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INTRODUCTION

HE NATURAL assumption would be, I suppose, that an author

writing on a subject such as television would give some indication
of his views on what will be the final outcome of the numerous develop-
ment enterprises and when the art will have reached that stage where it
can be declared universally to be a commercial reality. However, if
there are those who expect to find predictions of this nature in the
pages to follow, they will be disappointed, because, on the contrary, the
text is confined to a concise explanation of the principles underlying the
most recent development of the art of television from a nonpartisan
standpoint.

9 The text embodies data that will be of service to engineers, service
men, and others who are interested in having a compact and complete
record of television. The history of the art and the history of the de-
velopment of the principles of light occupy an introductory position,
preparatory to the more detailed explanation of the principles involved
in the operation of the integral parts that make up television devices.

€ The book is devoted principally to a discussion of mechanical systems
of scanning inasmuch as those devices which are on the market employ
mechanical movement to dissect the picture area. However, one chapter
is given over to a presentation of the principles involved in electrical
scanning and the development of the process. Scanning devices, the
necessity for breaking up the picture, how it is first broken into its in-
tegral parts, converted into electrical energy, received, and recon-
structed to reproduce what takes place in the television studic are dis-
cussed in sequence. There is also a description of one of the leading
synchronous motors designed for use in operating a scanning system.
A chapter which explains the principles involved and the process used in
transmitting pictures by wire gives a description of what occurs in
television, except that it is in eftective “slow motion.”

9 I have purposely omitted expressing any opinion concerning the

“ultimate” in television for the reason that any such prediction would
constitute merely a personal opinion and could not be based upon any
logical reasoning. That there can be no sort of prediction as to the time
when television will be put into a commercially practical form—a matter
wholly within the jurisdiction of a governiental body, the Federal
Radio Commission—can hest be shown by referring tc an incident that
happened when the data included in the foliowing pages was in the early
stages of comvilation. It was my privilege to visit with one of the
pioneers in the development of television, N. S. Amstutz, now a patent




attorney in Valparaiso, Indiana, who presented photostated copies of an
article which he had written and which had been published in two sec-
tions in a magazine called “Electricity’’ under date of February 28 and
March 14, 1894. The articles gave a chronological sequence of the high
points in the development of what was then known as “Visual Teleg-
raphy,” explaining a method that had been developed by Mr. Amstutz
himself for visual transmission between telephone stations. The final
paragraph of the last article is pertinent and runs as follows:

“In conclusion, it should be stated that Prof. Ayrton
recently expressed his intention of again resuming his re-
searches which were commenced nearly seventeen years ago.
This is truly significant, for it is evident that the successful
consummation of this important attainment will not be dis-
tantly removed into the future.”

7 Be that as it may, there is no gainsaying that the development of
television is inevitable. Whether it takes its place among other enter-
tainment features for the home or whether it is limited in its use to
commercial projects such as the transmission of pictures, there can be
no doubt that the field will be of large proportions. The facilities that
are available today should aid greatly in the solving of the problems
involved so that this large field of endeavor might be added to the long
list of scientific developments for which the twentieth century is noted.

9 The development of television is not confined to the laboratory for
the reason that it is not entirely an engineering problem. The develop-
ment of programs and the determination of the type of programs are
of as much importance as the methods to be employed for transmission
and reception of the television signals. Laboratory assistants lose
their utility as critics of programs after a short time. They look for the
discrepancies from an engineering standpoint and pay little or no heed
to the entertainment value of the presentation. The public alone stands
in a position to criticize programs constructively, but they cannot act
in this capacity unless steps are taken to get sets into the homes in
large numbers.

9 I feel that the art of television should be assisted in every way
possible and it is my hope that the facts that are presented in the fol-
lowing pages will stimulate the development of new ideas and that
there may be an interchange of ideas that will result in expediting the
attainment of the “ultimate.”

s /

; rs
- {L 74y zf.zZ/,g«a.,,



ACKNOWLEDGMENTS

HE AUTHOR wishes to acknowledge the valued assistance rend-
ered in the compilation of the matter in the following pages. In
one way or another those whose names appear below lent their support

and furnished data, drawings, photographs, or material that facilitated
his efforts.

