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FOREWORD

INCE the publication of “Television”, Volume I,
S in July 1936, the research work and field tests
conducted by the Radio Corporation of America
in the development of television have continued. Engi-
neering papers and various statements have been pub-
lished describing this work. This book, Volume II, is
a collection of these papers and statements, and of a
few papers not heretofore published elsewhere.
Acknowledgment and thanks is given to all those
engineering societies and other organizations who
have granted permission to republish herein papers
originally published by them.






WHAT OF TELEVISION?
By

DAVID SARNOFF
President, Radio Corporation of America

IRST, let me emphasize that television bears no relation to
F the present system of sound broadcasting, which provides
a continuous source of audible entertainment to the home.
While television promises to supplement the present service of
broadcasting by adding sight to sound, it will not supplant nor
diminish the importance and usefulness of broadcasting by
sound.

In the sense that the laboratory has supplied us with the
basic means of lifting the curtain of space from scenes and
activities at a distance, it may be said that television is here.
But as a system of sight transmission and reception, comparable
in coverage and service to the present nation-wide system of
sound broadcasting, television is not here, nor around the corner.
The all important step that must now be taken is to bring the
research results of the scientists and engineers out of the labor-
atory and into the field.

Television service requires the creation of a system, not
merely the commercial development of apparatus. The Radio
Corporation of America, with its coordinated units engaged in re-
lated phases of radio communication services, is outstandingly
equipped to supply the experience, research and technique for
the pioneering work which is necessary .for the ultimate crea-
tion of a complete television system. Because of the technical
and commercial problems which the art faces, this system must
be built in progressive and evolutionary stages.

RCA'’s research and technical progress may be judged by the
fact that upon a laboratory basis we have produced a 343-line
picture, as against the crude 30-line television picture of several
years ago. The picture frequency of the earlier system was
about 12 per second. This has now been raised to the equivalent
of 60 per second. These advances enable the reception, over

Reprinted from Short Wave and Television, January, 1937.
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2 Sarnoff : What of Television?

limited distances, of relatively clear images whose size has been
increased without loss of definition.

From the practical standpoint, the character of service pos-
sible in the present status of the art, is somewhat comparable
in its limitations to what one sees of a parade from the window
of an office building, or of a world series baseball game from a
nearby roof, or of a championship prize fight from the outermost
seats of a great arena.

Television is a highly complicated system of transmitting
and receiving elements with thousands of interlocking parts,
each of which must not only function correctly within its own
sphere of activity, but must also synchronize with every other
part of the system. In broadcasting of sight, transmitter and
receiver must fit as lock and key.

On the other hand, broadcasting of sound permits a large
variety of receiver devices to work acceptably with any standard
transmitter. Notwithstanding the great progress that has been
made in sound broadcast transmission, a receiver set made ten
yvears ago can still be used, although with great sacrifice of
quality. This is not true in television, in which every major
improvement in the art would render the receiver inoperative
unless equivalent changes were made in both transmitters and
receivers.

Important as it is from the standpoint of public policy to
develop a system of television communication whereby a single
event, program or pronouncement of national interest may be
broadcast by sight and sound to the country as a whole, pre-
mature standardization would freeze the art. It would prevent
the free play of technical development and retard the day when
television could become a member in full standing of the radio
family. Clearly, the first stage of television is field demonstra-
tion by which the basis may be set for technical standards.

Side by side with televison, although in many respects nearer
to final achievement, there is emerging from the field of radio
experimentation high speed facsimile communication. By means
of this new development, written, printed, photographic and
other visual matter can be sent by radio over long distances and
reproduced at the receiving end with amazing exactness. It is
difficult to imagine limits of the use of such an invention. It
should ultimately make the dot-and-dash system of telegraphy
as outmoded as the pony express. Pictures, sketches, handwrit-
ing, typewriting and every other form of visual communication,
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will be transmitted as easily as words are now sent over a tele-
graph wire. Even in its earlier stages facsimile ill be a medium
for the instant dissemination of information of a hundred differ-
ent types, from weather maps to statistics, from educational
data to comic strips. Far from displacing the existing media of
information—and particularly the newspapers—facsimile should
contribute to their progress providing them with swifter and
more effective facilities.

In this new facsimile service we have also reached an ad-
vanced stage. R.C.A. Communications, Inc., has built an experi-
mental facsimile circuit between New York City and Philadel-
phia, demonstrated publicly for the first time recently. It uses
ultra-high frequencies linked into instantaneous transmission by
automatic relays. This circuit will demonstrate the possibilities
inherent in facsimile transmission and should also contribute to
solving the difficult problems of relaying television programs on
these ultra-high frequencies.

One of the triumphs of this demonstration circuit has been
its success in combining, for the first time in radio history, the
simultaneous transmission of visual matter with automatic
typewriter telegraph operation on the same radio channels. This
ability to carry separate services simultaneously on a single
frequency is of great importance.

It is the mastery of the ultra-high frequencies which is
bringing television and facsimile within the area of practical
use. We are steadily pushing farther into the higher regions of
the spectrum which only yesterday constituted a “radio desert,”
now being made fruitful.

When television broadcasting reaches the stage of commer-
cial service, advertising will have 2 new medium, perhaps the
most effective ever put at its command. It will bring a new
challenge to advertising ingenuity and a stimulus to advertising
talent.

The new medium will not supplant nor detract from the im-
portance of present day broadcasting. Rather, it will supple-
ment this older medium of sound and add a new force to the
advertisers’ armament of salesmanship. Television will add little
to the enjoyment of the symphony concert as it now comes by
radio to your living room. Sound broadcasting will remain the
basic service for the programs particularly adapted to its pur-
poses. On the other hand, television will bring into the home
much visual material—news events, drama, paintings, person-
alities—which sound can bring only partially or not at all.
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Broadecasting has won its high place in the United States
because—unlike European listeners—American set owners re-
ceive their broadcasting services free. Despite the greater cost
of television programs, I believe that owners of televison re-
ceivers in the United States will not be required to pay a fee for
television programs. That is an aspect of the television problem
in which the advertising fraternity will doubtless cooperate in
finding the commercial solution.

Whoever the sponsor may be, or whatever his interests or
purposes, he will be under the compulsion to provide programs
that will bring pleasure, enlightenment and service to the Amer-
ican public. That compulsion operates today and must continue
to operate if we are to retain the American system of radio
broadcasting. The public, through its inalienable right to shut
off the receiver or to turn the dial to another program will
continue to make the rules. In television as in sound broadecast-
ing the owner of a set will always be able to shut it off. In other
words, the ultimate censorship of television, as well as of sound
broadcasting, will remain between the thumb and forefinger of
the individual American.



RCA DEVELOPMENTS IN TELEVISION
By
R. R. BEAL

‘Supervisor of Research, Radio Corporation of America,

Summary—A brief review is given of the studies made of the several
characteristics of television images and other factors that have been effective
in establishing standards, in determining satisfactory performance, and in
guiding the step-by-step development of the RCA electronic system of high-
definition television.

The system employs the “Iconoscope,” a cathode-ray tube for translating
the visual image into electrical impulses, and the “Kinescope” for trans-
forming the electrical impulses back into the variations of light-intensity to
reproduce the image. The sensitivity and characteristics of the “Iconoscope”
as a pick-up device are discussed.

The fundamentals of the RCA high-definition television system now under
experimental field test in the New York area and the standards presently
employed are reviewed. Photographs of the studios and other parts of the
field-test facilities are included. A brief review 18 given to indicate the
progress made and the results attained up to the present time in these field
tests.

The technic of formulating and presenting television programs is peculiar
to the requirements of television. The development of the technic i8 presently
related to programs employing artists in studios, outside pick-ups, and
motion picture film. The requirements of program technic are discussed.

jective of reproducing on a viewing screen images that
appear to the eye to have uninterrupted motion. While
some of the fundamentals through which this objective is at-
tained in the two arts may be closely related, others are widely
different. Objectively and to some extent technically, the prob-
lems parallel in the illumination of the subject, in creating the
illusion of motion, in realizing an acceptable standard of defini-
tion, and in obtaining appropriate brightness and size of repro-
duced image on the viewing screen. An outstanding difference
appears in the system by which the reflected light from the
subject is transmitted to the viewing screen.
In motion pictures, the reflected light from the subject is con-
verted into a film record, and transmission from the film record
to the viewing screen is effected through the agency of light. In

TELEVISION and motion pictures have in common the ob-

Reprinted from Journal of the Society of Motion Picture Engineers.
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6 Beal: RCA Developments in Television

television, transmission is effected through the agency of elec-
tricity. Reflected light from the subject is converted into elec-
trical impulses. These may be transmitted by radio or by special
cables from the point at which the subject is located to a point
far removed from that locality, and then reconverted into light-
images upon the viewing screen. The reproduced image may
originate from a subject or from a film record of a subject.
The development of a television system by which images of
high definition may be transmitted electrically and reproduced
on a viewing screen has required intensive research by RCA
for a period of more than ten years. This research has passed
through many stages, beginning wth early mechanical arrange-

—
—(ame }
VIEW L AMP - —
TO BE SENT IMAGE OF VIEW - EACH PHOTOCELL 18 CDN_N!CTED 10
= FALLS ON FRONT BANK OF PHOTOCELLS 1TS CORRESPONDING LAMP THAOUGH
OF PHOTOCELLS AN AMPLIFIER AND SEPERATE WIRES

Fig. 1—Elements of the Carey system.

ments and advancing to the present all-electronic system now
under field test in the New York City area.

Some of the requirements of a high-definition system may
be indicated by a brief description of a system patterned after
a suggestion made by Carey about 1875. The elements of this
system are illustrated in Fig. 1. A pick-up area is constructed
of a bank of photoelectric cells and a viewing sereen of a like
number of incandescent lamps. Each photocell in the bank is
connected by an electrical circuit through an amplifier to the
correspondingly positioned lamp in the viewing screen. When
the light-image to be transmitted is focused upon the bank of
photocells, electric current then will flow through the circuits
connecting those of the photocells that receive light to the cor-
responding lamps in the viewing screen, and a reproduction
of the subject will appear as an illuminated picture.

In this system, the amount of detail that can be transmitted
is limited by the physical dimensions of the individual photocells
in the pick-up area. Each photocell represents an element of
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picture area, and the detail in any area of the picture smaller
than the area of the photocell cannot be transmitted. An elec-
trical circuit is required to transmit information concerning the
brightness of each element of picture area. As the amount of
detail increases, the number of electrical circuits increases. Such
a multiple-circuit method is not practicable for transmitting
images electrically over long distances. A single channel must
be employed for this purpose. This requires methods that involve
dividing the light into elements, converting the illumination on
each element into electrical impulses, transmitting these im-

ELECTRON BEAM- MOSAIC

SIGNAL PLATE

/ELECYRON GUN

DEFLECTING COILS

Fig. 2—Schematic arrangement of the Iconoscope.

pulses in orderly sequence, and reconverting them into appropri-
ately positioned light upon the viewing screen.

In the RCA high-definition television system, the first step in
this process occurs in the Iconoscope,* which converts the light-
image into electrical impulses, and the final step takes place in
the Kinescope,* which transforms the electrical impulses into a
light-image upon the viewing screen.

The Iconoscope, illustrated in Fig. 2, consists of an electron
gun and a photosensitive mosaic in a highly evacuated glass
envelope. The electron gun produces a fine pencil or beam of
electrons, which is focused to a spot on the mosaic. This beam

* Registered trade-marks of Radio Corporation of America.



8 Beal: RCA Developments in Television

is moved horizontally and vertically, and so caused to scan the
mosaic. The motion of the scanning beam is produced by appro-
priately applied electromagnetic fields.

The mosaic consists of a vast number of tiny electrically iso-
lated photosensitized silver globules. These cover one side of a
thin sheet of mica. The other side of the mica is covered with
a conducting film, and this film is connected to a signal lead.
The mosaic may be thought of as a very large number of minute
photocells, each of them shunted by an electrical condenser
which couples it to a common signal lead. When the mosaic is
illuminated, these condensers are charged positively with respect

Fig. 3—The Iconoscope.

to their equilibrium potential, due to the emission of photoelec-
trons. This positive charge is proportional to the quantity of
light received. The electron beam, as it scans the mosaic from
left to right, drives to equilibrium the elements over which it
passes, and thus releases the charges and induces current im-
pulses in the signal lead. The train of current impulses thus
generated constitutes the picture signal output of the Iconoscope.
These current impulses will appear in orderly sequence, as the
electron beam scans the area of the mosaic one horizontal line at
a time from top to bottom. It is in this order that the current
impulses are transmitted as television signals. Fig. 3 is a photo-
graph of a representative Iconoscope.

In the Iconoscope the charging process in any specific element
of the mosaic continues for a time equal to the picture repetition
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interval; that is, until the beam, in the process of scanning,
returns to that element. The electrical charge stored in the con-
denser increases with this passage of time. The greater the elec-
trical charge, the greater will be the current impulse induced in
the signal lead. This storage principle makes the Iconoscope
a very effective pick-up device for television.

The sensitivity of the Iconoscope is of great importance in
picking up a wide variety of scenes, both indoors and out, under
practical lighting conditions. This sensitivity at the present
stage of development is about the same as that of ordinary

\
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COLOR RESPONSE OF STANDARD ICONOSCOPE NO 454

Fig. 4—Color-response characteristic of the Iconoscope.

negative film. Research in progress is disclosing methods by
which it may be possible greatly to increase the sensitivity.

The color-response of an Iconoscope depends upon the activa-
tion schedule used in producing the mosaic and upon the com-
position of the photosensitive material. The color-response
characteristic may be varied over a range comparable with that
covered by photographic emulsions available from motion pie-
ture work. The color-response characteristic of a representative
Iconoscope is shown in Fig. 4.

The Iconoscope and its associated optical parts correspond
in the RCA television system to the camera in motion pictures.
This unit of equipment is called the Iconoscope camera. Icono-
scope cameras having the same elements but differing in physical
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form are used for direct pick-up of indoor and outdoor scenes
and for the transmission of motion picture film material.

A photograph of an Iconoscope camera for use in indoor
studios is shown as Fig. 5. The camera may be moved about
the studio during a performance; it is raised and lowered by
a motor-driven mechanism; the usual provisions are made for
following the motion and action
of the scene; it is silent in opera-
tion. The Iconoscope mosaic is
about 4 by 5 inches, or about six
times as large as one 35-mm.
motion picture frame. There-
fore the Iconoscope camera
lenses are of greater focal length
than those employed in motion
¢ - Dicture cameras. Present Icono-
\\‘. -~ Scope cameras are equipped with

- lenses of 6.5- or 18-inch focal

- length. Fig. 6 shows this cam-

=~ era, with the housing raised.
The picture signals and the nec-
essary power-supply currents
are carried by a cable connecting
the camera to the system. A
wide-band preamplifier for am-
plifying the picture signal pro-
duced by the Iconoscope is
included in the camera.

The picture signals gener-
ated by the Iconoscope in the
camera are amplified and deliv-

Fig. 5—Iconoscope camera. ered to the radio transmitter.
These signals are caused to modulate the carrier-wave of the
transmitter in a manner analogous to that employed in sound
broadcasting. The radio signal thus produced is picked up at
the distant point by the receiving antenna and delivered to the
television receiver. Here it is restored to its original form as a
train of impulses. These impulses are fed through amplifiers to
the Kinescope, which transforms them into a light-image upon
the viewing screen.

The Kinescope is an evacuated glass envelope contalmng as
the essential elements an electron gun and a luminescent screen.
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Fig. 6—Iconoscope camera, with the housing raised.

11



12 Beal: RCA Developments in Television

The electron gun produces an electron beam similar to, but of
greater current-carrying capacity, than the gun in the Icono-

180 line§ 240 lines

Enlargement

Fig. 7—Showing the improvement in detail with increasing numbers of
scanning lines.

scope. Light is produced when the electron beam bombards the
luminescent screen. The amount of light thus produced is pro-
portional to the current in the beam. The electron beam is caused
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to scan the viewing screen by appropriately applied electro-
magnetic fields.

The scanning beams in the Iconoscope and the Kinescope are
accurately synchronized. The two beams are at corresponding
points of the mosaic of the Iconoscope and of the luminescent
screen of the Kinescope at any instant. The brightness of a point
on the luminescent screen is proportional to the current in the
bombarding beam. This current is produced by voltages related
to the picture signals generated by the Iconoscope. These picture
signals represent, by electrical impulses, information concerning
the brightness of each picture element. Since the electron beams
in the Iconoscope and Kinescope are in exact synchronism, the
brightness of any point on the Kinescope screen will be a fune-
tion of the brightness of the corresponding point on the mosaic
of the Iconoscope. Thus the image projected upon the mosaic
of the Iconoscope will be reproduced with exactness upon the
viewing screen of the Kinescope.

The electron beams in the Iconoscope and the Kinescope are
synchronized by transmitting synchronizing impulses at the end
of each scanning line and at the end of each picture or frame.
A synchronizing amplifier in the receiver separates the syn-
chronizing signals from the composite signal by amplitude selec-
tion, separates horizontal and vertical synchronizing signals
from each other by frequency selection, and delivers the impulses
to the respective deflecting oscillators in proper amplitude and
polarity for synchronization. The requirement of accurate syn-
chronization between the scanning beams at the transmitting
and receiving ends of the circuit is one of the important factors
necessitating a uniform standard for all television systems to be
used in broadcasting services in this country.

As in motion pictures, the degree of technical perfection of
the reproduced image may be measured in part by the detail it
contains. To produce a system that will transmit and reproduce
pictures of acceptable detail has presented one of the most severe
problems in television. The solution was found in the all-
electronic system.

The amount of detail that can be transmitted by a television
system depends upon the number of picture elements resulting
from the scanning process. The number of picture elements
depends upon the number of lines by which a complete picture
is scanned. A picture element has a height equal to the distance
between the centers of adjacent scanning lines; that is, the
scanning-line pitch, and a length 56 per cent greater than its
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height, for equal horizontal and vertical resolution in the pic-
ture. The number of picture elements, and hence the amount
of detail, increases with the number of scanning lines. In a
system that employs the Iconoscope and other electronic devices,
the number of scanning lines, hence the picture detail, may be
greatly increased over that obtainable by earlier devices and
methods. The Iconoscope mosaic does not limit the detail because
many tiny photosensitive elements in the mosaic contribute to
a single picture element.

The detail that may be obtained by different numbers of
scanning lines is indicated in Fig. 7. These are synthetic rep-

Fig. 8—Photograph of a 441-line television picture on the
viewing screen of the Kinescope.

resentations developed in the course of the studies of the subject.
Pictures of less than 60 lines were used in early experimental
gsystems. The electronic system, embodying the Iconoscope and
other electronic devices, produces pictures of satisfactory detail
with 441 scanning lines. This amount of detail corresponds
approximately to that obtained with 16-mm. motion picture film.
A photograph of an actual 441-line television picture is shown
in Fig. 8. This is a photograph of an image on the viewing
screen of the Kinescope. The picture was transmitted by the
RCA system now under test in the New York City area.

In television, as in motion pictures, two considerations are
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involved in determining the rate at which the scanning operation
must be repeated. The rate of repetition must be great enough to
give the appearance of reasonably continuous and natural motion
in the reproduced scene, and must be great enough to minimize
unsteadiness or flicker in the reproduced picture. Continuity of
motion is maintained with a repetition rate of 16 pictures or
frames per second. At least 48 frames per second are required,
however, to minimize flicker unless some artifice be employed.
Motion pictures are projected at the rate of 24 frames per
second, and the artifice to reduce flicker takes the form of an
additional blade upon the shutter that interrupts the light while
the film is being pulled down from one frame to the next. Thus,
as far as flicker is concerned, the projection is, in effect, at the
rate of 48 frames per second.

Such an artifice is not applicable in television. Some other
method must be devised. Interlaced scanning is employed in the
RCA system. This provides satisfactory freedom from flicker.
In interlaced scanning, instead of scanning the picture in adja-
cent lines from top to bottom, alternate lines covering the entire
area of the picture are first scanned, and then the beam returns
and scans the omitted lines. The entire picture is scanned 30
times per second, but the picture area is covered in alternate
lines 60 times per second.

Another requirement for consideration in television is the
relation that should exist between the frequency of the power
supply to the transmitter and receiver and the repetition rate.
It is desirable that the repetition rate be an integral divisor of
the power-line frequency. This is necessary to minimize certain
synchronous interference effects, which otherwise might be
detrimental to the picture. The television transmitter and re-
ceivers of the RCA field test system operate on a 60-cycle power
supply. Hence a repetition rate of 30 frames per second fulfills
the requirements.

It should be noted that although the scanning beams of the
Iconoscope and the Kinescope must be in exact synchronism, it
is not necessary that the frequencies of the power supplies to
the transmitter and the receiver be synchronous, that is, inter-
connected, provided they have the same nominal frequency and
both systems are regulated in frequency accurately enough for
the operation of electric clocks.

The transmission electrically of high-definition images over
a single channel requires very wide frequency band apparatus
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and circuits. This is occasioned by the rate at which information
must be transmitted concerning the brightness of a very large
number of picture elements. A 441-line picture with an aspect
ratio of 4 to 8, as transmitted by the RCA system, will contain
165,957 picture elements, for equal resolution horizontally and
vertically. This is derived from the product of the square of
the number of scanning lines and the aspect ratio divided by
1.56, the dimension of the picture element in terms of the scan-
ning line pitch.

