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PREFACE

IN preparing a book on Television one is confronted
with the possibility of a revision before the book is off the
press. The kaleidoscopic manner in which advances are
being made is, of course, responsible for this.

Nevertheless, since the authors feel that for the good
of the subject a review of the field is at the moment impera-
tive, they have undertaken this difficult task. At the outset,
and during the preparation of the manuscript, they have
seen clearly the reason why no one else in this country has
ventured such a book to date. They have rushed in where
angels fear to tread in spite of the condemnation which is
likely to fall upon their heads. The mass of material which
could be included in a book of this kind is enormous and
we have been forced to use our best judgment as to what
to leave out. There will be many to tell us that we have
omitted material which ought to have been included and
included other material which might well have been excluded.
Our argument is that it depends upon the point of view.
This, of course, necessitates an explanation of our own view-
point. We have attempted to give a true picture of the
state of television to-day and to give the reader the neces-
sary background to enable him to begin a special study of
any one feature. Our style, we hope, is also of a sufficiently
popular nature to enable the layman, or the possible investor,
to gain a proper perspective of the subject. The book is in
no sense a compendium. We have tried to give credit where
credit is due and to subdue the blatant claims of pretenders
who fill the daily press with extravagant statements. If in
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v PREFACE

any case we have done an injustice, it has not been in-
tentional.

We have finished the book without knowing what the
future of television is to be. Technical difficulties make us
somewhat skeptical yet past accomplishments make us, per-
haps, over optimistic. We believe, we have fairly curbed
our desires to prophesy considering the excellent opportunity
afforded by the nature of the subject.

We hope that the book will be found useful and that
we may later be able to improve it and keep it up-to-date.
Suggestions from readers will be greatly appreciated.

We have had much helpful cooperation in its prepara-
tion from individuals and corporations. Without them its
writing would have been impossible. We are particularly
indebted to the following to whom we extend our sincere
thanks: J. L. Baird, of London; Professor Arthur Korn, of
Berlin; Jenkins Laboratories, Washington, D. C.; and also
to the following corporations: Bell Telephone Laboratories,
Case Research Laboratory, Inc., General Electric Co., Radio
Corporation of America, Raytheon Manufacturing Co.,
Westinghouse Electric and Manufacturing Co.; and to the
Institute of Radio Engineers.

With these few words on behalf of what is to follow;
we leave the book to your tender mercies.

H. H. SucrponN
E. N. Grisewoob
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INTRODUCTION

Who wants television? Will television serve any useful
purpose, become popular as a source of entertainment; or
will it, having been perfected, serve a very narrow field?

Hardly has the talking movie made its appearance in al-
most every theatre, than we are told that it is a passing
fancy, that it will soon complete its run. This is not a novel
statement; we were told the same thing about the auto-
mobile, the airplane and the radio; but they are still here.

Television is not like collecting postage stamps, an avoca-
tion which may appeal to a few or be in vogue for a few
years and then subside. It is not like police dogs or short
skirts which are for the moment fashionable. It is the real-
ization of a desire that has existed in man from his earliest
beginnings. The automobile, giving man the speed he has
always desired, has stayed. The airplane, giving him the
wings he has long sought, has stayed. Television, giving
him the distant sight he has longed for ever since, in his
ape-like form, he climbed to the topmost, swaying branches
of the tallest tree to look afar, is here to stay.

Seeing and hearing things at a distance is as natural a
desire as eating. The Indian put his ear to the ground to
hear the approach of his enemies so as to be prepared.
Lookouts from high hills were common. A great advance
in vision was made by the invention of the telescope. This
has been greatly improved up to the present time; but still
we are not satisfied. We want to see more and further.

The modern newspaper is, after all, nothing more than
an instrument to enable us to see and hear more and further.
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viil INTRODUCTION

We can visualize from its printed pages what has happened:
but would we read the account as written in the newspaper,
had we the time and facilities to be present at the event?
Television brings us somewhat nearer to a perfect realiza-
tion of an event; wherefore its stay will be permanent.

A stadium may seat from seventy to one-hundred thou-
sand people, an auditorium is large if it seats four-thousand,
a theatre is built to accommodate considerably less than the
last named figure. Why? A theatre is built so that all
may hear the spoken word, the auditorium is used by a
symphony orchestra which may be heard at greater distances
than the human voice and so may be housed in a larger
building. One comes to a stadium, however, to see; hence
it may be made very much larger. The attendance at
stadiums is a good guarantee of the success of television.
The advantage lies all with the latter when it is coupled
with radio so that both eye and ear may be satisfied.

There are three distinct phases of any message delivered
orally. There is the spoken word which may be written or
printed on paper. The statement that such words may have
several meanings requires no elaboration. Lawyers fre-
quently take advantage of this to convey one idea to a jury;
whereas a totally different conception might be gleaned from
the statement appearing on the records. However, if we
know the tone of voice, the accent, the pauses in such a state-
ment, would we know the correct story? Thus authors of
fiction write, * ‘Villian!" he hissed,” for the purpose of
conveying the idea of venom, even though you cannot hiss
such a word if you tried. Or turning to the heroine, we
might find, *“ ‘John,” she sobbed.” Though it is difficult
to sob such a word, we get the idea. This helps, but for
fullest realization we must see the expression on the
heroine’s face as well as hear how she sobbed the word.
At this stage we double or triple the amount of information
the single word “John” can convey. It is obvious, then,
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that for full comprehension television is essential. Up to
this point we can only fill in the details from past experience;
a fact which accounts for our greater enjoyment of a radio
play when it is one that we have seen as compared to one
that we have not seen.

Thinking of television in its broadest sense, that is in-
cluding the transmission of pictures by wire, there is even
here an advantage over the usual telegraph message. Where
advertisements are to be duplicated in various cities, the
usual telegraph message is not sufficient; only a picturegram
can convey the exact form. Where one wishes to send a
message in, let us say, Sanskrit, whose alphabet is not
familiar to the telegraph operator, the advantage of being
able to send a picture of one’s handwriting is apparent. Such
service has already become a part of the regular routine of
our large telegraph companies. That it is destined to sup-
plant the usual service with which we are familiar, may not
at the moment be obvious. When one realizes, however,
it is now possible to transmit a picture by wire in less than
one minute, in the laboratory; there can be little doubt that
putting such speed into commercial practice will greatly in-
crease the number of words it is possible to send over a
telegraph line in any given time. The tedious ticking off of
the individual letters for each word will eventually appear
as antiquated as an ox-cart alongside a powerful, electric
locomotive.

If one makes an inventory, one will soon discover that
there are a number of forms of entertainment from which
he is barred without television in conjunction with his radio.
Dancing, which forms such a large part of any musical
revue, is entirely absent. This was realized when one broad-
casting station tried to send over the air a series of Broad-
way musical shows, direct from the stage. We feel sure
that no one will deny this was a failure. Without the stage
setting, the display of color and dancing, it was lifeless.
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We have long had movies without sound; today, they
are being combined. In radio we now have sound without
movies; the condition is rapidly being remedied. When
this page reaches you, the combination may have been
effected in your home; as it has been, for some time, in the
laboratory.

The radio expert or amateur who says he is not in-
terested in the development of television might as well say
he is not interested in the three electrode vacuum tube. Both
are part of his business.

In this book we have attempted to bring together, in a
manner that can be understood by all, a summary of the
achievements in the field of television together with a
description of accessory equipment. We believe, that at the
time of going to press, it presented fairly the accomplish-
ments to date. We realize that the next few years will
bring a multitude of changes that may at times leave us
somewhat behind. It is our hope, however, that public
acceptance of this book will make it possible, through fre-
quent revisions, to keep in step with the parade. We invite
our readers to assist us with suggestions.