D. E. Replogle
Chief Engineer, Jenkins Television
Corporation

N. S. Amstutz
Valparuiso, Indiana

C. F. Wade . .
President. Western Television Hollis Baird o .
Corporation Short Wave and Television Corporation

U. A, Sanabria
Sanabria Presentations, Incorporated

Captain W. J. Jarrard
Baird Television Corporation

Martin Wade .
Western Television Corporation

Lloyd P. Garner .
Chief Engineer, Western Television

Corporation

William N. Parker
Engineer, Western Television
Corporation

R. E. Wagner .
Engineer, Western Television
Corporation

Armando Conto
Engineer, Western Television
Corporation

D. L. West
Baird Television Corporation

Continuity Department
WMAQ and WI9XAP

A. N. Murray
RCA-Victor Compary

A. J. McMasters
G-M Laboratories, Incorporated

L. C. F, Horle -
New York City



A 1933 model television receiver for the home. The set, developed in the Western
Television Corporation laboratories, is about the size of an ordinary midget radio receiver
and contains all the necessary apparatus to tune in and reproduce visual signals.
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TELEVISION

CHAPTER 1

PRINCIPLE OF TELEVISION

Television is the art that deals with the instantaneous
transmission and reception of pictures or moving images by
electrical means. It may be said to provide a means for seeing
over wide spans through the aid of electrical devices. The
definition is modified by the use of the word “instantaneous”
in order to distinguish the art of television from that of tele-
photography, which is another method used for the transmis-
sion of pictures, and has been in use for a number of years.
The principles underlying the operation of both television and
telephotography are, however, identical.

Although light is said to consist of an infinite number of
electrical charges vibrating at frequencies and having wave
lengths characteristic of each color, it is necessary that it be
converted into such form that it can be directed as an electric
current. Light is related to television as magnetism is related
to electric power, in that the charges roaming promiscuously
through space are harnessed and directed according to the
desires of man.

Photoelectric Cell. The photoelectric cell, Fig. 1, some-
times called the electric eye, provides a means for converting
light into electric energy by making use of a phenomenon
peculiar to certain metals whereby they react electrically to
the presence of light proportional to the intensity of the illu-
mination. The function of the cell in its relationship to other
apparatus is identical with that of the microphone in the sound
studio in that the photoelectric cell provides a means for con-
verting a succession of varving light intensities into electric
current, whereas the microphone varies the current flowing in
the cirecuit in accordance with the variations in sound pressure.
However, although the photoelectric cell assumes a place iden-
tical with the-microphone, the method of operation is consid-
erably different.
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The energy that is generated by the photoelectric cell is
small compared with that obtained from the microphone,
necessitating the use of an extensive amplification system to
provide a strong signal.

Scanning. The breaking up of the picture or image into
a series of varying light intensities is called “scanning.” It
is necessary to thus divide the picture in order that instan-
taneous reflections of light may cause variations in the energy
generated by the photoelectric cell. The scanning operation
may be accomplished either mechanically or electrically. The
mechanical system has been used more extensively, because of
difficulties encountered in the development of electrical
methods. It would be foolhardy at this time to predict the
future of television so far as the method of scanning is con-
cerned, but there is reason to believe that mechanical scanning
will not be supplanted by electrical scanning in television de-
vices for the home in the immediate future.

An electric motor is used as a propelling power to rotate
a perforated disc in a mechanical scanning system. The most
satisfactory results have been obtained by using a svnchronous
motor for the reason that the speed of the scanning disc re-
mains identical with that at the transmitter at all times—a
condition that is essential if television is to be successful. The
success of a synchronous motor is dependent upon the unifi-
cation of power systems. QOtherwise a means for synchroniz-
ing must be incorporated in the television system.

Transmission of Signals. The transmission of television
signals corresponds directly to the transmission of voice or
continuous wave. The varying impulses coming from the
photoelectric cells are amplified through a progression of am-
plifier stages employing vacuum tubes and resistance coupled
devices until the weak signals have been made strong enough
to properly modulate the carrier wave generated in the trans-
mitter. The carrier wave then assumes a form similar to that
for the broadcasting station except that the fluctuations are
more sharply defined for the reason that the changes from
light to dark are more rapid than the variation between the
high and low frequencies of the voice range.

Reception of Signals. Reception of television signals is
accomplished by means of a radio receiver equipped with an
audio system capable of responding to both low and high fre-
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quencies with equal fidelity. Otherwise, the receiver is iden-
tical with one designed for the reception of voice except that it
must tune to resonance with transmission frequencies used
for television, which are higher than those designed for voice
broadcast.

Reproducing Device. The reproducing device for tele-
vision takes the place of the loud speaker for the voice re-
ceiver. It consists of a scanning mechanism, identical with
that employed at the transmitter, and a lamp, which is con-

e

Fig. 1

nected directly to the output of the receiving set exactly as is
the loud speaker of a broadcast receiver.