When 30 pictures per second are scanned information must
be transmitted concerning the brightness of 30 times 165,957, or
4,987,710 picture elements each second. One cycle of the picture
signal provides such information for two picture elements; hence
the total frequency band required for transmitting a picture
as above described is about 2,500,000 cycles.

This is the width of the frequency band that must be ampli-
fied and carried by the apparatus and circuits in the system.
It is the frequency band by which the carrier-wave of the radio
transmitter must be modulated. The total radio transmitting
channel will be 5,000,000 cps. when the carrier is modulated by
the picture signal. This is equal to the combined widths of 500
sound broadcasting channels of 10,000 cycles each.

Channels of such great width are not available in the fre-
quency spectrum now used for radio services. For this and other
reasons related to technical requirements, the ultra-high fre-
quencies, or ultra-short waves, are used for television. Fre-
quencies above 30 megacycles (A < 10 meters) are employed.
Ultra-short waves have quasi-optical properties in propagation.
The range over which satisfactory high-definition television
pictures may be reliably transmitted by ultra-short waves is
limited practically to the distance of the horizon from the height
at which the transmitting antenna is placed. Under some abnor-
mal conditions, pictures may be received over greater distances
for periods of very short duration, but primarily television
stations will serve local areas. The signals from the stations in
these local areas will be stable and will have about the same
intensity during the day and night hours, and during the sea-
sons of the year.

Television networks for the simultaneous distribution of
programs orginating at one point will consist of interconnected
local stations. The circuits interconnecting these stations must
be capable of transmitting the very wide frequency band re-
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quired for high-definition television. Existing circuits, either
wire or radio, cannot fulfill this requirement. New facilities
must be provided ; and while wide frequency band circuits, either
cable or radio, are feasible technically, to provide them for exten-
sive, nation-wide networks become an economic problem of
magnitude.

The development of a high-definition television system has
required technical advances over a broad front. Fundamental
research in an unexplored portion of the radio-frequency spec-
trum was required to determine the laws of propagation of ultra-
short waves and to produce methods and devices by which they
may be applied. Entirely new methods and apparatus had to be
produced for picking up images and converting them into elec-
trical impulses for transmission. New methods and devices were
required for amplifying, transmitting, and receiving the very
wide frequency bands on ultra-short waves. The fundamental
character of the work and its extensiveness constitute prac-
tically the development of a new art.

The technical advances made through a step-by-step pro-
gram of research in the laboratory, and through practical tests
in the field, have been incorporated in the television system RCA
now has under experimental test in the New York City area.

The equipment provided for this field test is installed under
conditions that closely correspond to the requirements of a tele-
vision broadcasting service. The field tests are comprehensive
in scope. They embrace studies of the functioning of the equip-
ment under field conditions; the collecting of engineering infor-
mation and data related to signal and noise levels within the
service area; experiments to develop program technic; and
observations on receivers in the field by technical personnel.

This system is now using standards of which the essentials
are 441-lines per frame, a frame frequency of 30 per second, a
field frequency of 60 per second (interlaced), negative polarity
of transmission, and a video-audio (picture-sound) carrier-
frequency spacing of 3.25 megacycles. The picture signals are
transmitted on a frequency of 49.5, and the sound at a frequency
of 52.75 megacycles.

The studios in which artists perform and from which motion
picture film is transmitted are located in the RCA Building,
Radio City (New York). The radio transmitting equipment is
installed in the Empire State Building, and the transmitting
antenna on top of the building. The picture signals from the
Radio City studios are sent to the radio transmitter in the
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Fig. 10—Studio control room.
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Fig. 11—Film projector equipment.

Empire State Building either by coaxial cable or by ultra-short-
wave radio relay. The accompanying high-fidelity sound is car-
ried over special cable circuits.

The terminal equipment at Radio City includes three Icono-

Fig. 12—Film studio control room.
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scope cameras for direct pick-up in the artists’ studio and two
motion picture film projectors of special design, each with its
Iconoscope camera. This equipment includes the video, or pic-
ture signal, amplifiers, and the deflecting and control apparatus
for each Iconoscope camera, the Kinescope monitors, the syn-
chronizing generators, the line amplifiers, and other associated
apparatus.

Fig. 13—Synchronizing generator and video line amplifier
panels.

Television Studio.—The equipment in the Radio City tele-
vision studio is shown in Fig. 9 as it is used for a program
transmission. In the scene shown in the photograph, the Icono-
scope cameras are employed to pick up scenes to be transmitted
in sequence by switching from one camera to the other. The
switching operation takes place in the studio control room, which
is located in an elevated position at one end of the studio. The
sound that accompanies the picture is picked up by a standard
velocity microphone equipped with a windshield and attached
to a boom.

The studio is about 30 by 50 feet, with a ceiling height of
about 18 feet. It is an NBC studio formerly used for sound
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broadcasting. The studio is equipped with incandescent lamps
of various types, having a total power consumption of more than
50 kw. The lighting equipment is flexible, to enable compre-
hensive studies of a variety of effects in experimental programs.
Rifles, floods, and focusing spots, with ratings between 2 and 5
kw. each, are most numerous, although there are several large
units of special design. Key lighting and back-lighting units are

Fig. 14—Inter-building ultra-short-wave radio relay
transmitter.

suspended from the ceiling ; modelling lights are operated on the
studio floor. The present sensitivity of the Iconoscope requires
an incident light-intensity upon a set of about 1000 to 2000 foot-
candles.

Studio Control Room.—Adjoining the studio and at such an
elevation that the operating engineers have a clear view of the
studio scene, is the studio control room. This control room is
shown in Fig. 10. The sound and video signals from the studio
are monitored in this room. The scenes are picked up by the
Iconoscope camera and reproduced on the two monitoring
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Fig. 16—Empire State Building video and audio transmitters.
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Kinescopes shown at the left of the photograph. One monitor
shows the scene being transmitted, and the other the scene picked
up by the second Iconoscope camera preparatory to transmis-
sion. The operating position in the foreground of the photograph
controls the sound from the studio. The video controls are at
the opposite end of the control board. The racks of equipment
behind the engineers include the video amplifiers and the syn-
chronizing and control equipment associated with each Icono-
scope camera.

Film Studio.—Motion picture film material originates in a
film studio in another part of the National Broadcasting Com-
pany plant. This studio consists of two rooms, in one of which
are installed two special 35-mm. motion picture projectors and
other supplementary equipment, and in the other two Iconoscope
cameras with video and monitoring and control apparatus. The
projectors are so designed that standard 24-frame motion picture
film is used to produce television pictures at 30 frames per
second. In these projectors a changing rate of intermittent drive
is used for the picture portion of the film and a constant 24-frame
rate of feed for the sound portion. Pictures from the projectors
are focused on the mosaics of the Iconoscope cameras located
in the same control room beyond the partition separating the two
rooms. The film projector equipment is shown in Fig. 11.

Film Studio Control Room.—A control room is associated
with the film projection room. A view of this room is shown
in Fig. 12. The equipment in the film studio control room in-
cludes two Iconoscope cameras with their video voltage ampli-
fiers and associated synchronizing and control equipment, and
audio equipment for the control of the sound from the film.
The two Iconoscope cameras are so mounted that they may be
shifted from side to side for use with either of the film projectors
in the adjacent room. '

Synchronizing Generator and Line Amplifier Equipment.—
The panels containing the electronic synchronizing generator
equipment, and the video line amplifiers that feed the video sig-
nal to the Empire State Building are shown in Fig. 18. This
equipment is installed in the main equipment room of the Na-
tional Broadcasting Company plant.

Inter-Building Transmission.—The inter-building ultra-
short-wave radio relay transmitter (Fig. 14) is installed on the
10th floor of the RCA Building. It operates on a frequency of
177 megacycles, and has a channel width adequate fo carry the
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full video frequency band. Equipment is provided for monitor-
ing the signal at this point. The transmission distance between
the two buildings is approximately 0.9 mile. The signal obtained
at the Empire State Building is free from noise, and pictures
transferred by radio relay are as satisfactory as those for which
the coaxial cable is used.

Empire State Building Control Panel.—The coaxial cable and
radio relay channels, and the channel for the sound accompany-
ing the picture from the studios in Radio City terminate at the
Empire State Building control board (Fig. 15). From left to
right, the control board consists of the sound channel panel, a
video monitoring panel, the radio relay receiver panel and bat-
tery and switching panels. The video monitor may be switched
either to the radio relay or the coaxial cable channel.

Transmitters.—The video and audio transmitters installed
in the Empire State Building are shown in Fig. 16. The video
and audio transmitters are entirely separate, and are specially
designed for high-power operation on ultra-high frequencies.
The modulator of the video transmitter is capable of handling
the wide side-bands required for the video frequencies. Both
transmitters are coupled to a common transmission line con
nected to the single antenna on top of the building.

Antenna.—This antenna produces a horizontally polarized
field with a pattern essentially circular in the horizontal plane.
The antenna has a power gain in the horizontal plane of about
2.1, or 3.2 db., as measured with reference to a vertical dipole.
The Empire State Building, having a height of the order of 1250
feet, provides a location from which a maximum transmitting
range may be obtained. The distance from the antenna to the
horizon is approximately 43 miles. Fig. 17 shows a view of the
Empire State Building transmitting antenna.

Ezperimental Field Test Receivers—The experimental field
test receivers resemble in appearance a console broadcast re-
ceiver. Fig. 18 is a photograph of the type of receiver now in
use. This receiver is of the superheterodyne type, and has a
tuning range of 40 to 84 megacycles. It receives the picture and
the sound. The Kinescope is mounted vertically and the tele-
vision image is viewed in the mirror mounted inside the cover
of the cabinet. Tuning is accomplished by a single knob control-
ling the radio-frequency circuit and the single oscillator which
heterodynes both carriers to produce two intermediate frequen-
cies.
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Of the seven knobs on the front of the receiver the center
knob tunes the picture and the accompanying sound. The three
knobs on the right, from top to bottom, are the sound volume
control, the treble tone control, and the bass tone control. The
three knobs on the left, from
top to bottom, are the picture
contrast control, the detail con-
trol, and the background bright-
ness control. These receivers
operate on the ordinary 110-
volt, 60-cycle power supply, and
draw about 350 watts of power.

These receivers have been
used to produce two sizes of pic-
tures. For the first few months
of the tests, the picture size was
514 by 714 inches. At the pres-
ent time most of the receivers
have Kinescopes that produce
pictures 714 by 10 inches in siz:.
Fig. 18 shows a 9-inch Kine-
scope that produces a 514 by
Tl4-inch picture. A Kinescope
about 1214 inches in diameter
is required to produce a 714 by
10-inch picture. The shape of
the picture, defined by the aspect
ratio 4 to 3, is the same as that
used in motion picture practice. . e

The brightness of the repro- Ftlgévg:i"r ﬁagzﬁgtéﬁgteaﬁtfi?gﬁxg?n
duced picture is such that it can
be viewed in a moderately lighted room. The color of the Kine-
scope screen depends upon the composition of the fluorescent
materials. Many screen colors have been produced. At thé pres-
ent time a slightly greenish yellow screen and a more nearly
white screen are being used. The present yellow screen used for
the 714 by 10-inch picture has a brightness in the highlights
of about 4 foot-lamberts. This may be compared with the ten-
tatively proposed standards of 7 to 14 foot-lamberts for the
brightness of motion picture theater screens.

The optimal viewing distance for a 441-line picture of the
7% by 10-inch size is of the order of three to four feet. At this
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distance the line structure is not resolved by the eye. The screen
angle or the angle subtended by the picture at the eye is about
20 degrees. At a viewing distance of 12 feet, the screen angle
is about 5 degrees, which, in general, is of the order of magnitude
of the minimal acceptable screen angle for motion pictures. The

Fig. 18—Experimental field test receiver.

size and brightness of the 714 by 10-inch picture of 441 lines
appears to satisfy reasonably the requirements for pictures to
be viewed in the home by the average family group.

In connection with television program technie, it is too early
to predict accurately the technic that ultimately will develop
in television programming. It is clear to those who are closely
associated in the development of a system that although some
parts of the program technic may parallel the technics of the
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stage, motion pictures, and sound broadcasting, it will be dis-
tinct from any of these. In effect, a new art form must be
created.

In general, television program material may fall under three
principal classifications. These are direct pick-ups from indoor
studios and other points, outdoor pick-ups, and motion picture
film. Spontaneity eventually may be an important element in
television programming. The televising of outdoor events as
they occur is entirely feasible under the light conditions that
prevail during fair weather. Studio programs and motion pic-
ture film probably will find liberal use in television program-
ming, but here again the requirements peculiar to television
will affect the nature and composition of the material.

The field tests in the New York City area are contributing to
further technical advances. Pictures of 441-scanning lines have
been transmitted and satisfactorily received within a service
area having a radius of 30 miles or more from the Empire State
Building. Good pictures are regularly received at one observing
point in a suburban home over a distance of 45 miles.

Much remains to be done. When it will be completed can not
be accurately predicted. The engineering information and data
collected and the experience gained from operating the system
under field conditions are pointing the way toward the realiza-
tion ultimately of a high-definition television broadcasting
service.

This new service, just as have many new services in the past,
will supplement and not supplant the existing services or agen-
cies representing the older arts. The telephone did not supplant
the telegraph; it supplemented it. Sound broadecasting did not
supplant the theater and the motion picture. On the contrary, it
increased public interest and appeal in them, and thereby con-
tributed to their advancement and financial profit. And so it will
be with television. When it is successfully accomplished, we shall
have added another service to the continually growing list. There
will be some things that television can do that previous arts can
not do; a few things that it can do better than they; but there
will be many things that they will continue to do that television
can not do. We may therefore welcome the advent of a great
- new public service, which will come not to displace but to aug-
ment our agencies of entertainment and information, thereby
making the world a more interesting place in which to live.
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work directed toward application of television. This re-

search has passed through many stages, beginning with
early miechanical arrangements and developing to the present
electronic system. In this step-by-step program, many new de-
vices has been evolved—among them, the ‘“Iconoscope’* and the
“Kinescope.”* Effort has been directed toward performance hav-
ing lasting value and this has required studies of image charac-
teristics, program possibilities and apparatus considerations.
Execution of such a program on a logical, coordinated basis
requires adequate practical tests from time to time. RCA has
conducted several field tests to determine status and to indicate
the course for further development, and is now beginning ex-
perimental operation of a system for another field test.

FOR more than ten years RCA has been conducting research

1931-32 FI1ELD TEST

During the early part of 1931 it was decided to make prac-
tical tests on a cathode-ray television system of the type being
developed by the research organization of RCA. This project
was entirely experimental in nature, but was so directed as to
obtain operating conditions as nearly as possible in keeping with
probable television broadcast service. The location chosen for
these tests was the metropolitan area of New York. The studio
and transmitter equipment was located in the Empire State
Building with the antenna structures at the very top. Apparatus
for this project was completed and installed during the second
half of the year. Operation tests followed, continuing through
the first half of 1932.

The equipment used for these experimental field tests was in
keeping with the status of television development at that time.
Two radio transmitters were used, one for picture and the other

* Trade Mark Registered U. S. Patent Office.
Reprinted from RCA Review, July, 1936.
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for sound. These were operated in the experimental television
band, 40 to 80 megacycles. The picture and sound transmitters
were widely separated in frequency to simplify the apparatus
requirements. One hundred and twenty-line progressive scan-
ning was used. The limit of 120 lines was established mostly
by the signal-to-noise ratio for direct studio pick-up. The frame
frequency was 24 per second. This was chosen so as to provide
adequate continuity of action for objects in motion for studio
programs, and to enable the use of standard motion picture film
for film subject material. Synchronization was automatically
maintained at the receiver by transmitted synchronizing im-
pulses, one impulse for each line and one impulse for each pic-
ture frame. The line and frame impulses differed in character.
“Mechanical” scanning equipment was used in the transmitter
for both studio and film subjects.

The television receiver consisted essentially of two channels,
one a receiver for picture with its cathode-ray tube and asso-
ciated circuits, and the other a receiver for sound with its usual
loud speaker. Independent tuning arrangements were provided
for each channel. The cathode-ray tube was mounted in a ver-
tical position and the reproduced images viewed in a mirror
mounted on the inside of an adjustable top lid of the cabinet.

After the apparatus had been installed and placed in oper-
ating condition, practical tests followed. These tests were varied
in nature and were intended to be as comprehensive as possible.
A propagation study was made in the metropolitan area of New
York. An analysis was made of electrical “noise” disturbances,
sources of this “noise,” and the resulting effect on television
performance. Experience was obtained in the use of the terminal
and radio transmitter apparatus which indicated existing limita-
tions and conditions to permit greatest usefulness. Receivers
were placed in many locations and the installation and operating
problems were studied. Reactions of many observers were ob-
tained.

Much valuable engineering information was obtained as a
result of this project. An opportunity was available to design
and construct apparatus for a complete experimental television
system. Indications were obtained regarding the possibilities
and limitations of the apparatus. Extensive operating data were
accumulated. The project provided further insight and it broad-
ened the perspective on that rather intangible factor “satis-
factory television performance.” An analysis of the experience
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and engineering information provided concrete objectives for
continued research on television.

Some of the major findings and conclusions are of general
interest. The frequency range of 40 to 80 megacycles was found
well suited to television transmission. The greatest source of
interference was from ignition systems of automobiles and air-
planes, electrical commutators and contactors, etc. It was some-
times necessary to locate a favorable spot for the receiving
antenna with regard to signal and sources of interference. For
an image of 120 lines the motion picture scanner gave satis-
factory performance. The studio scanner was adequate for only
small areas of coverage. In general the studio scanner was the
item which limited the program material most seriously. Study
indicated that an image of 120 lines was not adequate unless the
subject material from film and especially that from studio was
carefully prepared and limited in accordance with the image
resolution and pick-up performance of the system. To be satis-
factory, a television system should provide an image of more
than 120 lines. The operating tests indicated that the funda-
mentals of the method of synchronizing used were satisfactory.
The superiority of the cathode-ray tube for image reproduction
was definitely indicated. With the levels of useful illumination
possible through the use of the cathode-ray tube, the image
flicker was considered objectionable with a repetition frequency
of 24 per second. The receiver performance and operating
characteristics were in keeping with the design objectives.

1933 FIELD TEST

The previous field tests indicated many of the objectives for
continued research in the laboratory. In order to make practical
tests on the next stage of television research, a complete system
was built in Camden and operated during the first several
months of 1933.

In the New York tests the major limitation to adequate tele-
vision performance was the studio scanning apparatus. This
consisted of a mechanical disk, flying-spot type, for an image of
120 lines. Even for small areas of coverage and for 120 lines,
the resulting signal amplitude was unsatisfactory. In the Cam-
den system, an “Iconoscope” was used as the pick-up device.
The use of the “Iconoscope” permitted transmission of greater
detail, outdoor pickup, and wider areas of coverage in the studio.
Experience indicated that it provided a new degree of flexibility
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in pickup performance, thereby removing one of the major tech-
nical obstacles to television.

The picture characteristics for this experimental television
system included 240-line progressive scanning, 24 frames per
second. The choice of 240 lines was not considered optimum, but
all that could be satisfactorily handled in view of the status of
development.

In the earlier New York tests the picture and sound trans-
mitters were widely separated in frequency to simplify appara-
tus requirements. In our analysis of television systems, it had
been judged desirable that there be two transmitter carriers,
one for picture and one for sound. It had further been concluded
that the picture carrier should include the video signal, synchro-
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nizing impulses, etc. On this basis, the problem of television
reproduction requires the reception and utilization of two trans-
mitted carriers with their respective modulations (one for video
and control signals and the other for sound), without interfer-
ence from each other and without interference from other tele-
vision stations. These considerations plus a study of station
allocation in a national system, receiver design and tuning prob-
lems, and other related factors, indicated that the two carriers
for one station should be adjacent, with their spacing being
dependent upon image detail, and transmitter and receiver selec-
tivity characteristics. For these tests it was assumed that a
television channel for picture and sound should be 2,000 kilo-
cycles wide and that the picture and sound carriers should be
spaced by 1,000 kilocycles. This particular channel width and
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carrier spacing were not decided as optimum, but rather as
practical limitations for the tests. The picture carrier was at
49,000 kilocycles and the sound carrier, 50,000 kilocycles. Dia-
grammatically, a television channel of this type is shown in
Fig. 1.

Since the tests were essentially for the purpose of obtaining
experience with the system fundamentals and with the terminal
apparatus, the picture and sound transmitters had nominal out-

Fig. 2

puts. The two transmitters were located in one of the RCA
buildings in Camden and the antennas on masts above the build-
ing. The studio and control apparatus were located in another
building about 1,000 feet direct-line distance from the building
housing the transmitters. Most of the receiving tests were made
at a point four miles from the transmitter.

One of the problems in television is to provide facilities for
program pick-up at points remote from the studio and trans-
mitter. In this experimental system a pick-up point was located
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approximately one mile from the studio. Here an outdoor pro-
gram was televised and relayed by radio to the main studio and
transmitter. Figure 2 illustrates the Camden system.

Another problem in television is to tie groups of stations
together for network service. The interconnecting link might
be either a special land wire or radio. In this experimental sys-
tem, tests were made on radio relaying of television programs
between New York and Camden. A' program originating in the
Empire State Building studio was transmitted by radio, relayed
at an intermediate point, received and broadcast in Camden.
For these tests 120-line scanning was used, since this was the
standard for the New York equipment. Figure 3 illustrates the
complete system.