TELEVISION

CHAPTER 1

EssENTIAL ELEMENTS oF TELEVISION AND PICTURE
TRANSMISSION

TELEVISION and picture transmission both require that
the light and shade of an object or of a picture be translated
into varying electrical impulses. These are transmitted by
wire or radio to their destination; where they are changed
from the electrical form back into the original light and
shade, either to be viewed directly or to be recreated into a
picture. To do this there are certain fundamental steps
which are unavoidable and which differ only in their method
of application. When we fully understand these, we have
mastered the entire problem.

All modern television systems require, first of all,
illumination of the object in order that the light and shade
used to produce the picture may be present. In the early
Baird experiments, in which the illumination covered the
entire subject at one time, the heat and glare were so great
that only dummies could be used. Increasingly sensitive
apparatus now makes it necessary to use illumination no
greater than strong sunlight. Most systems, however, do
not light up the entire object at once; but use a narrow beam
which rapidly traverses the object along successive strips.

Thus, if we were to place a series of parallel fine wires
before the object, the light would follow the length of each
of these successively. In effect this same thing happens
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when the entire object is illuminated; for, although the light
itself is unchanged, the successive stripes are viewed in the
same way by a moving lens system. We may say then,
without reservation, that present-day scanning, as this
process is called, is accomplished by viewing successive por-
tions of an object along a straight line and viewing the
consecutive lines in some convenient manner. This is not
at all unlike reading the words on this page along any line
and then reading the lines one after the other. In this
manner the entire page is covered. In an analogous way
every portion of the surface of this page would be covered
in order, if being scanned for television transmission.

The lights and shadows, or variations of light, which
are noticed as we pass over the picture in this or some
similar fashion, must next be changed into corresponding
variations of electrical current. This has presented the
greatest difficulty in the development of television apparatus.
In the first experiments, which promised success, the
selenium cell was used. Such cells, to be described later,
have the peculiarity of decreasing their resistance to the
flow of electrical current, in proportion to the intensity of
illumination. They are, however, temperamental devices
having a fatigue effect which causes them to fall off in
effectiveness after a short time of continuous use. To
recuperate, they must be left in the dark. Also the change
in resistance does not coincide with the illumination changes
but follows somewhat later. This peculiarity is suitably
known as a “lag.”” For these reasons, the selenium cell did
not satisfy the requirements in its original form, although
there are indications that these faults may yet be overcome.

Television was really born with the advent of the photo-
electric cell. This cell consists of two electrodes, one of
which is coated with an oxide or a hydride of an alkali metal
—for example, caesium oxide or potassium hydride. Such
coatings, when illuminated, give off copious supplies of elec-
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trons, the number of which is a direct function of the light
intensity for any given color. These cells have no apparent
lag nor fatigue although their sensitivity is not yet all that
could be desired. When inserted as part of a circuit they
give an apparent change in resistance under illumination;
although the eftect should not be interpreted as a strict
resistance change.

RECEIVING SVAT!ON

MASTER
5YNCHRONITING
CONT!

CIRCUITS

PHOTO ELECTRIC
CELL

e )

HOTOR

YAC
CIRCUITS

SEND!NG STATION
(Courtesy of Bell Telephone Laboratories.)

FiG. 1.—A typical television system.

The variations in current given by either of the above
devices are extremely small and must be greatly magnified
to be transmitted over any distance. This is accomplished
by vacuum tube amplifiers, particularly well constructed to
avoid distortion. The amplified output may be sent over
wires or on modified carrier waves, as is done in radio trans-
mission. In the former case it is received as changing cur-
rent,—in the latter, by the usual radio mechanism; so that
if put through a loud speaker it would produce actual chang-
ing sounds. The picture would be “heard,” so to speak.

In either case the next stage in the procedure would be
to reconvert the electrical variations into light variations
similar to the original. In the first types of apparatus this
was done by again amplifying the currents at the receiving
end and causing them to actuate an clectromagnet. The
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latter would vary a slit width or in some other manner
control the amount of light falling upon a sensitive film on
which the picture was to be produced. This method was
adapted only to picture transmission. There was no hint
of television; although if it had been physically possible to
have carried on the operation with sufficient speed the pic-
ture could have been viewed through a translucent screen.

To procure a speed sufficient for television, it is neces-
sary to obtain some method of reproduction free from the
inertia which accompanies a moving mass; a difficulty to
which all of the mechanical schemes were subject. The
introduction of the neon glow-lamp solved this problem.
This lamp glows under a high voltage placed across its
terminals and has so little lag that it can casily follow thou-
sands of fluctuations per second.

It is, of course, apparent that the lines drawn by such
fluctuating lights must always be exactly in step with the
scanning operation, at the sending end. If there is a slight
lag of the one behind the other, the picture will be askew.
This synchronization of the scanning with the reproduction
on the receiving drum, or in the receiving frame, has been
one of the principal experimental difficultics i television.

For the transmission of a moving object, if the image
Is to appear continuous, the original must be scanned com-
pletely at least ten, preferably sixteen, times per second.
This likewise is a difficult technical problem.

Here we have the important features both of picture
transmission and of television. The means of accomplishing
each particular step are as varied as the number of experi-
menters. The purpose of the following chapters will be to
consider some of the best known methods in greater detail
and to discuss the accessory apparatus.
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IHisTORICAL BACKGROUND OF THE DEVELOPMENT OF
TELEVISION

ALTHOUGH television is still in its infancy, perhaps not
yet well out of the embryo, we must go back over eighty
years to find the carliest apparatus for picture transmission
by electric currents. Nor should we feel that this early
work was unimportant in the development which has made
possible the systems in use today.

In 1847 Bakewell designed a method for the transmis-
sion of writing or sketches over wires; a system not very
different from one suggested some four years earlier by
Bain, but not developed by him at that time. The apparatus
is illustrated diagrammatically in Fig. 2.

Bariery

Apf|--------- Tl

!_ﬂ L

F16. 2.—Bakewell system.

The metal cylinders (1) and (2), one at each end of a
telegraph line, are revolved synchronously. Over each
cylinder a metal stylus (S, and §.) describes a spiral path,
similar to that of the needle in the early Edison phonograph,
which used cylindrical records. Note that our problem in
timing would be exactly the same as requiring that two such
phonographs, located at a distance from each other, and
playing the same record, should sound a given note at

5



6 TELEVISION

identically the same instant. This apparently could be ac-
complished by having the speed of rotation of both cylinders
identical and starting the needle (or stylus) at exactly the
same time.

If now a design be drawn with an insulating material,
such as shellac, on the sending cylinder (1) ; the telegraph
circuit will be broken when the stylus passes over this insula-
tion, but closed again when the stylus strikes the uncoated
metal. That is, the current in the line will be intermittent;
only flowing while stylus (S,) is passing over a portion
of its spiral path which is not covered by the design to be
transmitted. The problem then is to make a record on
cylinder 2 which will show when current is flowing in the
line as distinct from when it is not.

This may be accomplished if the receiving cylinder be
covered with a chemically prepared paper such that the
passage of an electric current through the paper will change
its color. For this purpose we might saturate a piece of
porous paper with an aqueous solution of potassium fer-
ricyanide and ammonium nitrate. In this case we will obtain
a dark blue color in portions through which the current has
passed.

Using such a paper, it is clear that if the synchronism
be exact, a negative of the drawing on the transmitter will
be traced on the receiving cylinder. That is to say, the
paper will be turned blue except when the transmitting
stylus is passing over the insulating material. Thus white
portions will correspond to the lines of the drawing or
writing to be transmitted. The received diagram would
then appear like a blueprint made from a line drawing on
tracing cloth.

The movement of each stylus actually describes a helical
path, like the thread of a screw, on the cylinder above
which it moves. When the paper is removed from the
cylinder and opened out flat, however, this path will appear
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as a series of parallel lines—their spacing depending on
the lead of the stylus control. (See Fig. 3.)

