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146 THE OUTLOOK FOR TELEVISION

lished engineering and artistic precedents of basic impor-
tance which have enabled the building up of mass communi-
cation by radio telephony into a great industry. During
the last few years the technique of broadcasting has been
refined and the scope widened until, today, in 1930, it stands
as a highly developed and universally accepted form of ma-
jor entertainment supplied to the people of the world.

“It is but natural to ask whether the amazing rate of
progress during the last ten years can be maintained, and
whether 1940 will see radio as far improved compared to the
present-day conditions as is the broadcasting of today when
compared to that of 1921,” said Goldsmith. “To the public,
which 1s already well satisfied in the main with the excellent
performance of the better modern receivers and transmit-
ting stations, it would offhand appear as if progress from
now on would be slower than in the past. Yet this theory is
extremely doubtful, and the scientists and engineers have
every reason to believe that not only electrical entertainment
in general, but also radio broadcasting in particular, will
improve in performance, convenience and scope, and at a
marked pace, as the years go on. New principles and meth-
ods, as yet only in the minds of the inventors, or at best
in the laboratory, appear to beckon the radio art forward
to new accomplishments and triumphs.

It Is 1940!—“And so, vaulting over ten years, imagine
we are in 1940. Looking about at the field of electrical enter-
tainment, what do we find?

“We enter the radio broadcasting studio of 1940. The
microphones are nowhere in evidence for the methods used
so successfully in 1930 for sound motion picture production,
with remote and concealed microphone, will have found
their place in broadcasting. Devices oddly like cameras will
point at the actors, picking up their images for television
transmission, perhaps in color. Motion picture cameras are
in evidence. The studio, with its special backgrounds and

-
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furnishings, will look much more like the stage of a theater
or a motion picture studio than like the orderly room which
it resembled in 1930. Television pick-up men and camera
men, sound recordists and control room experts are busily
at work. Actors troop out of their dressing rooms in the
costume suited to their performance. Their words and their
appearance are carried instantaneously by wire line or radio
connection to a multitude of outlet stations.

“In the control room, provision is made in the case of
the more important broadcasts to record both the picture
and the sound of the performance, either on photographic
film or on some equivalent material. The cameras are taking
pictures of the television performance which is being broad-
cast. Thus, the public can purchase sound motion picture
records of any particularly attractive or historically impor-
tant broadcast which has been presented. School children
and their parents will have the advantage of seeing and
hearing historical events which have been recorded for them
at the same time as they were broadcast.

Man’s NEw ServanT.—“Entering the living room of
1940 one might judge from the preceding description that
all the electrical entertaining devices to which reference
has been made would prevent the owner of the home from
entering the living room because of the congestion of the
pieces of furniture. Yet such is not the case. Instead of sev-
eral cabinets each containing a single instrument, the elec-
trical entertaining equipment is assembled in relatively few
cabinets and in some cases even in a single cabinet known
as the electrical entertainer. Essentially the electrical enter-
tainer requires only two outlet portions, namely, a screen
for showing a picture and a loudspeaker for producing a
sound. Back of the screen is arranged either the television
projector or the sound motion picture projector, or both.
The educational and entertainment possibilities of such a
device are limitless.
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PREFACE

The purpose of this book is to reveal the romance of tele-
vision and its commercial possibilities ; to record historically
the evolution of a new era in radio science ; and to explain its
magic. Today it is clenched in the hands of fate, ready to be
freed and unfettered for a flight through space to entertain
and to educate mankind.

Television is traced here step by step in chronological
order, with dates accurately listed, so that no important
advance in its development will be neglected or lost. It is
necessary to go back a bit into radio to pick up the scienti-
fic threads from which the television pattern is woven.

The idea of seeing across wires and through space is not
new. Television has been envisioned for years. Its historic
record discloses the long route man travels to discover new
scientific theories and truths. It reveals how quick man is to
discard the old and grasp new ideas that carry him toward
his goal. On these pages are found descriptions of various
electrical systems, devices, and ideas devoted to the search
for television, that man may eventually see to the ends of
the earth.

The author has been, privileged to discuss the science of
seeing by radio with Marconi, deForest, Alexanderson, Ives,
John Baird, and other contemporaries in television research.
Their outstanding characteristic is modesty, a quiet, unex-
cited nature. They speak softly. They are not publicity-
seekers. They do not boast. They all realize that television
1s just beginning and that they are faced with numerous
problems, some of which another generation will be called
upon to solve. They refrain from whimsical prophecy.
When some fantastic use of television is suggested, they

ix



x PREFACE

smile and throw up their arms, more amazed than the lay-
man. Their task is to make television practical.

The inventions here mentioned, the men whose i1deas point
the way, stand as the beacon lights of television. What future
generations achieve will tower on the bedrock that the men
of yesterday and today leave behind. The images and scenes
that girdle the earth even one hundred years hence will have
in the power of their wings the hours of toil, the disappoint-
ments, and the triumphs of the men who breathed life into

television from 1880 to 1933.

New York City.

O. E. D., Jr.



INTRODUCTION

In radio the gold rush is over. The incredible growth of
this infant of industries brought into its onrush all those
opportunists who are ready at a moment’s notice to become
anything that will bring them money. Radio engineers de-
veloped overnight, sales experts talked glibly of circuits,
and attics were transformed in a few days to manufactories
for radio equipment. The depression will, among the many
good things that it is contributing, probably put radio on a
basis of sounder economics.

It is my belief that this industry will cast off those who
gamble on its future and will retain those who revere it as a
splendid science and who are willing to serve it in a truly
scientific sense. Much engineering lies ahead of us; the
major problems of fading and static are as vital today as
twenty years ago. The limitations of the natural medium
through which our stations operate are becoming daily more
definitely understood. Efficiency in our engineering results
is gur goal. While much of the poetry of radio is disappear-
ing, none of its romance has been lost.

I often feel that it is dangerous to prophesy too definitely
on the technical future of a science. The obvious seldom hap-
pens, and so often collateral developments take place around
an industry which are outgrowths of it, and which at times
grow into greater magnitude than the parent industry it-
self.

The great field of electronics is leading the vacuum tube
into a hundred uses which none of us could foresee a decade
ago. It i1s a far cry from the reception of radio signals to
the segregation of coffee beans, but the vacuum tube has in
its versatility become the key mechanism in both operations.

