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Preface

NY person who deliberately takes it upon himself to write

a book on television asks for the criticism of both qualified
critics and lay readers. In a subject as complex as television, the
temptation is always presented to an author to cover one phase
in detail and disregard the others as purely contributory arts.
This book, however, was originally designed to summarize the
problems and potentialities of all the functions that go into a
television production. Experts in each field will necessarily
point out wide discrepancies between my coverage of their
specialty and the practical application of their trade on the
studio floor. Others will, no doubt, object to the too-detailed
coverage given a field foreign to their profession. To all readers,
then, may I offer my advance apologies for the liberties thus
taken in reviewing the diversified arts that together comprise
television.

No field of endeavor ever proposed by man offers more or de-
mands more from its patrons than does the creation and trans-
mission of electronic pictures. No person in television can dis-
regard the functioning or precepts of an associated profession;
if he'does, he might overlook or perhaps nullify its possible con-
tribution to his work. No one can feel that his knowledge of
a specialty is in itself sufficient or that knowledge of the po-
tentialities and problems of his colleagues are not required.
Television is, in truth, a melting pot of the sciences, the arts,
and the populace. This book is sent to the presses in the hope
that this superficial résumé of the components that enter into
a television broadcast may aid in a better understanding of the
work being done by the other fellow.

A compilation such as this could never have been prepared

Vil



PREFACE

without the fullest co-operation of the broadcasting fraternity.
Although I have drawn many of my illustrations from my per-
sonal experiences while with Farnsworth, NBC, and Balaban &
Katz, the work of every operator in the field has contributed to
the telling of the story.

For illustrative material used in amphfymg my descriptions,
I wish to thank the National Broadcasting Company; Columbia
Broadcasting System; General Electric Company; Balaban &
Katz Corporation; The Austin Company; Philco Corporation;
Allben B. DuMont Laboratories, Inc.; Television Productions,
Inc.; Zenith Radio Corporation; Don Lee Broadcasting System;
Farnsworth Television & Radio Corporation; Mole-Richardson
Company; The Rauland Corporation; The Scophony Corpora-
tion of America; Television Associates, Inc.; the publishers of
Mademoiselle; and many others.

For patient hours of reading, typing, revising, and counsel,
I especially express my appreciation to my former colleagues
at WBKB, in Chicago, where this book was written.

W. C. Eppy
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The History of Jelevision

CON TRARY to general opinion, television is not a concept
of the twentieth century. Even in Biblical times theorists
predicted the day when it would be possible to expand man’s
ability to see events occurring beyond his optical horizon.

In 1877 we find one of the first contributions to our present
art in Senlecq’s proposal of a crude system of mosaic television.
Shortly thereafter other scientists of the period, such as Hertz
and Nipkow in Germany and Sutton in England, advanced sug-
gestions that further contributed to the art and formed a
groundwork for the construction of our present video industry.

Few, if any, of these early discoveries are now directly em-
ployed in modern television. However, the original work of
these and many other inventors gave impetus to experimenta-
tion by proving that light could be converted into electrical im-
pulses. Later developments in electronics produced methods of
transmitting those impulses and reconverting them to their
original optical form. Fortunately for television, the develop-
ment of the radio and electrical arts coincided with the advanced
phase of research in the visual field.

While such names as Hertz, Hallwachs, Nipkow, Einstein,
Edison, Elster, Geitel, DeForest, and Kerr will be given due
credit for the basic discoveries, it is to the inventors and research
men of the past twenty years that we give acknowledgment
for the art as we have it today.

In 1923 J. L. Baird, in England, and C. F. Jenkins, in the
United States, working independently, produced and demon-
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THE HISTORY OF TELEVISION

strated systems of mechanical television. The process advocated
by these men described a disc perforated with a helical arrange-
ment of tiny holes, rotating synchronously before a light-
sensitive tube as the means of collecting the light energy of the
subject in proper sequence. This method of scanning, while
capable of producing a low-definition picture, is not in use
today, nor is the receiving system that recreated the picture by
reversing the scanning process now used in any commercial re-
ceiver. Although the 30-60 line images created during these
pioneer days may seem to have little bearing on the techniques
that produce the present-day high-fidelity, half-tone pictures
available in a 525-line system, much of the theory that made our
present equipment possible was proved during this mechanical
era.