As might be expected, the difficulty in obtaining syn-
chronism in the two cylinders militated against the success
of the Bakewell system. However, the telectograph used
commercially by T. Thorne Baker for transmission of
pictures between London and Paris in 1908 was funda-
mentally the same as the method described above. In the
scheme employed by i
Ferree as recently as Ul l”
1924, for radio and l 1
wire transmission of f
photographs, the prin- ﬂ
ciples of the early devel- }
opment described can II
be readily recognized. !

Another system n‘
which was tried by early
investigators, notably & b

F1G. 3. a—Shows the letter as it appears on
the  French Post-office the sending cylinder;

En gi neer, Charbon- b—as it is received in the Bakewell
nelle, is that of mak- ey

ing the depth of silver deposit on a photographic film
act as the means of varying the current in our tele-
graph circuit. In order to do this, the gelatine contain-
ing the active silver salt must be laid on a metal sheet
instead of on the usual celluloid or glass backing. On
exposure, the reduction to metallic silver occurs at those
portions where the greatest amount of light is received.
Now place the negative on a cylinder so that the metal
backing forms one terminal of the circuit and the stylus,
pressing lightly on the surface, the other. As the unreduced
s%lver salt and gelatine are poor conductors, whereas the
silver image is good, it is natural to expect the resistance
of the circuit to vary, being least where the stylus is over
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those portions in which the “printing-out” or deposition of
silver is a maximum.

The fluctuating current thus obtained might be em-
ployed, as in the instance previously described, to act on
a chemically prepared paper at the receiving end. Unfor-
tunately, however, experimenters using this scheme seem
to strike serious difficulties. Chief among these difficulties
is the tendency for the flow of current to follow the path
of least electrical resistance rather than the shortest
geometric path between the stylus and the metal sheet.
Hence the current in the circuit at any instant will not be
simply a function of the amount of silver deposit; as would
be necessary for an accurate reproduction.

Failing to obtain satisfactory results in transmission
directly from photographic negatives, it was not surprising
that early experimenters should turn to the half-tone or
process-screen reproductions used in newspaper work. Ex-
amination of such a picture under a magnifying glass will
reveal that it is composed of large numbers of tiny dots
of various shapes and sizes. In the light portion of the
picture these dots will be far apart; in the dark portions
so close together as to merge into one another. The general
effect produced by the ensemble will depend on how fine
grained a structure is used. A picture composed of some
seventeen-thousand dots to the square inch leaves little to
be desired; one with only four-hundred, will be barely pass-
able even when viewed at arms’ length; the usual newspaper
production contains four-thousand two-hundred and twenty-
five dots per square inch.

Suppose that we should imagine our photograph placed
on a sheet of fine cross-section paper; so that each square
may be designated by a letter and number as is done in
describing a chess-board; or by two numbers, an abscissa
and ordinate, as is done in plotting charts. We then split
our picture into a number of small parts, each one of which
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may be transmitted separately and the whole reassembled
according to the designation of the squares. Such a system
makes possible the simultaneous transmission of different
portions of a picture over separate wires; thus enabling the
entire reproduction to be made more rapidly than would
be the case if only a single wire were used. It then remains
to find some method for describing the appearance of these
squarcs. We might use a letter of the alphabet to indicate
a certain size and shape of dot as used in the half-tone. In

a b c

FI1G. 4.—The detail of the reproduction depends upon the number of picture
clements used per unit area. (a) Made through a 6o-screen; e.g., 3600 ele-
ments per square inch., (b) through a 100-screen; e.g., 10,000 elements per
square inch. (c) through a 150-screen; e.g., 22,500 elements per square inch.

this fashion the square might be coded and transmitted like
a written message.

There are, however, a great many objections to be over-
come. To obtain a good reproduction, a great many sizes
and shapes of dots must be used, making coding a long and
dificult process. H. G. Bartholomew and M. L. D. Mec-
Farlane, in England, have removed the necessity of a human
observer having to assign code letters to the various parts
of the picture. Their device not only automatically codes
the picture; but also perforates a tape which may be run
through the ordinary telegraph or wireless transmitter.
Here the problem is somewhat simplified by using only six
color variations from white to black to describe a given
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portion of the original. This method, which is known as
the Bartlane process, will be described in more detail in
a later chapter.

L. J. Leishman also has devised a method of trans-
mitting a half-tone without the necessity of coding. The
system is not so very different from that described as un-
satisfactory when applied to the usual latent image in silver.
Here, however, the picture is first photographed through
a process screen, the function of which is to split the original
into dots of varying sizes. A positive is then made from
this negative. The positive is formed on a copper or zinc
plate covered with a mixture of gelatine and ammonium
dichromate. The dichromate is rendered insoluble by the
action of light; so that after washing, only those portions
of the copper plate corresponding to the dark parts of the
original will be covered with the gelatine and dichromate.
After heating, these portions become an excellent thin in-
sulation over the surface of the plate. The reproduction
in Leishman’s system is accomplished by a stylus actuated
by eclectromagnets. Both transmitter and receiver employ
cylinders above which a needle moves much as described
in the Bakewell method. The reproduction, however, may
be made by the mechanical movement of the recording
necedle without the medium of a chemically treated paper.
One way in which this can be done is to allow the stylus
to strike a carbon sheet placed over the paper on which
the drawing or photograph is to be received.

The work of Edouard Belin, a French inventor, illus-
trates still another treatment of the problem, which has
been successfully used by not a few experimenters. He
made use of a picture formed in relief on the sending
cylinder. The displacement of a needle passing in a close
spiral path over this irregular surface is made to produce
fluctuations in the line current. In an early form, demon-
strated over a Paris-Lyons telephone line in 1907, this was
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done by amplifying the movement of the stylus by a lever,
the far end of which moved over a device for varying the
resistance in the circuit. A serious objection to such an
arrangement lies in the fact that to produce such an am-
pliied movement a considerable force must be exerted by
the stylus; this causes cutting of the gelatine relief used
for transmission. Later Belin improved the transmission
by connecting the stylus to a microphone in the primary
circuit of a transformer, the secondary of which was in the
transmission line. This is readily recognized as similar to
the ordinary telephone transmitter, except that the move-
ments of the stylus, as it passes over the relief image, have
replaced the condensations and rarefactions of sound waves.

The receiving portion of the Belin apparatus introduces
a method markedly different from any hitherto mentioned. -
The varying currents are received on a Blondel oscillograph,
an instrument in which the variation of current is measured
by the displacement of a beam of light reflected from a
mirror rigidly fixed to the suspension. The reflected light
then passes through a wedge-shape aperture, called by Belin
a ‘“‘scale of tints”; thence through a condensing lens onto
a sensitized film which is carried by a rotating cylinder
synchronized with the sending cylinder. It will be noted
that here we are using the current in our circuit to vary the
amount of light from a constant source which reaches a
given portion of the film. Thus, the inertia of the receiving
mechanism has been greatly reduced, a major achievement
since speed of reproduction is all-important.

Turning now to the method of Professor Arthur Korn
of the Berlin Technical High School, we find the selenium
cell used at the transmitter. The photographic film is placed
on a glass cylinder which rotates and at the same time
moves along parallel to its axis. Hence by keeping a small
point of light in a fixed position, it may be made to traverse
every portion of the film. The light, having passed through
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the translucent film, is allowed to fall upon a selenium cell,
connected in the usual telegraph circuit. Selenium possesses
the property of becoming more conductive for electricity
under the influence of light. Therefore the resistance of
the circuit at any time will be proportional to the darkness
of that part of the film then under illumination. Clearly,
in order to obtain the desired current variation, the source
of light and the electromotive force acting in the line must
both be constant. At the receiving end, a modification of
the galvanometer scheme employed by Belin is used.