Undoubtedly, the functions we now see taking place in

xi



xii INTRODUCTION

the technique of radio apparatus will lead into vast fields
of human endeavor, and even the imagination of the in-
ventor can only arrive at a vision of these new fields in a
slow, laborious manner. The coordination of human knowl-
edge, the constant overlapping of problems in diversified
industries, and the closer engineering contacts now estab-
lished between scientists and engineers in different fields
will produce new sciences in ever increasing numbers.

Inventing is getting to be easier. We have at hand so
many new facts to handle and to reassemble. It 1s possible
to move ahead more swiftly now, for many of the snags
have been removed by the technical experience of others.

There 1s also the growing freemasonry of sympathetic
help in one science toward another. Many of the theological
and social aims are achieved daily and unconsciously by those
who are cooperating in the cause of science and the fight
for the truth.

Today, television 1s opening its eyes!

JouNn Hays HammoxnD, JR.



FOREWORD

While the Morses, Fultons, and Watts were greeted with
incredulity, even open resentment, when the secrets they had
locked within their laboratories were bared to the public,
television is being born into a new and different world.
Today the public is demanding “When” even more vocifer-
ously than it asks “How.”

Predictions that visual broadcasting will serve as some
genii opening up new worlds of culture and contentment,
outstrip the achievements of today, even if they do not go
beyond the possibilities which are apparent to all of us who
have had some practical contact with this new application
of science and art.

We are asked insistently every day, when will visual trans-
mission develop to a state of perfection with definite and
clear images flashing through the ether into the home? We
are quizzed as to when will the television receiving-set be
able to etch vividly the tense play of a football game on a
distant field? When will radio-without-sight become as obso-
lete as motion-pictures-without-sound?

Mr. Dunlap’s book is published as these questions become
more numerous and may do much to indicate the answer to
them. For my own part, I find prophecy impossible. I be-
lieve, in view of the many good minds working on television’s
problems and in view of the elaborate facilities made avail-
able for modern-day research, that the perfection of tele-
vision is as certain as tomorrow’s sunrise. But to predict its
perfection i1s one thing and to prophesy its applications is
another.

The possibilities are so varied and the implications so
many-sided that it is impossible to forecast even a small por-
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xiv FOREWORD

tion of the uses of visual broadcasting. Enough to say, it
should bring a new era in educational entertainment, should
become the greatest force for education ever developed. Its
perfection should mean the development of new forms of
dramatic and musical presentation—works planned to fit a
new medium and developed to take full advantage of its
greater freedom.

But to name a date 1s to get ahead of the technicians and
scientists who are working day and night to resolve the
riddle of sight transmission. When they have finished their
lonely job of scientific pioneering, there will be many ready
to apply those principles to everyday life.

WiLriam S. ParLEy.



Part I
TELEVISION—THE GREAT KALEIDOSCOPE



CuarTEr ONE
THE LONG ROAD INVENTORS TROD

Tue world 1s on the threshold of a great forward move-
ment in mass communication—transmission and reception
of sound and sight combined. Just as the incandescent lamp
guided man out of the dark ages and the motor-car extended
his highways, so radio came to introduce a kind of armchair
civilization. The snap of a switch brings music, drama, and
speech delivered wholesale to a multitude who tap the electri-
cal flow on a slender copper wire. The science of broadcast-
ing presents the world with new instruments for reaching a
populace of many millions. And so the machine age has
ushered in an era of electrical entertainment, the next act of
which is television! It is a gigantic force looming to take its
place beside the press, the talking picture, and radio broad-
casting as a powerful instrumentality for entertainment and
education.

Television is a science and an art endowed with incalcu-
lable possibilities and countless opportunities. It will enable
a large part of the earth’s inhabitants to see and to hear
one another without leaving their homes. Sight on the wings
of radio is an easy, quick, and economical means of spread-
ing knowledge and information. Eventually it will bring
nations face to face, and make the globe more than a mere
whispering-gallery. Radio vision is a new weapon against
hatred and fear, suspicion and hostility.

Revolutions in modes of communication have always made
the world more interesting. The word of mouth, the scratch
of a pen, the metallic clicks of the telegraph, the spoken
words of the telephone, the buzzing dots and dashes of wire-
less, the music and voices of broadcasting, all worked vast

8
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changes for individuals and institutions. And now trans-
mission of sight by invisible waves in space is destined to
stretch man’s horizon and to stimulate new interest among
a great variety of people and things.

The curtain is rising on a new era, a sort of educational
renaissance, far removed from the age of exploration and
adventure that beckoned man into new environment, tested
his courage and called for strenuous physical endeavor to
carve villages out of the wilderness. A new wizardry is evolv-
ing 1n which the eye is restricted no more than the ear.

Television is the science of seeing by radio or wire.
Electrically it prolongs the optic nerve empowering the
human eye to scan a distant scene or person. T'ele is Greek
for “at a distance.” Video is the Latin verb meaning I
see.” Thus the Ceasars might have said, televideo—*“I see
at a distance.”

Television in reality is a second-sight, officially defined as
the electrical transmission of a succession of images and
their reception in such a way as to give a substantially con-
tinuous and simultaneous reproduction of the object or
scene before the eyes of a remote observer.

The wonder-working eye that does the trick in this en-
chanted science is the photoelectric cell. Photo is derived
from the Greek word phos, meaning light, while electric is
from the Greek elektron and the Latin electrum meaning
amber. Thales of Miletus was first to notice that when amber
1s rubbed it becomes capable of attracting light bodies such
as bits of paper or straw; that was the first electrical
phenomenon produced by man.

This photoelectric “eye” is sensitive to light. It represents
the combined action of light and electricity. When properly
wired and subjected to illumination it transforms lights and
shadows into corresponding electrical impulses, which flow

through the air as electromagnetic waves or along the wires
as electricity.
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The next touch of magic at the receiving station is to
convert the waves back into electricity and then into light
without losing the identity of the originally televised scene.
The photoelectric cell in its performance does for light what
the microphone does for sound. The microphone is radio’s
ear ; the photoelectric cell 1s the eye.

Television has not arrived over any short highway of
science. There have been no short cuts. It has been a long,
tedious journey which began almost a hundred years ago.
The road has been strewn with obstacles. And, while some,
who lived in the mauve decade and beyond, dreamed of see-
ing across wires or through space, they were none too sure
that it might be practical. The experimenters encountered
many barriers of discouragement. It was not until about
1920 that man was convinced that he had within grasp the
perfected instruments necessary for broadcasting voices,
music, and sundry sounds. He then began to realize that the
next logical step would be to combine sound and sight in
broadcasting.