The increase of image detail (from the New York tests—120
to 240 lines) widened very considerably the scope of the material
that could be used satisfactorily for programs. Experience with
this system indicated that even with 240 lines, more image detail
was desired for much of the program material. The desire was
for both a greater number of lines and a better utilization of '
the detail capabilities of the system and lines chosen for the
tests. The “Iconoscope” type pick-up permitted a freedom in
subject material and conditions roughly equivalent to motion
picture camera requirements.

As in the New York tests, much valuable experience was
obtained in constructing and placing in operation a complete
television system having standards of performance abreast of
research status. Estimates of useful field strengths were formu-
lated. The need for a high power television transmitter was
indicated. Further studies were made of interference caused by
automobile and airplane ignition systems. Consideration was
given to receiver antenna problems. Technical and lay opinion
was obtained on receiver operation, image characteristics, and
entertainment possibilities. Some work was done on program,
studio, and pick-up technique. Again the tests indicated directly,
or as a result of analysis, the objectives for further research.

1934 F1ELD TEST

In order to make field tests on further advances as worked
out in the laboratory, an improved system was set up in opera-
tion in Camden during 1934. Since the major items under test
related to terminal apparatus, low power transmitters were
used. Scanning lines per frame increase to 343. Previous field
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tests and laboratory work had indicated the seriousness of flicker
at frame frequencies in the order of 24 per second. For these
field tests interlaced scanning was used—a frame frequency of
30 per second and a field frequency of 60 per second. Former
systems tested made use of a mechanical-optical synchronizing
generator. With the increase in number of scanning lines, with

WaenECAT cnvg

the requirement of extreme accuracy and with the need for
fairly complicated waveshapes, an electronic synchronizing gen-
erator was developed and used. This removed the last mechan-
ical element from the system.

The tests that followed gave further evidence of the desir-
ability of an all-electronic system. The effectiveness of inter-
lacing as a solution to the problem of flicker was conclusively
demonstrated. The increased number of scanning lines per-
mitted further flexibility in program possibilities.

As the next step a development program was undertaken on

Fig.3
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relatively high power transmitters. The outstanding technical
characteristic of television is the very wide range of modulation
frequencies. This development of higher powered transmitters
resulted in the design used in the field test about to be under-
taken. '

1936 FIELD TEST

During the early part of 1985 RCA explored the possibilities
of a further field test so that subsequent steps might be based on
additional experience. It was decided to make additional field
tests. Operating standards were chosen which were in keeping
with apparatus considerations and which were adequate for the
field test determinations. The essential items are:

(1) Number of Lines 343

(2) Frame Frequency 30 per second
Field Frequency... ... 60 per sec. (inter-

laced)

(3) Aspect Ratio . ..., 4:3

(4) Picture Carrier......ee, 49,750 ke
Sound Carrier......oo, 52,000 ke

(5) Channel Width........c. .. 4,000 ke

(6) Polarity of Transmission........... Negative

A brief description of the system follows. Provision is made
for studio and motion picture film programs. An NBC sound
studio at Radio' City has been adapted for television. Three
studio cameras using “Iconoscopes” have been provided together
with three video channels and the necessary control and moni-
toring facilities. Apparatus flexibility has been included so as
to permit varied experimentation with programs and lighting.

Two special motion picture projectors and “Iconoscope” cam-
eras for use with these projectors provide for continuous pro-
grams from 35 mm. film.

A common generator of synchronizing impulses supplies
the entire system. The composite video and synchronizing sig-
nals are made suitable for transmission by line amplifiers and
control units. There are two means of sending these signals
to the transmitter, one by cable and the other by radio relay.
The radio relay operates at a frequency between 150 and 200
megacycles. The relay transmitter and receiver antennas are
directive arrangements and are so positioned as to have an un-
obstructed transmission path.
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The picture and sound transmitters are located on one of the
top floors of the Empire State Building. Provision is made for
supplying the video transmitter with signals from the cable
and the radio relay. The transmitters have outputs of approxi-
mately 7.5 kilowatts, the picture transmitter operating at 49.75
megacycles and the sound transmitter at 52 megacycles. The
two transmitter outputs feed through coupling filters to a single
transmission line which runs to the top of the building. A single
radiating structure is used having a power gain of approximately
two through concentration in the vertical plane. This structure
provides a circular pattern in the horizontal plane having hori-
zontal polarization.

The receivers used in this field test are superheterodynes
having a tuning range of 42 to 84 megacycles, capable of receiv-
ing both sound and picture simultaneously.

The head-end circuits are broad enough to accept both car-
riers and one picture side band. A single oscillator heterodynes
both carriers. The intermediate frequencies thus produced are
therefore separated in frequency by the same number of kilo-
cycles as the transmitted carriers were separated, namely 2,250
kilocycles.

Separation of the sound and picture signals is accomplished
in the intermediate amplifiers. The sound intermediate ampli-
fier is relatively sharp and the picture intermediate amplifier
relatively broad to pass the picture carrier and one sideband,
and their pass bands are so spaced that when the sound is prop-
erly tuned the picture is also properly tuned.

The sound side of the receiver is more or less conventional.
The intermediate amplifier is broader than is customary for a
simple sound receiver. Following the sound intermediate am-
plifier are the audio detector, automatic volume control and audio
amplifier, all designed to give high fidelity reproduction.

Following the picture intermediate amplifier are the detec-
tor and automatic volume control (which is independent of the
sound AVC). From the detector the video signal is impressed
on two amplifiers, one for the video signal to the “Kinescope”
grid and the other to the synchronizing separating circuits for
separating out the synchronizing impulses and impressing them
on their respective scanning oscillators.

The video amplifier is designed to pass the video frequencies
in the required range of approximately 60 to 1,500,000 cycles,
with proper regard to amplitude, phase shift, transient response
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and signal polarity. This amplifier contains the contrast (or
volume), detail and automatic background controls and circuits.

The synchronizing amplifier separates the synchronizing sig-
nals from the composite video signal by means of amplitude
selection, separates horizontal and vertical synchronizing sig-
nals from each other by means of frequency selection, and de-
livers the impulses to the respective deflecting oscillators in
proper amplitude and polarity for synchronization.

Each of the deflecting circuits consists of a blocking oscil-
lator for generating synchronous impulses of large amplitude,
a discharge tube circuit for generating the saw-tooth scanning
voltage, and output amplifier tubes for supplying the saw-tooth
current wave to the deflecting coils. Deflection, vertically and
horizontally, is electromagnetic.

The television image is formed on the luminescent screen of
a “Kinescope” 9” in diameter, with an image size approximately
51/2” x 7]/4".

The receiver operates from the usual 110-volt 60-cycle line.
One rectifier system supplies voltage to all tubes in the receiver
except the “Kinescope,” whose anode voltages are supplied by
separate rectifiers. The receiver uses 33 tubes including the
“Kinescope.”

It is intended that these receivers will be used with an an-
tenna which is a horizontal dipole.



EQUIPMENT USED IN THE CURRENT RCA
TELEVISION FIELD TESTS

By
R. R. BEAL

Research Supervisor, Radio Corporation of America

7N HE development of the RCA high definition television system
has been advanced by a step-by-step program of research in the
JL laboratory and tests in the field over a period of more than ten
years. These developments have passed through many stages during
which effort has been continually directed toward producing a system
to provide a standard of performance of lasting value. Many new
devices and methods have been evolved. Mechanical arrangements used
in the early phases of the work have been entirely replaced by elec-
tronic methods through which much higher standards may be achieved.
The RCA all-electronic system employs the “Iconoscope”* as the device
which converts the light image into electrical impulses for transmission
as radio signals, and the “Kinescope”* for transforming these signals
back into visible images.

This system is now undergoing experimental tests in the field in
furtherance of its development by progressive and evolutionary steps.
These tests are being conducted in the New York City area. They are
comprehensive in scope and embrace studies of the functioning of the
equipment under field conditions; propagation studies to determine the
service area; studies to determine the source of and corrective meas-
ures for interference; measurements to determine the necessary signal
levels in Metropolitan New York and the surrounding suburban locali-
ties; experiments in program technique; studies related to receiver
installation and operation; and observations on receivers in the field by
technical personnel for determinations of standards for an acceptable
and satisfactory system. These field tests began on June 29, 1986 and
will continue for several months.

The equipment provided for the field tests is installed substantially
as it would be employed in a radio broadcasting service. Studios for
programs in which artists perform and for motion picture film pro-
grams are located in the RCA Building, Radio City. The transmitting

* Trade Mark Registered U. S. Patent Office.
Reprinted from RCA Review, January, 1937.
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equipment is installed in the Empire State Building and the trans-
mitting antenna is on top of the building. Ultra short waves are
used for transmitting the “video” or picture signals and the accompany-
ing sound. The picture signals are transmitted on a frequency of
49.756 megacycles and the sound on a frequency of 52 megacycles.
The system is now using standards of which the essential elements
are 343 lines per frame, a frame frequency of 80 per second, a field
frequency of 60 per second (interlaced), negative polarity of trans-
mission, and a video-audio (picture-sound) carrier spacing of 2,250 ke.
In cooperation with the radio industry, RCA has recommended the
adoption of standards which include images of 441 lines and a video-

TELEVISION TERMINAL EQUIPMENT FOR RCA FIELD TEST SYSTEM
Fig. 1

audio carrier spacing of approximately 3,250 ke. The RCA field test
system will be changed to conform to these standards at a time
convenient in the experimental program.

The principal groups of equipment and the continuity of the sys-
tem are shown diagrammatically in Figures 1 and 2. Figure 1 shows
the terminal equipment installed in Radio City, and Figure 2 the video
and audio transmitters in the Empire State Building.

The terminal equipment at Radio City, Figure 1, includes three
“Iconoscope” cameras for direct pickup in the artists studio and their
video amplifier, deflecting and control apparatus. Each of these
“Iconoscope” cameras includes a preamplifier for amplifying the video
output of the “Iconoscope”. This output is delivered by cable to ampli-
fying and control equipment from which it is fed to a video line
amplifier for transmission to the Empire State Building.
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In the film studio, two film projectors of special design are pro-
vided. Two “Iconoscope” cameras are furnished and, as in the direct
pickup studio cameras, these include preamplifiers for amplifying the
video output of the “Iconoscope”. The camera output is delivered to
the video amplifier and control equipment, after which the picture
signals are fed to a video line amplifier for transmission to the Empire
State Building.

The picture signals may be transmitted to the Empire State Build-
ing either by a radio relay channel or by an experimental coaxial
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Fig. 2

cable. The radio relay transmitter and the common generator of
synchronizing impulses which supplies the entire system, are located
at Radio City.

The video and audio transmitters installed in the Empire State
Building, are shown diagrammatically in Figure 2. The frequency
control of both transmitters is provided through conventional temper-
ature controlled crystals. Frequency multipliers are employed to pro-
duce the carrier frequencies. The outputs of both transmitters are
passed into a coupling filter which permits delivering both signals to
a common transmission line and antenna without reacting on each
other in the power amplifiers.



Beal: Current Television Field Test Equipment 41

TELEVISION STUDIO

The equipment in the Radio City television studio is shown in
Figure 3 as it is used for picking up programs for transmission. A
light image of the scene to be transmitted is focused through a lens
system on a mosaic composed of a large number of separate photo-
sensitive elements in the “Iconoscope” in the camera. An electron
beam produced in the “Iconoscope” scans the mosaic and converts the
light image into a train of electrical impulses with amplitudes rep-

Fig. 3—Television studio equipment at Radio City

resenting the various intensities of light as it is distributed from
point to point over the image. These electrical impulses are the picture
signals.

In the scene shown in the photograph, two “Iconoscope” cameras
are employed for picking up close-up and distant views to be trans-
mitted in sequence by switching from one camera to the other. The
cameras are movable as units, adjustable with respect to height, and
the upper section containing the ‘“Iconoscope” is movable horizontally
and vertically for “panning” or following the action. The camera
attendants are equipped with telephone receivers and microphones for
receiving and acknowledging instructions from the studio control room.
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The lighting equipment is flexible to enable comprehensive studies
of a variety of effects in experimental programs. Incandescent lamps
are used in the equipment shown in the photograph. Studies of light
intensities in relation to the subject to be picked up and of various
types of lights constitute one phase of the engineering work related
to program experimentation. Other phases of the work involve studies

Fig. 4—Television studio control room

of program technique and research and engineering on methods of
expanding the program capabilities of the system.

The sound which accompanies the television scene is picked up
with a boom type of microphone and delivered to the studio control
room after which it is fed to the Empire State Building over high
quality telephone circuits.

Stupio CONTROL ROOM

The studio control room, Figure 4, is at one end of the studio
and at such an elevation that the engineers have a clear view of the
floor on which the pickup is made. The control console position in
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the foreground of the photograph controls the sound from the studio.
The video circuit controls are at the opposite end of the console. Two
video monitors are mounted on the wall in front of the video control
position. One monitor shows the scene that is being transmitted and
the other, the scene picked up by the second “Iconoscope” camera
preparatory to transmission. The engineer at the video control posi-

Fig. 5—Film studio equipment

tion performs the operation of switching from one camera to the
other.

The racks of equipment behind the engineers include the video
amplifiers and the synchronizing and control equipment associated
with each of the “Iconoscope” cameras.

FiLM STUDIO

The film studio equipment, Figure 5, consists of two motion pic-
ture projectors of special design to permit the use of standard 24
frame motion picture film to produce television pictures at 30 frames
per second. In these projectors a changing rate of intermittent drive
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is used for the picture portion of the film and a constant 24 frame
rate of feed for the sound portion. Pictures from the projectors are
focused on the mosaics of the “Iconoscope” cameras located in the con-
trol room beyond the partition separating the two rooms.

FiLM STupiIo CONTROL ROOM

The equipment in the film studio control room, Figure 6, includes
two “Iconoscope” cameras with their video voltage amplifiers and asso-
ciated synchronizing and control equipment and audio equipment, and

3

Fig. 6—Film studio control room

controls for the sound from the film. The two “Iconoscope” cameras
are so mounted that they may be shifted from side to side for use
with either of the film projectors.

Adjustments of signal levels and switching are accomplished by
the engineer at the control console. Two video monitors are furnished,
one for each film projector channel, to provide for continuous trans-
mission from film.

SYNCHRONIZING GENERATOR AND TIME AMPLIFIER EQUIPMENT

The panels containing the electronic synchronizing generator equip-
ment and the video line amplifiers which feed the video signal to the
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Empire State Building are shown in Figure 7. Synchronization at the
receiver is obtained by transmitted impulses. The horizontal and
vertical impulses have the same amplitude and wave shape selection
is employed.
INTERBUILDING RADIO RELAY
The ultra short wave radio relay transmitter, Figure 8, is installed
on the 10th floor of the RCA Building. It operates on a frequency of

Fig. 7—Synchronizing and video line amplifier panels

177 me. The circuit has a channel width of 3 me. to carry the video
frequencies up to 1.6 me. with double side band transmission. Video
signals from the studio are delivered to this transmitter by coaxial
cable. Video monitoring equipment is provided for the signal at this
point.

The radio link transmitting antenna is located at about the 14th
floor level on the south side of the RCA Building to provide an unob-
structed transmission path to the receiving antenna placed at the
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85th floor of the Empire State Building. The receiver for the radio
relay circuit is installed in the Empire State Building transmitter
control room. The air-line distance between the two buildings is about
.87 mile.

The overall frequency characteristic of the radio relay circuit is
substantially flat over the range from 20 cycles to 1500 kec. This

Fig. 8—Ultra short wave radio relay transmitter

circuit is practically free of noise and the picture quality over it is
equal to that obtained over the coaxial cable.

EMPIRE STATE BUILDING CONTROL BOARD

The coaxial cable and radio relay channels and the channel for the
sound accompanying the picture from the studios in Radio City, ter-
minate at the Empire State Building control board (Figure 9). From
left to right, the control board consists of the sound channel panels,
a video monitoring panel, the radio relay receiver panel and battery
and switching panels. The video monitor may be switched either to
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the radio relay or the coaxial cable channel. The video signals are
delivered to the transmitter by coaxial cable.

EMPIRE STATE BUILDING TRANSMITTERS

The video and audio transmitters installed in the Empire State
Building are shown in Figure 10. The tubes used in the final power
amplifier of these transmitters are especially suited for the frequencies
employed. Their plate dissipation rating is 30 kw. per tube. The fila-
ment power is sufficient to produce an electron emission of 18 amperes

Fig. 9—Left to right, sound channel panels, video monitoring pane},
relay receiver, battery and switching panels

per tube which permits of a video carrier power of 8 kw. with a tank
circuit loading to pass the 1.5 me. sidebands.

The audio carrier final power amplifier is plate modulated in the
conventional manner. In the video carrier final power amplifier, grid
modulation is employed to reduce the video voltage that must be devel-
oped. The complete video modulator is impedance coupled.

EMPIRE STATE BUILDING ANTENNA

A single antenna structure is employed to radiate both the audio
and video signals., In this antenna, the fundamental radiator unit
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consists of three dipoles arranged in the face of an equilateral triangle.
Three of these units are so positioned vertically as to increase the
concentration of radiation in the horizontal plane. A horizontally
polarized field is produced with an essentially circular pattern in the
horizontal plane. The power gain in the horizontal plane is about 2.1
to 1 or 3.2 db. as measured with reference to a vertical dipole.

The frequency band of the antenna is practically flat over the
upper side band of the video transmitter, namely 49.75 to 51.25 mega-

Fig. 10—Video and audio transmitters

cycles, and its flat characteristic includes both side bands of the audio
transmitter, 52 megacycles plus and minus 10,000 cycles.

Due to the quasi optical properties of the ultra short waves em-
ployed in television the transmitting range increases with the height at
which the transmitting antenna is placed. The Empire State Building,
having a height in the order of 1250 feet, provides a location from
which a maximum transmitting range may be obtained.

EXPERIMENTAL FIELD TEST RECEIVERS

The field test receivers are of the superheterodyne type and have
a tuning range of 42 to 84 megacycles. They receive both sound and
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picture simultaneously. The head end circuits accept both carriers and
one picture side band. Tuning is accomplished by a single knob con-
trolling the radio frequency circuit and the single oscillator which
heterodynes both carriers to produce the intermediate frequencies.
These are separated by the spacing of the transmitted carriers, namely,
2,250 ke.

Figure 11 shows a photograph of the television field test receiver

Fig. 11—Television receiver used in tests

with the cover raised to the viewing position. The television image
is produced on the luminescent screen of a “Kinescope” 9” in diameter
which provides a picture size of approximately 56%” x 714”. The “Kine-
scope” is mounted vertically and the picture is viewed in the chromium
plated steel mirror mounted inside of the cover of the cabinet.

Of the seven knobs on the front of the receiver, the center knob
tunes both the picture and the accompanying sound. The three knobs
on the right from top to bottom are the sound volume control, the
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treble tone control and the bass tone control. The three knobs on the
left are the picture contrast control, the detail control and the back-
ground control.

The receiver operates from the usual 110-volt, 60-cycle power sup-
ply and draws about 350 watts of power. Since the synchronization
is controlled entirely by impulses sent from the transmitter, it is not
necessary that the power supply frequency of the receiver be syn-
chronized with that of the transmitter, although it should have the
same nominal frequency.

The experimental receivers have 38 tubes including the “Kine-
scope”. Horizontal dipole receiving antennas are used in the field
installations.

As the field tests have advanced the soundness of the technical
fundamentals of the system have been confirmed. Engineering studies
related to program technique are broadening the program capabilities
of the system. Good progress has been made in adapting the system
to practical operating conditions in the field. Live talent and motion
picture programs have been satisfactorily transmitted and received
over distances of 25 miles from the Empire State Building at typical
apartment house and suburban home locations. The height of the
transmitting antenna has made possible consistently good reception
at one favorably located suburban home over a distance of 45 miles.

Measurements of signal field strength and noise intensity are
in progress to determine the requirements for service in the area
under test. Electrical interference on the frequencies employed con-
sists almost entirely of man-made noise originating in automobile
ignition systems, diathermic apparatus and other electrical devices.
Propagation studies and measurements are under way to obtain data
on the interference range of the ultra short wave signals used for
television. The tests of the system are incomplete, but as they progress
the engineering and technical data, and the experience obtained by
operating the system under field conditions, are expanding its capa-
bilities and pointing the way toward realization ultimately of a satis-
factory high definition television system for broadcasting service.



TELEVISION AMONG THE VISUAL ARTS
By

Dr. ALFRED N. GOLDSMITH
Consulting Industrial Engineer

HE NEW field of television is under rapid technical de-

II velopment and program study. It is reasonable to expect

that it will soon be one of the major visual arts, with a
technique of its own and with broad applications of great public
interest and commercial significance. Accordingly it seems ap-
propriate to attempt to classify television among the visual arts,
to study its relative advantages and disadvantages, and to at-
tempt to judge some of its specified capabilities and limitations.

The other major visual arts are, of course, direct ocular
vision, as accomplished by all of us through our eyes, and the
arts of still-picture and motion-picture photography. We need
not here consider still pictures. It is necessary for our purposes
to compare television only with human vision and with motion
picture processes.

It seems that television is a curious and rather unexpected
blend of direct vision and motion-picture photography. It lies
between these two older fields, borrowing from each and perhaps
adding its own contribution to each of them. It seems worth
while to compare these arts more specifically in various basic
respects.