At first glance, it would appear that in this system the
inertia effect has been reduced to a minimum since neither

TIME.

Fic. 5.—Comparison of the fluctuation of light intensity (solid line) and
conductivity of a typical selenium cell (dotted line). Note time lag and
rounding of conductivity curve.

transmitter nor receiver depend upon the movement of a
stylus having mass. Unfortunately, however, the sclenium
cell is subject to a distinct lag—it does not respond instantly
to light fluctuation. The accompanying diagram shows
this effect quite clearly. Professor Korn has very in-
geniously corrected this difficulty by the use of two cells
arranged to compensate for each other. Nevertheless, con-
siderable trouble still exists in the selection of suitable cells.
It is for this reason that the selenium cell has been almost
completely replaced by the photoelectric cell, as we shall
consider later.
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Up to this point we have considered only the problem
of picture transmission over wires. The wireless or radio
transmission, however, presents the same fundamental prob-
lems—the production of current or potential variations
from the original and their reception so as to give an ac-
curate reproduction. When using a system of the inter-

(Courtesy of Arthur Korn.)

FI16. 6.—Picture of President Fallieres sent by wire from Berlin to Paris in
1907 by Korn system. Time required, 12 minutes. (Note the structure.)

mittent current type as previously discussed, the introduction
of a tuned spark-gap is all that need be considered in order
to understand the early attempts at wireless transmission.
A coherer was employed in the receiving circuit. The prob-
lem of synchronization becomes even more complex with
the lack of direct wire connection between the two stations.



(Courtesy of Arthur Korn.)

Fic. 7.—Examples of pictures transmitted over wires by the Lorenz-Korn
method in 1928. A photoelectric cell is used at the sender and a string
galvanometer at the receiver. Time required, 174 minutes.

14
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Hans Knudson achieved some success in wireless trans-
mission of pictures over short distances as early as 1908,
despite the inherent difficulties of the spark gap and coherer.
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(Courtesy of Arthur Korn.)

F16. 8. —Examples of wireless transmission by the Lorenz-Korn method, 1923.
Time, 1 minute.

He used a relief line-process original and transmitted di-
rectly without coding. Professor Korn also adapted the
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system described briefly above to wireless transmission. This
he demonstrated in 1914. In this case it was found neces-
sary to code the original. A step performed automatically
by a sensitive relay operated by the current fluctuation in
the selenium cell circuit. The perforated tape made by this
relay could be translated into code letters, each one of
which designated a shade (or process dot—in shape and
size) ; and transmitted like any radio message. To facilitate
reproduction a special typewriter was designed in which the
type attached to a given key was a tiny square of the correct
shade (or correct process dot) for that code letter.

A number of other code systems such as the Bartlane,
mentioned previously, are readily adaptable to radio trans-
mission—provided the problem of synchronization can be
solved.

The introduction and development of the three-electrode
vacuum tube resulted in such a simplification, both in the
transmission and reception of radio signals, as to completely
replace the spark-gap and coherer. This is as true in the
field of picture transmission as in sound broadcasting. So
it is that we find the vacuum tube oscillator employed in the
systems of C. F. Jenkins of Washington, D. C., and R. .
Ranger of the Radio Corporation of America; both of
which will be discussed in later chapters.

The progress made in radio transmission of pictures
since the advent of the vacuum tube has been extremely
rapid. On December 2, 1924, pictures were ‘“radioed”
from London to New York, using Captain Ranger’s
method. The system is now established and commercial
service maintained between the Radio House, the Marconi
telegraph station of London, and the R. C. A. in New York
City.

Let us turn now to the problem of transmission of pic-
tures of moving objects, generally referred to as televison.
As the eye will not hold a discrete impression of pictures
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presented at the rate of sixteen per second; it follows that,
if a moving object be photographed every sixtecenth of a
second and these separate images projected before the eye,
sixteen each second, the impression will be one of continuous
motion. This is then the problem of television.

Little has been said so far about the time required for
transmission. In the Bell Telephone system, one of the most
recent for wire transmission, a § x 7 inch photograph in 100
lines to the inch (equivalent to 100,000 dots per square inch)
requires seven minutes for transmission. Any code method
such as those previously described will of necessity require
a much longer time. It becomes apparent that much more
rapid reproduction is imperative. For this reason apparatus
of negligible inertia will be required both for transmission
and reception.

Early experimenters in the field attempted to use the
selenium cell. The first suggestions being to allow the light
from a small section of the original to fall on a cell con-
trolling the current for a light which illuminated the cor-
responding portion of the reception screen. Enough such
circuits must be used to cover the entire object to be trans-
mitted. Although direct enough, this system is certainly
quite complicated for the transmission of any but an ex-
tremely simple picture.

Ruhmer in Germany as early as 1910 accomplished a
remarkable simplification of the elementary method sug-
gested above. He used only twenty-five square sections in his
transmission and reception board, so that only simple geo-
metric figures could be handled. In place of twenty-five dif-
ferent wires from sender to receiver, however, he employed
only one. Each square actuated a separate selenium cell; this
cell controlled a circuit of definite frequency. At the recep-
tion end a relay responsive only to this frequency illuminated
an electric bulb placed behind the corresponding square of
the screcen.  When a number of squares of the sending board
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are illuminated a number of different frequency pulses will
be sent over the line without interference and the cor-
responding relays will be actuated, thus lighting the correct
squares on the reception board.

As intimated previously, the lag of the selenium cell
presents a considerable difficulty, hence it has been sup-
planted by the photoelectric cell and the cathode ray oscillo-
graph in more recent developments. Even in 1908, A. A.
Campbell-Swinton suggested, in a letter to “Nature” that
the problem might be solved by the use of the Braun tube,
or cathode ray oscillograph. Several workers have since
followed along these lines; notably Professor Belin and M.
Dauvellier in France.

In America the photoelectric cell seems to have at-
tracted more attention. We find it utilized by C. F. Jenkins
in the transmitter used by him in June, 1925, when he suc-
ceeded in projecting on a small screen, in his laboratory in
Washington, D. C., an image of the rotating arms of a
windmill; the arms of the original were turning nearly five
miles away in Anacostia, Md. At the receiving end a
refinement of the neon tube due to D. MacFarlane Moore
was used.

For a clear understanding of these more recent systems
of television it is essential that one know something of the
construction and characteristics of some of the more im-
portant parts used—the photoelectric cell, the neon lamp,
the cathode ray oscillograph, the scanning disk, optical sys-
tems, etc. The purpose of the following chapters will be
to discuss each of these devices in detail. The theoretical
background necessary for an understanding of the apparatus
will also be treated briefly.
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OPTICAL SYSTEMS AND THE EYE

IN the study of television one is constantly confronted
with optical systems. There is the optical system which
produces the scanning pencil or which collects the light rays
reflected from the scene at the sending end, and the projec-
tion system for throwing the image on a screen at the re-
ceiving end. Lenses, mirrors, and prisms have a habit of
making themselves useful in what sometimes appears to be
the most unexpected ways, as in the Jenkins scanning disc
for example. These are the tools with which we control
light beams, and as this control is an essential element of
television it is necessary that we know something of it. For
this study we need know nothing of the fundamental nature
of light and this is left for a later chapter. We are here
concerned only with its behavior in relation to optical
systems.

One of the first laws of geometrical optics concerns it-
self with the rectilinear projection of light. This law states
that light travels in straight lines in any homogencous
medium, that is a medium which is the same throughout.
The second important law is that the intensity of illumina-
tion from an open point source falls off inversely as the
square of the distance from the source. Thus if the distance
of a lamp from an object is doubled the intensity of illumina-
tion of the object is cut to one-fourth of its former value;
if tripled in distance the intensity is cut to one-ninth and
so on. If the source is enclosed, as in a reflector, this law
does not hold and the rate of falling off will then depend

19
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upon the reflector. It is not true for a source other than
a point, but if the object is removed a distance which is
twenty times the diameter of the source or further, the error
introduced by considering it a point is less than one per cent.
For most practical purposes the law is nearly enough correct
for satisfactory application. In illuminating an object for
television it should not be lost sight of.