In the haste of this day one is likely to award all the
laurels to the research workers of the present age for de-
veloping television. Before doing this, however, some trib-
ute should be given the tireless workers who years ago had
the foresight to attempt transmission of pictures by wire
and later by wireless. The pioneers were handicapped. They
lacked the devices, which only time could bring forth, to
make their dreams come true. They erected signs along the
highway of scientific knowledge, pointing toward the goal
of success.

Taose Wro SuarE THE Hoxors.—Television is not the
triumph of any one man, but of many. No one can be called
the inventor. Naturally, the first experiments in transmis-
sion of pictures were by wire. Radio was too elusive. There
were no vacuum tubes for amplification, no sensitive electric
eye, in fact, no wireless, in the days when Alexander Bain,
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of London, in 1842, arranged metal letters on a conducting
plate at a sending station and a chemically prepared paper
on a similar plate at the receiving end of the line. Narrow
conducting brushes, mounted side by side on an insulated
strip, were moved slowly over their respective plates. The
brushes at corresponding positions at the two stations were
connected by individual wires so that when contact was made
with the metal letters, current passed through the paper,
producing a discoloration in the form of the letters at the
sending terminal. Obviously this system required far too
many wires.

F. C. Bakewell, of England, in 1847, using two metal
cylinders driven at the same speed, transmitted a graph
drawn with an insulating ink of shellac on one drum for
interrupting the current to a chemical paper on the other.
A single brush in contact with its rotating drum was given
a slow longitudinal motion, causing it to trace a spiral on
the drum, thereby transversing the entire area of the graph.
Only one wire was needed between the stations, with a ground
return. Man 1s indebted to him for two fundamental ideas,
namely, the use of rotating cylinders and the longitudinal
motion of the exploring element, both of which are still widely
used in photoradio and in transmission of pictures by wire.

A man named May, an operator in the Atlantic cable
station at Valencia, Ireland, observed by chance that light
shining through a window on some selenium resistance units
unbalanced his bridge circuit. A few years later, in 1873,
Willoughby Smith, employing selenium as a resistance, was
annoyed by 1its instability. He investigated the source of the
variations and made the important discovery that its resis-
tance decreased with the intensity of the light falling upon
1it. After that selenium was used by many of the pioneer
experimenters in picture transmission.

It was Philip Reis, of Germany, who advanced the theory
that' light falling upon selenium liberates electrons which
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assist in conducting the current. An investigation by Elster
and Geitel, in 1889, disclosed that various elements possess
photoelectric properties—that is, they emit electrons when
illuminated. Among these metals are thalium, strontium,
lithium, sodium, potassium, rubidium and caesium.

Stoletow, in 1890, made the first photoelectric cell, using
zinc for the cathode, which necessitated ultra-violet light as
an exciting agent. Electrons were attracted to a platinum
plate which was made positive with respect to the zinc by a
high-voltage battery. The photoelectric cell was further de-
veloped to its present state of sensitivity by the proper
handling of these electro-positive, chemically active metals
in a vacuum.

Despite the fact that he lacked the present-day devices
and 1deas, N. S. Amstutz, an American, in 1890, is credited
with having sent the first successful picture with half-tone
over a twenty-five-mile wire line in eight minutes.

Professor Arthur Korn, in Germany, about 1902, wrapped
a photographic negative around a glass cylinder which was
rotated and at the same time moved along its axis so that
light from a point source traversed every portion of the
negative. The amount of light passing through it on a
selenium cell varied with the density of the negative, thereby
producing a variation in the line current transmitted to a
distant station. Korn sent a picture of President Falliéres
of France from Berlin to Paris by wire in twelve minutes in
1907.

A; serious objection to selenium was its slow response to
rapid variations of light intensities. History records, how-
ever, that the results obtained by Amstutz, Witherspoon,
Korn, Ruhmer, Belin, Leishman, and others were of fair
quality. Little did these pioneers realize, when experiment-
ing with picture transmission and electromagnetic waves,
that some of their observations and discoveries would eventu-
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ally lead to a worldwide communication system and to an
international sound-sight theater of the air.

Hertz Propucks THE Waves.—Heinrich Hertz, of
Karlsruhe, Germany, confirmed Clerk Maxwell’s theory of
ether waves in 1886, by creating and detecting electro-
magnetic waves. Incidentally, that is why radio waves are
sometimes called Hertzian waves. Hertz also discovered in
his experiments with wireless waves that ultra-violet light
falling on a spark gap permitted an electric discharge to
take place more readily than when the gap was in darkness.

An allied effect was uncovered the next year when Wil-
helm Hallswach, a German physicist, noticed a well-insulated
and negatively charged body lost its charge when illumi-
nated with ultra-violet light. Today man can look back and
see in those observations highly important theoretical begin-
nings in the evolution of television. But in 1888 those strange
electrical effects were too feeble to suggest anything of
practical significance.

A serious handicap encountered by early experimenters
was lack of electrical amplification. Invention of the two-
element valve by John Ambrose Fleming, in 1904, cast some
hope in this direction, although it was a detector rather than
an amplifier. Finally, in 1906, a remarkable advance was
made when Lee deForest, invented the three-element vacuum
tube, which he named the audion. It gave the weak currents
renewed strength. It was exactly the device which telephony
and radio had long been awaiting. The vacuum tube gives
electricity from the photoelectric cell real power; con-
sequently, what once appeared to be trivial sparks and
minute electrical impulses, have surged into a powerful
radio force that gives wings to sound and sight. The audion
strengthened television’s eyes.

ProToraDIO LEADS THE WaAY.—It is natural that the
first step in the evolution of television should have been wire-
less, under which name the medium developed. Then came

-



THE LONG ROAD INVENTORS TROD 9

sound broadcasting as an advance from the dots and dashes.
Facsimile transmission was next to be followed by motion
pictures in the air, just as the stereopticon pointed the way
to the silent cinema and the talkies.