From 1923 on, we find a marked development in the use of
vacuum tubes, with an attendant improvement in the processes
of amplification that were necessary to any clarification of the
image. With these new and increasingly efficient tools at their
disposal, the scientists of the world gradually drew away from
electromechanical methods and threw their combined efforts
into the creation of an all-electronic system. In 1930 Von
Ardenne, of Germany, published important discoveries in the
field of cathode-ray tubes—discoveries that were both verified
and, in some cases, improved upon by the engineering fraternity
of this country. The development of the cathode-ray tube made
it possible to design a receiver that would not be hampered by
the problems of friction and rotating mass that had limited the
use of the mechanical system.

In the same year, 1930, London saw its first demonstration of
large-screen television, when Baird succeeded in broadcasting
low-definition images from his studios in Longacre to the
Coliseum in downtown London. This picture, being reproduced
on a multi-lamp screen, was important only because it fore-
shadowed one of the potentially important fields of modern
commercial television. Because the reproductive process used
in this pioneer experiment is extremely limited in scope, it has
aroused little enthusiasm among present-day investigators.

The year 1931 saw another projected, large-screen image
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THE HISTORY OF TELEVISION

which produced low-definition pictures through the use of a
Kerr cell and mirror drum. Some variation of this system may
yet be commercially feasible in the large-screen field.

In this country Philo Farnsworth and Vladimir Zworykin,
heading parallel investigations, emerged in 1933 with proposed
equipment and methods to make “all-electronic” television pos-
sible. Ives of American Telephone and Telegraph Company,
Alexanderson of General Electric, Goldmark of CBS, as well
as Engstrom and A. N. Goldsmith of RCA and DuMont,
were all contemporaneously engaged in researching both the
creation and the transmission of pictures, and, as a result of
well-planned and well-executed programs, they were able to
steer the course of investigations along lines that made possible
public participation, beginning in 1934. Prior to this time,
many of the larger organizations became interested not only in
the possibilities of the art, but in some cases took active par-
ticipation in both studio and equipment research. Among the
outstanding early competitors in the industry were the National
Broadcasting Company, the Columbia Broadcasting System,
the General Electric Company, the Farnsworth Laboratory,
Ltd., Zenith Radio & Television Corporation, and the Don Lee
Broadcasting Company, while many others were carrying on
more-than-cursory private investigations preparatory to their
later entrance into the active field. ‘

In these early days the definition of the picture was not
standardized, inasmuch as the major part of experimentation:
was limited to camera and receiver development. The public
avidly followed the reports of progress carried in the news-
papers, and from 1934 on their reactions became an increasingly
important function in the design of television.

In 1937 two systems of television pickup were developed to
the point where they could be considered both practical and
competitive. They were the storage-type iconoscope of RCA
and the non-storage image dissector of Farnsworth, resulting in
extensive efforts on the part of each company to prove the
superiority of its own particular device. These companies were
later engaged in litigations over several basic patents pertaining
to the transmission of television images—a legal tangle that at
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THE HISTORY OF TELEVISION

times bid well to obscure the forward movement of television
itself. The uncertainty brought about by a series of rulings by
the Patent Office was later clarified by a patent-pooling pact be-
tween these two contenders, and the forward movement of the
art once again built up momentum.