Reflection of light is an important point in television.
For a mirror there is a law which states that the angle of
incidence is equal to the angle of reflection. Thus in
Fig. 9, the angle i equals the angle r. This law may

Fi16. 9.—For a mirror the angle of incidence (i) of a light beam is equal to
the angle of reflection (7).

be accepted wherever a polished metallic surface is con-
sidered, but it does not hold true for any but well polished
surfaces. A comparatively rough surface which is white,
as a piece of white blotting paper, may reflect more light
than polished nickel and in general will do so: this is also
true of mat white card-board or white cotton, etc. This
reflection however does not obey the law given above, but
rather Lambert’s cosine law. The later law is best under-
stood by reference to Fig. 10, where the arrows ending
on the circle represent the amount of light which comes off
at each angle. Such a surface is called a diffusely reflecting
surface, whereas the mirror is called a specularly reflecting
surface. In properly illuminating a subject to be televised
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the choice of reflectors is important: but, in general, diffusing
screens would be used. These screens are much used in
photograph galleries and their use i1s no less essential in
television studios. '

The fourth fundamental law of geometrical optics is
that of refraction. This has to do with the passage of
light from one medium to another as from air to glass or
from air to water, etc. Dipping a pencil at an incline into
water and viewing it from above will show that it appears
to be bent where it enters the surface. The amount of
bending depends, it has been found; on the relative speed

Fic. 10.—In the case of a diffusing surface reflection follows Lambert’s cosine
law. This is shown above where the length of arrow represents the amount
of light reflected in any chosen direction.

of light in the two media considered. It is this property of
refraction which makes lenses possible.

Perhaps the simplest optical device is the plane mirror,
of which it nced only be said that the image appears to be
as far behind the mirror as the object is in front. Since no
rays of light actually penetrate the mirror, no rays actually
exist where the image appears to be. Such an image is
called a wirtual image.

When we come to curved mirrors, however, we have
quite a different story, and one which is not so simple. If
we consider a concave mirror as shown in Fig. 11; a ray
marked A striking it as indicated, will be reflected according
to the reflection law, for the ray is so small that the part
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of the mirror which it strikes appears flat from its point of

view. The ray B will likewise be reflected as shown.
The point at which the rays cross, F, is called the focus

and if the mirror has been drawn with a compass it will be

A

B

FiG. 11.—Diagram of a concave mirror showing path of light rays, the focal
point F, and the center of curvature of the mirror at C.

found that F is halfway between the center of curvature
and the mirror. :
Now, the useful images which we will get from mirrors
of this type are of three kinds:
1. The object is-to the left of the center of curvature.
Fig. 12a.
2. The object is between the center of curvature and
the focus. Fig. 126.
3. The object is between the focus and the mirror.
Fig. 12¢.

Wherever the image and object are on the same side
of the mirror the light rays actually pass through the image
and it is called a real image. If they are on opposite sides
the image is virtual, as in the plane mirror. Formulas may
be given so that the exact position of image and object may
be located mathematically; but readers are referred. to text-
books on optics for this information.

In television, lenses are more important than mirrors
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F1G. 12a.—The position of the image and its size with respect to the object
when the object is beyond the center of curvature is shown above.
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FIG. 12b.—When the object is between the center of curvature and the
focus, the image takes a position outside the center of curvature.
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F16. 12¢.—1If the object is between the focus and the mirror, the image is
virtual. It appears to be behind the mirror.
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although they behave in much the same manner. Here
parallel rays, instead of being reflected to the focus, are
refracted as shown in Fig. 13. Fig. 14 shows the
relative location of image and object for one position of the

~ A

v

F16. 13.—The diagram above shows the path of parallel rays which after
refraction by the lens pass through the focus. C is the center of curvature
for one face of the lens.

F1G. 14a—The above is typical of the position of object and image for a
double convex lens when the object is outside the focus. This will be the case
in most television apparatus.

F16. 14b.—For a double concave lens the image is between the lens and
focus when the object is outside the focus. The image is virtual.

object. This is typical as long as the object is not between
the focus and the lens. In the case of convex lenses the
image is real when it is on the opposite side of the lens from
the object and virtual when it is on the same side.
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As the double convex lens is almost always used in tele-
vision for producing real images, the method of choosing
a lens for this case only will be given. This is based on
the formula:

“aIT o
“rta

|-

where f is the focal length, p is the object distance and ¢ is
the image distance. The focal length of any lens can be
quickly found by holding it up toward the sun and finding
where it casts its light spot. This is not accurate, but is good
enough for most purposes. ‘From this formula one can
determine distances and dimensions necessary in the con-
struction of television apparatus.

Several things about the choice of a lens are worth
noting. The greater the diameter of the lens and the
shorter its focus the greater its light collecting ability. A
short focus lens has what is called a flat field. It is said
to have no “depth of focus,” and an object has to be moved
only slightly to be thrown in or out of focus. A person’s
nose might be sharply in focus but his cheeks blurred in such
an extreme case. The farther we get from this condition
the less light we collect but the more pleasing the view. In
television, light collection is frequently the major considera-
tion, consequently such lens are not uncommon.

When one is using a photoelectric cell, sensitive mainly
in the violet, or when the image is to be photographed, the
available light is increased by use of quartz lenses; for these
transmit the ultra-violet rays of high actinic value.

One must also watch for various lens faults. One of
these is spherical aberration, a fault which causes a blurred
image, as rays from the outside part of the lens focus closer
to it than those from the center. (Fig. 15.) Another is
chromatic aberration, which is the focusing of different colors
at different distances from the lens, the red farthest from
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it and the violet nearest. (Fig: 16.) Some lenses also
give ‘‘pin-cushioned” distortion, others, ‘barrel-shaped”
distortion. Others have astigmatism, the focus across one
axis being different from that across another; they are not
symmetrical . . . and so the number of possible faults
goes on. To correct for such faults good lenses are usually

Fic. 15.—Rays from the outer edge of a simple lens whose surfaces are
spherical focus closer to the lens than those through the center portion.
This gives a blurred image.

made up of two or more pieces each of a different kind of
glass. With these pieces all common faults can be corrected.

While one should be careful in selecting lenses if good
results are expected, it should be remembered that good
selection implies a knowledge of when to use a cheap lens
as well as when to use a good one. It would be foolish, for
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Fic. 16.—Different colors will focus different distances from the lens unless it
has been specially corrected for this fault by being made up of different kinds
of glass cemented together.

example, to put an expensive lens in a spot-light, where none
of the faults enumerated above would have any importance.
Before choosing, one should make a careful study of the
needs—one would not choose an expensive limousine to haul
gravel.
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The prism is another optical device which may at times
prove useful. This has the ability to bend light as shown
in Fig. 17, the red being bent least and the violet most.

Fic. 17.—A glass prism breaks white light up into component colors, the red
being bent least, the violet most, as shown.

The prism has another interesting use, that is as a perfect
mirror. As rays of light come from an object under water,
for example, they are bent more and more toward the
surface as the angle changes, finally being reflected back into

-
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Fic. 18.—A right-angled glass prism may be used as a perfect reflector if
light is allowed to strike it as shown.

the water. Beyond the critical angle the reflection is com-
plete, and is known as internal reflection. If light is sent
in on one side of a right-angle prism, as shown in Fig. 18,
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it will strike the oblique side at such an angle as to be wholly
reflected and so the prism acts as a perfect mirror. Prisms
are for this reason much used in binoculars, range-
finders, etc.