Captain Richard Ranger contributed to photoradio or
picturegrams. It was on May 7, 1925, his invention was used
to send war game pictures and maps 5,136 miles in 20
minutes from New York to Honolulu. A photographic film
revolved on a glass cylinder over which played a powerful
needle or pencil of light. The black detail of the picture
checked the light passage and the lighter areas let it get
through. This light of varying intensity fell upon a photo-
electric cell which transformed the light into electrical im-
pulses so controlled that the pattern of the original picture
was preserved at the distant receiving point. Briefly, the
picture was first traced in light. The light was converted into
electrical current. The current was amplified a few million
times and broadcast. At the receiver the radio signal was
intercepted and again converted into electrical current,
which operated a pencil of light that resketched the picture
on a paper wound around a cylinder revolving in step with
the one at the transmitter.

The Ranger apparatus was utilized on April 20, 1926,
to send a picturegram of a $1,000 check from London to
New York where it was cashed by the Bankers Trust Com-
pany. It was signed by Major General James G. Harbord.

On June 11, 1927, pictures were radioed from London
and from Hawaii to the Massachusetts Institute of Tech-
nology dinner in New York by means of an improved Ran-
ger system. In this demonstration a stream of hot air driven
through a small bore muzzle moved to and fro across a
special paper treated with nickel. The incoming radio signals
operated the hot-air gun, the heat from which turned the
paper on the revolving cylinder from white to sepia wher-
ever its pencil-like line traced. In this way it reconstructed
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line by line pictures flashed by facsimile radio from sta-
tions across the sea.

Amonc THE CONTEMPORARIES.—Year after year many
scientists, assisted by a corps of research experts, have come
forward to add their magic touch and knowledge to the
progress of television. The advance has been slow and at
times discouraging. But they plodded on. At last their fame
began to grow rapidly, after broadcasting got under way
in 1920. The achievement in perfecting the sound broad-
casts gave them a strong foundation and bridged several
gaps enabling them to concentrate on the development of
seeing by radio.

Prominent among the contemporaries who have devoted
their time and energies to television are: Dr. Ernst Frederik
Werner Alexanderson, Dr. Herbert E. Ives, John Logie
Baird, Vladimir Zworykin, John Hays Hammond, Jr., Dr.
August Karolus, Philo T. Farnsworth, Ulisses A. Sanabria,
R. D. Kell, development engineer, who assisted Alexander-
son and Zworykin, C. Francis Jenkins, and a host of workers
who have faithfully toiled with these men to rush the perfec-
tion of instruments that enable their fellow men to see by
radio.

Hans Knudsen is credited with sending a photograph by
wireless in 1909. And in 1910, A. Ekstrom, a Swedish in-
ventor, discovered he could scan an object directly by a
strong light beam. He placed the source of light on one side
of a scanning disk and the light-sensitive element or “eye”
on the other side.

Back 1v 1884.—Paul Nipkow of Germany, a farsighted
youth, has the distinction of inventing the spirally per-
forated scanning disk which was indispensable in early tele-
vision. He introduced the device in 1884. His idea was to
dissect pictures using a light-sensitive cell, a lens and a scan-

ning disk. This was the underlying principle of the first
television systems.
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The trick has always been to discover more scientific
methods of this form of radio surgery and to secure the
benefits of intense 1llumination. The scene or image must be
cut up into tiny fragments for broadcasting. At the receiv-
ing end the pieces are plucked from space and woven into
a duplicate of the original picture. Each line must be painted
electrically in proper sequence else the identity is lost. Thou-
sands and thousands of dots of light flit across the screen,
but the eye is not fast enough to see them all. It catches
sight of only the complete picture.

JENKINS Becins To SeArRcH.—Nipkow ran into many
obstacles. The light-sensitive cells of that time were not fast
enough to reproduce images in motion. He lacked the neon
lamp, the cathode ray tube and the photoelectric cells which
helped others in later years.

C. Francis Jenkins, in 1890, began the search for new
appliances that Nipkow’s disk needed for success. He began
by dropping pennies in a slot machine and watching the
strange, animated images. At the Atlanta Cotton Exposi-
tion in 1895, he demonstrated motion pictures. Then the
idea occurred to him to send pictures by wireless.

He was a pioneer in attracting the American public’s at-
tention to television. As early as 1922 he predicted motion
pictures by radio in the home, and that “entire opera may
some day be shown in the home without hindrance of muddy
roads.” In 1923, he placed a portrait of President Harding
in a camera-like affair at the Naval Radio Station in Wash-
ington and it was plucked from the air 130 miles away, atop
the Evening Bulletin Building in Philadelphia. Two years
later Jenkins predicted that miniature motion picture
screens would some day be attached to radio sets in every
household. He conducted experiments along this line and
announced that he expected “to stage a radio-vision show
with the talent performing at the broadcasting station and
the audience watching at the receiving station miles away.”
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He invited government officials to watch the blades of his
windmill-like machine casting images, blurred but neverthe-
less distinguishable on a screen.

Oruers TAkE vPp THE Work.—Dr. Ernst F. W. Alexan-
derson, in “the House of Magic” at Schenectady, directed
intense research in radio vision, in sending and receiving
images and in wave propagation. His fame spread, when in
1930 he showed television pictures on a theater screen six
by seven feet.

Dr. Herbert E. Ives, electro-optical research director of
the Bell Telephone Laboratories, was the first to show a
radio camera that would televise outdoor scenes without the
glare of artificial lights. Later he demonstrated television in
color, and next two-way television in which the speakers at
the ends of a telephone line saw each other as they conversed.

John L. Baird thrilled London with radio vision. He de-
veloped the instruments that enabled the officer of an ocean
liner to see a pretty girl on land 1,000 miles away. He sent a
face across the sea and later televised the English Derby.

It was John Hays Hammond, Jr., who in 1930 revealed
he had patented an electrical system equipped with a tele-
vision eye to aid aircraft in landing at airports, no matter
how thick the fog or how inky black the night.

Vladimir Zworykin won recognition by developing a tele-
vision receiver which utilized the cathode ray tube, and thus
dispensed with the scanning disk and other movable parts.
He simplified the apparatus and made it more commercially
practical for home use. He scanned the object electrically
instead of mechanically.

Philo Farnsworth did likewise in his California laboratory
and then came east to Philadelphia to develop his receiving
machme. He said the system he employed required only a
narrow pathway in the radio spectrum.

Dr. August Karolus perfected an electro-chemical light
valve which facilitated more powerful illumination of the
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object to be televised. It controlled the flow of light with
great rapidity. Up to this time all mechanical shutters had
failed to operate at sufficient speed. The Karolus valve
helped to push television ahead.

Hollis Baird (no relation to John L. Baird of Scotland)
conducted television experiments with mechanical scanning
at Boston. He developed a scanner in the form of a horizon-
tal metal plate called a “spider,” which supported a nar-
row strip of thin steel perforated with square holes.