The original and variable number of lines of the early days
was never considered satisfactory from the viewpoint of the
non-technical observer, who even then was quick to compare
television with motion pictures. Because of this, and in keep-
ing with the steady advances in the equipment available, the
definition was increased and standardized at 343 lines in 1935,
and shortly thereafter it was raised to 441 lines. This standard
was subsequently increased to 525 lines in 1940, where it now
remains the standard definition of today’s television pictures.
The increase in lineage from 343 to 441 lines brought about a
general redesign of both pickup tubes and cameras and left
the storage-type iconoscope as the more acceptable version for
studio use. This served to standardize the quality of the result-
ing direct-pickup picture and left the merit of the program ma-
terial itself to be the comparable function between the various
organizations.

In 1938 the NBC field test of television was presented as a
cumulation of all past endeavors of this company and as a bid
to interest the public in the possibility of a dependable tele-
vision service. Although the sustained service offered in New
York was duplicated in a less grandiose manner by contenders
in other localities, it may be interesting to consider the scope
of the New York experiment as a gauge of the advances that
the industry had made at this stage.

Beginning with two studio cameras and two chains of film
reproducers, the facilities at NBC were shortly increased to
include a mobile unit carrying two field-type cameras. A varied
program of interesting experimentation was then planned and
executed by the newly formed production staff, headed by
Tom Hutchinson. A series of television adaptations of popular
Broadway shows were presented from NBC’s Studio 3H in
Radio City. Among the more popular offerings, as measured by
audience reaction, were Jane Eyre, Charlotte Corday, Susan and
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THE HISTORY OF TELEVISION

God, Brother Rat, and June Moon. Other plays, such as Rome
Haul, Waiting for Lefty, The Valiant, The Gorilla, and
Treasure Island, were also received with definite satisfaction
by the growing audience, which now numbered better than
20,000. The studio offerings were not limited to drama or to
adaptations of popular stories, but included a large proportion

NBC Photo
THE INCOMPARABLE HILDEGARDE BEFORE NBC CAMERAS

of the variety and night-club routines that played New York
during that period. Many original plays were also written and
produced in order to test the television taste of the New York
City audience.

Realizing that a purely sustaining program service would be
limited in both scope and originality, air time was made avail-
able to the advertising agencies for experimentation. The pos-
sibility of selling through television was subsequently tested by
many different merchandisers in original programs of their own
design. Outstanding musical events, such as Il Pagliacci, were
presented by a cast from the Metropolitan Opera House; ballet,
magic, name bands, jugglers, and even animal acts soon became

’ 5



THE HISTORY OF TELEVISION

expected items on the weekly television programs. In the
early part of the test period, some of the latest Disney cartoons,
as well as the most recent March of Time releases, were placed
at the disposal of the broadcasters. However, upon the establish-
ment of scheduled broadcasts, the privilege of using these films
was summarily withdrawn.

The lack of availability of good film was a severe limitation to
the popularity of telecasts originating from the film-scanning
studios. Being unable to obtain late releases of features, the
average telefilm program was made up of travelogues and com-
mercial subjects. These were satisfactory test material from
the technical viewpoint, but held little entertainment appeal
for the audience.

The combined use of silent film with commentation by the
explorers and adventurers who had made the photography did,
however, constitute acceptable program fare, as did many of
the commercial instruction films used as fillers. The filming of
the Democratic Convention in Chicago in 1940 and the subse-
quent broadcast of this material to the metropolitan audience
was a historical highlight in the use of film subjects. Earlier
coverage of the Republican Convention in Philadelphia, where
the signals were relayed to New York over the new coaxial
cable, was another first in television’s history book. Experimenta-
tion in the use of slides, kaleidoscope, and film inserts for
dramatic shows established the necessity of having film facilities
available in any successful broadcasting system. This reduced
and simplified the problems of presenting complete programs
from the live-talent studio alone.