One optical instrument which enters into all television
systems is the human eye and since all systems must adapt
themselves to, and may take advantage of its characteristics,
it is essential that we know something about the manner in
which it functions. When the light enters the normal eye
it is focused by means of the eye-lens onto the retina. The
retina is coated with a material known as the visual-purple
in which are imbedded the so-called rods and cones at the
nerve ends. When the light falls upon the visual-purple, a
photoelectric action takes place, according to the generally
accepted Eldridge-Green theory, the electrons being freed
much as they are in a photoelectric cell. These freed elec-
trons set up currents in the visual-purple which are detected
by the rods and cones; these in turn set up currents in the
nerves that carry them to the brain. The detection of the
current in the visual-purple by the rods and cones, and its
production of secondary currents in the nerves, reminds one
of the action of a vacuum tube circuit. The nerves are the
wires which carry the message to the brain. The eye inter-
prets different wave-lengths as color.

There are several features of the eye which cannot be
ignored in planning television apparatus. For best scecing
conditions, the illumination level should not be too high. One
to one-hundred foot-candles are advisable limits. It is
also advisable to keep the contrast between different parts
in the ratio of about ten to one. A ratio of one-hundred
to one will produce a glare. The color for best vision is
in the yellow-green region. When the diameter of an object
being viewed is more than one-twentieth its distance from
the eye, it is too close for easy viewing, and if it is less than
one three-hundredth the distance, it is too far away. A
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ratio of diameter of object to distance of one to one-hundred
is most suitable. This should be kept in mind in locating
an object to be viewed before the scanning-disc. At the
receiving end seeing will be easier if all other lights in the
room are dimmed, for stray light will cause the pupil of the
eye to contract needlessly and will thus close off much of
the light from the television screen.

Owing to the fact that the eye does not change at once
in response to any change in light intensity, but has a lag
of about one-tenth of a second, it is possible to produce the
sense of continuous motion by placing an object successively
at slightly different positions and allowing it to be viewed at
tenth-second intervals. This is made use of in the produc-

Sensation

10 100 Stimulation 1000

F16. 19.—The sensation produced in the eye is not in proportion to the
stimulation. The relation, which is logarithmic, is shown in the figure above.

tion of motion pictures. Without this so called persistence
of vision, television of the modern type, which requires that
parts of the image be sent over in succession, would be
impossible. The speed of scanning is determined by this lag,
which dictates that pictures must be scanned completely at
least ten times per second in order that the picture may
appear as continuous to an observer.

In operating a television receiver it should also be re-
membered that the sensation received by the eye is not in
direct proportion to the intensity of the light, but to a
logarithmic function of this intensity. Thus 1000 foot
candles does not produce an appreciably greater effect than
100 foot candles, This will be seen in Fig. 19.
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In operating televison apparatus one should never forget
the fact that every precaution should be made to protect
the eye. If one is projecting the light from a neon lamp
onto a screen at the receiving end, it should be remembered
that increasing the screen size will give a less intense image
and may result in eye strain. At the sending end an intense
source of light should not be used to the discomfort or pos-
sible injury of the subject. By doing so one is only fooling
oneself into the belief that he is making more progress than
is actually the case. Bigger screens, better scanning, etc.,
will only come with improved apparatus and eye injury will
not further the cause but will weaken it.



CHAPTER 1V
ELECTROMAGNETIC WAVES

MucH of our present understanding concerning the be-
havior of light is based on the assumption that we are deal-
ing with a wave motion. Just how close this hypothesis
approaches the truth remains a matter of conjecture. Con-
siderable evidence obtains to discredit such a viewpoint;
yet so many of the common phenomena associated with light
can be readily explained on the basis of a wave theory, that
for pedagogical purposes, at least, this interpretation will
probably remain in vogue for some time to come, At any
rate, such a treatment of the subject will prove helpful in
so far as it concerns us in our study of television.

Everyone is familiar with the action of water waves.
How often have we seen ‘“‘the angry breakers pile upon the
barren shore”? Rather we should have said ‘“batter
against,” not ‘‘pile upon.” Although there is no doubt of
the force of their impact, as one sometimes finds when surf
bathing; yet considering an extended period of time, no
appreciable volume of water is transferred landward despite
the fact that there may have been a continual, apparent
movement of the waves in that direction. Herein lies an
important characteristic of all wave-motion,—energy will
be carried from one point to another but the material car-
rier thereof remains in situ.

In order the better to understand the mechanism by
means of which this is accomplished, let us turn to the
example of a wave form sent along a rope. Suppose the
rope to be held horizontally and a very small section marked

3r
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so as to distinguish it from the rest. Let this portion be
viewed through a narrow vertical slit of considerable length.
If now an undulation be sent along the rope by moving one
end up and down rapidly, the mark will be seen to travel
up and down the viewing slit. Thus, in this case, the parts
of the vibrating material move at right angles to the direc-
tion in which the wave form travels; i.e., in which the energy
is transferred. This is typical of the class known as trans-
verse waves—the category to which light radiations belong.
Some of the more important terms used in connection
with vibratory phenomena may be understood by reference
to Fig. 20. A is the amplitude or maximum displace-
ment of a particle from its rest position. This is important
as a measure of the intensity—the loudness of a sound or
the brightness of a light. A (lambda), the distance between
consecutive crests, is called the wave-length. The number
of complete wave-lengths sent out per second is known as
the frequency, generally designated by the Greek letter v
(nu). Suppose a vibrating source sends out ten complete
undulations every second, each two feet long; clearly the
fore of the first disturbance—the wave front—must have
reached a point twenty feet from the source in one second,
if there is to be no overlapping of the wave forms. The
distance traversed by the energy each second we call the
velocity (/) of the disturbance. From the simple numerical
case considered, we are led to an important generalization,
fundamental in the study of all wave phenomena. The
velocity is equal to the product of the wave-length by the
frequency—in terms of the symbols defined above:

V=vA

Another important attribute of most, possibly all true,
wave disturbances is best illustrated by a common example.
Let us attend a band concert given in a large stadium. If
our ears are good enough, we shall hear the same tunes
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whether we sit well forward or near the rear. Since the
various notes played are of different pitch (that is fre-
quency) and loudness (that is amplitude), this must mean
that the velocity of sound is independent of these two
factors; else the time of the music would be effected. One
might argue that sound was not a wave-motion; or if so,
traveled with an infinite velocity. Both contentions, how-
cver, are easily disproven. Under suitable conditions, sound
disturbances may be photographed and shown to behave
much like water waves. As to the velocity of their propaga-
tion, it may be readily measured by the simple expedient

' .
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F1G6. 20—This shows a typical wave form, where )\ is the wave-length and
A, the amplitude.

of timing the interval between the flash and the report of
a gun, observed from a known distance. More extended
experiments show us that the nature and condition of the
vibrating medium are the only factors of influence in de-
termining the velocity of waves of any given type. In this
last conclusion lies the keynote to one of the most interesting
controversies in the history of physics; one in which the
last word has not yet been said. What are light radiations?

Even before the time of Newton, the idea that light
was an undulatory disturbance had found some favor. That
great genius, however, inclined toward a corpuscular theory;
pointing out the observed fact that “light travels in straight
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lines,” indeed all the phenomena of geometric optics, could
well be explained by assuming the rays to consist in ex-
tremely small particles projected from the source of
illumination. Later, improved optical instruments and more
careful observations showed definitely that there were in-
stances where light did not follow a straight path—cases
where it actually bent around corners (diffraction).. Here
was strong evidence for the wave theory since on this basis
a much more simple explanation could be given.