The first element meriting consideration is duration of the
envisioned picture. In the case of direct vision, the image is
completely transient. If we humans were not equipped with
memory, our eyes would be of little use, since it is not the eye,
but the brain that remembers. While it is a convenience to be
able to shift our vision from one subject to another, yet it also
places us under the handicap of having to retain a vast store of
mental images or visual memories. The motion picture, on the
other hand, is a recorded and practically permanent pictorial
record. Subject only to the limited factor of physical life of
film, a motion picture can be viewed at any time in the future in
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its original form. The silver image in the emulsion on the film is,
in fact, nothing more than the stored memory of previous hap-
penings. Television, oddly enough, is either transient and per-
manent depending on its mode of use and the extent to which
it utilizes its allies, the motion picture or alternatively the
electrical record. If we have a direct television pick-up instantly
transmitted to the usual cathode-ray receiver in the home, tele-
vision is as transient as direct vision. But suppose that at the
transmitting station or the receiving station we record the
pictures. This can be done either by the usual motion picture
process or, theoretically at least, we might record the electrical
variations at transmitter or receiver which correspond to the
video modulation and the picture controls (such as synchroniz-
ing and background currents). In this way we can have either
a film record or an electrical record of a television presentation
and thus provide a “television memory”.

Considering next the element of color, direct vision is of
course color vision (except for the unfortunately color-blind
individuals). Motion pictures similarly can be either mono-
chromatic or in full color, though the latter process is not too
readily accomplished. Television, in theory at least, can also
be either monochromatic or in color. Nevertheless, color tele-
vision at this time presents a most forbidding aspect to the
already sufficiently harassed television experimenter and de-
signer.

As regards the sensitivity of the various processes, direct
vision has an extremely high sensitiveness to light and is limited
only, so far as we know, by the sensitiveness of the electro-
chemical effects occurring at the retina of the eye. Where the
sensitivity of the eye is uncomfortably low, we either increase
illumination or perhaps use such auxiliary light-gathering de-
vices as the telescope (and ultimately perhaps, the electron
telescope with its capabilities of amplifying light). So far as
motion pictures are concerned, the process starts with the for-
mation of a latent image, and again is limited by the sensitive-
ness of an electro-chemical process. Film may be specially
sensitized, illumination may be increased, or some other equiva-
lent measures used if ordinary film sensitivity is found to be
inadequate. Television is also limited by an electrical character-
istic in its sensitivity, namely, by the sensitivity of the photo-
electric effect. It is possible greatly to amplify the output of
the original photo-electric pick-up device in television by such
means as the secondary-emission amplifier. It is also possible,
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within limits, to increase the brightn;ass of illumination of some
subjects for television. However, considering the electrical back-
ground of each of the three visual methods of pick-up, it is not
astonishing that their sensitivities are of the same general order
of magnitude.

The range of transmission or viewing is quite different in
the three cases in question. So far as direct vision is concerned,
this extends optically to the nearest opaque obstacle, which may
be anything from the walls of a room or the horizon to the
furthest regions of the universe. Visual range is readily ex-
tended by telescopic devices. So far as the motion picture is
concerned, it has, strictly speaking, no range. If a motion-
picture film and a projector were to be carried to a remote
planet, the reproduction would presumably be unchanged. Tele-
vision in its most usual form of direct pick-up and reception has
a range which extends to the nearest electromagnetically opaque
obstacle, except insofar as reflection, refraction or diffraction
may extend this range under favorable, but somewhat erratic
conditions. If, however, the television program is photograph-
ically or electrically recorded, the range becomes theoretically
unlimited. Then again, if individual television stations are con-
nected by radio or wire links, the range of television again be-
comes theoretically unbounded.

Another factor of interest is the ultimate definition, the
degree of fineness of structure of the image which can be ob-
tained by each of the visual arts. So far as direct vision is
concerned, the limitation in general arises from the structure
of the retina which structure is well known not to be continuous.
The finite wave length of light imposes a further limit on the
definition of images but, in every-day life at least, this is not
the limiting factor. In the case of the motion picture, the grain
structure of the developed image is one of the limiting factors.
The accuracy of registration of each of the successive projected
images on the viewing screen can never be absolute, and this
imposes a further degradation of quality or loss of definition on
the motion picture image. In addition, the usual optical limi-
tations, resulting from the measurable wave length of light, exist
in this case as well. However, motion pictures have been found
to be adequately defined under practical working conditions
when using modern photographic emulsions of fine grain and
suitably limited enlargement. The television image encounters
limitations in definition from several sources. In the pick-up
device, the granular structure of the receiving photo-electric
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screen may limit definition. Alternatively, or in addition, the
size of the beam aperture used for the scanning process or for
the formation of a “picture element” is another and generally
more serious limitation. This limitation exists as well at the
receiving end in connection with the fluorescent screen. Not
only beam cross-section, but spreading and persistence of image
reduce definition at the receiving end. And, all along the line
from original pick-up to final reproduction, we encounter elec-
trically disturbing elements which tend to “degrade’” or reduce
the fidelity of the reproduced image. In the present state of the
television art, the definition obtainable is only a minor fraction
of that of direct vision or of motion pictures, but it is neverthe-
less adequate for many purposes, including certain types of
mass entertainment and education.

Another element of interest is the necessary delay, meas-
ured between the time of original pick-up and the time of final
viewing by the looker. In the case of vision, there is no delay,
the pick-up process and the actual vision by the looker coincid-
ing (except for a brief lag in the brain paths). In the case of
motion pictures there is always an appreciable delay. The most
speedy viewing of film after exposure appearing in the literature
is that of the so-called intermediate-film process applied to tele-
vision reception with large-screen projection. Here the film
is used to record the incoming television pictures and is devel-
oped extremely rapidly, fixed, and projected (a positive being
produced immediately by deliberately arranging for the recep-
tion of a negative—which is a mere matter of phasing). It has
been claimed that from a few seconds to say thirty seconds
elapse in this case between reception of the television picture
and projection of the corresponding motion picture film. How-
ever, about the most rapid commercial procedure involving the
making of a number of positive prints from an original negative
is that of the mewsreels, and this process may take anywhere
from one to three hours. Where haste is not so essential, as in
the case of feature films and short subjects used for motion-
picture entertainment, the delay may run from weeks or months
to years! Thus the motion picture in its more evolved forms
pays a fairly high price for the permanence of its records in
the form of a delay in their production and reproduction. Tele-
vision can adapt itself to either the visual or the motion picture
limitations and possibilities in this respect. Ordinarily television
is instantaneous where a direct pickup is used. If film is used
for television transmission, the delay is that inherent in the
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filming process and is as brief or as prolonged as corresponds
to the particular photographic and film-processing methods
which may be employed.

A factor of considerable practical importance is the depend-
ence of transmission on the instant of occurrence of an event.
So far as ocular vision is concerned, a real event can be seen
only at the instant of occurrence (leaving out of consideration
such relativistic questions as the actual time of viewing a star
explosion in a distant part of the universe). Accordingly all the
historical past is lost so far as direct vision by human beings
is concerned. The motion picture suffers from no such limitation.
It is true that there must be light with which to photograph the
event and that the film support and the image carrier and con-
stituents must be of suitably permanent nature. However,
granted these reasonable requirements, the motion picture may
be made at any time and shown at any later time. In fact, the
motion picture has one curious characteristic. It can show things
that never happened, as in the case of animated cartoons and
trick photography. The nearest approach to this in direct vision
is the deliberate distortion of a view by means of colored glasses,
distorting lenses or reflectors, or the like. These means for
modifying an actual view are relatively limited in their scope
as compared to the possibilities of imaginative picturization
accomplished by the motion-picture film. Television with direct
pick-up of an actual event is just as dependent on its time of
occurrence as is the eye. However, if the pick-up is by motion
picture and the transmission is by television, or alternatively if
the pick-up is by direct television and the received images are
recorded on film, we again have independence of the time of
reproduction relative to the time of occurrence of the original
event. Thus television is happily able to borrow the techique
of either the eye or the camera and thus to expand its own capa-
bilities in accordance with the needs of the situation. This will
obviously be a great convenience since the pick-up of a football
game, for example, may be at a time of reduced available tele-
vision audience, thus making it desirable to repeat the television
transmission of the game from a film record at a later time.

A practical factor of considerable importance is the possi-
bility of time transpositions. With natural vision, we are com-
pelled to observe things in the order in which they occur. In
fact, we can only observe that instant which is the present and
which forever merges into the immediate future and departs
from the near past. The motion picture is entirely unhampered
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in this respect. A number of pictures can be made in any desired
sequence, and can then be rearranged and assembled in any other
new sequence. The familiar “flash back” of the motion picture
is a striking instance. Here action, presumably in the present,
is interrupted by scenes from the past, after which the picture
continues again in the present or even takes an imaginary trip
into the future. This possibility of time transpositions has
always been a great asset for the motion-picture producer. The
scenes of a play can be photographed in any desired order, but
can be cut, edited, or re-arranged in such a way that they are
presented to the audience in quite a different order which may
be artistically more attractive and dramatically more striking.
This also leads to economy in production since all scenes taking
place in given surroundings can be photographed in one se-
quence regardless of their apparent time of occurrence in the
finished film. Television with direct studio pick-up is rather
handicapped in this respect, just as is direct vision (or, for that
matter, a particular act in the usual leisurely legitimate-theater
production). It is only when television enlists the aid of the
motion-picture film, either for background projection, in the
production of composite pictures, or for the entire presentation,
that it partly or entirely acquires the great advantages which
result from the possibility of time transpositions. Since, how-
ever, there is no scientific reason why television should not use
motion pictures whenever desirable, the motion-picture tech-
nique of time transpositions could, to a considerable extent, be
effectively utilized by television.

All of the foregoing leaves little doubt that television is so
flexible, convenient, and eclectic a method of visual reproduc-
tion that it will have general human appeal and wide-spread
application. Carrying within itself for the first time all the
possibilities of both the eye and the camera, it seems destined
to be one of the great instruments of universal human enlighten-
ment and progress.
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spread use so rapidly that it has not been possible for

people generally to gain clear understanding of it, to the
degree they do understand many other technical devices, such
as the automobile for example. When radio’s new service of
television arrives, there will be even more intimate contact and
impact between radio and the home. Many people realize this
and an interest in “how television works” is frequently expressed
to radio engineers. This article is an attempted answer to those
questions.

The idea of being able to observe far-away events as they
take place has always fascinated the human mind. Realization
of the idea has been the dream of inventors for centuries, but
the problem has been so difficult that many new and different
tools were required, and we have had to wait through past cen-
turies until all of them are provided. The discovery of electricity
and the development of electrical communication were the first
steps of course. The first devices needed particularly for tele-
vision were discovered about sixty-five years ago, and experi-
menters have been improving and refining them, and adding
new ones, ever since. The Radio Corporation laboratories have
been engaged in this research for over ten years, and today we
have all the scientific tools needed, and television is at long last,
a technical possibility.

The first point of interest is that everyone has heard of
television, that public interest in it is widespread—although it
has not yet reached even the first beginnings of commercial
or public service. That is unusual in scientific developments,
and an understanding of why it is so, will explain much about
television. Most developments come to public attention with
the starting of public service in some form, and the laboratory

RADIO has attained its present position of important wide-

Reprinted from lecture given before the Brooklyn Institute of Arts and
Sciences (February 1937).
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stage passes by unknown and unsung. The sound motion picture,
even sound broadcasting, are recent examples of new arts burst-
ing upon the public stage full grown and ready to act.

But television has been different. For ten years it has been
written about in public print, everyone has heard of it and con-
jectured about it, all without a commercial practice or a public
service. Why has this been? American business has not sud-
denly changed its outstanding characteristic of rapid utilization
of new developments and become laggard in making new serv-
ices available. On the contrary, it is much to the credit of
American industry that the introduction of television has been
delayed until it could be accomplished with safety and satis-
faction to the public. Television service might have been started
a few years ago, receivers might have been sold, but the per-
formance would have been poor, the receivers would be obsolete
and useless now, and the whole investment made worthless. I
think that we can be grateful and pleased that the development
has been sensible and orderly, the introduction not premature,
and the serious problems solved in a few laboratories rather
than in thousands of homes.

We need to see why the television art is so complex as to
require this careful treatment. Why is it so different from
sound broadcasting? We have seen sound receivers develop
from the simplest crystal headphone type to the complex instru-
ments of today, with no troubles from obsolescence—we have
seen transmitters grow from tiny power to fifty thousand and
even five hundred thousand watts—wherein is the difference in
television?

The difference is not one merely of degree of complexity of
apparatus. A totally new element is present in television, and
not in sound broadcasting, namely the factor of time, and in-
finitesimal divisions of time at that. At the transmitter we have
in effect to take pictures and send out descriptions of these pic-
tures, bit by bit, and at the receiver we must put these bits
together in the right places, as in a jig-saw puzzle, and at the
right time. In other words, there are various actions at the
transmitter and at the receiver which must be coordinated accu-
rately. This means that the process involves a system—that
transmission and reception can not be designed or conducted
independently, and each is vitally dependent upon the other.

Before we discuss these characteristics, which are respon-
sible for the peculiar engineering problems of television, it will
probably be helpful to review briefly the principles upon which
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the simpler forms of radio communication operate, as this will
assist toward clearer understanding of television, the most com-
plex form.

We may note at the outset that there is nothing wireless
about wireless apparatus. The wireless part is entirely in the
medium between transmitter and receiver. The transmitter and
receiver themselves are electrical apparatus fundamentally, like
motors, lamps, telephones, and so on. Of course, radio uses
some forms of electricity which these other devices do not, but
basically it involves electrical apparatus using voltages, currents,
power, under the same electrical laws as govern the others.

The function of the radio transmitter is to excite the medium
between stations, by means of electric currents which in some
way represent the intelligence to be transmitted. The funection
of the receiver is to detect these disturbances in space, translate
them back to electric currents like the ones at the transmitter,
and then to convert the currents to the form of intelligence
which they were made to represent at the transmitter.

The fundamental parts of the transmitter are the generator,
the modulator, and the antenna. The generator generates the
particular form of electric currents needed, the modulator con-
trols those currents to represent the intelligence to be trans-
mitted, and the antenna radiates the modulated currents, or
their effects, into space. Considering the generator for a mo-
ment, we can note that the only vital difference between it and
the generator we use for electric light and power, is that its
frequency is higher. Where light and power currents have a
frequency of sixty cycles per second, that is have sixty pulses
of flow in each direction per second, the currents used in an
antenna have a frequency of thousands and millions per second.
When we say that station WEAF has a frequency of 660 Kilo-
cycles, or 660,000 cycles, it signifies that the currents in the
WEAF antenna are flowing back and forth from the station
generator that many times per second. These high frequencies
are used because they radiate from the antenna more efficiently.
The highest frequency used for standard sound broadcast sta-
tions is about one and one-half million cycles per second. Later
we shall see that television stations use still higher frequencies,
of the order of fifty million. And radio laboratories are experi-
menting with frequencies of over one billion cycles per second!

The modulator is the part which controls the high frequency
alternating currents in the antenna, and modifies them to rep-
resent intelligence. If we are concerned with telegraphy, we
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find that the modulator simply starts and stops the current, in
short and long bursts representing dots and dashes of the tele-
graph code. Therefore the antenna radiates a series of disturb-
ances through space exactly representing the letters by dots
and dashes.

If we desire telephony, the process is somewhat more com-
plex. Here the high frequency alternating current is fed to the
antenna continuously, without ever stopping, but is varied in
strength to accord with the sounds to be transmitted. Here the
microphone is used, because its ability is to convert air sound
waves which strike it into electric currents which vary in exact
representation of the sounds. These microphone currents are
then used to control, or modulate, the high frequency currents
going into the antenna from the generator, thus causing the
antenna currents to be representative of the originating sounds.
To complete the story, we may note that the receiving antenna
has currents generated in it when struck by the traveling and
varying strength space waves, and these currents are caused
to actuate a loudspeaker, which is a device to convert electric
currents to sound waves.

Note that in both telephony and telegraphy, we have trans-
mitted intelligence by modulating the flow of high frequency
current in an antenna to represent what we wanted to transmit,
whether that was words of a message, letter by letter, with a
dot-dash code, or whether it was sound occurring in front of a
microphone. Now suppose that the form of intelligence to be
transmitted is a picture, a drawing, a visual scene of any kind.
We must arrange to modulate the same antenna high frequency
current in some way which can represent the picture to be
transmitted. And right here we come up against the enormous
difference between sight and sound. In sound, we have to trans-
mit only one thing, one bit of intelligence, one sound, at a time,
with others in sequence. A symphony concert, or a Jack Benny
program, consists merely of one sound at a time. True, each
sound may be a complex one, with various tones composing it,
but it is only one sound, and can be represented by one current.
An instant later, another sound can be represented by another
current, and our signals radio transmitter can follow the pro-
gression of single instantaneous sounds faithfully. But a pie-
ture, even one instantaneous flash, is not a single thing of any
sort, and can not be described or represented by one electric
current or one anything else. It is composed of many little
elements, one for each area of that size which the eye can dis-
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tinguish. For example, if we look at a scene whose dimensions
are ten feet square from a distance where the eye can distin-
guish objects one inch in diameter, there are about fifteen
thousand small, one inch areas which must be described individ-
ually to convey the whole picture. If the scene to be transmitted
_is a stationary one, and we are permitted to take any amount
of time to describe the scene, we could do so successfully by an
ordinary telegraph system and a simple code. We might divide
our scene up into imaginary squares, one hundred each way, and
number them in sequence beginning with the upper left corner,
going across the top row, then beginning the second row at the
left, and so on until the lower right small square would be
number ten thousand. We will then arrange an understanding
with our correspondent that we will telegraph him a message
containing ten thousand numbers and that the numbers will
be the digits one, two, or three. One will mean white, two will
mean gray, and three will mean black. Our telegram may then
read 1113221233331123111 et cetera for ten thousand digits.
If our correspondent then takes a sheet of paper ruled with one
hundred squares each way, and fills in the squares by the infor-
mation we have sent him, he will have the complete picture—
when he finishes.

Obviously this procedure is an exceedingly slow one, impos-
sibly so if we desire to transmit pictures of moving objects.
But it is satisfactory, with only moderate change, for the trans-
mission of still pictures, or the art known as facsimile transmis-
sion. If for example, instead of transmitting numbers by
telegraph code, we arrange the transmitter to send out an im-
pulse once each second, let us say—one impulse for each of the
little squares in sequence, and the strength of each impulse to
correspond to the degree of light in the square it represents,
we can send out a description of the picture in ten thousand
seconds, or two and one-half hours. At the receiving end we will
arrange a printing device to record each impulse in the same
order and location which they had at the transmitter, and with
an ink intensity corresponding to the current intensity of each
impulse. Our chief problem will be that of synchronization be-
tween transmitter and receiver, that is the receiver must make
its mark in square number one when the transmitter is describ-
ing number one, and so on coincidentally throughout the picture.
This is the facsimile system, as used on wire and radio, and
now in commercial service in various applications. In these
services, the performance has been speeded up by several im-
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pulses each second, so that only ten minutes or so is required to
transmit a picture, rather than two and a half hours mentioned
in the simplified illustration.

We can notice, from this requirement of transmitting a sim-
ple still picture bit by bit until the whole scene has been covered,
that the problem is very different from sound radio where only
one thing, one sound, has to be transmitted. The facsimile art,
that of transmitting single still pictures, has been developed
extensively and well, so that very excellent pictures can be
transmitted. Note, however, that a time of several minutes is
required to accomplish the transmission of one picture.

Now, television, the transmission of moving scenes, really
requires transmission of many pictures each second, enough so
that, just as in motion pictures, the eye will be deceived by the
succession of still pictures, into believing it sees a continuous
scene.

The motion picture of today shows twenty-four different
lantern slides each second, and that is what we have to accom-
plish in television, namely, transmit at least two dozen different
pictures each second. In other words, we have to send out infor-
mation about each little element of each picture, repeating the
process many times each second. Remembering that the fac-
simile system takes ten minutes to send one picture, if we need
say thirty pictures per second for television, we shall have to
speed up the process of facsimile by eighteen thousand times
to accomplish television,

There, in a nutshell, we have the primary cause of practically
all the television engineering problems. It may be described
as a requirement for transmitting an enormous amount of
information very accurately in a very short space of time. Let
us proceed to examine how it may be accomplished.

Of course we have only light to start with. Any object or
scene is visible because of the light waves which reflect from
it to the eye. We desire to catch these light beams in a device
which will convert them into electric currents which we can
use, in turn, to modulate or control the radio currents being fed
into the transmitting antenna from a generator. Several ways
are known by which to convert the light images to electricity.
Two or three different ways were used in early television sys-
tems, but the modern system utilizes a device of outstanding
superiority, and it is necessary to consider that one only. This
device is called the ‘“Iconoscope”,* from the Greek meaning

* Trade Mark Registered U. S. Patent Office.
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“image observer”. The “Iconoscope” in television corresponds
to the microphone in sound transmission. Where the latter con-
verts sound waves to electricity, the former converts light waves
to electricity. The “Iconoscope” has two main parts. One is
a plate upon which is focussed by ordinary optical means, the
scene to be televised. This part corresponds exactly to the plate
or film in a photographic camera. Its surface is covered, not
with photographic emulsion, but with light-responsive, or photo-
electric, cells. These cells are microscopic in size, but each is
separate from the others, and each generates electric voltage
when light strikes it, with the voltage being proportional to
the strength of the light.

