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Magic Cell Works New Marvels

An Expert Tells How Photo-Electric “Eyes” Bring
Television Nearer and Promise to Harness the Sun

NE sunny afternoon a few weeks
ago a young man stood on the
roof of a building in New York
City waving a tennis racket in
the air. He might have been

doing his daily dozen, but he wusn't.
He was exercising an eye—not his
own eye, but the newest eve of
science; the one that promises to
make television really useful.

In a room of the Bell Telephone
Laboratories a few floors below,
visitors saw a virtually perfect
image of the sunlit athlete swing-
ing his racket, It was the demon-
stration of a itive photo-
clectric cell, which for the first
time makes possible the tracsmis-
sion of scenes illuminated by
natural sunlight.

Television has been handicapped
by the fact that patural llumina-
tion, even natural sunlight, was too
weak for photo-electric cells, Pow-
erful searchlights, or still more
powerful pencil-thin  light ruys
moving rapidly back and forth
over Lhe scene, were used. What
Dr. Herbert E. Ives and
his associntes in the Bell
Telephone Laboratorics
did was to make electric
eves more sensitive,

T ABOUT the same
time a German in.
ventor, Professor Karo-
lus, developed another
new electric eve, capable
of doubling the speed of
translating impulses of
light nn:f shadow into
corresponding  electrie
impulses, and transmit-
ting them. Heretofore
the highest speed of tele-
vision apparatus has been
about 40,000 impulses a
second, resulting in a
motion picture only two
inches square. Professor
Karolus now claims o
transmit 80,000 impulses a second, pro-
ducing a motion picture three and a lef
inches square.

Shortly afterward came another tri-
umph for the photo-clectric cell when
Westinghouse engineers transmitted ra-
dio motion pictures two miles, using new
apparatus developed by Dr. Frank Con-
rad, Assistant Chief Engineer of the com-
pany. It was announced that motion pic-
ture broadeasting would begin soon.

Five years ago photo-electric cells were
almost unknown, Today, connected
with coumcrating machines, they count

By E. E. FREE

Broodemting » daylight scene by television for the first time—an achievement that
was mode possible through the development by Dr. Herbert E, Ives and his amocl.
atey ia the Bell Telsphons Laboratories of a new supersemsitive photo-clectric cell,
The upper Ulustration shows Dr. Ives holding o« cell that is used in television.

traffic on the streets and number paper
hoxes as they roll out of the machines
that make them. Others measure day-
light or take note of clouds that dnft
across the sky. Stll others work the
“sunburn meter” that tells you each
day how strongly the sunlight is charged
with ultm-violet rays.  Another cell
transmutes the frozen sounds of the
talking motion picture into words,

In chemical laboratories electric eyes
follow the progress of reactions. Astrono-
mers, wearied with long hours of gluing
their eyes to telescopes, are fast relegat-

ing this tusk to photo-clectric cells, Even
the giving of vision to the blind and the
catching of power from wasted sunlight
are problems that scientific men expect
these cells will help them solve.

There are photo-clectric cells larger
than o man’s head; great, stanng
globes of silvered glass with pupil-
like windows in front as though
they were fossil exves of some
gigantic Cyelops.  Others  look
like overgrown, half-transparent
sausages, Some are smaller than a
peanut, It is possible to make
them no larger than a pea. All
have the same cﬁcntinv secret,
They can transmute light into
electricity.

Y( I might mistake one of the
common kinds for an ordinary
radio vacuum tube, There are the
same sealed glass bulb and hard
rubber base and metal terminals
and a similar set of metal plates and
wires inside. One of these inner
plates, sometimes merely a thin
coat of potassium, rubidium, or
other metal on the in-
side of the glass, is the
heart of the cell. Itisa
kind of henroost for
clectrons  from  which,
like birds on a tree-limb,
they can be scared off by
light.
Electrons, of course,
are inside evervthing,
for they help to make up
the atoms of matter,
Usually they stay inside,
which s well, for the few
substances like radium
which do emit them
spontancously are un-
pleasant companions. A
small bit of radium car-
ried in a pocket will
burm into your body a
hole which may not heal
for yvears.

But sometimes  man
desires the electrons to escape,
Radio is made possible, for example, only
because electrons fly out by millions
when the filaments of vacuum tubes are
heated. An electric battery drives forth
its electrons chemically. A dynamo flogs
them with magnetic forces and pumps
them around through its wires, The

hoto-electric cell, luring them out with
ight rays, is a light-ray dyramo.

Like %0 many other important scien-
tific events, the discovery of this dynamo
was accidental. The famous German
physicist, Professor Heinrich Hertz, dis-
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coverer of the electric waves now used in
radio. noticed that when an arc lamp
was illuminated by rays of ultra-violet
light from another lamp near by the
electricity passing through it was in-
creased. If two or three open electric
ares. like the old-fashioned street lamps,
were placed side by side, all of them
burned more powerfully and consumed
more electricity.

Another German physicist, Dr. W,
Hallwachs, truced this common fact to
the emission of electricity from one of the
metal rods used in the arcs. This was in
1888, and the electron had not yet been
discovered, so ull that Dr. Hallwachs
knew was that electricity escaped. But
the development of the marvelous photo-
electrie cells of the present day is directly
traceable to his experiments.