Whether wave or corpuscular, the disturbance should
have some finite velocity; yet seemingly it travels with in-
finite speed. In the very experiment that was suggested to
determine the velocity of sound, it was tacitly assumed that
.no time elapsed between the flash at the gun’s muzzle and
the appearance thereof to a distant observer. The truth of
the matter is that the earth is too small a laboratory to
detect a velocity as high as that of light; unless we have
at our command a very accurate means for measuring ex-
tremely small intervals of time. Lacking such a device,
early investigators were unable to obtain conclusive results.
From the vast laboratory of the heavens came the first evi-
dence that light actually did travel at a finite rate of speed,
the work of the Danish astronomer, Romer.

At this point comes a portion of the work of particular
interest in connection with our problem. While the experi-
mental workers, by the use of refined methods where the
light traveled over terrestrial distances, were still endeavor-
ing to verify and improve Romer’s determination, Max-
well suggested a way to obtain the result without making
any velocity measurements whatsoever. The determination
of one electrical quantity, for example, the capacity of a
condenser, in two systems of units already fixed was all that
was necessary. Back of the suggestion lay the masterful
discussion forming the basis of the classical theory of elec-
tromagnetic waves. -
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The general picture given by this classical theory, as it
has been filled in to date, is indeed comprehensive. Many
types of phenomena, seemingly unrelated, are included.
y-rays, x-rays, ultra-violet, visible, and infra-red radiations,
and radio waves, all fill the requirements for electromagnetic
disturbances as described by Maxwell—at least to a fair
extent. All have the same velocity—3 x 10" cms. per
sccond (where the exponent of 10 indicates the number of
ciphers to follow the 3). Recalling the relation given
above (7 =v2) it will be seen, that if the wave-length be
short, the frequency is high and vice versa. Figure 21
shows how the various kinds of radiations fit into the com-
pleted catalog. Figure 22 shows the visible portion of
this spectrum, as it is called, in more detail.

g L | | I T
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FIG. 21.—Schematic chart of electromagnetic disturbances.

The theory is by no means free from criticism. One
of the most obviously questionable features, is the existence
of a vibratory medium through which the radiations must
pass. In our initial discussion we stressed the fact that in
order to transfer energy from one point to another by a
wave-motion, a material capable of supporting the wave
forms must intervene. The action hinges on the elastic
properties of this intermediary. Great quantities of radiant
energy come to us from the sun; yet we have good reason
to believe that most of the distance between us and that
body is extremely close to a perfect vacuum. Far too low
a concentration of ordinary matter exists there to support
a wave disturbance. To avoid this dilemma it is necessary
to hypothecate some elastic medium, distinct from the usual
chemical substances, a medium which must be conceived to



36 TELEVISION

fill all interstellar space. The name applied to this, so far
intangible something, is “the ether.”

Other discrepancies between theory and experiment are
most pronounced in the short wave-length end of the gamut
as given in Fig. 21. One of these is the well-known case
of dispersion—the breaking of white light into its com-
ponent colors by a prism. The explanation that the short
wave-lengths are more retarded on passing through the
material of the prism than are the long ones, runs contrary
to the idea that radiations of the same type should have the
same velocity in a given medium regardless of their wave-
length. The deviation being greatest for the short wave-
lengths or high frequencies, it is for these that the classical
theory becomes most dubious. What the correct interpreta-
tion of the variation may be is still somewhat hazy. Un-
questionably the electron, that almost infinitesimal unit of
negative electricity, holds the answer. As yet, however,
there is still much to be learned concerning the interrelation
of high frequency radiations and electrons.

In the last paragraph mention was made of the fact
that white light actually consists of many different wave-
lengths or colors. The proportions in which the different
components are mixed depends on the nature of the source
of the illumination. Where this is an incandescent solid,
there is an important relation between its temperature and
the character of the radiation emitted. For qualitative pur-
poses, this may be expressed by saying that the light becomes
more intense (more energy is given off) and more of the
short wave-lengths are included as the temperature of the
emitter increases. See Fig. 23. v

The effect may be easily illustrated by connecting a small,
3-4 volt flash-light bulb across a 6 volt storage battery,
through a variable resistance. If considerable resistance
be left in the circuit the filament will emit no light whatso-
ever. Nevertheless the outside of the bulb will become
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warm to the touch, showing that at this stage the filament
is giving off only low frequency radiations invisible to the
eye but sensible as heat producers. As the resistance is
gradually cut out of the circuit, the filament will first become
dull red, then bright red, then yellow, and finally white in

1450°C

Energy or Intensity
I

1100°C
\

R
700 C___> .
e k.

1 2 3 4 5  6x10*cms
Wave Léngth
Fic. 23.—Relation of maximum wave-length in emitted spectrum to temper-

ature of emitter. Note displacement toward shorter wave-lengths with increase
of temperature.

color—giving off more illumination at each successive stage.
A further decrease in resistance will give so much current
through the filament wire as to cause it to melt; but just
before this happens, the light will become uncomfortably
bright for the eyes and will take on a slightly bluish char-
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acter—i.e., short wave-lengths are beginning to predominate.
As might be surmised from the foregoing experiment, where
higher frequency radiations were produced when larger
amounts of energy were passed through the wire in a given
time; there is a connection between the energy of a radiation
and its frequency. The relation is that the energy is equal
to the product of a constant (known as Planck’s constant)
by the frequency. This product, hv, where & is Planck’s
constant and v the frequency of a disturbance, is called a
quantum,~—a bundle of energy. So it appears that we might
consider light to consist of little packets of energy; yet to
behave like a wave movement. The two ideas are difficult
to correlate; but fortunately in most cases one is of pre-
dominate importance. In general when dealing with high
frequency disturbances the quantum is most helpful; whereas
for low frequencies, the wave serves best.



CHAPTER V
Tue SELENIUM CELL

Nor infrequently a consideration of the difficulties aris-
ing under one method of attack upon some problem proves
helpful in understanding the development of another; we
are much more apt to appreciate the new, when we have
seen the disadvantages of the old. For this reason we have
included in this book a brief account of the selenium cell;
even though practically none of the systems now in use for
the transmission of pictures or the television of moving
objects, employ this device.

Prior to 1873 it was known that selenium, after anneal-
ing in the neighborhood of 200° C., became a conductor of
electricity—albeit an extremely poor one. The first intima-
tion that the material became more conductive when
illuminated came in that year as a chance observation of an
attendant in the Atlantic Cable station at Valencia, Ireland,
where the selenium was used to produce high resistances.
The importance of the phenomenon was quickly recognized.
Following close upon the initial observation, we find
numerous publications verifying the fact that the con-
ductivity of selenium increases on exposure to light. The
names of Willoughby Smith,* Sale, and W. Siemens figure
prominently among the early workers in this field. More
recently other substances have been found to behave simi-
larly, although to a less marked extent: tellurium, thalium

1 Journal of the Society of Telegraph Engineers, 2, 31.
39



40 TELEvVISION

sulphide, stibnite (antimony sulphide),? and cuprous oxide ®
may be mentioned. For further information the follow-
ing books may prove helpful: “Das Selen” by Dr. C. Retis,
““The Moon Element” by Fournier d’Albe, and “Fernphoto-
graphie” by Professor Arthur Korn.

Workers in the field of picture transmission quickly
seized upon the opportunity presented by the use of selenium
to change light impulses into variations of an electric current
that might be carried over wires to some distant recording
device. All that seemed necessary was to place a selenium
resistance, or cell, as it has come to be called, in series with
the usual telegraphic circuit. Light, falling on the cell,
would decrease its resistance: when the illumination was
removed, the resistance would return to its former value.
Thus current surges should pass through the circuit at those
times during which the selenium cell was illuminated. The
method looked promising and attracted much attention.
The problem of telephotography—perhaps, even that of
television—seemed well on the road to solution. Here was
a substance which might be made sensitive to illumination
of as low a value as 10° foot-candles, about the lowest
intensity capable of affecting the human eye. Could not an
artificial eye—one which would sense the light and shade
of an object as does the human organ—be produced?