Therefore when a picture is focussed on this plate, with
various parts of the picture at various degrees of brightness,
those tiny cells having no light upon them generate no voltage,
those with strong light generate strong voltage, and those with
intermediate light generate intermediate values of voltage. It
remains to collect these various voltages off of the plate in
order to use them. To do this we might have a tiny wire brush-
ing against the plate and sweeping with uniform strokes all
over it, thus contacting the whole area bit by bit. But since we
must sweep the plate so fast, and so many times per second,
it is impossible to devise any mechanical system light enough to
be so moved. So the “Iconoscope” utilizes a brush which has
no material weight, namely a beam of electrons. The second
main element of the “Iconoscope” is an arrangement for generat-
ing this small beam and directing it so that it falls upon the
plate in one tiny spot. Other electric arrangements cause this
spot to move all over the plate, in regular fashion, line by line.
The present standard television system is designed to have 441
of these lines to cover the whole picture from top to bottom.
The first systems had only 24 lines. It is clear that the picture
will be more accurately reproduced, more capable of showing
small details, the greater the number of lines. Also of course,
the more lines there are, the more information about the picture
must be transmitted in the same length of time, and this is more
difficult. It has been a most important problem to determine
the best number of lines to use, and in general to find the best
compromise between the opposing factors of picture quality and
apparatus difficulty. The value of 441 has been chosen after
very careful study and experiment covering several years’ time,
and will be the standard value in this country.
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The little electron “searchlight” beam, sweeping across the
plate with its 441 regular brush strokes, acts just as a wire
brush would, and collects electricity from the cells on the plate
as it passes over them. It is interesting and importing to notice
at this point that the scene being televised is focussed on the
plate continuously, and therefore the cells receiving light are
storing up electric charges continuously. The electron beam
sweeping across the plate contacts with only one little spot of
the plate at a time, which incidentally is smaller than a pinhead.
After the beam has completed its travel all over the plate, that
is after it has traversed all the 441 lines, it comes again to the
same spot on the plate. Each time it comes to a spot, it collects
the electricity which has been storing up there while the beam
was travelling over the rest of the plate collecting from all the
other spots.

So the electron beam is a collector, travelling over the plate
in a regular pattern of lines, picking up electricity wherever
there is any present, as there will be in places where light is
present.

Now this electron beam originates in a simple part of the
“Iconoscope” which is called the electron gun or cathode. The
cathode is covered with certain chemical compounds which give
off electrons when heated, and the cathode may be heated read-
ily by current, just as is a lamp filament. Therefore the cathode
is a part of the electron beam and if we connect the cathode and
the plate to external apparatus, we can obtain the electricity
which the beam collects from the plate having the light image
upon it.

The electric currents which are obtained from the image
plate by the electron beam are of course very small. But they
can be fed into vacuum tube amplifiers and be amplified to useful
proportions. When this is done, we will have currents carrying
intelligence representing the light pictures, and these we will
use to control the transmitter antenna current.

Now let us examine this scanning process again with an
overall viewpoint. The scene to be televised is focussed upon
the “Iconoscope” plate. The plate is continuously being explored
by an electron beam, about the size of a pin, which sweeps
across it in regular lines, taking 441 lines to cover the picture
from top to bottom. The time required to sweep the whole
picture is made such that the process can be repeated thirty
times per second. In other words, every spot of the picture is
visited by the collecting beam, thirty times per second. And
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there are about a quarter of a million spots on the picture to be
thus visited! Undoubtedly the busiest thing in the world is this
electron beam as it scans the picture, flying back and forth at a
speed of several miles per second, and collecting the current,
so to speak, at each tiny spot of its path.

In short, we have a system which is operating to pick up
scenes a spot at a time, but covering spots so quickly, and the
whole scene over and over so many times a second, that if we
arrange a reproducing system to act in reverse fashion to that
described, and to deliver light images corresponding to the spot
currents, our very slow human senses will not follow the details
of the process, and will perceive only the average total result,
which is the complete picture.

We have now “scanned” the process of television transmis-
sion, perhaps almost as rapidly as the “Iconoscope” scans a pic-
ture, and of course we have lightly passed over many engineering
problems. It will be of interest to list at least some of them.

First the “Iconoscope” must have sufficient sensitivity, that
is, it must be able to generate electric currents from small light
intensites falling upon it. The latest forms have developed
sensitivity to equal that of the photographic camera and film, so
that any scene which can be photographed by snapshot, can be
televised.

Also, the “Iconoscope” must be free from color-blindness.
Present “Iconoscopes” are sensitive to all colors, and in fact to
the invisible parts of the light spectrum as well as the visible.
As a result, interesting applications are possible for purposes
other than television, and utilizing ultra-violet and infra-red rays.

We have referred repeatedly to movements of the electron
beam over the image plate. Of course its travel sideways and
up and down is not inherent, or voluntary, and must be caused
and controlled. To do this, coils are located outside the tube,
and magnetic fields from these coils move the beam as desired
because the beam responds to magnetic forces. The nature of
the currents in the coils and the physical location of the coils
determine how the beam will move, The proper kinds of currents
are provided from oscillating vacuum tubes and so-called deflec-
tion circuits. These currents, which are at the transmitter, will
also be used to control a similar beam at the receiver, as we shall
see later.

An interesting problem in the “Iconoscope” is that which
may be described crudely as that of cleaning away the electrons
in the electron beam after they have been used. The electron
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beam is playing upon the plate like a fire-hose, and some of the
electrons are splashing off into the space in front of the plate,
where they may gather in clouds. They must be cleared away
for each fresh scanning of the plate, or the picture will be
clouded or blurred.

The electric currents mentioned so frequently are alternat-
ing currents, flowing back and forth millions of times per second.
Many of the most difficult problems of television result from
the fact that such rapid reversals, or such high frequency cur-
rents, have to be used. Ordinarily we think of electricity as be-
ing instantaneous. Actually it is not, but has a finite speed of
about 186,000 miles per second. So that when we call upon a
current to travel even a few feet only, but to turn around and
reverse itself, and repeat this millions of times per second, we
begin to encounter limitations even in the speed of electricity.
This situation is so real that a copper rod four or five feet long,
which is a practically perfect conductor for current at low fre-
quencies, under some conditions acts like an insulator when the
current is at frequencies of millions per second. Since we have
to make and connect up our television apparatus with wires
hundreds of feet long, it is obvious that expedients and special
conditions must be provided to enable the currents to behave
as we want them to.

These tremendously high frequencies are forced upon us
because we are trying to crowd so much information into each
interval of time, much more than we need to with sound broad-
casting, or telegraphy, or even facsimile.

The unusually high frequencies give rise to new problems
in the really wireless part of the system, that is the medium
between the transmitting and receiving stations. Everyone is
familiar with the conditions existing in sound broadcasting and
knows that the quality of service received depends upon the
power of the transmitter, the distance between transmitter and
receiver, and the degree of static or other interfering noise pres-
ent in the receiving neighborhood. With the higher frequencies
used for television, the same factors are present, but in different
ways and degrees. The television frequencies are so high that
the waves approach in behavior that of light waves. It will be
remembered, of course, that there is no difference in character
between light waves, heat waves, ultra violet rays, X-rays, radio
waves, except that of frequency. All are disturbances in space
of the same character, and differ only in frequency. We are
accustomed to ordinary radio waves going around the curvature
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of the earth, over and behind mountains, through buildings and
so on. But radio waves at television frequencies, behaving more
like light, act somewhat as does a powerful searchlight. They
do not follow the earth’s curvature very well, or go behind a
mountain, or through a building. Therefore they are more lim-
ited by obstacles on the earth’s surface, and conversely, the
transmission will be more effective, the higher the antennas are
located. It is for this reason that the Radio Corporation has
located its New York experimental transmitting antenna on top
of the Empire State Building. Similarly, better reception is
had by locating the receiving antenna as high as possible, and
when television does come to the home, it will be found advan-
tageous in most cases, to put a good antenna on the roof, rather
than a wire on the base board in the living room.

Very fortunately, there is little natural static on television
frequencies. Unfortunately, there is considerable disturbance
from certain man-made devices, especially automobiles (from
their ignition systems) and certain electro-medical devices. This
can be eliminated readily, however, and no doubt will be elimi-
nated when necessary.

The propagation characteristics of the medium and the in-
terferences existent, chiefly determine the distances over which
reception may be effected. The tests now being carried on by
the Radio Corporation indicate that with an antenna as high as
the Empire State Building, satisfactory reception can be had
to distances somewhere between twenty-five and fifty miles. Of
course, there will be some locations at less than twenty-five
miles, having especially bad conditions, where reception may
not be good, and there may be a few high locations more than
fifty miles away which will be able to receive. But, in general,
it may be observed that the service area of a television station
is limited, in comparison with the areas of sound broadcasting
stations as we now have them.

This condition results in a television engineering problem
of the greatest magnitude, and one with profound economic
influence on the television problem as a whole. The service area
of a station is small because the frequencies required for tele-
vision are extremely high. Just as it is difficult to make these
high frequencies travel far through space, so is it difficult to
make them travel far over wires. Consequently the television
studio must be located close to the television transmitter and
antenna. This means that we cannot utilize the simple effective
method used in sound broadcasting of conducting a single studio
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performance in one city, and radiating its program from scores
of radio stations scattered over the country, all connected to the
studio by wire telephone circuits. At present, a television pro-
gram is confined to the area around the orginating studio, and
its audience can be only that within that area.

Obviously the expense of providing programs to the nation
is vastly greater. In sound broadcasting, one performance on
a nation-wide network of stations, reaches the whole country.
To cover the country with a television program, with present
technique, would require repetition of the program a thousand
times, from a thousand studios.

Of course, a great deal of work has been done on this vital
problem, and good reason exists for hopes of speedy solution.
Wires of special kind which will be capable of carrying the high
television frequencies are being developed. Radio circuits to
carry them long distances by means of short distance relays
are also being developed. Undoubtedly one method or the other,
or both, will eventually be perfected so that a performance in
one city can be transmitted to other cities, just as sound is now.

While on the subject of program expense, there is another
aspect which is sometimes overlooked, in the comparison of
television and sound broadcasting. In the latter, sound is all-
important, and nothing else has to be considered. In television,
not only is sound required, but the added visual problem corre-
sponds to that of making a sound motion picture. Scenery,
special lighting, and costumes are required, actors must be
letter perfect in their parts—and retakes are not possible. This
means that the more economical types of program will be those
where artificial aids are minimized—for example, the football
game, or news events generally.

So far, we have not considered the receiver specifically. That,
to most people, is the most interesting part of the system. It
seems to be the focal point of the thrill and mystery in “pictures
from the air”. So let us now consider the receiver, but let us
do so with clear understanding that it is only part of a system,
and that it must have and maintain an intimate, accurate rela-
tionship to the rest of the system.

The television receiver antenna is energized by the travelling
waves, which cause corresponding currents to flow from the
antenna to the receiver. The receiver is tuned to the particular
frequencies to be received in order to maximize the ones desired,
and to minimize undesired ones, just as in a sound receiver.
These currents, even when tuned in to maximum, are very
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small, and are fed into vacuum tubes to be amplified. After this
operation they are large enough to operate a device designed
to convert them into light images. This device is called the
“Kinescope”,* and is the inverse of the “Iconoscope”. The
“Kinescope” has a plate and a beam of electrons playing upon
it, just as does the “Iconoscope”. In the “Kinescope”, however,
the plate, or screen, is made differently, in fact it is one end of
the tube itself, made nearly flat, and coated on the inside with
a very thin layer of material which has the property of fluor-
escing, or giving off light, whenever electrons strike it. Some
fluorescent materials will glow for a considerable time after be-
ing struck by electrons. The particular compound used for
“Kinescopes” is chosen so that the glow dies out shortly after
the electrons beam moves away, and before it returns again.

The tiny electron beam in the “Kinescope”, whenever it is
not moving and therefore strikes the screen in one spot, causes
a bright glowing spot on the screen at the point of contact.
This spot is about the size of a pinhead. Although the glow is
really on the inside of the tube, it is visible on the outside be-
cause the end of the tube is clear glass, and the screen of fluor-
escent material is very thin. The brightness of the spot depends
upon the strength of the electron beam, and varies as the strength
of the beam is varied. That spot of light is used to reproduce
each spot of the picture, one at a time, by moving it around all
over the picture area. It must be moved in exactly the same
way that the “Iconoscope’” beam at the transmitter is moved,
which in modern systems is in horizontal parallel lines from
top to bottom. So this beam will be very, very busy too. It is
going to move all over the picture in regular fashion, and repeat
the travel thirty times per second. Furthermore, while moving,
it is going to vary in brightness continually as it “paints” the
lights and shadows of each tiny element of the picture. To our
slowly reacting human eyes, the spot will not be visible because
it is moving so rapidly, and the screen will appear to be illum-
inated evenly all over the picture area, but we must remember
that actually the light and the scenes are caused by one tiny
spot of light, flying over the screen, and varying in brightness
as it goes.

Much of the receiver apparatus is for controlling the move-
ments of the beam, and feeding to it the currents which have
been received from the transmitter, in order to vary the strength

* Trade Mark Registered U. S. Patent Office.
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of the beam and therefore the brightness of the flying spot.
Of course there are many engineering problems associated with
this apparatus. The most interesting ones are those associated
with what is called “synchronization”, or the necessity of keep-
ing the flying beam of the “Kinescope” in perfect step with the
flying beam of the ‘“Iconoscope”, even though they may be miles
apart with only a tenuous radio connection between. Obviously
these two must be kept together very accurately, even thougn
they are moving very rapidly over the picture. It would not do
at all to have the beam at the transmitter picking up the sparkle
of highlight in the eye of the beautiful television lady artist,
while the receiver beam was working where her nose was sup-
posed to be.

The object to be attained may be stated simply. It is merely
that the electron beams of the “Iconoscope” and the “Kinescope”
are to be kept in perfect step with each other. Each is to travel
across its plate or screen in horizontal lines. Each is to start
at the upper left corner let us say, move across the first or top
line at the proper speed, quickly jump back to the left and start
on the second line just below the first line, complete that, jump
back for the third, and so on until it has covered all 441 lines,
finishing at the lower right corner. Then it must jump up to
the upper left corner and begin again on the top line. Perhaps
we should note here that the method of scanning actually used
in modern systems does not move the spot in quite such a simple
regular fashion, but has a more complex movement such as
doing lines alternately, all the odd-numbered ones first, and
then the even-numbered ones. This is known as “interlaced
scanning” and provides several important technical refinements
and benefits. It is not necessary to study this more complex
method, however, to understand the basic fundamentals of
the system, and we may assume that the beam travels over the
picture from top to bottom, line after line progressively.

The beams in each case are made to move by magnetic fields
produced by currents in coils mounted on the sides of the “Icono-
scope” and “Kinescope”. If the right currents are fed into these
coils at the right times, the beams will move as desired. The
currents can be obtained from vacuum tubes arranged as oscil-
lators, but one beam is at the transmitter and one is at the re-
ceiver miles away. We must have these oscillators working
absolutely together—because if they deliver their currents out
of step by even as little as one one-millionth part of a second,
the reproduced image will have no likeness to the original. So
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they must be tied together somehow. At present this is accom-
plished by making the generators of currents at the transmitter
into masters of the situation. They are arranged to send out
short timing signals, called synchronizing signals, and there
are two of them, one for keeping the beams together horizon-
tally, and one for keeping them together vertically. These sig-
nals are additional to the picture signals, so that a television
transmitter sends out three different signals, one describing the
picture, and two to keep the beams in step horizontally and verti-
cally. Of course if they were all sent out simultaneously they
would interfere with each other. Therefore the synchronizing
signals are sent out very quickly during the short time intervals
when the beams are not being used for the picture, but are
occupied in jumping back from right to left preparatory to
starting a new line of the picture. This means, in effect, that
each receiver of all those which may be “looking-in”, is con-
tinuously receiving instructions and assistance, from the trans-
mitter, by means of which it is enabled to keep its “Kinescope”
picture beam exactly in step with the scanning beam at the
transmitter.

Synchronization is one of the television problems which has
been solved, and it is a considerable triumph that we are able
to control apparatus at a distance with a precision measured
in fractional millionths of a second.

A problem of receivers in process of solution is that intro-
duced by the necessity of making them so that they can be oper-
ated and adjusted satisfactorily by the general public without
their having to take an educational course in television engineer-
ing. The television receiver is a complex instrument, far more
so than present sound receivers. It includes a complete sound
receiver to start with, to receive the sound which accompanies
the picture. Beyond that are the circuits and tubes which tune
and amplify the picture signals, the circuits and tubes which
tune, amplify and utilize the two synchronizing signals, and
the “Kinescope” tube with its associated circuits. Many correct
adjustments must be made before the picture can be viewed,
and if too many of these are required of the operator, or those
required are too critical, it will be impossible for the layman to
operate the receiver satisfactorily. Therefore most of the ad-
justments must be accomplished automatically, and only a few
left to the operator. This makes the receiver design more diffi-
cult of course, but the status of progress toward solution is such
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today that it is possible to promise that when television receivers
are put into public use, they will be sufficiently simple in opera-
tional requirements.

A problem always noticed by the layman, is that of size of
the reproduced picture at the receiver. At present there are
two standard sizes, one about five by seven inches, and the other
.about seven by ten inches. Scenes of any size can be televised
by the transmitter merely by using the appropriate optical lens
to focus them on the “Iconoscope”. At the receiver, the size of
the picture is determined definitely by the size of the screen on
the end of the “Kinescope”. There is a limit of physical size
beyond which it is impracticable either to build these tubes, or
to house them in cabinets of reasonable size for the home. It
seems to be general experience that the most desirable size of
picture for television or motion pictures, is that where the height
is about one-fourth the distance between the screen and the
observer. Such a size seems to give the maximum of realism or
emotional appeal. In the home, the desirable viewing distance
is at least eight or ten feet, so that the picture height should
preferably be at least two feet. There is good promise of eventual
accomplishment of this goal, but at present it seems probable
that the television receiver which is “just around the corner”,
will have a picture about seven by ten inches. Often it is asked
why this picture cannot be increased simply by optical means,
with a lens to magnify it several times. This could be done
insofar as size is concerned, but the brightness of the picture
would suffer in proportion, or actually even more than in pro-
portion, and the original amount of light available from the
fluorescent screen is not enough to permit so much spreading out.

This matter is perhaps the most serious problem of television,
at least from the user’s viewpoint, but since it is true that the
resources of Nature are infinite, and that we have only to find
the way which exists somewhere, it seems definite that sooner
or later even this difficult problem will be solved.

And now we have traversed the system, from the beginning
where we had only imponderable light waves picked up and
focussed by a camera lens, to the “Kinescope” screen, where
the well-regimented electrons of a beam have produced an image
on a fluorescent screen. A summary of the major problems en-
countered appears to be in order and may furnish an appropriate
conclusion to this discussion.

Foremost among the problems is that of standardization.
We have seen how intimately related the transmitter and receiver



Van Dyck: Television Problems 173

must be. Consequently many receiver design features and many
transmitter design features must be definitely related, and this
must obtain whether the apparatus is manufactured by one or
any number of manufacturers. In sound receivers, this diffi-
culty does not exist, and any receiver built by any manufac-
turer, readily receives any station built by any manufacturer,
with very little coordination. In television, many factors must
be chosen, standardized, adopted, and maintained by all con-
cerned, or the result will be—no picture. If wrong choices were
made, the art would be permanently handicapped. Therefore
it has been necessary to proceed cautiously, and to make certain
that decisions would stand the test of time.

The next most serious problems have been in the development
of devices which would convert light to electricity and electricity
back to light, in easily and accurately controllable fashion. The
“Iconoscope” and the “Kinescope” have answered this need, but
studies and experiments to improve them will continue.

The necessity of transmitting so much information in so
short time, in order to describe moving pictures electrically, has
compelled the use of very high frequency currents and radio
waves, much higher than used in previous radio services. This
has required development of new tubes and circuits to generate,
amplify, and control them. It has required the study of their
behavior in space, so that we could know how far and with what
results, these new waves would travel.

The problem of synchronizing the receiver with the trans-
mitter has been difficult. It has been solved, but to obtain the
solution has required extraordinary amounts of research, pa-
tience, ingenuity, time and money.

The problem of network connection of stations, to permit
syndication of a program, remains to be solved. Various prob-
lems of economic sort having to do with location and cost of
stations, and programs, are dependent upon this technical
problem.

The problem of increasing the size of the reproduced picture
in the receiver is still with us. We expect to solve it, and we
probably will. But if we do not, we may well be grateful and
content that clear vision of distant events has been given to us,
even if not quite as conveniently sized as we might like.

There is one problem which is not an engineering one, strictly
speaking, although there is close mutual dependence between
it and technical developments. This is the program or studio
requirement. No matter how excellent the technical facilities
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may be, the whole system is a loss if those things put before
the “Iconoscope” are not interesting to the watchers at the
“Kinescope”. Whenever a new technical service is provided,
time is required to find out how to use it. Its strong points and
its weak points have to be discovered by experience—the former
capitalized and the latter avoided. If television had come to a
world which knew nothing of sound broadcasting or of motion
pictures, any kind of program material, no matter how poor,
would have been acceptable initially, and improvement in pro-
gram to good standards might have been allowed to take con-
siderable time. But television will come to a world already accus-
tomed to reproduction of sound and pictures having very high
program excellence and effectiveness. If the television receiver
is to have interest longer than a few days after its purchase,
the program it delivers must supply the interest. Therefore it
is necessary to solve the studio problems of television—the light-
ing, make-up, costuming, scenery, scenarios, actors, and all the
rest—before television can be made a public service.