Ulisses A. Sanabria, in April, 1931, showed television on
a two-foot screen in his Chicago laboratory. The close-ups
were described as “marvelous.” Sanabria used what he called
a “lens disk,” a solid aluminum wheel with forty-five lenses
sunk into it. A zipping daub of light caused by the disk re-
volving at a high speed flooded the screen with light. He
tinted some of the faces by employing a neon-mercury gas
in a special lamp designed by Warren B. Taylor. Later
Sanabria demonstrated images on a ten-foot screen at the
1931 Radio-Electrical World’s Fair in New York.

Thousands went to the exhibition to see the images. The
man in the street began to ask “What is this thing called
television ?”

KenNELLY’S DEFINITION.—ADnd for those who want to
know, Arthur E. Kennelly, professor of electrical engineer-
ing at Harvard University, defined television and explained
the process in the Annals of the American Academy of Polit-
ical and Social Science as “the instantaneous transmission
to a distance, of the image of an object, so that the persons
at the receiver can see the reproduced image and thus in a
certain sense see the object itself.

“There is a crude resemblance between the principle of
television and that of telephotography,” said Kennelly. “In
both there is a rotating pair of similar elements running in
close synchronism, so that corresponding points in the sent
and received pictures are simultaneously projected. Whereas,
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however, the photographic films in telephotography may
take several minutes to execute from beginning to end, in
the case of television, the two pictures must be completely
covered in about one sixteenth of a second, in order that the
eye may see the whole surface as a single picture.

“In one form of the apparatus, a bright beam of light 1s
caused to travel in a definitely repeated manner, over the
object to be televiewed, with the aid of a series of holes in
a rapidly revolving disk. The light, reflected from successive
areas of the object, is directed to a photoelectric cell, in
such a manner that bright spots on the object simulate
strong currents in the cell, and dark spots feeble currents.
These currents, greatly amplified, are delivered to the air
at the sending mast. ,

“A minute fraction of the emitted wave energy is picked
up at the receiving mast and delivered, after reamplification,
to control the instantaneous intensity of a beam of light from
a local source, directed through holes in the receiving disk,
to corresponding parts of the received picture. The bright
and dark spots of the sending picture will then reappear
as corresponding bright and dark parts of the received
picture. In this way, several thousand successive points in
the sending picture will, one by one, be reproduced in the
received picture, all run over sixteen times per second.
Changes in the form and brightness of the object will simul-
taneously appear in the reproduced image at the receiving
station.”

Marconrs ConquEsT.—Few fathers have been able to
predict the destiny of their child with the accuracy that
Guglielmo Marconi has been able to foresee the steps that
his wireless would take from year to year. He has always
looked ahead to the day when wireless vision would be a
reality.

Early in 1931 he was asked how soon he thought television
would be practical.
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“Television is the highest grade in the art of communica-
tion and it is rapidly benefiting from the improvements made
in the lower grades of the art-telephonic and rapid picture
transmission,’’ said the inventor. “I think that when the lat-
ter are further perfected we may be close to practical tele-
vision.” "

The history of wireless leads on to television. Although
Marconi in the nineties did not attempt to send pictures, he
pioneered in television when sending dots and dashes across
his father’s estate at Bologna, Italy. The men who chopped
the pathway through the forests for the first transcon-
tinental railroad did just as much for the advance in trans-
portation as those who laid the track. Marconi by discover-
ing how to utilize wireless waves for communication cut the
pathway through the sky over which the television images
of the twentieth century could travel from city to city and
from nation to nation.

“What that means for mankind no one can even guess,”
said Sir George R. Parkin, a professor at Upper Canada
College, after he saw Marconi send the first west-east wire-
less message from Glace Bay in 1902. “The path to com-
plete success may still be long and difficult. Between George
Stephenson’s ‘Puffing Billy’ and the great mogul engine
which swings the limited express across the American con-
tinent, there lies three quarters of a century of endeavor,
experiment and invention. But in the great original idea lay
the essential thing which has revolutionized the world and
the conditions of transportation. I came away from Glace
Bay with the feeling that Mr. Marconi’s modest confidence
in his work will in the end be justified by results. Meanwhile,
patience may still be necessary. Weeks, months, even years
may be required to bring the system to complete efficiency.”

TaeE InvEnTOR RECOLLECcTs.—Twenty-five years after
this triumph at Glace Bay, Marconi called the spanning of
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long distances by radio child’s play compared with the un-
certain task in 1902.

“A quarter century ago the instruments we had at our
disposal were very crude compared with those we have to-
day,” said the inventor. “We had no vacuum tubes, no
sensitive superheterodynes, no amplifiers, no directional
transmitters and receivers, and no way of making continuous
waves. All we had for transmitting was the means of making
crude damped spark waves, which did not permit the ac-
curate tuning we have today.

“As to the application of wireless in the future I am al-
ways averse from entering into the realm of prophecy, but
perhaps I might suggest that, apart from the ordinary
transmission and reception of wireless messages there is a
possibility that the transmission of power over moderate
distances may be developed, and that television will become
an actuality. I must leave to your imagination the uses
which can be made of these new powers. They will probably
be as wonderful as anything of which we have had experience
so far.

“Looking back at our old difficulties, the ease and perfec-
tion recently achieved by radio, especially in regard to
broadcasting, appears little short of miraculous. It shows us
what can be done by the combination of a great number of
workers all intent on securing improved results. And how
many, who began as amateurs, have contributed in one form
or another to the progress and success?

“We are yet, however, in my opinion a very long way
from being able to utilize electric waves to anything like
their full extent, but we are learning gradually how to use
the wireless waves and how to utilize space, and thereby
humanity has attained a new force, a new weapon which
knows no frontiers, a new method for which space is no
obstacle, a force destined to promote peace by enabling us
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better to fulfill what has always been essentially a human
need—that of communication with one another.”

Thus television has been launched. Its commercial and
@sthetic possibilities are seen as tremendous. Research ex-
perts are at work refining the instruments, clarifying the
images, enlarging the pictures on the screen and preparing
for the inevitable welcome at the firesides of all nations—
but much work remains to be done.