The glow lamp serves to convert electrical impulses into
light waves and is so made that it responds to the fluctuations
of energy delivered by the receiving set to cause the intensity
of the illumination which is within the tube to change accord-
ingly. The fluctuations in the output of the receiver corre-
spond to the variation in the intensity of the light reflections
projected upon the sensitive electrode of the photoelectric
cells in the studio at the television transmitter.

The size of the original picture at the receiving station is
dependent upon the design of the apparatus. In earlier sets
a lamp with electrodes a little more than an inch square was
used, which necessitated an original picture of about one inch
square. However, the picture can be enlarged through the
use of lenses so that with a single lens the received picture
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may appear to be about four inches square or more. A more
extensive projection system permits greater enlargement.

Later developments in projection devices for television re-
ceivers include a glow lamp that delivers a concentrated beam
of extremely high intensity used in conjunction with a disc in
which lenses are fitted into apertures which have a concentric
relationship identical with the perforations in the ordinary
scanning disc. The picture can be projected upon a ground
glass screen that is large enough to enhance its value in a home
receiver in that the reproduced picture may be seen by a com-
paratively large group. The development of the crater type
lamp, as well as the hot cathode type, removed one of the
greatest obstacles to television for, prior to its introduction, it
had been necessary to provide a “peep hole” variety of receiv-
ing device which limited the size of the group witnessing a
television program.

A group of photoelectric cells is usually used in the tele-
vision studio in order to compensate for the small amount of
energy that each cell generates as well as to give depth to the
picture. Such a group of cells is called the “microvisor,” a
name that is partially borrowed from the nomenclature of
sound studio devices. The name may apply to the pick-up
apparatus whether it consists of a single photoelectric cell or
a group of cells.

Mechanical Scanning. Mechanical scanning is a means
for producing a shutter effect so that the light projected from
the light source upon the subject before the photoelectric cells
is directed in such a way that it is cast upon a different por-
tion of the subject at successive instants and in a definite se-
quence. The most common method for producing the effect
is to provide a metallic disc in which holes are arranged in a
spiral with reference to the center of the disc. Another means
is that provided by a drum in which the perforations are
spiralled along the wall of the cylinder. Still another method
uses a vibrating mirror, the vibrations in this case being con-
trolled by an electrical device or by a cam according to the
design. Another method is that in which mirrors are placed
upon a drum at predetermined angles so that the light is re-
flected to different portions of the subject from each mirror.
A motor is the common propelling power for nearly any style
¢f mechanical scanning.
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Electrical Seanning. Electrical scanning is accomplished
by means of a stream of electrons controlled by alternating
electrical currents which are introduced in such a relationship
to the electronic stream that they cause the stream to move
horizontally and vertically at a predetermined speed.

Consequently, we have in television a new group of terms
with which we must become familiar; the photoelectric cell,
which provides the means for converting light into electrical
energy; the glow lamp or neon cell, which converts the varying
electrical impulses into light waves ; the light source is a means
for obtaining a high intensity illumination to be projected upon
the object being televised; the scanning disc, which acts as a
shutter and cuts off the beam from the light source which is
being projected at a predetermined sequence; the lens disc,
which is a scanning disc equipped with lenses to enlarge the
picture and to provide a means for projecting the reproduc-
tion upon a screen to enable a large group to observe the pro-
gram; the crater lamp is a variation of the glow lamp and is
so designed to give a concentrated light of high intensity; the
televisor, a common name given the device for reproducing the
light impulses at the receiver and in which the observers see
the picture, otherwise named by one manufacturer the ‘“Vision-
ette;” the microvisor, the assembled group of photoelectric
cells in the studio before which the object or objects, animate
or inanimate, are placed and upon which varying light reflec-
tions are impressed to create an electric current; and framing
is the proper positioning of the picture with reference to the
screen or aperture in the televisor,



CHAPTER II
HISTORY OF TELEVISION

Television is not a new art. Disregarding the discovery
of such phenomena as inductance, capacitance, and other elec-
trical functions in the early part of the nineteenth century,
television dates back to 1877 when the first officially recorded
presentation of the transmission of pictures by electrical means
was made. Innumerable experimenters, inventors, physicists,
and scientists have engaged themselves in the interesting study
since that time, but it was not until the late 1920’s that any-
thing bordering upon a successful attainment of results re-
warded the efforts of the investigators.

The art of electrically conducting or transmitting optical
images over distances really dates back to 1817 with the dis-
covery of selenium by Berzelius. Selenium, an element, was
found to be photoconductive by Knox, and in 1873 Willoughby
Smith discovered that the substance changed its resistance to
the flow of electrical current according to the variations in the
intensity of the light projected upon it. Consequently, it
entered into the early investigations and continued to be used
as the means for converting light into electrical energy until
during the early part of the twentieth century when photoelec-
tric metals, metals that generate electrical energy when sub-
jected to light rays, were discovered.