Questions are often asked concerning the possible effect of
television upon sound broadcasting and sound motion pictures.
The answer is simple and the gift of prophecy is not needed in
order to be able to make it. The answer is apparent from the
outcome of many similar situations in the past. The telephone
did not supplant the telegraph, it supplemented it. We still have
messages to transmit which do not require person to person
conversation. The telegraph cannot serve as telephone, but
neither can the telephone do things which the telegraph can.

Similarly, sound broadcasting did not ruin the theater and
the motion picture. Instead it added to their appeal and their
profits. At first there were many fears. Opera managers would
not permit performances to be broadcast. Boxing promoters
would not permit their fights to be heard over the air. But after
things settled down, the actual results were—the million dollar
boxing gate, the S.R.0O. sign in opera houses, the addition of
sound to the motion picture, increased public interest in the
theater generally.

And so it will be with television, no matter how excellently
that develops in years to come. There will be some things which
television ean do which previous arts could not do, a few things
which it can do better than can they, but there will be many
things which they can continue to do which television cannot
do at all. So they will continue, and we shall have added another
art and public service to the continually growing list. As a
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matter of fact, rather than being harmed by television, many
of the older services are going to be helped, just as the silent
motion picture was enabled by radio sound apparatus to find
its voice and expand its possibilities. The older arts will find
much help from the gadgets of television, should therefore wel-
come it, and need not fear it.

Only one problem remains to mention. It is one which is
encountered by television workers more frequently than any
other. It is the question “When will we have television?”’ That
is one problem which has not been solved! A simple answer is
not possible, because the question is not simple without several
definitions. We have television right now, under the definition
of technical possibility. We will probably have it in a year or
two if we limit the definition to include only those people who
live within a few miles of a station, with only two or three sta-
tions in the country. However, if we mean when will television
service be available to most of the people of the country, it seems
safe to say that the years between then and now will be goodly
in number.
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ing some mistakes, at least once — but that only a fool

continues to make the same mistakes in the face of past
experience. We in the radio industry cannot assert that we have
made no mistakes in the past; despite the fine growth of the
industry and its genuine contribution to our national life, there
has been much friction and lost motion. And we now face a
complicated situation in the case of television broadcasting
which seems to impend. Shall we plunge wildly forward, sub-
stituting enthusiasm for analysis? Or shall we remain calm in
our planning and activities, leaving the excitement to the prop-
erly persuasive advertisements of television receivers and pro-
grams, to the active salesmen, and to the delighted lookers and
listeners in the home? With the confused past of radio in mind,
shall we ‘“try everything”’—not once, but twice? Of shall we do
as little “muddling through” as is humanly possible?

Commercial television broadcasting, to win general public
acceptance and to enjoy a healthy growth, must be built on the
basis of a group of necessary elements. These are a constructive
Governmental attitude implemented by corresponding regula-
tion, an active group of television broadcasting stations at least
partly interconnected into national networks for program syn-
dication, forward-looking program-building organizations, care-
ful engineering and manufacturing methods rendered effective
by suitable merchandising practices and satisfactory servicing,
an enthusiastic and numerous group of home lookers, and finally
a number of broadcast advertisers willing and able to secure
the part-time attention of the home audience. To just the extent
that any of these elements are missing from the television pic-
ture, the day of widespread public acceptance of television-tele-
phone broadcasting will be delayed and the success of the radio
industry reduced.

We believe that optimism for the future of television is well-
founded, but we do not believe that the full measure of its suc-
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I[T HAS been well said that anyone may be excused for mak-
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cess is attainable automatically and without at least some careful
planning. Looking back on some of the shortcomings and mis-
takes of the past, we venture to hope that the future will bring
the avoidance of at least some familiar and unnecessary errors.
Accordingly it seems in order to study in more detail each of
the elements of television success just mentioned, and to sketch
the general outlines of the “paths to glory”.

At the present time, the policy of the Government of the
United States toward the development of television broadcast-
ing is expressed through the radio laws passed by Congress and
the regulations promulgated and decisions made under the
authority of these laws by the Federal Communications Com-
mission (and, in some cases, by affirming or reversing courts
of appeal). It is stimulating to note that the Commission is
evidently considering the needs of television broadcasting in an
orderly and serious manner, and it is to be hoped that the deci-
sions of the Commission in this field will be both generous and
firm. To encourage the development of a new national industry
is surely in accord with the spirit and needs of the times. One
of the problems under consideration is that of television stand-
ards. It is neither easy nor economic, under known methods, to
change television receivers from adaptability to a certain trans-
mission to adaptability to a different transmission standard. In
this respect television differs markedly—and unfortunately—
from telephony; and this factor cannot be neglected in planning
for television acceptance. It becomes necessary, from the very
commercial beginning, to establish standards which have every
likelihood of being satisfactory to the public for a long period
of years in order to avoid speedy obsolescence of these early
television receivers in the higher price ranges with consequent
general dissatisfaction and loss of confidence. This is one case
where we must “aim high” regardless of temptation to “cut
corners”’. As we have repeatedly pointed out, the criterion of
any television service is its continuing entertainment value;
and it is now the consensus of more informed opinion that this
specification requires pictures having of the order of 400 lines
or more. Particularly is this the case if the pictures are to be
increased in size from their present modest dimensions; and we
do not doubt that such an increase will in due course be found
commercially feasible. Another group of standards, in addition
to the basic requirements of band width and ultra-high-frequency
allocations, deals with picture repetition rate, scanning method,
aspect of ratio, and synchronizing methods. Here again, the
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regulatory authorities will be well advised to require any essen-
tial uniformity even at the cost of some inconvenience to individ-
ual groups and in the interests of the general public.

In carrying out its tasks, the Commission will face the prob-
lem of allocating individual frequency bands for television to
particular organizations in certain localities. For example, the
question may arise: to whom shall be assigned, upon application,
the available ultra-high-frequency bands in a given city for use
in television broadcasting? There may well be numerous claim-
ants actuated by a wide variety of motives. Some will desire
to carry out a scientific experiment; others a commercial ven-
ture. Some will be highly experienced in broadcasting; others
may be ambitious newcomers seeking a meteoric career in the
television field. Some will have extensive technical and program
background, while others will lack interest in the engineering
and entertainment aspects of station operation. Much wisdom
and restraint will be required of any regulatory body which
faces the necessity for such decisions as are implied in the fore-
going, We may venture the general suggestions that television
broadcasting allocations should be granted to those who are best
qualified by parallel experience, by technical and other resources,
and who are most likely in the long run to keep abreast of
engineering and program progress and the most modern oper-
ating methods. It is not our belief that, on the average, tele-
vision broadcasting could be better handled by those who have
had no previous experience with telephone broadcasting than
by those who have carried the burdens and enjoyed the privi-
leges of our present broadcasting system for many years. Nor
do we see any compelling considerations in favor of granting
television broadcasting priorities to expanding groups in the
entertainment, news-disseminating, or advertising fields. It is
more reasonable to expect that the healthy development of tele-
vision and the solution of its highly specialised problems will
result from an independent broadcasting industry rather than
from a group of by-product activities of other (and seemingly
competitive) industries. Accordingly it is urged that, in a rea-
sonable time, there be granted the necessary allocations to quali-
fied applicants for local transmitting rights in the commercial
television broadcasting field.

In developing television broadcasting, it is necessary dis-
passionately to consider the best way of reaching a multitude
of homes with program material of continuing interest. On one
side of the ledger—the expense side—we find the cost of the
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transmitting facilities and of their operation together with the
cost of creating the programs and syndicating them. It is a
truism that the more persons reached effectively by a given
program of quality, the clearer the justification for that pro-
gram and its cost and the greater the likelihood that there will
be a continuance of programs of like quality. We face then the
dominant factor of the program cost per listener. This is the
Sphinx at which every broadcaster thoughtfully stares, awaiting
an answer to his questions. When it is considered that qualified
artists, authors, arrangers, and directors are relatively shy and
rare birds found in few localities (and therefore purchaseable
only at a price) but that the audience is widely scattered, it
again becomes evident that the only known way of reducing
program-delivery cost per listener (which is another way of
saying: increasing program quality per listener) is by program
syndication. We are not here discussing the relative merits of
various methods of total or partial syndication of programs
such as transcriptions on wax or film, circulation of performers
by road-shows, wireline or coaxial-cable interconnection of sta-
tions, and connection by radio relay systems. Nor yet are we
considering the commercial and administrative aspects and prob-
lems of net work operation. We wish only to emphasize that
syndication is of the essence of high-quality and stable television
broadcasting and that it merits aid and support from all who
are genuinely interested in the commercial success of that art.
Another nation-wide problem is that of avoidable man-made
interference with radio reception. Like the poor, we have always
had this electrical enigma facing us. An excellent beginning
has been made in tackling this problem by the recently organ-
ized Sectional Committee on Radio-Electrical Coordination of
the American Standards Association. But television broadcast-
ing will be radiated in an unusually vulnerable region, namely
the ultra-high frequencies. Automobile ignition systems and
similar sources can superimpose on the television picture the
perpetual twinkling of a myriad of stars—an effect as startling
as it is unwelcome. There is a trend in some quarters to suggest
legislation and resulting Commission action in the abatement
of this trouble. One need not accept nor reject this suggestion
in making the statement that, in one way or another, interfer-
ence with satisfactory television reception at reasonable signal
levels and for proper home installations must be accomplished.
The prophecy can also safely be made that it will be accomplished
since millions of otherwise embattled lookers (who happen also



80 Goldsmith : Commercial Television and Its Needs

to be voters) will receive friendly consideration by prudent
powers that be.

It is fortunate for television development that one of the
ancient and popular fallacies of broadcasting—namely, the op-
position to high-power, so called, in transmission—has largely
had its day and been relegated in the main to the dust pile of
forgotten errors. We can well remember the learned gentleman
who, little more than a decade ago, hotly informed a gaping
radio conference that no one needed a higher transmitting power
that the half-kilowatt of his own station; and who justified this
by stating that he had “national coverage” as evidenced in the
form of letters from most states of the Union where listeners
had heard his station! Were this gentleman dead—which we
are happy to say he is not—he would undoubtedly turn in his
grave at the solemn proposal to limit the power of a certain class
of broadcasting stations to not less than 50 kilowatts with the
hope that 500 kilowatts will be widely used. Thus we may expect
that powers of tens of kilowatts or more for television stations
in the larger cities will be taken as a matter of course and wisely
regarded as the boon to good service which such stations actu-
ally are. In this vegard, at least, the Commission inherits a
well-ploughed and fertile field.

Any reviewer of television needs would be but too happy to
find no occasion to mention such matters as the briefness of
assured tenure of television licenses, on the one hand, and the
apparent occasional interaction of governmental action and
political considerations on the other hand. Yet the picture would
not be complete were these factors to be omitted nor would jus-
tice to the future television audience be done. We believe that
few men would be willing to build a home or erect a factory if
their leasehold were limited to uncertain successive six-month
periods. Particularly would this be the case if there were much
of pioneering and risk in their building activities. Those who
bravely enter into television development in these parlous times
are entitled to friendly consideration and no little encourage-
ment. We submit the thought that it will be a stimulant to
television development to relieve those who enter it from the
parallel and non-profitable activity of prosecuting applications
for license renewals in a steady stream and to permit them to
bring a peaceful and unapprehensive mind to bear on their
major (and sufficiently difficult) problems of providing good
television service. A considerable extension of the license period
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for broadcasting would be a genuine contribution to the develop-
ment of that field.

Insofar as broad questions of the public welfare are involved
in legislation, regulation, and external administration of radio
broadcasting, the influence of the statesman and legislator is
to be sought. But whenever questions of complicated technical
nature, of internal administration, and of detailed planning are
before the Commission or the broadcasters, we have little ex-
pectation of real assistance from politicians. Broadcasting has
been an effective means for bringing the views of the political
leaders of this country to their constituencies. Enlightened self-
interest will prompt a corresponding policy of non-interference
with television development on their part or disregard of at-
tempted interference.

The second necessary element for television success is a group
of well-constructed and capably managed transmitting stations
with a suitable measure of interconnection for program syndi-
cation. It is thus incumbent on the present-day broadcasters
and networks to take up the burden of establishing the necessary
facilities. Only by so doing can they hope to assume that posi-
tion in the future television set-up to which they appear normally
entitled. That television will come can hardly be doubted. If
it does not come through an expansion of the facilities of those
now engaged in telephone broadcasting, it will come through
the enterprise of others—and, as we have previously indicated.
this is not in our opinion a desirable process of evolution so far
as a healthy and normal growth of television is concerned.

It is necessary that there shall be available transmitters
and studio equipment of suitable powers for various localities
—and it is fair to assume that the manufacturers of such equip-
ment will make it available as soon as their own tests of sample
models shall have inspired confidence in the performance of the
available equipment. The engineers are now a part of a great
movement in the direction of commercializing television, and
any engineer who is giving his best efforts to the improvement
of transmitting or receiving equipment of that type is taking
his earned place abreast of the radio pioneers of the past. The
manufacturing of transmitting equipment will also do well to
remember that the initial impressions of the public will largely
depend on the quality of the transmissions, and that the best
that can be produced will probably be none too good. Let there
be no casual or careless transmitter production for television,
in the interest of the entire industry as well as the public.
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We have noticed with some concern what is, in the last
analysis, an occasional and largely meaningless friction between
the so-called local stations and the networks. As well might
the hand object to the arm. Networks and outlet stations are
an organic unit, and each equally needs the other. Stations not
connected to any network render a related and parallel service.
Dissension in these quarters represents merely an army divided
within itself and thus facing combat with less chance of win-
ning. To some extent, every entertainment industry tries to
secure its share of the attention and leisure time of the public.
Those industries which overlook small jealousies or fancied
advantages in the interests of general advance will make the
best public showing; and this is always reflected in that grim
index of public acceptance: the balance sheet. For this reason
the growth of cordial relations within the broadcasting groups
is greatly to be desired; and we feel fairly confident that com-
mon sense will triumph to that effect. Then, too, if television
broadcasters desire due consideration to be paid by legislators
to their views, they must not present the unsavoury spectacle
of a house quarreling within itself and speaking only through
an angry babel of conflicting voices. The broadcasting organi-
zations should rise to this opportunity to speak for all and with
approval from all, on a basis so broad and farseeing that they
will compel the attention and win the acquiescence of reasonable
men.

No one can long study television broadcasting without be-
coming somewhat concerned as to the mode of program-depart-
ment organization and the subsequent production of the
necessary program material. The need for progressive program-
creating groups in television broadcasting will be great indeed.
On any reasonable standard of appearance and performance, it
is clear that there are not available in clamoring throngs the
necessary regiments of satisfactory performing artists for the
new field. The stage and screen have preémpted (at substantial
cost) those who are judged most worthy of winning public
favor through their appearance and performance. In the radio
field, performance only (and that in the restricted range of
sound) has hitherto been the sole criterion of artist success.
Now the requirements broaden—but the supply of available
talent does not. There should be a host of opportunities for a
new generation of artists having “television personalities”—
and what is the basis of such personalities, only time and expe-
rience will disclose. The grist to the artists’ mill may well be
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numbered in tens of thousands of candidates; the chaff in
thousands; and the finely winnowed grain in hundreds. Yet only
along this hard road can be found those who will successfully
face the public on the television screen.

Radio telephone broadecasting evolved, as an entertainment
enterprise, in a curiously segregated fashion. Its relationships
with other branches of the entertainment field have mostly been
conspicuous by their absence. The phonograph, the dise record,
the legitimate stage, the motion picture studio and theater, musi-
cians, authors, copyright owners, actors, instrumentalities and
soloists have all been involved in radio development in one way
or another, but he would be bold who would say that radio had
made the most of its contacts with these fields or that the rela-
tionships which existed were, in the main, more than haphazard
and occasionally unhappy. Television broadcasting faces similar,
but even more complicated and trying situations in this regard.
and it would be well to remember that disregard or hostility,
together with non-cooperation, rarely accomplish much. This
thought applies, of course, not only to the radio facet of the
situation, but to all the other interests involved. We have par-
ticularly in mind that the motion picture field (which, in our
opinion, has little to fear from television broadcasting if it
maintains a forward-looking outlook and is well guided), will
have methods aid output which can be somewhat adapted to
the needs of a certain part of television procedure. Television
can, in turn place at the disposal of the motion picture industry
certain new methods and devices which should be useful. Cer-
tainly the relationship between these sister arts could and should
be pleasant and mutually helpful, in the best interests of each.

At this point we urge that television broadcasting adopt the
desirable practice of totally excluding the public from actual
attendance at all rehearsals and broadecast events in the studio.
It must be remembered that broadecasting aims to serve the mil-
lions of its radio audience in the home. It should not be so
necessary to stress that it is not properly a mode of amusing
the advertising sponsor (who should have other and more prac-
tical aims) nor yet of entertaining the client’s advertising
agency. There is no question that the program timing and the
methods of production suffers when a compromise between the
home audience and the studio audience is adopted.

It is also well known in the entertainment field that the illu-
sion is spoiled when the audience “sees the wheels go round”.
What stage magician would show the audience how he performs
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his tricks? What great dramatic company on the stage would
invite the audience to watch the scenery being shifted and to
inspect the prompter at his work? Even the concert soloist
keeps himself in desirable seclusion until the moment comes for
him to step upon the stage. The motion picture industry has
well realized this and has practically closed its studios to the
public. This wise measure might well be adopted by television
broadcasters who are in a similar position as regards enter-
tainment possibilities.

There are other incidental advantages in the elimination of
the studio audience. Annoyance resulting from alleged com-
petition with theaters, and the municipal licensing problems
which accompany theater operation would be eliminated. Econ-
omy in operation is effected and greater freedom in procedure
without interference. The mixture of film sequences and per-
sonal performances is more readily developed. The locating
of television studios is simplified when only the home audience
need be considered, and the studio arrangements and facilities
will be more efficient and cost considerably less. Then, too, the
rapid switching from one studio to another or the introduction
of long or short motion picture subjects into the program can
be carried out without worrying about the supposed reaction on
the visitors to the studio.

Speaking frankly. we realize that building studios for home
audiences only, conducting them in a practical, modest, and
businesslike way, and retaining the illusion and consequent en-
joyment of the home audience will involve some sacrifice of
vanity on the part of client, agency, and broadcaster alike. But,
as has been said, the entertainer is a vendor of illusion and a
seller of glamor—or else he is nothing. Why then should he
deliberately destroy part of his stock in trade? We have often
heard persons who have just left a studio broadcast protest that
they would not enjoy radio nearly so much now that they had
seen the way in which program matters were actually handled
or had a clearer picture of their favorite and previously ideal-
ized performer. We have listened to the annoyed protest of
those who conduct broadcasting and who are compelled to go
through useless motions and elaborate procedure for the hun-
dreds in the studio in disregard of the millions in the home.
Let television broadcasting, at least, be democratic and devote
its efficient, concentrated, and exclusive attention to the home
audiences who purchase the receivers, who watch the perform-
ances and who give television broadcasting its very life.
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So far as the commercial leaders and engineers of the radio
manufacturing industry are concerned, their tasks in the new
television field will be heavy indeed. Every mistake or omission
of the past should be carefully remembered and as sedulously
avoided in the future. If the industry elects to make a “bread-
board model” of a television receiver one day and to turn out
allegedly commercial manufactured product immediately there-
after, without adequate field tests and painstaking engineering
study and improvement in the interim, the public will gain an
unfavorable impression of the quality, performance, and returns
of the resulting product. It is hardly possible to devote too much
care to the engineering design and test of the first large group
of television receivers which the public purchases. A negative
first impression at this point will take years to eradicate. And
in such engineering work, let us remember that, although the
skilled technician can handle a multiplicity of new, complicated,
and delicate adjustments, the average tired man or woman at
home neither can nor will go to the trouble of learning how to
juggle a small-scale switchboard nor expend the time and effort
necessary to continue to use the electrical cross-word which is
thus presented. In other words, the engineers must be “home-
minded” and leave the rarefied air of high but complicated
technical achievement to come down to the lower and safer
levels of simplicity and comfort in the use of television receivers.

Television comes into the world at a time when its nearest
relatives have grown to maturity. For a relatively small sum,
the public can see large, clear, and well-planned sound-motion
pictures in impressive surroundings and under favorable physi-
cal.and psychological conditions of presentation. In the home,
not all the conditions are so favorable. Noise, stray light, inter-
ruptions both natural and man-made, inadequate seating ar-
rangements for the audience and the like must be anticipated.
Thus, we need the brightest, sharpest, and largest picture which
can be economically and technically produced; and we must
continue to improve the picture (and sound) in these regards
as time goes on to hold public favor.

Further, it would be a wise investment to enlarge markedly
the testing and supervisory force in factories devoted to tele-
vision receiver manufacture. At best these new devices must
be expected to develop unexpected troubles; and it is far better
to discover these in the comparative privacy of the factory test
than in the glaring spotlight of public indignation. Then, too,
it will not be enough for the receiver to work as it leaves the
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factory. Every part should be carefully studied to make sure
that it will stand up. It must be remembered that skilled tele-
vision service men will not be too plentiful for the first months
or years of television commercialization; and a dark television
screen is as unattractive to the purchaser as a silent loud speaker.

We may presume that television circuits and models will
naturally change fairly rapidly during the years of the intro-
duction of television on a large scale to the public. This being
the case, it is inadvisable further to complicate the commercial
situation by exaggerating this tendency through the deliberate
introduction of inconsequential or even imaginary “improve-
ments”, so-called, in reasonably satisfactory receiver models.
A firm hand will be required on the commercial helm in this
regard in every television-receiver factory. We must not be
misinterpreted as regarding the early introduction of an actual
and marked improvement as undesirable; we mean rather than
we urge -that television manufacture be not made the “happy
hunting ground” of mere ‘“gadgeteers”.