CuaprTErR TwoO
RADIO IS GIVEN EYES

WHEN man discovered that he could send dots and dashes
through space without the use of interconnecting wires he
called it wireless. The next logical step was to extend the
range of the voice by radio, and that was called radio teleph-
ony. Then the ether, or whatever that mysterious medium
is that occupies all space, was:caused to vibrate with music
and entertainment. This new magic that entertains millions
of listeners simultaneously in their homes was called broad-
casting. The next move was to broadcast sight. That is called
television. And so the sound broadcasts reach the brain
through the ears while radio vision is for the eyes—*those
marvelous little mechanisms, which stand as twin entrances
to the brain.”

Light enables the eyes to see. Man cannot see behind him
or around corners unless he uses mirrors or lenses to bend
or reflect the light. The motorist sees what is on the high-
way behind him by means of a little mirror above the wind-
shield. The sailor in the submarine glimpses above the sur-
face of the sea through the spyglass of the periscope. The
soldier scrutinizes the landscape with powerful binoculars.
The astronomer with his wondrous telescope peers far out
into the heavens to scan other worlds. The scientist sees the
bacillus by use of the microscope. And now by television the
range of the optics is given greater scope. Man can literally
look through mountains, through thick walls and across the
sea. Television removes barriers, which throughout the ages
have restricted the range of the human eye.

Distance will not limit television in its ultimate form.
Radio, the wings upon which the scenes travel, has skill to

18
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girdle the globe at the speed of light. It empowers man to
talk around the world in the twinkling of an eye. It will
enable him to see around the earth. Television ignores mist,
smoke, clouds and darkness. It looks through the blackness
of the night.

Just as radio brings the chirp of a canary, the buzz of a
bee, the whisper of a child or the moan of a violin across the
horizon to vibrate the eardrum, so does television prolong
the optic nerve so that it may distinguish scenes and people
in action far across the countryside.

Barriers ARE CoNQUERED.—When three stars hang on a
door in the Bell Telephone Laboratories they mean “posi-
tively no admittance.” And those about the place know some-
thing important is going on inside. The stars glitter from
time to time on the door of the television laboratory. That
means a new theory has been found and the research experts
are testing its practicability. And when theories are lacking
a game of checkers may be in order. Checkers rest the mind
and then new ideas are likely to crop out.

It was April, 1927, when the research engineers left their
three-starred room of mystery to demonstrate what they
could do with television between New York and Washington,
D. C. They proved beyond a doubt that it is physically prac-
tical to make an extensible optic nerve although it 1s physio-
logically an impossibility.

On November 26, 1927, in an address before the Associa-
tion of Science Teachers of the Middle States, John Mills,
of the Bell Laboratories, proclaimed for the engineers that
no longer did the eye of man require a free, clear, straight
path to view a distant object, scene or person. Television
1s at a stage where it places the eye in a satisfactory posi-
tion to view distant objects, because radio transmits observa-
tions through intervening barriers, which the eye without
television cannot penetrate.

Those who listened to Mills at this meeting in Atlantic
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City were told at the beginning that to understand television
one must realize that the first lesson involves an elementary
exposition of physics and chemistry as well as electricity and
radio. In as non-technical a way as possible he revealed the
wizardry of the research experts who had succeeded in pro-
longing the sensitive optic nerve that runs from the eye to
the brain. And this is how it is done.

“An electric eye is placed before the object, which must
be sufficiently illuminated in order to be observed in an
electrical manner,” said Mills. “To the location of the distant
spectator there stretches an electrical circuit through which
the electric eye transmits its observations. Figuratively
speaking, this circuit acts as an extension to the optic nerve.
Unlike an actual nerve channel it cannot terminate directly
in the brain of the observer. Therefore, it terminates in cer-
tain electrical equipment—the viewing apparatus, which re-
produces as a picture the scene viewed by the distant
electric eye. The observer does not see the scene itself. What
he sees is an image of the scene, its optical counterpart.
Flashes of light, originated in the viewing apparatus by the
action of the distant electric eye, create for his eyes a visible
presentation of the scene. The effect is much the same as if
he viewed a small and very bright screen-presentation of a
motion picture or cinema reproduction of the distant scene.

AxiNn To TeLEPHONY.—*In certain respects the appara-
tus and methods of television are like those of telephony.
One is an aid to seeing, and the other to hearing. One re-
produces remote scenes for an observer, and the other distant
sounds for the listener. In telephony an ‘electric ear’ is
placed near the source of the sound. This is the familiar
transmitter, an electro-mechanical device which is sensitive
to sound waves. By it the mechanical action of the sound
waves 1s converted into an electrical effect. When sound
waves impinge upon its diaphragm electrical currents arise;
the motions of the electrons, the minute particles of elec-

-—



RADIO IS GIVEN EYES 21

tricity which constitute these currents, correspond and are
similar to the motions of the molecules of air which con-
stitute the sound waves. The telephone transmitter, in other
words, is a sound-sensitive device which can give rise to an
electrical current, corresponding in its variations to sound
waves and thus embodying any speech significance they -
may have.

“At the other end of the telephone circuit is the tele-
phone receiver, an ‘electric mouth’ which can utter sounds
such as those of human speech. It is an electro-mechanical
device, by the action of which electrical currents are con-
verted into mechanical effects. When the current embodies
the variations of a sound wave the diaphragm of the re-
ceiver vibrates and the adjacent molecules of air are forced
into a corresponding wave motion. The telephone receiver is
a sound-active device.”

A CuaxneL Is Essentiarn.—There must be an interven-
ing channel for passage of the electrical energy; and this
path may be wire, radio or a combination of both. Radio
transmitting instruments, on the other hand, comprise an
electrical means for converting the energy of electrons, mov-
ing as a current in a wire, into electromagnetic waves that
travel through space. It is the duty of the receiving set to
reconvert the invisible wave motion into electrical current.

Thus, in television, similarly, the channel between the
terminal apparatus may be entirely wire or part of it radio.
So far as the passage of electrical energy is concerned, tele-
phone and television systems are essentially the same. The
terminal apparatus differ, of course, but are analogous.

Television requires a light-sensitive mechanism which acts
as an eye, instead of a sound-sensitive device (microphone)
which functions as the mouthpiece. And the distant observer
needs a light-active device which originates light, instead of
a sound-active mechanism (loudspeaker). The light-sensi-
tive, electric eye converts the energy of light rays into elec-
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trical energy moving in wires; the light-active neon lamps
reconvert these electrical currents into light.