Each generation since 1877 has seen and heard of tele-
vision and each successive development has given promise that
the aim of the early scientists was about to be realized. Then,
discoveries during the early part of the twentieth century pro-
vided material with which to make greater progress in this
important research, so that regardless of the fact that there is
still more or less crudeness, the clarity of reproduction and
naturalness is remarkable.

All experiments in connection with television prior to the
advent of radio were considered from the standpoint of wire
transmission and were referred to as “visual telegraphy.” In
fact, that term is the subject of a series of articles by N. S.
Amstutz. in “Electricity,” a trade publication, February 28
and March 15, 1894.

6
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The fact that the art was referred to in connection with
telegraphy did not preclude its application to other forms of
research as is shown by the personalities included in the list of
inventors. The work of Alexander Graham Bell, the inventor
of the telephone, was the foundation for later research that
has resulted in the perfection of facilities for facsimile trans-
mission as well as providing a television system for use in
connection with telephone systems that has recently been dem-
onstrated. Bell also experimented upon the theory that a ray
of light could be used for the transmission of speech. Thomas
A. Edison and Samue! F. B. Morse are also credited with hav-
ing had a hand in the early researches.

v Messrs. Ayrton and Perry, experimenters, are credited
with having been the first to announce a practical system for
conducting luminous images from one point to another elec-
tricallv. The image was projected upon a glass plate by means
of a lens system similar to that employed in a camera. The
plate was mounted in front of a cylinder in which a number
of selenium cells were placed in a spiral so that when the drum
was rotated each of the cells passed an aperture in range of
the ravs of light from the illuminated plate. Each cell was
so arranged that a small portion of its surface was exposed to
the light and successive cells were protected, so that they
“saw” a portion of the picture about .01 of an inch below that
of the preceding one. The drum carrying the cells rotated
at a speed of about 600 revolutions per minute, so that the
object was scanned ten times each second.

The receiving system used by Ayrton and Perry consisted
of a group of projection devices each of which was focused
upon a screen and provided with a valve-like arrangement that
permitted the passage of a light ray having an intensity de-
termined by the intensity of the ray cast upon the selenium
cell placed at the same relative position on the transmitting
screen. The mechanical device which controlled the projection
of light upon the receiving screen was connected mechanically
to the propelling device at the transmitting end.

It is not necessary to delve into the details of each of the
steps in the development of the art of television. The system
used in the Ayrton and Perry experiment will be recognized
as the forerunner of one proposed during the 1920’s when it
was suggested that a large screen containing a large number
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of photoelectric cells be used in connection with a similar
screen upon which a specially constructed glow lamp with a
corresponding number of elements was mounted. Then, each
of the cells at the transmitter was connected by wire with the
glow lamp in the same relative position on the receiving screen
and a rotating switch made and broke the contacts so that only
one cell and its attending glow lamp was in circuit at any given
instant.

The scanning disc, which is the basis for all mechanical
systems, is credited to Paul Nipkow of Berlin, who used the

Lgrouno GROUND
TRANSMITTER RECEIVER
Fig. 2

disc with perforations arranged in a spiral in a system which
he announced in 1884. Nipkow’s device used a single selenium
cell for converting the light waves into electrical impulses.
The arrangement used by him is shown in Fig. 2. The disc
with the perforations was rotated in a slot in the telescope-
like device (in fact, it was called the electric telescope) that
was focused upon the object being televised and cut the ray
to the selenium cell that was placed in the other end of the
telescope. The receiving device consisted of a similar ar-
rangement so far as scanning is concerned, and a light of con-
stant intensity was used for projection purposes, the amount
of illumination being controlled through an electrical valve be-
tween the light and the scanning device. The electrical valve
was in the nature of a light polarizer, which in this instance
consisted of a cylinder filled with bisulphide of carbon.

The next principal step in the development of television
as we know it today was that of Weiller, which made use of a
drum with a series of mirrors mounted upon its outer edge.
Each of the mirrors was set at a different angle so that suc-
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cessive reflectors covered a portion of the screen slightly below
that of the preceding one. The mirrors were placed so that
the light reflections were directed upon the selenium cell con-
nected by wire to the receiving device.