Since, as has been mentioned, the quality of the television
image can be affected by man-made static, associations of radio
manufacturers should give every possible aid and encouragement
to any groups that aim to reduce such interference. Information
on installations, interference-reducing devices and methods, and
cooperation with the automotive industry and the makers of
diathermal equipment are matters of concern to the manufac-
turers. To the extent that these are handled and funds for their
prosecution made available, the advent of wide-spread television
sales will be hastened.

The service problem for television should not be left to grow
at random as it largely did until recently in the case of present-
day broadcasting. Training of service men by the manufac-
turers, radio schools, and associations of service men are notably
in order. Since it wil probably take a fair time to train a man
to locate trouble in so elaborate a device as a television-telephone
receiver and then to repair the fault, early consideration should
be given to this need for training.

We have noticed without pleasure or approval some of the
published material of a rather wild sort dealing with television.
The implication of such sensational statements is that the for-
tunate owner of a cheap television receiver, seated in a com-
fortable armchair in his home, will touch a button and on the
opposite wall will appear what looks like a huge motion picture
in color, with sound, which reaches him by television. A twist
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of the tuning dial and he will see at will a battlefield abroad, a
performance equal to the finest feature films, a football game,
or whatever other delightful performance his faney can conjure
up. Without wishing in any way to present a gloomy picture of
what will actually occur, it is fair to say that those who expect
what has just been described will be disappointed by the actual
performance. A reasonable restraint in all statements made by
individuals or by associations of manufacturers, of broadcasters,
and of engineers will be useful in enabling performance to realize
or, still better, to exceed expectations.

This leads to the final thought that the leading associations
in the radio field should continue to cooperate fully in the inter-
est of the successful commercial development of television broad-
casting. Whether the existing contacts are close enough and
extensive enough might well be submitted to keen scrutiny in
the light of the need for most effective industry action, to the
end that the fine possibilities of television broadcasting may
be fully realized to the satisfaction of the public and the in-
dustry alike.
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Engineering Department, R.C.A. Communications, Inc.,, Riverhead, N. Y.

Summary—The results of daily observations at Riverhead, N. Y., since
the middle of January, 1987 are reported. Some of the schedules of London
and Berlin television transmitters are reported as being heard, and measure-
ments of field strengths are summarized. The vertical angle of arrival was
measured, and by means of a reversible directive antenng it was determined
that the signal at times arrives from the reverse direction over the longest
way around the world.

HIS paper will report briefly on the results of a series

I of observations started at Riverhead, N. Y., January 11th,

1937 on the frequencies of the television transmitters at
Alexandra Palace, London, and which later included also the
frequencies of the television transmitters at Berlin.

London was understood to have a sound channel on 41.5
megacycles per second, with a power rating of 3 kw and a vision
channel on 45 megacycles with a rating of 5 kw. The Berlin
transmissions consisted of a sound channel on 42.5 megacycles
and a vision channel on 44.3 megacycles. The transmitting an-
tennas were vertically polarized. The distances involved were
3400 miles for London and 3900 miles for Berlin.

Most of the observations took place between 1000 and 1100
E.S.T. Observations were, however, also made at other hours
between 600 and 1700 E.S.T. The observations were at first
made at the Frequency Measuring Laboratory of the Riverhead
Station. They were later extended to another site where special
antennas could be erected.

To facilitate the design of an antenna some measurements
of the vertical angle of arrival were made. For these measure-
ments, three horizontal dipoles were erected at 16.7 feet, 27.3
feet and 50 feet above ground. Figure 1 shows how these an-
tennas were arranged. By comparing the strengths of the sig-
nals picked up on each of these dipoles the vertical arrival anle

Paper presented at joint meeting of Institute of Radio Engineers and
International Union of Scientific Radio Telegraphy, Washington, D. C,,
April 30, 1937.

Reprinted from Proc. I. R. E., October, 1937.
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was determined, according to the method described by Friis,
Feldman and Sharpless.! In order not to introduce errors due
to transmission-line losses and standing-wave patterns, the
transmission lines from the dipoles were made of equal lengths.
A receiver was mounted in the survey car shown, which could
be parked near the antennas. The three transmission lines passed
to the receiver through a plug and jack arrangement providing
rapid change from one antenna to another.

|
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Fig. 1—Three Horizontal dipoles and survey car containing
receiver used for vertical arrival angle measurements.

A number of measurements made showed that the vertical
arrival angle of the signals heard was close to 7.5 degrees. A
horizontal rhombic antenna was then constructed so as to have
its maximum lobe towards England at this angle. Its effective
height was about 8 meters. )

As the observations made at the Frequency Measuring Lab-
oratory indicated that possibly the signal was arriving along
paths other than the shorter arc of the great circle from Eng-

14The Determination of the Direction of Arrival of Short Radio Waves”,
H. T. Friis, C. B. Feldman, and W, M. Sharpless, Proc. I.R.E., Jan. 1934.
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land to Riverhead, it was decided to arrange the rhombic an-
tenna in such a fashion that its direction of reception could be
reversed. This was done by installing at each end of the antenna
remotely controlled double-pole double-throw switches. From
the blades of these switches transmission lines of equal length
were run to another remotely controlled double-pole double-
throw switch and from the blades of this latter switch a trans-
mission line was run to a receiver. Figure 2 shows a diagram
of the antenna and the way in which these switches were con-
nected. The control circuits of the switches were connected

v

C- XXX N XXX, 7D

Fig. 2—41.5-Megacycle horizontal rhombic antenna fitted with remotely
controlled switches to reverse directivity.

so that by operating a toggle switch at the receiver it was pos-
sible to connect the receiver to either end of the antenna and
simultaneously connect a damping network to the other end.
This made it possible to “listen” in either a northeasterly or
southwesterly direction. It was found that the damping net-
work reduced the back-end signal sensitivity about 28 db. Fig-
ure 3 shows the receiver and measuring equipment used.

The measurements were made by dividing the observations
into five-minute periods and alternately measuring the 41.5 and
45-megacycle emissions. During each period maximum and
minimum signal strengths were recorded.

Figure 4 shows the results of one day’s measurements. The
solid lines indicate the maximum and minimum values obtained
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" on the London 45-megacycie channel. The broken lines indicate
the maximum and minimum values obtained from the 41.5-mega-
cycle channel. It shows the maximum signal received at the
terminals of the receiver to have reached a peak value of about
700 microvolts on the 45-megacycle channel. It is also evident
that there is a fairly constant ratio of fading of about 25 to 30 db
on this channel. This phenomenon was observed on several occa-
sions, but was not evident on the 41.5-megacycle signal.

Fig. 3—Ultra-high-frequency receiver and signal operator
used for field strength measurements.

Figure 5 gives a summary of all daily observations made on
41.5 and 45 megacycles between 1000 and 1100 E.S.T. The solid
lines represent the daily ranges of the 41.5-megacycle field
strength and the dotted lines represent the same for the 45-mega-
cycle channel. Dates on which no observations were made are
by “X”. It will be noted that the signals were first heard Janu-
ary 21st. Conditions for this form of propagation seemed to be
at their best during February, falling off badly in March. Whilst
the data have not been plotted for the Berlin signals, these were
also heard on a number of occasions in February.
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Since a possible explanation for long distance propagation at
these frequencies is that perhaps they are reflected by the F,
layer, an examination of the F, critical frequencies for vertical
incidence is of interest. Figure 6 shows a plot of monthly aver-
ages of the F, critical frequency for noon, Eastern Standard
Time, as measured at Washington, D. C. by the National Bureau
of Standards® over a period of years. It will be noted that the
tendency has been toward higher values of F, critical frequency.
It seems this tendency is in phase with the increase of sunspot

numbers on the present eleven-year cycle of solar disturbances, -

which is due to reach a maximum about 1939.
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Fig. 4—Plot of single day’s observation of the two trans-
mitters at Alexandra Palace showing maximum and minimum
values for each.

Figure 7 shows F, critical frequencies as measured at Wash-
ington, D. C., by the Bureau of Standards,® each Wednesday
between the hours of 1000 and 1600 E.S.T. plotted along with
data relative to conditions observed on the 41.5-megacycle and

2« Averages of Critical Frequencies and Virtual Heights of the Iono-
sphere, observed by the National Bureau of Standards, Washington, D. C.,
1984-1936,” by T. R. Gilliland, S. S. Kirby, N. Smith, and S. E. Reymer, in
Terrestrial Magnetism and Atmospheric Electricity, Dec. 1936, Johns Hop-
kins Press, Baltimore, Maryland.

3 The critical frequency data for Jan., Feb. and March of 1937 were
kindly furnished by Dr. J. H. Dellinger of the Bureau of Standards.
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45-megacycle channels on the same days. It is noted that the
correlation is not perfect. Perhaps better correlation could be
had if data were used for critical frequency measurements made
more nearly on the path of propagation. Such data however,
were not available at the time.

The types of fading observed on the 41.5 and 45-megacycle
channels differed greatly. Usually the 41.5-megacycle channel
faded rapidly and deeply while the 45-megacycle channel was
quite steady for several minutes at a time and would then slowly
fade to a new signal level or pass through a shallow dip. The
maximum field strength observed on the 45-megacycle channel
was about 37 db above 1 microvolt per meter.

Normally the schedule of operation of the English transmit-
ters was from 9:45 a.m. and again from 4 to 5 p.m. Eastern
Standard Time. The 4 to 5 p.m. schedule so far has not definitely
been heard at Riverhead.

For the week of February 8 the 41.5-megacycle transmitter
was kept in operation until noon, Eastern Standard Time, but
no definite improvement in field strength was observed during
the additional hour. On March 31 the 41.5-megacycle transmit-
ter was operated continuously from 6:30 a.m. until 1:00 p.m.
Eastern Standard Time, but during this run the signal was
unheard at Riverhead.

Observations were made simultaneously at LeRoy, Indiana
from March 3 to March 31 inclusive. The 41.5-megacycle chan-
nel was heard on four occasions at LeRoy. On these four occa-
sions, the signal was also heard at Riverhead, the field strength
being somewhat higher at Riverhead. Apparently conditions
favorable to transmission affect large areas at the same time.

The measurements made at the Frequency Measuring Lab-
oratory consisted in observing both the 41.5 and 45-megacycle
signals on various antennas. There were available several short
wave fishbone antennas directed toward Europe, South America,
the West Coast, etc. All of these were tried and it was frequently
noted that when the signal was weak, best reception could be
obtained by using an antenna directed toward the West Coast.
On several occasions the signal was inaudible on antennas di-
rected toward Europe, but of reasonable strength on the West
Coast antenna. However, during periods of strong signal the
European antennas gave the best results. In general the reversi-
ble rhombic antenna gave similar results except that at no time
did this antenna show an improved signal from the southwest-
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erly direction. Usually during periods of weak signal the normal
direction gave from 6 to 12 db better signal than the reverse
direction. However, on two occasions for a period of several
minutes each, the signals from both directions were of equal
strength.

A possible explanation for the failure of the reversible rhom-
bic antenna to show a good signal from the reverse direction is
that the signal may have been coming to Riverhead over some
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Fig. T—Average F. critical frequency 10 A.M. to 4 P.M. E.S.T. each Wednes-
day at Washington, D. C., plotted with field strength ranges on same days.
“X” indicates no observation made. “0” indicates signal unheard.
path other than the great circle one. If this had been the case the
rhombic antenna, being rather sharply directive, would show
a good back-end response from the southwest only, whereas the
Frequency Measuring Laboratory reported best reception either

from the northeast or west.

Towards the end of the observations the front-to-back ratio
arrangement was dismantled, and the remotely controlled an-
tenna switches were arranged to transfer the receiver to either
the rhombic antenna directed toward England, or a sloping wire
antenna designed to receive vertically polarized waves arriving
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at a vertical angle of 714 degrees also directed toward England.
The few times that it was possible to compare this new antenna
with the rhombic indicated no instances of better results with
the vertically polarized receiving antenna. The fact of the polari-
zation of the received signal being independent of the polariza-
tion of the transmitting antenna supports the conclusion that
propagation was by refraction phenomena in the ionosphere
much the same as in the case of frequencies on the order of 10 to
20 megacycles.

Some additional vertical arrival angle measurements were
made in the 29-megacycle amateur band. Figure 8 shows a table

LAYER HEIGHT DETERMINATIONS AT RIVERHEAD, N. Y.

29 MC—AMATEURS
Arrival Layer
Distance Angle Heght

Call Location KM Degrees KM
W5FHJ Ruleville, Miss. ............ 1800 17.2 360
....... Dallas, Tex. ............... 2340 8.9 282
WI9YUD Fremont, Neb. ............. 2040 14.1 378
W9DHO Wisner, Neb. .............. 2090 13.7 358
Wb5CZZ Terrill, Tex. .............. 2280 119 357
W5SEYV Refugio, Tex. ............. 2600 9.0 357
WIJWI Independence, Mo. ......... 1960 17.2 402
W6LUL Los Angeles, Cal........... 4050 11.6 302
WIGND Grand Falls, N. D.......... 2070 12.6 331
WIDHQ Wishek, N. D.............. 2200 9.5 290
W5FNH Kerrville, Tex. ............ 2720 8.1 353
W5CZZ Terrill, Tex. .............. 2280 10.6 332
....... Kansas City, Mo........... 1950 16.2 378
W17CKZ Aberdeen, Wash. .......... 4050 124 318
WILKD Wichita, Kans. ............ 2180 10.9 332

MEAN LAYER HEIGHT — 346 KM

Fig. 8—Layer height and vertical arrival angle determinations made with
setup shown in Fig. 3.

of the amateurs observed on March 4, 1937. The vertical arrival
angle together with the distance between Riverhead and the
transmitter location allows a figure for the reflecting layer height
to be computed if an assumption is made as to the number of
reflections. In the calculations made to determine the column on
the right a single reflection was assumed in all but two cases, in
which two reflections were assumed. The average apparent layer
height derived by this method on these assumptions was 346 kilo-
meters. The average minimum F, layer height as measured by
the Bureau of Standards at Washington, D. C. on March 3 during
approximately the same time of day was 240 km. The difference
may be due either to the method of measurement or to an error
in the assumption made as to the number of reflections.



SOME NOTES ON ULTRA HIGH FREQUENCY
PROPAGATION

By

H. H. BEVERAGE
Chief Research Engineer, R.C.A. Communications, Inc.

INTRODUCTION

30 megacycles have been studied for many years. While many

observations have been made, it is unfortunate that a substan-
tial proportion of these observations have been qualitative only, due to
the difficulty in constructing suitable equipment for quantitative
measurements. It has also been difficult to build transmitters of suf-
ficient power and stability to make possible the quantitative measure-
ment of signals at considerable distances beyond the horizon. It is
the purpose of this paper to review some of the available information
concerning ultra high frequency propagation, including some studies
which have recently been made by engineers of R.C.A. Communica-
tions, Inc. of propagation at various frequencies both within and
beyond the optical distance.

The study of ultra high frequency propagation falls logically into
three divisions, namely, (1) Propagation within the optical distance;
(2) Ground Wave propagation beyond the horizon; (3) Sky Wave
propagation.

THE propagation characteristics of ultra high frequencies above

PROPAGATION WITHIN THE OPTICAL DISTANCE

The theoretical laws of ground wave propagation over optical paths
are fairly well known. Several excellent papers have been published
on this subject.l3-3+13-14 It has been shown that the received signal
is the resultant of the direct ray and a ray reflected from the ground.
For most practical cases the reflected ray impinges upon the ground
at nearly grazing incidence and is usually reflected at high efficiency
with a 180-degree phase reversal. Consequently, the direct ray and
the reflected ray arrive at the receiving antenna at equal intensity
and nearly out of phase. The phase difference between the two paths
depends upon the location of the transmitting and receiving antenna
and the nature of the intervening ground. For flat ground, Trevor

Reprinted from RCA Review, January, 1937.
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and Carter! have shown that the phase difference for grazing angles
is

47rah

o) ,
AT '

where h is the height of the transmitting antenna, in meters
a is the height of the receiving antenna, in meters
7 is the distance, in meters
A is the wavelength, in meters

The direct field E, from a half-wave dipole is 7(y/W/r), where W
is the watts radiated. The received field for grazing angles then
becomes,

E= TVW  dmah
T AT
88 \/W ah

= —4\_’ Volts per meter (2)
T

From equation (2), it will be noted that for the conditions assumed.
the signal intensity is inversely proportional to the square of the
distance; is directly proportional to the heights of the transmitting
and receiving antennas above ground; and is inversely proportional
to the wavelength. For a given height for the receiving antenna, the
transmitting antenna height must be proportional to the wavelength
to obtain a given signal intensity. For a given wavelength, the signal
intensity will increase directly in proportion to the increase in heicht
of either the receiving antenna or the transmitting antenna. For
given antenna heights, the signal intensity will be proportional to
frequency. All of these factors are favorable to the use of higher fre-
quencies,

The above simple equation applies only for grazing incidence aver
flat land, free from obstructions. If both the transmitting and receiv-
ing antennas are high and fairly close together, as, for example, trans-
mission from the Empire State Building to an airplane, or between
the tops of the Empire State Building and the RCA Building!4, the
geometry is such that the difference in path length is no longer a
small fraction of a wavelength, and the simple equation no longer
holds. In general, standing waves occur which may be greatly com-
plicated by reflections from more than one point. The observations
on the signals from the Empire State Building with the receiver in
an airplane over North Beach, Farmingdale and Patchogue, as re-
ported by Trevor and Carter!, clearly show and explain these phe-
nomena.
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If the transmission takes place over sea water, there should be
a marked difference between vertical and horizontal polarization. For
sea water, horizontally polarized waves are reflected nearly 100 per
cent for all angles, and the phase shift changes gradually from 180
degrees at grazing incidence to about 178 degrees at perpendicular
incidence. On the other hand, for vertically polarized waves, the phase
angle and per cent reflection change very rapidly with angle of inci-
dence so that transmission over sea water should be excellent.

Trevor and Carter reported on some propagation measurements
over sea water transmitting from an antenna a few feet above the
water to a motor boat.! They found that the propagation of horizon-
tally polarized waves was extremely poor as compared with vertically
polarized waves, as predicted by the theory given in their paper. On
the other hand, when the antennas are located at considerable eleva-
tions on mountains, as was the case during some observations between
the islands of the Hawaiian group several years ago,® it was found
that there was no marked difference between horizontal and vertical
polarization, even though the transmission path was mostly over sea
water and distances greater than the optical path were involved.

In applying equation (2), it is obvious that if the transmitting
antenna is directive, either in the horizontal or vertical plane, or both,
the directivity factor should be taken into account, since the equation
was developed on the basis of transmission from a simple half-wave
dipole.

GROUND WAVE PROPAGATION BEYOND THE HORIZON

Comparatively few data are available for determining the laws
of ultra high frequency propagation beyond the horizon. Handel and
Pfister® in a recent paper (published in German) have shown that
the penetration of ultra short wave radiation beyond the range of
optical sight takes place due to both diffraction and refraction. They
state that the field due to diffraction at the earth’s surface is inde-
pendent of diurnal and seasonal times. Methods for calculating the
diffraction field together with calculated curves and some measured
values are included in their paper. The calculated diffraction fields
agree very well with the observed fields in most instances, but at
times the observed fields beyond the horizon are shown to be consid-
erably higher than the values calculated from the laws of diffraction.
The authors attribute this to refraction phenomenon, apparently within
the troposphere. The refraction field shows strong variations and
produces an effect similar to fading in short wave reception, whereas,
the field intensities in the diffraction zone are very stable. The authors
point out that the refraction fields appear more frequently and strongly
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in summer than in winter and that the refraction over sea is stronger
than over land. '

Ross Hull” has made some very interesting studies of the refraction
field and has shown that there is excellent correlation between signal
intensity and temperature inversion. That is, when warm air masses
exist above colder air masses near the ground, the signals are refracted
down to earth beyond the horizon by the warm air. The existence of
the warm air masses are determined by temperature measurements
with balloons or airplanes. Considerably more data are required before
it will be possible to evaluate these refraction fields or to predict
their frequency of occurrence.

It may be of interest to examine some of the available propaga-
tion data which includes the refraction fields beyond the horizon as
evidenced by fading.

Figure 1 is a typical set of observations made by Mr. G. S.
Wickizer on the signals from the Empire State Building operating on
a frequency of 41 megacycles with about 1200 watts in the antenna.
The transmitting antenna was about 1300 feet above sea level. The
receiving antenna was a dipole mounted on a bamboo pole, the center
of the dipole being 17.6 feet above the ground. By substituting the
above constants in equation (2) with distance as a variable, the curve
marked *“Slope 1/D?*’ was obtained. Beyond the horizon the field inten-
sity falls off faster than the inverse square of the distance. A curve
with a slope proportion to 1/D%¢ seems to fit the observations fairly
well.

It will be noted that the observed intensities come up to the cal-
culated curve frequently, but seldom exceed it, excepting in a few
cases such as the points taken at Arney’s Mount, where the receiver
was on a high hill unobstructed in the direction of the transmitter.
Most of the observations lie between the calculated curve and a similar
parallel curve drawn at 10 per cent of the intensity of the calculated
curve. The average intensity appears to be about one-third of the
calculated intensity. Beyond the horizon, the scattering is probably
largely due to fading of the refraction field, as it was found to be
difficult to check the readings by returning to the same observation
points at different times.

