (bitterlv): “This bunch out in
front tonight inust be a crowd of radio fans.”

Poroxirs: “Why, what gives you that
notion®”
Hayrer: “Because they just sit there

like Stoughton bottles and don’t give you

a peep of applause!"—(MMisg) Micky Burke.
saw it in RADIO
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BUILD YOUR OWN
|Exponential Hormn

| This marvelous 17x21-in,

exponentlal horn with a
% 90-1n. air colomn can be
easily bullt of %-in
soft wood by any ama=
It prod

tour. uces Lhe
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=
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S1ZED PA?TE%%‘&
which have been accu-
rately and selentifieally
worked out according to
he exbonentlal prin-
ciple. Blmply saw out
the wood to the slze
and share of the pat-
terni and nail and glue
together and you Dbave
tho lutest and

MOST EFFICIENT TONE PRODUCER

AN IDEAL XMAS GIFT

Send $2.00 for a set of these full-sized patierns snd
complete instruetions. or we ecan furnish You the
COMPLETE KIT, which tncludes the wood eut to fit,
the nails, the glue, our large-slzed CONCERT UNIT,
and full instructions. All complete with Dpostage pre-
paid for $1LT5 In the Unlted Btates and $12.75 in

anal
RIDID PRODUCER COMPANY
| 1245 leflerson Bide. Peoria, MI.

;TUN'E "IN ON THE SHORT WAVES
Ki- Lowave

Adapter

Can Be Used on Any Seb.

Price $19.50

Very simple to attach. Furnished tomplete with
4 plug-in coits, wavelength range i4 to 210 meters.

Instantly converts your present set Inlo & Short-Ware set-
b¥ simply Inserting Adapier plug fo place of a tube, no
extra tubes, batteries, ele., required; no changes in wiTing
of set necessary,

BEACH OUT. Hear the U, 8. and Foreign Short-Wave
Biatlons as many othcrs are dolng.  The thrill of lisiens
ing to real DX reception fs yours with Ili-Lowave Adapuer
attsched m Innr Bet.

in slze T35

Veory ne Tix
2 uuutllun D!n!m ﬂ.n.lshcd eablnet

an
inches, mlnlnm in
with fts bronzed etched illuminated vernier dial It makes
Complete Instructione fur-

g handsoma addition to any set.
nished with each Adapter. Fully Guaranteed,

When ordering specify whether for A¢ (ALl Electric) or
DC (Battery or Ellminator operated sets), Trice $19 50
Postpaid andwhere. Enclose express or money order, or if
S'uut rrefer send $1.00, with order balance C.0.D. plus
postage.

KILO RADID CO.

The FUTURE

By
Professor A. M. Low

“THE FUTURE” is one of the most
temarkable books of the age. Professor
Low, the author, is a scientist of interna-
tional reputatlon, also an experimenter
and inventor in the branches of
science.

1722 Pallister. Detroit. Mich.

This book written by him has
aroused wide-spread interest. It deals
with the world of the future, certainly an
unusually absorbing subject. Written in
the popular, non-technical fashion, “The
Future” reveals the many advances and
changes that are in store for humanity in
a new life to come.

This book has received favorable com-
ment in book reviews the world over. Do
not neglect to read this treatise om the
future by Professor A. M. Low. Jtisa
literary treat for everyone,

Mail your order now! Don’t wait, ev
body 7s reading tliis remarkable bw{.

Price—$2.00

Experimenter Publishing Co.
230 Flhh AU'I e Now vm N. I’
Cen! Enclosed

order check which) for 3200 Kin Iy, mnl
c_rotl;%sa! Prof. A. M, Low's new bool
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