The development of the telephone had progressed far
enough as to make a telephone receiver a handy device in the
hands of Weiller. Fig. 3 shows his adaptation of the telephone

GAS FLAME
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Fig. 3

receiver as a means for furnishing the varying illumination to
reconstruct the image as broken down in the scanning opera-
tion at the transmitting end of the Weiller experiment. Notice
that provision was made for introducing gas into the bell of
the telephone receiver. A small hole was drilled in the center
of the diaphragm and the jet of gas was lighted. The dia-
phragm moved inward more or less according to the impulses
of current in the line from the transmitter and, if the motion
was greater, the intensity of the flame was correspondingly
greater because more gas was emitted. Conversely, if the
movement of the diaphragm was not so great, the flow of gas
was nearer normal and the flame was less brilliant. The
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variations in the intensity were reflectéd upon a screen by
means of another mirrored drum identical with that at the
transmitter and rotating at the same speed.

The late Thomas A. Edison also contributed to the art of
television, although little is known of his efforts. It is stated
that his experiments combined the functioning of the phono-
graph and the kinetograph, the moving picture machine, to
provide a means for recording a picture at the receiving end
or for reproducing a picture from a record.

Le Pontois in 1893 combined the practices of Nipkow with
those of Weiller in another development which is more valuable
because it represents the first attempt to attain synchronism
between the transmitting and receiving stations without the
use of directly coupled machines. Le Pontois made use of
synchronous alternating-current motors with the result that
once the scanning devices had been set in operation with the
perforations at both the transmitter and receiver in the same
relationship, that relationship was maintained indefinitely.

Samuel . B. Morse, famed as the inventor of the tele-
graph, engaged in investigations along the line of a single
wire to connect each of a large group of cells with others in a
reproducing device so that the relationship of individual cells
was the same on the receiving and transmitting screens. The
“cells” referred to instead of being actual cells were really the
ends of the wire cable dipped in selenium.

Various forms of discs, drums, and the like were made the
basis for further experimentation, but the fact that nothing
except selenium was available for converting light into elec-
trical current established an obstacle that prevented the ex-
perimenters from attaining the much coveted objective—suc-
cessful transmission of visual images.

Little is known of the accomplishments of experimenters
during the first two decades of the twentieth century, except
that certain substances were found to be sensitive to light and
when connected into a circuit would control the flow of current
due to an electronic action.

Television researches began to reappear subsequent to the
advent of radio broadcasting. C. Francis Jenkins of Washing-
ton, D.C,, and John L. Baird of London, England, almost
simultaneously in 1925 successfully demonstrated the trans-
mission of silhouettes by television. At the same time U. A.
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Sanabria of Chicago was employing tactics similar to those
employed by Jenkins and Baird. Similarly, at the General
Electric Laboratories and at the Bell Telephone Laboratories,
Dr. E. F. W. Alexandersen and Dr. Herbert Ives were con-
ducting experiments with mechanical and electrical scanning
systems.

The transmission of pictures approaching the halftone
effect were first transmitted in 1926 by Baird when he gave a
demonstration before members of the Roval Institution. The
studio technique was comparable with that of the television
studio of today and the artists appeared before the micro-
visor when a beam of light was directed over the picture area.
The arrangement was extremely crude, as might be surmised.

The first transmission of motion pictures using motion
picture film was done in June, 1925, by C. Francis Jenkins.
The demonstration was given before a selected group of of-
ficials and was heralded widely by the daily press as indica-
tive of an early consummation of the important development.

It can be seen from the foregoing review of the develop-
ment of television that the apparatus used today is very little
different from that used in the early experiments. The disc
that was introduced by Nipkow in 1884 is used today by the
majority of the television laboratories and stations of the
world, and, in fact, practically every experimental project has
incorporated either the original design or an adaptation at one
time or another during the course of development. Attempts
have been made recently to use some device that did not de-
viate a great deal from that projected by Weiller in 1889 and
it has not been many years since modern laboratories pro-
posed a scanning svstem that corresponded directly with that
used by Morse in 1893.

All this is in retrospect to show that the fundamental
principles governing television are not new. Some of them
are now more than fifty years old, but because of the rapid
strides of science today the old principles have been developed
to the point where television can be commercially adapted and
assume its place among the industries of the world.

The greater part of the development has had to do with
the means for converting light energy into electrical energy
and then reconverting the electrical energy into light waves.
On the other hand, such development would not have been of
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any value had it not been for the findings of radio engineers
that have made available high-grade amplifying equipment
and vacuum tubes with which to couple the amplifiers. Not
only that, but the mechanics of today are far advanced over
that period fifty years ago; and although the glory of bringing
about the ultimate development of television will undoubtedly
go to the engineers of the twentieth century, the scientists and
inventors of the nineteenth century are deserving of an enor-
mous amount of credit. It is not improbable that with some
of the advantages with which we are blessed today the inven-
tion of television might have been definitely accredited to Nip-
kow, Ayrton and Perry, Bell, Edison, Amstutz, Weiller, John-
son, and Le Pontois. Since they did not have the advantages,
the list of names usually connected with television are vastly
different and include such personages as Jenkins, Baird, San-
abria, Farnsworth, Ives, Zworykin, and others connected with
the large corporations in whose laboratories much work is
being carried on.