Within the optical distance, the attenuation is probably relatively
high due to large buildings and other obstructions. Burrows, Hunt
and Decino® have shown that the average fields in the City of Boston
on a frequency of 34.6 megacycles follow the inverse square law but
average 10 or 12 db below the calculated level terrain values.

Holmes and Turner?, on the other hand, have shown that under
some conditions, the observed attenuation in urban areas does not
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seem to fit the inverse square law very exactly. They also show that
the attenuation increases markedly with frequency, so that 100 mega-
cycles is considerably inferior to 80 megacycles in an urban area,
whereas, equation (2) indicates that the optical path transmission
should be better on the higher frequency in the absence of obstructions.
It should be noted, however, that the transmitting antenna used by
Holmes and Turner was only 190 feet above the ground. Somewhat
different results might have been obtained if the transmitting antenna
had been at a greater elevation so as to clear the obstructing buildings
more effectively. Nevertheless, the survey reported by Holmes and
Turner indicates very definitely that in the presence of obstructions,
the attenuation increases greatly as the frequency is increased.

Figure 2 is a set of observations for an entirely different trans-
mitting condition, but with nearly the same frequency as Figure 1.
The transmitter was located on top of the RCA Building at 30 Rocke-
feller Plaza in New York City. The antenna was about 980 feet above
sea level and was horizontally polarized. The power in the antenna
was about 80 watts. The calculated curve for inverse square law up
to the horizon and inverse 3.6 power law beyond the horizon, again
seems to fit the maximum signal intensities fairly well.

Figure 8 shows the results of observations made by B. Trevor
and R. W. George on the much higher frequency of 91.8 megacycles.
The antenna was a simple half-wave dipole on the roof of the Conti-
nental Bank Building at 30 Broad Street, New York City. The an-
tenna was about 600 feet above the street level. The power in the
antenna was about 50 watts. The antenna was readily adjusted to
radiate either horizontally or vertically polarized waves. The receiving
antenna was a dipole rigged on the roof of a car, the center of the dipole
being about ten feet from the ground.

Substituting the above data in equation (2) gives the curve marked
“Slope 1/D%."” Beyond the horizon a curve with a slope of 1/D% seemed
to fit the maximum points with the exception of the points measured
on top of hills, as indicated. There was apparently no consistent dif-
ference between the transmission characteristics of horizontal and
vertical polarization over land.

Observations on transmission from the top of the RCA Building
with a frequency of 25.7 megacycles indicate that the signal beyond the
horizon falls off about as the 8.2 power of the distance.

Airplane observations on a frequency of 411 megacycles reported
by Trevor and George® indicate that the signals fall off approximately
as the 9th power of the distance beyond the horizon.
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Figure 4 shows the observed rates of attenuation beyond the hori-
zon plotted against frequency. The factors determined for the four
frequencies fall on a smooth curve, but the data are too few to warrant
much confidence being put in this curve. The curve does indicate,
however, that the attenuation beyond the horizon increases rapidly
for the higher frequencies. Perhaps the attenuation law changes for
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increasing distance beyond the horizon, but there are insufficient data
to indicate whether this is so or not. When higher powered trans-
mitters become available, the attenuation laws beyond the horizon
can be determined more accurately.

SKY WAVE PROPAGATION

As the frequency is increased, a point is eventually reached where
the sky wave is not bent sufficiently to come back to earth. This is
an advantage for certain services, such as television, as there is
essentially only one path and multiple images are absent. It is also
possible to duplicate the frequencies at moderate distances without
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fear of interference. The lowest frequency that will just fail to have
the sky wave returned to earth depends upon several factors. In gen-
eral, the higher frequencies are returned to earth in the early after-
noon. Contrary to what one might expect, there is some evidence that
the high frequency sky waves are transmitted better in winter than in
summer, particularly over the north Atlantic path!. The transmission
also is apparently associated with the ll-year sunspot cycle. For
example, the high frequency sky waves were getting through quite
frequently during 1927 and 1928 when extensive observations on fre-
quencies above 30 megacycles were first made. Subsequent to 1928,
high frequency sky wave transmission was relatively poor until the
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spring of 1935. Accordingly, there is relatively little information avail-
able concerning the transmission of very high frequency sky waves.
The long distance transmission on these frequencies is very irregular,
which adds to the difficulty of obtaining consistent data. As the fre-
quency is raised, the sky wave transmission becomes more and more
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erratic. Above about 45 megacycles, the sky wave transmission appears
to rarely occur, and when it does occur, it tends to appear as a “burst.”
That is, the signal comes up very suddenly, remains fairly strong for
a few seconds or even minutes, and suddenly disappears, perhaps not
to be heard again over that particular path for months. This “burst”
phenomenon was apparently first observed by W. I. Matthews on 50
megacycles over a distance of about 240 miles.®

In May and June, 1935, amateurs reported hearing 5-meter signals
over distances of 900 miles. Amateurs in the vicinity of Chicago
heard several New England amateurs working in the 50-60 mega-
cycle band, and at least one two-way contact was established.l! A
similar effect was reported for May 9, 1936.1* On this occasion, sev-
eral two-way contacts were made between East Coast and Middle
West amateurs. Many signals were heard over a period of some three
hours, beginning at approximately 8:30 P.M. Several of the amateurs
reported severe selective fading, with part of the signal dropping out
and the rest remaining.

It seems probable that the transmissions on these occasions were
due to sky waves and not refraction. Probably the suggestion that
the signals were bent down by “unusually heavy sporadic E-region
ionization” is the correct explanation.

From the available information, it would seem that little sky wave
transmission takes place above about 45 megacycles, and that such
transmissions that do occur above 45 megacycles are produced by
unusual ionization conditions which probably will rarely occur. Ama-
teur operators spread over a wide area are in an excellent position to
observe these sporadic transmissions and their observations should be
extremely valuable for indicating the location, duration and frequency
of occurrence of these sky wave trapsmissions, as well as diurnal and
seasonal effects.

CONCLUSION

There are apparently four mechanisms which may be involved in
ultra short wave propagation. These are (1) combination of the direct
ray and the ray reflected from the ground; (2) diffraction at the
earth’s surface; (8) refraction in the troposphere; (4) sky wave
transmission.

The first mechanism is the principal effect within the optical path.
It shows that the signals are attenuated according to the inverse
square law of the distance for grazing incidence within the optical
range. The signal intensity can be calculated by simple equations,
although scattering and absorption, even in open country, tend to
reduce the average intensity to something in the order of 80 to 60
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per cent of the calculated value. In urban areas, the scattering and
absorption due to buildings, increases the attenuation considerably,
particularly at the higher frequencies. The amount of this increase
in attenuation on the higher frequencies probably depends to a great
extent on the height of the transmitting antenna in relation to the
obstructing objects in its vicinity. More data are required before
the relative performance of various frequencies in urban areas can
properly be evaluated and compared.

The diffraction factor becomes important beyond the horizon. The
diffraction field can be calculated by the methods indicated by Handel
and PhisterS. In addition to the diffraction field, which is believed to
be constant and stable, the refraction field is important beyond the
horizon. The refraction field is variable and produces fading. There
is insufficient information available to calculate the refraction field.

In general, it is definitely known that the attenuation beyond the
horizon increases rapidly as the frequency is increased. The slope of
the attenuation curve that fits the available observations best is indi-
cated in Figure 4. An approximation of the attenuation for a given
circuit may be calculated by using equation (2) up to the horizen
and plotting the calculated points on log-log paper. These points will
lie on a straight line having a slope of 1/D?. At the horizon, another
straight line having a slope determined from Figure 4 should be
drawn. This line will indicate the order for the attenuation beyond
the horizon for a particular frequency. In general, the signal intensity
determined in the above manner should represent the maximum, except-
ing for unusual conditions such as locating the receiver on a mountain
top, abnormal refraction fields, sky wave transmission, etc. The avail-
able data are based on overland transmission, for which case there
seems to be little difference between vertical and horizontal polariza-
tion. Over sea water, vertical polarization is superior to horizontal
polarization, at least for moderate distances with relatively low
antennas.! )

The optical distance for flat ground is easily calculated from the

equation:
Distance in miles = 1.22 1/ Height in feet

If the receiving antenna is also at a high elevation, the same equa-
tion may be applied to determine the horizon for the receiving antenna,
and this added to the horizon for the transmitting antenna gives the
total optical path for that particular set of conditions.

Too little is known about sky wave transmission on the ultra high
frequencies. From available information to date, it would seem that
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sky wave transmission above about 45 megacycles is too spasmodic
to give much concern. However, it is possible that more frequent
sky wave transmission may be observed at some more favorable phase
of the sun spot cycle.
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TELEVISION TRANSMITTERS
OPERATING AT HIGH POWERS AND ULTRA-HIGH

FREQUENCIES

By

J. W. CoNKLIN AND H. E, GIHRING
RCA Manufacturing Company, Inc., Camden, N. J.

frequencies up to several million cycles, has necessitated the

development of high-power, ultra-high-frequency transmitters.
The unique tube and circuit problems encountered and the practicabil-
ity of line sections as circuit elements has resulted in radical departures
from conventions in transmitter design as may be seen from the ac-
companying illustrations, showing features of high-power, ultra-high-
frequency television transmitters.

THE advent of high-definition television, involving modulation

VACUUM TUBE PROBLEMS

In ultra-high frequency development the vacuum tubes have always
been one of the major sources of difficulty. Vacuum tubes developed
for lower frequencies have a number of limitations rendering them
unsuitable for u-h-f applications. For low-power u-h-f transmitters
and receivers, special tubes having low internal capacities, short
leads, and other features are available, permitting conventional designs
insofar as tubes are concerned. Television transmitters with carrier
powers between five and ten kilowatts require tubes with dissipation
capabilities of the order of thirty kilowatts. The Type 899 shown in
Figure 2, is one of the tubes now used in these applications. Some of
the problems of high-power u-h-f transmitters are due to the large
physical size of tubes now available.

Water cooled tubes have glass envelopes to provide insulating sup-
ports for grid and filament structures in high-power tubes. For manu-
facturing reasons, these envelopes are made of considerable length
since the resulting lengths of filament and grid leads do not present
serious difficulties at low frequencies. At ultra-high frequencies the
inductance of the leads, plus the loading effects of the inter-element
capacities, result in potential and phase differences between the actual
internal elements and their external terminals, which increase roughly
with the square of the frequency. There exist, in effect, standing waves
on the leads and as the frequency increases, a condition is reached

Reprinted from RCA Review, July, 1937.
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where the voltage nodes move inside the envelope, i.e., the effective
lengths of the internal leads are greater than a quarter wavelength.
In common high-power, water-cooled tubes, this condition occurs at
frequencies from 30 to 50 megacycles. As a result, at ultra-high fre-
quency it is impossible directly to ground the filaments for radio

Ht

Fig. 1—Tank circuit of a fifty-megacycle television power

amplifier. The inductive section is very short and tuned by

an adjustable shorting bar. The two tubes dropping from the
top carry the antenna coupling leads.

frequencies or achieve satisfactory neutralization, because of the length
of the grid and filament leads.

In Figure 8-A are shown graphically the voltage gradients exist-
ing on the elements of Type 899 as observed in actual operation at
50 megacycles. Figure 3-B shows an approximate equivalent network
representing the tube under these conditions. It will be noted that
the external grid terminal is actually at a voltage nodal point.
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In Figure 2 there are also shown two smaller water-cooled tubes
which are used in ultra-high-frequency transmitters, Types 846 and
858. It will be noted that these tubes are of the single-ended type,
that is, the filament and grid leads enter a common envelope, the
opposite end of the anode being closed as contrasted with Type 899
which is double ended, that is, the grid and filament structures are
supported by separate envelopes at opposite ends of the tube. The
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Fig. 2—Water-cooled vacuum tubes Fig. .3A—Voltage’ Fig. 3B—Approx-
used in ultra-high-frequency televi- gradients in 899 ., imate equivalent
sion transmitters. Tube at 50 me. network.

single-ended construction has generally been found easier to handle
at ultra-high frequency as the excitation is normally introduced as a
grid-filament potential. For this reason it is convenient to have the
external terminals for these elements close together. Also in ultra-
high frequency circuits it has been found convenient to form the tank-
circuit inductance from straight tubings which are a continuance of
the water-jacket assemblies. Examples of this type of tube mounting
are shown in Figures 6 and 7. Type 846 tube, because of its small



Conklin and Gilvring : Television Transmitters 113

physical size, functions satisfactorily in conventional eircuits at fre-
quencies as high as 100 megacycles. Type 858, which is considerably
larger, has been found most useful for frequencies below 40 to 45
megacycles.
REACTANCE OF FILAMENT LEADS

In operation the reactance of the filament leads is common to the
plate and grid circuit, as shown in Figure 4-A, and in tubes of large
physical size, the internal reactance is great enough to make satisfac-
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Fig. 4A—Circuit illustrating grid circuit-plate circuit coupling
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Fig. 4B—Showing how half-wavelength leads overcome
internal filament-lead reactance.

tory neutralization difficult when the filaments are grounded directly.
Even when satisfactory neutralization can be achieved, this filament-
lead reactance prevents attainment of 100 per cent modulation of a
modulated stage, as it permits radiation of the excitation power on
negative-modulation peaks.

For several reasons to be discussed later, push-pull circuits are
used almost entirely for large high-power u-h-f transmitter stages.
This permits a simple method of overcoming the reactance of the fila-
ment leads by interconnecting the filaments of the opposing tubes
through a pair of parallel conductors, as shown in Figure 4-B. These
are inter-connected at a point effectively one-half wavelength from the
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actual cathodes, giving an effect substantially the same as a direct inter-
connection between filaments. In practice, the inter-connecting bar is
made adjustable and the correct setting determined as a part of the
neutralizing procedure. Figure 5 shows the installation of such fila-
ment lines. At 50 megacycles these filament lines are of the order of
10 feet in length and for convenience they are doubled back on them-
selves to reduce the size of the inclosure required.

Fig. 5—Filament tuning lines used with Type 899

tubes on a 50-me. transmitter. Note by-pass con-

densers which by-pass opposite side of filament to

line. The heating current circuit is completed through
an internal conductor.

NEUTRALIZATION PROBLEMS

Long internal grid leads result in difficulties in cross-grid, cross-
plate neutralizing, which may be further increased by necessarily long
external neutralizing leads. In the case of Type 899 the internal grid
lead is effectively a quarter wavelength at 50 megacycles and this
makes neutralization difficult through connections to the external grid
terminal. Fortunately, the grid end of this tube is of such construction
that it was found feasible to form the cross-grid or cross-plate neu-
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tralizing capacity directly between the internal grid-lead and external
concentric-sleeve fitting over the glass envelope. These neutralizing
sleeves may be seen in Figure 8. Even with this arrangement it is not
possible to form a true reactance bridge, because there is still left a
considerable length of free grid reactance and the circuit is neutralized
only over a small band near the operating frequency and has to be
heavily loaded to prevent oscillation.

Fig. 6—A 50-megzhcyclle amplifier. Tank cixl'i
cuit is of the parallel line type using a sma s 3 .
disc condenser for fine adjustment. Compare 2mPplifier adjusted for operation at

Fig. 7T — A five-kilowatt power-

: ; 90 megacycles. Note length of tank
the s’zeggfmghingzﬁiosf;’?:cﬁgm 7w1th the  ircuit as a result of using large
: g. 1. diameter conductors.

INTER-ELECTRODE CAPACITIES

Inter-electrode tube capacities impose a number of u-h-f limita-
tions on tube performance. In the case of high-power transmitting
tubes, these limitations are of a different nature than those generally
associated with low power and receiver applications. Large water-
cooled tubes have high inter-electrode capacities, output capacities
ranging from 25 to 50 ppf. These capacities do not impose serious
tuning difficulties as the physical size of the tube makes it convenient
to use large tank circuits having very low inductance. Figure 7 is a
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view of a tank circuit of the parallel-line type, using an adjustable
shorting bar with a small vernier condenser to cover a tuning range
from 40 to 90 megacycles. However, from the standpoint of neutraliz-
ing, high grid-plate capacities are awkward as the physical size of the
neutralizing condensers necessitates long leads and increases stray
capacity effects.

At ultra-high frequencies, the inter-electrode capacities have very
low reactance values and, as a result, the circulating currents in the
tubes become unusually high. These high currents cause excessive
heating of the elements, leads, and seals and in general necessitate
extra precautions in air cooling of all glass parts, particularly the
seals. This heating is also increased at ultra-high frequencies by the
increase of the radio-frequency resistance because of skin effect.

In television applications, inter-electrode capacities have a more
serious effect particularly in r-f power amplifiers required to pass modu-
lation side bands, which under present standards may be 2.5 megacycles
from the carrier. It is not generally realized that for a desired tank-
circuit frequency response, the tube, neutralizing and associated stray
capacities, automatically determine the load resistance regardless of
carrier frequency. In practical cases, this has generally necessitated
operating tubes into load resistances considerably lower than normal
with resulting poor plate efficiency.

In television power-amplifier applications, tube efficiency in one

g respect depends upon the ratio of tube capacity to plate conductance.
:', JUnfortunately, this ratio is a fundamental inherent relation in prac-
. " tical vacuum tubes of the triode type, and while tubes may be improved,

it is doubtful if the present conception of a triode r-f power amplifier
is the final answer for high-definition television applications.

The high side-band frequencies do not require 100 per cent modu-
lation of the transmitter. It is thus possible to compensate partially
for discrimination against high frequencies occurring in the radio-
frequency circuits by equalizing at low levels in the video amplifier.
However, excessive compensation in this type usually introduces objec-
tionable phase shifts and transients. The problems of relaying a pic-
ture from the studio to the radiating transmitter and amplifying it to
modulation power, is of itself a sufficient problem. It is therefore
desirable that the radio-frequency circuits of the transmitter have a
flat characteristic over the frequency band to be transmitted.

In one case of a T7.5-kilowatt, 50-megacycle television transmitter,
in order to obtain a power-amplifier frequency response flat within 3
decibels over a 1.5-megacycle band, it was necessary to overload the
power amplifier to a point where the plate efficiency was less than
15 per cent. The power amplifier used two Type 899 tubes in push-pull
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and the total plate input was approximately 60 kilowatts when deliver-
ing 7.5-kilowatts carrier-wave output.

New tube developments increasing the ratio of output conductance
to output capacity may partially alleviate the poor power efficiency at
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Fig. 8 — Showing neutralizing
sleeves enclosing grid end of Type
899 tubes in a fifty-megacycle power
amplifier. Note air blowers above
and below tube to cool glass parts.

present obtainable in television transmitters. However, the difficulty
is more or less fundamental with tubes of the triode type, and the

ultimate solution will, more likely, be the development of entirely new
types of power-amplifying tubes and modulation methods.
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Because of the difficulties in producing high modulation power at
the high side-band frequencies involved in television transmission, grid
modulation in the power amplifier has been the most practical method
of modulating high-power u-h-f television transmitters. Absorption
modulation has been used successfully on low-power transmitters of
one or two kilowatts carrier power. The principal advantage of absorp-
tion modulation as applied to television is that it removes the band-pass
requirements from the power-amplifier circuits and consequently makes
possible higher plate efficiency.

CIRCUITS

At ultra-high frequencies, wavelengths reduce to a few feet and
in high-power transmitters this fact introduces difficulties, but makes
practicable circuits not adapted for lower-frequency design. In gen-
eral, it becomes convenient to regard all circuit elements as sections of
transmission lines and analyze them as such.

To begin with, at frequencies above 40 megacycles, it is found
economical to use resonant line-controlled master oscillators as the
primary frequency source. In such oscillators, the equivalent of a
quarter-wavelength low-loss line resonator is used as the primary
oscillatory circuit with power-oscillator tubes. Such resonators become
of convenient size in the ultra-high frequency band and it has been
found that the total transmitter tube complement is much less than
would be required with a conventional frequency source such as a
crystal oscillator and subsequent frequency multipliers and amplifiers.!
Figure 10 shows a 50-mec. quarter-wave, line-controlled power oscil-
lator.

Enclosures or mounting frames used for the high-power stages
of u-h-f transmitters, because of their size approach major fractions
of the operating wavelengths in dimensions. A true common r-f ground
for the inclosed circuit is thus difficult to obtain, and considerable dif-
ficulty is experienced with single-tube circuits which necessarily are
assymmetrical with respect to an enclosure. Troubles from this source
largely disappear when push-pull circuits are used and mounted sym-
metrically in relation to a large plane-conducting surface. For these
reasons, push-pull types of circuits are generally used in preference to
single-tube circuits where the physical size is a major part of a wave-
length.

At ultra-high frequencies quarter and half-wavelength line sections
become reasonably short in length and it is practicable to take advan-

1 “Frequency Control by Low-Power-Factor Line Circuits” by P. S.
Carter and C. W. Hansell. Proc. I.R.E., April 1936.
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tage of some of their particular properties. Thus in u-h-f transmit-
ters quarter-wave line sections are used as impedance transformers,
“metallic” insulators, and impedance inverters. In Figure 9 is shown
an assemblage of quarter and one-half-wave, coaxial-line sections form-
ing a cross-coupling filter to permit the operation of both the picture
and sound transmitters into a common antenna without objectionable
cross modulation. A U-shaped section of coaxial line serving as a trans-
former to couple the 72-ohm coaxial line to a 500-ohm, two-conductor,
open-wire line is also shown. Short sections of lines having open or

Fig. 9—Quarter and half-wavelength line sections

used to form high-“Q” filter elements preventing
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