The problem proved much more baffling in practice than
it appears on paper. Sensitivity to variation in intensity is
not the only requisite for a light sensory mechanism to be
used for picture or object transmission. It must also be
capable of reacting rapidly and uniformly to successive
changes. In the last requirement, the selenium cell was soon
found to be seriously at fault.

Since the term selenium cell has been so often used, it
is only fair to describe the appearance of a common type

2 Jaeger; Kon. Akad. Amsterdam, 15, 724-30.
3 Pfund; Physical Review, 7 (second series), 289 et seq.
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which might be used in picture transmission, before con-
tinuing the discussion further. The following brief account
applies to the unit made by Giltay, of Delft, Holland; but
may be considered as characteristic of most of the more
recent methods of manufacture.

A rectangular piece of steatite (a high grade insulating
material which is practically non-hygroscopic), some 6 x 3
cms. in size, is wound with two platinum spirals spaced
about 0.6 mm. apart. These coils form the two terminals
of the cell: the resistance depends on the selenium which
is deposited between the platinum wires. After deposition
in the plastic form, the selenium is annealed at about 200°
C., at which temperature a transformation to grayish, light-
sensitive crystals occurs. For the greatest sensitivity the
deposit should be extremely thin; hence the resistance of the
cell may be extremely high, as much as 250,000 ohms or
more. Finally, the cell should be thoroughly dried and
vacuum sealed.

For such a cell the change in resistance is approximately
proportional to the square-root of the light intensity ab-
sorbed per unit time. For the average commercial type,
the effect is not the same for all colors; but reaches a
maximum for a wave-length in the region of A=17 x 107
cms. in the red. This difficulty may be rectified since it is
possible to construct cells giving a maximum even in the
blue. Hence by suitable combinations a fairly uniform color
sensitivity may be obtained.

A much more serious criticism of the use of the selenium
cell, especially in television, lies in the fact that it does not
respond instantaneously to a change in the intensity of the
light to which it is exposed. Although this inertia is par-
ticularly disastrous in work with moving objects, it tends
to produce distortion even in picture transmission. Con-
sider the scheme of Professor Korn, described in Chapter
II. It will be recalled that here a translucent photographic
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film is placed over a glass cylinder which is so moved that
a beam of light will pass through every portion of the film
in an ordered sequence, thence on to a selenium cell. The
object being to produce in this manner fluctuations in a
telegraph or telephone circuit which in turn operate a device
for reproducing the original on photographic paper. If
the effect of the inertia and lag in the cell were simply to
delay the current variation, the problem might be solved by
suitable retardation of the receiving mechanism.

Conductivity

Exposure ‘Light cut off
Time

FI1G. 24.—Relation of conductivity to exposure time for a typical selenium cell.

Consideration of Fig. 24, however, shows that the
response to light is not linecar—the greatest part of the
change occurs during the first half of the exposure time.
Furthermore, when the light is cut off, the conductivity does
not return immediately to its former value; but drops
rapidly at first, then more slowly, never quite reaching the
initial value in any reasonable length of time. This lag in
the cell results in increasing values of the ‘“dark” con-
ductivity after each exposure thus producing serious distor-
tion, as may be noted in Fig. 25 reproduced from Chapter
IT for convenience. Even a casual inspection of the diagram
shows that the current plot is not merely a reproduction of
the light intensity curve moved to the right on the time axis;
but is essentially more rounded, failing to image minor
changes in light variation altogether. We would expect the
reproduction, therefore, to be lacking in detail.

As previously noted, Professor Korn has succeeded in
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counteracting to a fair degree both the inertia and lag of
the selenium cell by suitable combination of pairs of cells
arranged so that the bad qualities of one will tend to neu-
tralize those of the other. The method involves simul-
taneous illumination of two cells placed in opposite sides
of a Wheatstone bridge, so that the current flowing in the
line will be the difference between that in the two cell cir-
cuits. With correctly chosen cells the current represented

TIME.

FiG. 25.—Comparison of the fluctuation of light intensity (solid line) and
conductivity of a typical selenium cell (dotted line). Note time lag and
rounding of conductivity curve.

by this difference fluctuates in fair synchronism with the light
variations. For a further discussion of the system, the reader
is referred to Professor Korn’s book entitled “Fernphoto-
graphie” or to “Wireless Pictures and Television” by T.
Thorne Baker (pages 28-29).

Other workers have endeavored to devise methods by
which the lag of the selenium cell might be overcome. One
reported by T. Thorne Baker in “Nature,” June 19, 1926,
deserves mention. As was stated above, in the normal
circuit the “dark”™ conductivity of a cell tends to gradually
increase with successive exposures, an effect which Baker
attributed to cumulative ionization of the material. He,
therefore, subjected the cell to high frequency alternating
current. The constant reversal of direction for such a cur-
rent makes a continued migration of ions impossible. The
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frequency of the current used was much more rapid than
the variation in light intensities. In this manner Baker re-
ports that he was able to correct the lag of the cell—to
quote: ‘‘the lag is automatically eliminated at each alterna-
tion of the current with the result that the cell responds
with great celerity to changes in illumination and returns to
zero with great swiftness.”

A. O. Rankine reported in “Nature,” July 3, 1926, on
an interesting series of experiments in which he found that
the light conductance could be increased and the ‘‘dark”
conductance decreased very considerably by careful desicca-
tion of the cell before use. For this reason he was led to
attribute the bad effects of ‘‘dark” conductivity to a minute
film of moisture between the electrodes, i.e., in parallel with
the selenium. It will be noted that this checks the ioniza-
tion theory, since the migration of ions would naturally take
place in the aqueous skin layer.

R. J. Piersol of the Rescarch Department of the West-
inghouse Electric and Manufacturing Company * contributes
still another suggestion for improving the characteristics of
selenium cells to be used for the measurement of light inten-
sities. His work indicated that best results were obtained
when the thickness of the selenium deposited between elec-
trodes was not over 0.0014 cm. The conclusion was that
this represented a maximum depth of light penetration—or
rather, the greatest depth effected directly by variation in
the incident light. Whereas the material still further from
the surface was influenced, the effect was considered to be
secondary, transmitted from the primary surface layer;
hence not entirely under the control of the light variation.
It should be mentioned that Piersol also recorded the fact
that absorbed vapors and moisture tended to increase
“dark” conductivity.

Let us review the situation. In selenium we have a

4 Physical Review, 30 (second series) 664.
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substance capable of transforming light and shadow into
what might be called an electric record. With suitable
preparation the material may be made sensitive to fine
gradations in light intensity. In other words, it may be
made to produce an appreciable change in an electric circuit
for even a small amount of incident illumination. Unfor-
tunately, though, the electric reaction tends to lag behind
the light stimulus. True, this difficulty can be remedied to
a great extent by suitable construction of the cell. Whereas
the results may be satisfactory for the relatively slow speeds
used in picture transmission; television, where the image
must be scanned completely some ten to sixteen times per
second, presents a very much more troublesome case. Hence
it is not surprising that experimenters should begin to look
clsewhere for a solution to the latter problem.

So far in the discussion nothing has been said as to the
cause of the changes observed in the resistance of selenium
when exposed to light. Although the question is somewhat
beyond the scope of a book of this nature, a brief statement
of the principal theories that have been advanced may not
be amiss. One of the early suggestions was that, under the
influence of light, the metal changed from one to another
allotropic form of less specific resistance; then returned to
the first state when the illumination was removed.® Another
theory, and this appears much more probable in the light
of recent research, is that the action of the light is to free
electrons from their bonds within the selenium atoms, thus
making them available for the conduction of an electric cur-
rent. In this case the removal of the illumination causes
the electrons to be returned to their former “bound” con-
dition. The last concept suggests something akin to the
photoelectric effect—*but this,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>