Great advances have been made since the demonstrations
in 1925 and 1926 and with each successive year it has seemed
that the culmination of the art is drawing closer. No one is
qualified to say how soon the development will have reached
the point where the acceptance of television as an entertain-
ment feature for the home is assured.



CHAPTER III
PRINCIPLES OF LIGHT

It is not the province of this treatise to delve deeply into
the study of light, but a study of the subject of television re-
quires a review of certain principles because of their relation-
ship with the art of television.

Light is the agent by which objects are rendered visible.
It is said to be a disturbance that produces the sensation of
vision, provides illumination, and makes possible the creation
of photographic and photoelectric effects.

Historical. The study of light has held the astronomical
world for many centuries. Records show that much was
known about the laws governing light action long before any
definite theory concerning the phenomenon itself was accepted.
Sir Isaac Newton, of gravitation fame, was one of the first
to make a definite stand on the subject. He considered a ray
of light to consist of corpuscles; and although a Dutch physi-
cist, Huygens, propounded the wave motion theory which has
since been accepted, the Newton hypothesis was considered as
law for nearly a century principally because of Newton’s repu-
tation as established through his discovery of the existence of
the force of gravity.

In 1801, Thomas Young, an English physicist, took up a
defense of the wave motion theory of Huygens and, by per-
severing in his statements with adequate proof, the scientific
world was forced to accept his deductions to the exclusion of
the Newton hypothesis. There was no association of light and
electricity at this time, however, and the theory as set out by
Young stated that both light and heat waves were vibrations
of particles in the ether and that the difference between light
and heat lay in the fact that the particles giving light vibrated
more rapidly than did those emitting heat. Although the
Young theory is, in effect, that of today, it was sixty years
after Young had succeeded in obtaining an acceptance of his
theory before the electromagnetic theory of light was in-
troduced.

13



14 TELEVISION

Electromagnetic Theory of Light. James Clerk Maxwell,
an English mathematician, advanced the electromagnetic
theory by which light is said to consist of electrical vibrations
or vibrations of electrically charged particles in the air or
other medium through which the light is passing. Color and
shading are said to depend upon the speed with which the
charges are vibrating.

The vibrations of the particles must not be confused with
electronic flow as it is known in radio, although the particles
that form light are said to be electrons. Those forming light
have no apparent destination and are merely in a vibrating
state, whereas those that have a definite destination create an
electric current.

Light Waves. Light, like sound, is produced in wave
form, the disturbance traveling in waves identical with those
produced by casting a stone into a pool of water. The distance
between the crests of the waves is called the “wave length,”
deep red having the the longest wave length and violet the
shortest wave length visible to the human eve.

The measurement of the wave length of light is an in-
volved process for the laboratory and has no bearing upon the
subject at hand. However, it should be stated that although
the normal range of vision differs with individuals, it is con-
sidered to be approximately 0.000077 cm., the wave length of
deep red, to 0.000037 cm., the wave length of violet. Light
having longer and shorter wave lengths than are included in
the limits given is referred to as infra-red and ultra-violet,
respectively. Infra-red rays, although not visible, are dis-
cernible because of the heat radiation created by their pres-
ence. Then, too, objects in a room, which so far as the human
eye is concerned is in absolute darkness, may be flooded with
either infra-red or ultra-violet light for photographic pur-
poses. Special films are required, however.

The phenomenon of the relationship between heat and
light as well as the presence of the infra-red rays is best
described by an experiment using an incandescent lamp with a
varying electrical supply. If a low current is allowed to pass
through the circuit, heat waves will be radiated. Increasing
the current will cause the element to glow with a dull red and
as the current is steadily increased the color of the illumina-
tion will change step by step from red to orange, orange to vel-
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low, yellow to green, green to blue, and blue to violet. None
of the changes will be made abruptly, and, in fact, they will
take place so gradually that differentiation would be difficult.
Again, certain individuals will be unable to observe some of
the changes because of the failure of the eye to respond to
specific bands of vibrations.

The limitations of the device used in the foregoing ex-
periment prevent the making of ultra-violet rays, except that a
limited number may be present from natural causes. An are
generates ultra-violet rays in abundance, but the eve will de-
tect only those rays having wave lengths as given above.

Speed of Light. Experiments to determine the speed of
light have not been confined to modern science. Approximate
valuations had been obtained before the advancement of the
Newton theory. During the twentieth century, however, more
accurate figures have been derived and chief among the ex-
periments that have been conducted have been those of the late
Professor Albert A. Michelson of the University of Chicago.