Photo-clectrie cells must not be con-
fused with the often-mentioned selenium
cells, made of wires or plates of that semi-
metallie element. What happens
to selenium when light falls on it
under proper conditions s that
its resistance to the pussage of an
electric current decrenses.  Se.
lenium cells can be used for some
of the light-detecting nnd light-
measuring  duties of the true
photo-electrie  cells, but  most
modern  experimenters  consider
them less suitable.

HE present widespread use of

photo-electric cells has been
made possible in great measure by
the development of modern radio
amplifiers. The records of sounds,
for example, which constitute the
talking motion picturcs arc usu
ally printed photographically on
the edge of the motion picture
film as tiny light and dark cross
lines or lines of tiny waves

A slender beam of light s sent
through this succession of lines
As the film runs on. this beam
vanes in strength when it passes
a dark mark or a light one. It
then enters a photo-clectric cell
which converts
these light varia-
tions into electric
ones, just as sounds
- themselves produce
tiny electric vibra-
tions in the micro- -
phone of a broad-
casting station.
But amplifiers are
necessary to magni-
fy the feeble photo-
clectric currents  thousands

of times
until they roll out in powerful volumes of
sound to fill the largest theater,

R. D. C. STOCKBARGER, of the
Massachusetts Institute of Tech-
nology, has used combinations of photo.
electric cells and amplifiers to telephone
over a beam of light just as one ordinarily
telephones over a wire —a procedure con-
ceivably of much use in warfare, for
communications could be sent over the
beam of a searchlight and could not be
read by the enemy.
In my own laboratory we have a

to—clcctnco , built by Dr. Norman
ilberry and C A Johnson and first
dcmouslmu:d beforc the New York
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Electrical Society. A beam of light is
interrupted at regular intervals by pass-
ing it through holes in o rotating metal
disk. This beam then enters a photo-
clectric cell, which emits a musical note
fixed by the number of interruptions
each second in the light beam. Few real
organs produce more perfeet or heautiful
tones,

For the photo-electric hurglar alarms
s0 often suggested beams of light shine
into concealed photo-electric cells.  Let
an intruder step between and promptly
n signal goes to the attached clectrie
amplificrs and an alarm sounds. I de-
sired, such devieces could be armanged to
emit poison gas in front of a safe or to
shoot down an intruder without waiting
for the police to arrive. C. A. Johnson
has developed a photo-clectric timing
device for races which is started and
stopped automatically by contestants’
shadows at the start and finish lines to

A photoelectric

ting properties

This photo-electric cell s w0
seppitive that it will aote the
pessing of the falntest clowd
sl set in operstian & peedle

to record it oa a weather chart.

an accuracy of a hundredth of a second
as against a tenth of a second—the best
attainable with a stop watch. Even
greater accuracy i8 possible, for Drs.
E. O. Lawrence and J. W. Beams have
proved in the Yale University labora-
tories that the electrons respond three
billionths of a second after the light ray
strikes the ecll.

Other arrangements of photo-electrie
cells, light rays, and amplifiers have been
used in industry to ring a bell when the
mercury of w thermomeler rises to a
given point. when a light spot reflected
from any electric measuring instrument
reaches a certain mark, and when fac-
tory smoke is denser than health laws
permit,
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cell spparatus
for mensuring the hight-transmit
of  omamental
glags globes for street lumps—in
use by General Eloctric Company,
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Two extremes in photoelectric cells—~the
cleven.inch buldb made by L, T. Gamer,
University of Illinois, is said to be the world's
largest. The other cell & un ordinary sized one,

The density of smoke can even
be measured: for the blacker it
is, the less light it will let into the
cell and the less electricity the
cell will produce.

Another application is the day-
light meter; its cell is pointed at
the sky instead of at a smoke-
stack. At the General Eleetne
Company laboratory at Schenec-
tady, New York, Dr. L. R.
Koller records every passing
cloud on a chart attached to a
photo-electric eye,

HE proportion of the health-

ful, mvmhlc ultru-violet rays
in sunlight and in ultra-violet
lamps can now be determined by
a special vaniety of photo-electric
cell, and Dr. R, C. Burt, of
Pasadena, Calif., uses the cell in
a “sunburn meter” to determine
how sensitive any person is to the
sun's rays.

The General Eleetric Company
uses the cell in tests Lo measure
light of many kinds of lamps and
to ascertain how much illumina-
tion passes through various types
of ornnmental globes. Thickness
and transparency of cloth and
paper and even shades of color
are also measured in the mills by
the ecell, and with the colorimeter, de-
vised by Professor A. C. Hardy, of the
Massachusetts Institute of Technology,
manufacturers can measure exact shades
of color in dyes and dyed materials, and
packers can sort fruits according to ripe-
ness as indicated by color.

No less an amllumlv than Dr. Ives
suggests the possibility of catching the
enormous energy of sunlight in giant
solar dynamos working on the photo-
clectnic pmmple providing vastly more
power than the world will ever need.

“ven more interesting, because more
definitely in sight, is the possibility that
photo-electric devices may enable blind

rsons to read ordinary type “by car.”
Eurh letter of a page, scanned by the
photo-clectric eve, would be translated
automatically into a recognizable com-
bination of sounds. If these remarkable
cells did that and never anything more,
it would justify their claim as one of the
greatest gifts of science to mankind,