New Erement No. 87 May Hevp.—The research ex-
perts are greatly interested in the discovery of element No.
87, which was found in the mineral samarskite by Professor
Jacob Papish and Eugene Wainer of Cornell University,
in October, 1931. It is said that “it will be similar to
cesium.” And cesium is used in television’s eyes to make
them sensitive to light fluctuations. This new element shows
promise of greatly improving the sensitivity of the photo-
electric cell, in fact, it has been estimated that a cell de-
signed with No. 87 as the light-sensitive element could be
placed on one side of a door an inch thick and it would be
influenced by light on the other side. This being true, such
a bulb would be an extremely sensitive electrical eye.

Discovery of element No. 87 fulfills a prophecy made by
Mendeleeff sixty years ago. It has been provisionally known
as “ekacesium.” Mendeleeff’s remarkable table was pub-
lished in 1870. At the top is hydrogen, the lightest of all
elements, and at the bottom stands the heavy uranium as
No. 92. Element No. 85 is still missing. Mendeleeff called 1t
“ekaiodine.” Chemists know in what group it lurks, but its
isolation is a matter of skill and patience. Radium is element
No. 88.

ArrL Marter Is EvecTricarL.—In the behavior of the
light-sensitive devices lies the great mystery of the matter
of which the physical universe is composed. Scientific re-
search has gone deeply into this during the past thirty
years. The engineers in explaining the photoelectric cell
find it necessary to touch a little on the constitution of
matter.

All matter, it seems, is really electrical. All the eighty-
eight, or so, different elements which the chemist knows,
whether iron or iodine, calcium or carbon, exist in the form
of atoms, small particles, invisible even to the most powerful
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microscope. These atoms in combination with each other
form the molecules of all the myriad different materials
which occur naturally in our world or have been produced
by the ingenious chemist. Behind all this apparent com-
plexity is an amazing simplicity. All the different atoms are
alike in the substances of their composition. It is in the
amount and arrangement of these substances that the atoms
of different elements are unlike. Atoms are composed of
two kinds of particles, known as electrons and protons.

Nature or Rapio Eves.—The photoelectric cell is a
highly evacuated glass bulb coated on part of the inside with
a light-sensitive material, which if properly prepared and
exposed to light becomes electrically sensitive to illumina-
tion although it may be as feeble as a candle’s glow. There
are two wires leading into the cell. One connects to the light-
sensitive substance on the wall of the bulb and the other to
a ring of photoelectrically inactive metal such as nickel or
platinum. Then, when light falls on the active surface elec-
trons are emitted at a rate proportional to the quantity of
light absorbed by the coating. These negative particles of
electricity, free to move in the evacuated space, are attracted
to a metal ring, the second electrode in the center of the bulb.
A battery keeps this electrode positive. During the passage
the electrons collide with molecules of argon, and since their
velocity-voltage 1s higher than the 1onizing potential of the
argon, ionization occurs. Thus the electrons stream through
the wires and into a measuring instrument which indicates
a current. This flow of electricity is produced by action of
the light; the energy of light, its ability to do work, is con-
verted into electrical energy, into a motion of electrons,
which in turn can do work.

No current can flow through the cell except as electrons
are released from its photoelectric terminal by action of the
light. As fast, however, as electrons are emitted they are
drawn across to the collecting ring and through wires to the
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battery, while others leaving the negative terminal of the
battery hasten to replace them. The process continues as
long as the cell is exposed to light; and the electrons sweep
around the circuit like a widely scattered field of riders in
a six-day bicycle race, according to the Mills’ description.

At any instant the number of electrons passing any point
of the circuit is just the number at the same instant emit-
ted from the photoelectric surface. The more intense the
light the greater this emission. In fact, the current is al-
ways directly proportional to the light, and if that varies
in intensity exactly corresponding variations occur in the
current. That is why the photoelectric cell 1s employed as
television’s eye.

RECREATING THE SCENE.—*
there must be complementary to the light-sensitive trans-
mitter or electric eye, a light-active receiver, just as in

‘In a radio-vision system

telephony a receiver is complementary to the transmitter,”
Mills said. “This must give forth light in response to an
electric current; and the intensity of the emitted light must
be directly proportional to the current. Then, whatever light
the electric eye sees may be recreated, and all the variations
in the original illumination faithfully reproduced.

“For television it 1s necessary that the light-active device
shall perform instantaneously in accord with its controlling
current. An ordinary electric lamp-bulb would not serve be-
cause an appreciable time must elapse after the current is
turned on before the filament heats enough to glow. And
when the current ceases, the light itself does not stop at once
but fades out gradually. An instance in nature, where light
instantaneously accompanies the current which causes it, is
found in the lightning flash. The same phenomenon, on a
smaller scale and much controlled, is utilized in the design
of the light-active element for a television system.’

MiniaTore LicHTNING FLrasues.—The layman and en-
gineer are aware that enormous voltages are required in
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the atmosphere to accelerate electrons and the casual ions to
create such violence as a lightning flash. Naturally, if the
separation between the positive and negative bodies 1is
smaller than the separation between the thunder cloud and
the earth, less voltage is necessary to produce a spark dis-
charge. The truth of this principle is found in the motor
car’s spark plugs. Furthermore, if the atmosphere is so rare-
fied that the electrons and ions can move at destructive
speeds, a discharge can occur. It will be accompanied by
light for the same reason as lightning.

The electrons moving at such rapidity disturb the par-
ticles of air or gas through which they speed, thereby caus-
ing ionization or breaking up of the molecules. The effect
produces a flash of light. In the case of lightning water
vapor heated to the explosive point forces the air out from
the path of the spark discharge and when the air rushes
back into the vacuum pocket there is a terrific roar. This
does not occur in a neon tube because no water vapor is
present. The neon gas 1s ionized only to the extent that it
produces a luminous effect without noise.

Forfunately for radio a rarefied atmosphere can be
brought about in a sealed glass bulb and two electrodes pro-
vide the opportunity for the spark discharge or miniature
lightning flash to occur. A bulb of this type as developed
in the Bell Laboratories contains a rarefied atmosphere of
neon—a chemically inert gas. A voltage is applied to the
electrodes and a glow discharge results. It continues as long
as the voltage 1s applied. That i1s why the neon tube is often
called a glow discharge lamp. The brilliancy, after suf-
ficient voltage is applied to make it glow, depends directly
upon increase in the voltage. The lamp is kept “alive” by the
local source of voltage and when additional'impulses trans-
mitted by the distant electric eye reach it, the brilliancy cor-
responds to the addition in voltage. The glow is seen on the
plate of the neon lamp.
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At any instant, only that part of the plate which is ex-
posed by the moving aperture of the scanning disk can flash
light to the eye. Despite the fact that the luminosity at any
moment is uniform throughout the lamp, if from instant to
instant it varies in the same way as does the light and shade
of the successive squares of the picture of & televised person,
then the spectator looking at the neon lamp through the hole
in the scanning disk sees a picture.