By means of an ingenious arrangement of mirrors and
timing apparatus, Professor Michelson found the speed of
light to be 186,293 miles per second, which translated into the
metric system is 299,796,000 meters.

Direction of Travel. A ray of light is said to travel, but
actually it penetrates. It continues to penetrate in a straight
line until some object stops or deflects it. The manner in
which it is deflected or reflected depends upon the substance
with which the ray comes in contact.

Difiraction.” When a ray of light strikes a substance
through which it cannot penetrate, a shadow is formed on the
side opposite that from which the ray originates. At the same
time, the total area behind the object will not be completely
shadowed due to what is known as diffraction. The outer por-
tion of the shadowed area will be lighter than the center be-
cause the vibrations of electrons passing along the side of the
object are reflected upon dust and other particles in the air.
The intensity of the light will gradually weaken, however, un-
til it is completely exhausted and there is a theoretical total
shadow.

T *The mathematical analysis of each of the prineiples of light radiation. reflection,
diffraction. refraction, etc., is made very effectively in “Physies for Technical Students*’
by Anderson, McGraw-Hill Book Company. Publishers.
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Classification of Light Penetration Media. Substances
are either transparent, translucent, or opaque according to
the way in which they permit the passage of light. A trans-
parent substance is one through which light rays may pass
and through which objects may be seen readily by the human
eve. Plate glass is an example of a transparent substance.
A translucent substance is one which obscures the vision but
which will permit penetration of light ravs to a certain extent
as, for example, frosted glass. An opaque substance is one
which will not only obscure the vision but which will also
absorb so many of the light vibrations that the ray cannot
pass through it.

Contrary to the opinion one would naturally obtain, there
is no definite line to be drawn between substances that are

transparent, translucent, or opaque. An object that is in
some cases opaque may be made sufficiently thin as to be trans-
lucent or even transparent. Mica represents a striking ex-
ample. A stack of mica sheets might form an opaque sub-
stance, whereas a few sheets would render it translucent or
a single sheet would be comparatively transparent.

Intensity of Light. Intensity is a property of light that
enters into the subject of television appreciably. The in-
tensity of illumination varies inversely as the square of the
distance from the source, so that an object three feet from a
light source receives one-ninth as much light as one that is
only one foot away, see Fig. 4.

Reflection. An object is never perceived directly by the
human eye. Instead, the reflections of light waves from the
point upon which the eye is focused create what is called
“sight.” A rough surface is seen much more easily than one
which is very smooth, because the reflections are cast in several
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directions instead of in a single ray as from a smooth surface.
A rough surface diffuses the rays, whereas if the surface is
extremely smooth, as for instance a mirror, the light waves
or rays are not diffused appreciably and are, therefore, cast
back in a form identical with that in which they strike the re-
flecting surface, except that they are reversed as to position.
The intensity of a reflected ray is equal to that of the original
less the loss caused by diffusion, which is determined by the
nature of the reflecting surface.

The image seen in a reflecting surface is called the “virtual
image” and has no actual existence. At the same time it gives
the appearance of being existent because it coincides from the
perspective point of view with what is reflected. It should be
pointed out also that reflections may be the result of light rays
reflected from an illuminated object although the reflecting
surface may be in a compartment which is to all practical pur-
poses dark. Thus, if a ray of light were projected upon an
object in a dark room, the object would be visible in a mirror
also in the dark room.

The angle at which the light rays strike the reflecting
surface with reference to the perpendicular to the surface is
called the angle of incidence. The angle of the reflected ray
with respect to the perpendicular to the reflecting surface is
called the angle of reflection. The angle of incidence always
equals the angle of reflection.

Refraction. Reflection and refraction are two related
properties of light. Reflection, as shown in the preceding
paragraphs, is the turning back of the light rays; refraction
deals with the effect upon a ray of light as it passes through
various media.

When a light ray passes through a pane of glass, it has
the appearance of being unhampered. But, unless the ray is
impressed upon the glass from an angle exactly 90 degrees to
its surface, it is bent and proceeds on the other side of the
glass in a line parallel with the ray coming from the source if
the glass is clear. Fig. 5 shows how a ray of light changes
its direction when passing through plate glass.

Refraction of light is caused by the difference in the speed
with which light travels through various media. Whereas
light travels at a speed of approximately 186,000 miles per
second in air, it will not travel at that speed through media
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that have a greater density, such as glass, water, ete. There-
fore, if a ray of light is cast obliquely against the side of a
pane of glass or against a column of water, the difference in
the speed causes the ray to bend as shown in Fig. 6. The
ratio of the velocities of light through any two media is called
the index of refraction.

The density of the media, and therefore the governing
factor in the speed with which the light travels through them,
also determines the direction in which the ray bends. Con-
sequently, if the second medium is of lesser density than the

L

Fig. 5 Fig. 6

first, the ray will bend toward the perpendicular; while if the
second medium has the greater density of the two, the ray will
bend away from the perpendicular, the perpendicular in each
instance being considered relative to the surface of the medium,
otherwise known as normal.

Refraction of light enters into television principally be-
cause of the necessity for the use of optical devices. The pro-
Jection of illumination through optical systems and the sub-
sequent projection of the reconstructed image upon a screen
for purposes of reproduction involve the adaptation of the
principles of refraction.
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A complete study of refraction involves extensive use of
mathematics, which is beyvond the province of this treatise.
Therefore, only thoseé points that are of value to this subject
will be discussed under the heading “Optics.”

The ray of light coming from the source is called the in-
cident ray. The angle between the path of the incident ray
and the perpendicular is called the angle of incidence. The
bent ray is known as the refracted ray. The angle between
the refracted ray and the incident ray is termed the angle of
deviation, and the angle between the perpendicular to the sur-
face of the medium and the refracted ray is called the angle of
refraction. These funections are shown in Fig. 5, the line
PP’ representing the perpendicular to the surface, striking the

B

Fig. 7

surface at O, IO being the incident ray, RO the refracted ray,
i the angle of incidence, and # the angle of refraction.

It has been shown how a ray of light will bend when pass-
ing through a pane of glass. It may be redirected very ef-
fectively by means of what is called a “prism,” a shaft of
glass whose cross-section is triangular as shown in Fig. 7.
It will be noted that the lower portion of the ray travels
through a greater amount of glass than the upper portion of
the ray and that the change in velocity thus created causes the
ray to bend. The prism is used in many places where it is
necessary to deflect light rays and direct them other than in
a straight line, for example, prism binoculars.

The prism has another use, that of breaking light into its
component parts. The phenomenon is due to the fact that
whereas light of all wave lengths travels through air at rel-
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atively the same speed, light of shorter wave length will not
travel as fast through glass as will light of longer wave length.
Therefore, the violet portion of a ray of white light will bend
more than red light, so that a ray of white light cast against
the side of a prism will be divided into its component parts
which may be seen on a screen in the form of what is called
the “spectrum.”

Light passing through one medium continues to travel
in a straight line, and it must be borne in mind that it is only
when it strikes another medium having a density different
from the first that refraction takes place. It was stated above
that a denser medium would cause the ray to bend toward the
perpendicular and that a medium of lesser density would cause
the ray to bend away from the perpendicular. Therefore, note
that in the case of the ray projected through the plate glass
obliquely, the direction of travel through the glass itself tends
toward a line parallel with the perpendicular plane and then,
on reaching the other side, it flares outward and away from
the perpendicular, the air being of lesser density than the glass
through which the ray is passed.



CHAPTER 1V
OPTICS

Optics is the science of the nature and laws of vision and
light. It enters into the field of television because of the
necessity for using optical systems in the studio and in the
devices for reproducing television programs.

Light serves the needs of man in its own natural ways,
but it remains for man to make use of scientific discoveries to
enable him to direct light to serve him as he desires. Herein
enters the field of optics in which man applies his knowledge
of optical systems which enable him to concentrate or expand
the illumination to bring about results that meet his require-
ments. Examples of the use of optical systems are known in
everyday life and are to be found in the telescope, the motion
picture projector, spectacles, field glasses, mirrors, automobile
head lamps, and products of similar nature. All these things
are made possible by taking advantage of the discoveries that
have been made in the field of handling light rays.

So far as television is concerned, the use of optical sys-
tems is necessary in the primary stage of converting the light
impulses into form for transmitting them by wire and by air.
Whether or not the illumination in the television studio is
visible or invisible, it must be directed to the proper position
and in suflicient quantities in order that the field covered by
the pick-up devices might be well defined. Reflectors as well
as lens systems are required, regardless of the kind of illu-
mination that is used.

The receiving devices also require the use of optical sys-
tems, although the form varies according to the manner in
which the reproduction is effected. Earlier models of modern
television reproducing units employed a means for creating
an apparent comparatively large picture by a microscopic ef-
fect, a lens being placed in such a position as to enlarge to the
eve what was transpiring on a small electrode in the glow
lamp behind the scanning disc. Later models which employ a
thin ground glass or non-inflammable ground film upon which
to project the picture necessitate the use