Exrosure Is InstanTaNEOUS.—Mills asked his audience
to imagine that the neon bulb is actuated by a single photo-
electric cell placed as an eye before a distant scene. Suppose
this cell is shielded so that it receives light from only one
detail of the scene at a time. In that case the neon tube cor-
responds in brilliancy to one detail or tiny square of the
scene. Then if the cell is successively exposed to the light
from all the small areas of the scene, sweeping it from left
to right, row upon row, in the same order and at the same
speed as the aperture of the scanning disk whirls in front
of the neon tube, the observer looking at the lamp sees the
scene 1n entirety.

Obviously, similar mechanical arrangements are essential
at the sending and receiving stations. The photoelectric cell
at the sending end should be shielded so that it 1s exposed
to only one spot of the scene at a time. A shield at the re-
ceiving terminal exposes to the eye only one spot at a time
on the neon lamp’s plate.

In television a photoelectric cell is exposed to each detail
of a scene for only about one fifty-thousandth of a second;
therefore, intense illumination is needed. This necessity 1is
well illustrated by photography. The so-called instantaneous
exposure needs bright illumination, strong sunlight or a
flashlight. The scene must be flooded with light. Less il-
lumination 1s needed for a time exposure. In television,
however, too strong a light is inconvenient for the actors
even though the photoelectric cells require it. The solution
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of this difficulty is based on the physiological phenomenon
that it is not so much the instantaneous intensity of light
that bothers as it is the average intensity to which a person
is exposed. The quick flash of intense light produces little
inconvenience, because of the sluggishness of that physiolog-
ical process of sight exemplified in the persistence of vision.

Quick ReEray To THE BraiNn.—Once the television system
has done its work and the image appears on the screen it is
relayed to the brain by the eyes which comprise a lens sys-
tem, a sensitive retina and an optic nerve. An image of the
object being viewed is formed on the retina by the lens. All
the light that enters the eye from any point is brought to a
focus at a point upon the retina. Just as in the camera, where
a lens forms an image on the film or plate, the intensity of
the light, which the lens concentrates upon each tiny por-
tion of the retina, depends upon the intensity of the illumina-
tion of the corresponding portion of the object or scene.

The retina, however, 1s not the smooth surface that it
appears to be. Neither is the photographic plate or film,
which consists of fine grains of a light-sensitive chemical.

ActioN oF THE RETINA.—*“The retina consists of a sur-
prising number, many millions, of fine rods and cones, of
which the forward ends form the surface for the image,”
said Mills, “and the rear ends make the connections with
an equally amazing number of nerve fibers. And these in a
bundle, known as the optic nerve, pass from the eyeball to
the brain.

“Through the almost innumerable channels of the cable-
like optic nerve the brain receives simultaneously, but
separately, all the reports of the illuminations to which each
of the sensitive elements of the retina is exposed. Each
transmits a stimulus proportional to the light falling upon
1t and varying therewith. Each is a light-sensitive element
which sends out along its associated transmission line a cur-
rent which produces in the brain a corresponding effect. Be-
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cause of the many channels and the complexity of the brain
it is possible for all the light-sensitive elements to transmit
simultaneously and for the brain to perceive as a result a
scene or picture.”

The miraculous faculty of the human eye is shown in what
man would have to do to pattern a system of television after
the eye. It would consist of a myriad of small but wonder-
fully sensitive photoelectric cells upon which a huge lens
would form an image of the scene. And each cell through a
separate circuit would transmit to a small but efficient neon
tube. Thousands of cells and tubes would be required, even
if they could be made sensitive enough to operate and small
enough to fit closely together in simulation of the finely com-
pact cones and fibers of the retina. Moreover, a huge cable
with thousands of wires would be required for connection be-
tween cells and tubes.

How T EvE Is FooLEp.—*Insensitive and crude as are
the photoelectric cell and neon tube in comparison to the
corresponding elements of the retina and brain, their com-
bination has one superiority,” said Mills. “Their action 1s
essentially instantaneous while the physiological elements
have a tardy action. Flash a light for an instant before a
photoelectric cell and its current makes an instantaneous
surge. Repeat the flash twenty times a second and the same
number of times the current from the cell will rise sharply to
a peak and as abruptly fall to zero. On the other hand, re-
peat the experiment for a physiological eye and its brain
will perceive only a continuous light. The effect of the first
flash persists and, provided the next follows soon enough, no
discontinuity can be perceived.

“It is this phenomenon, known as persistence of vision,
that underlies man’s ability to receive an illusion from mo-
tion pictures. Separate pictures are flashed on the screen at
the rate of fifteen or more a second. Between times the
screen is dark. But what man perceives is a screen continu-

~
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ously illuminated by a picture, the scenes of which change in
an apparently natural manner like those seen directly. The
two dissimilar phenomena, namely, persistence of vision for
the physiological elements and instantaneous operation for
the physical elements of cell and tube, are utilized in tele-
vision.”

ScaNNING Is AN OLp ArT.—The term “scanning” is not
unfamiliar. The human eye affords a perfect example of
scanning. Hollis Baird once explained television scanning in
a way that makes it easy to understand in relation to the
eye.

He said that without thinking analytically about it, when
a person looks at a picture or a scene he sees it all at once,
but the fact is that only a tiny spot is seen. What happens is
that the flexible, efficient eyes rapidly travel across and up
and down a scene, registering the various points so rapidly
that a complete picture is observed. It is easy to test this.

Hold your hand out straight in front of you and look
at the thumb nail. Now without shifting the eyes in the
slightest note what else can be seen clearly, not just sug-
gested, but vividly. You will find that the area comprising
the end of the thumb is about all that is sharp. Now open
the hand and decide that you want to see all of it. As you do,
notice carefully what the eyes are doing. They are swinging
back and forth in various cross directions until they have
covered every bit of the hand. You have a definite picture
of what the hand looks like, yet it was obtained piecemeal.

Taking something more concrete, more nearly like what
a television camera must pick up, cons