The mobile unit equipped to pick up remote programs and
relay them back to the main transmitter for inclusion in the
regular program did yeoman service during the New York
World’s Fair in 1939. In addition, boxing, wrestling, hockey,
basketball, football, track, and major-league baseball were
covered by the portable television cameras. Backstage life at
the circus, a premiére of a motion picture, a dress ball at the
Waldorf, as well as countless other public events and parades,
fell under the lenses of these roving cameras. Horse racing at
Belmont Park, a fire at Randall Island, and an aerial trip over
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THE HISTORY OF TELEVISION

Manhattan’s skyscrapers gave some idea of the future potenti-
alities of similar pickup units that were free to roam in search
of material. To demonstrate the future possibilities of special
broadcasts, a complete camera and transmitter equipment was

- ’ Philco Photo

A PHILCO TELEVISION CAMERA PICKS UP A TENSE
MOMENT AT FRANKLIN FIELD, PHILADELPHIA

installed in a commercial air liner, and a program was broadcast
as the plane flew over metropolitan New York. The frequent
pickups from Madison Square Garden, covered by cameras
manned by the mobile-unit crew, were extremely interesting
inasmuch as they were for the greater part transmitted to the
Radio City program center over telephone wires that had been
adapted for this service by engineers of the Bell Telephone
Laboratories.

Although substitution of telephone wires for the coaxial
cables or relay networks discussed in the chapter “Television
Transmission” may appear to solve the problems of intracity
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THE HISTORY OF TELEVISION

pickup, this usage of the telephone lines and the accompanying
complex amplifier and compressor installations 1s still classed
as an experimental project. A reduction in the present high ex-
perimental cost of such a system and a radical simplification of
its electrical components may bring some such system into more
general use 1in the future.

NBC’s demonstration of big-screen pictures at the New Yorker
Theater in 1940 and the Baird and Scophony exhibit of equiva-
lent king-size pictures in Manhattan about the same time are
highlights in the history of metropolitan television. These
demonstrations, which were shown to movie executives rather
than to the general public, were not received with great en-
thusiasm. This somewhat cool reception on the part of the film
and stage magnates stemmed from two causes. First, the ma-
terial chosen for the program was of a type that allowed the
audience to make direct comparison with the superior product
available on the movie screen in the same setting- The second
objection voiced by many in the audience was based on the
apparent unreliability of the picture material as received over
the air or link system. Outside of the prize fight, the entertain-
ment offered at the demonstration suffered badly by this com-
parison. Being showmen, they were particularly concerned with
the problems which might attend using material in their
theaters that could not be assured and that could not be pre-
viewed for quality. Because it was evident that both these
faults could probably be corrected in time, the cold reaction
was somewhat tempered by the realization of the wonderful
box-office attraction offered by such a system of instantaneous
coverage. It is evident, however, that aside from such features
as Presidential nominations, coronations, or outstanding news
and sporting events, the necessity for and general acceptance of
big-screen-theater television will have to await the improvement
of equipment.

The development and eventual program experimentation by
CBS from their studios in Grand Central Terminal was simul-
taneous with NBC’s growth. Although their original offerings
suffered the usual growing pains of an experimental project,
CBS, under the tutelage of Worthington Miner and Gilbert
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THE HISTORY OF TELEVISION

Seldes, made a bid for recognition by presenting television pro-
grams based on original, if not radical, concepts of camera
techniques. CBS’s color work, however, was the frequently ex-
ploded bombshell that kept television awake and apprehensive.
Sponsoring the use of full color, this company kept the press
and the public aware of the advantages of full-color pictures,
as compared with the limitations of the black-and-white ver-

. E. Photo
WRGB TELEVISES A DEMONSTRATION OF EXPERT POOL SHOTS

sions then on the air. Frequent demonstrations of the system,
coupled with over a hundred broadcast hours, did much to
spread the gospel of additive color. This involved everyone
connected with the industry in an argument over the merits
of the two processes. Such a ‘“washing of linens in public”
marked the period that followed the cessation of active field
testing in 1941. It was then that the various operators, aided
and abetted by a press that used such controversial copy, dis-
cussed at length the most intimate problems of the infant in-
dustry. With little or no television on the air, and with column
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THE HISTORY OF TELEVISION

after column of one-sided criticism of television constantly be-
fore them, the potential buyers of receivers, as well as the ad-

Lo

. G. E. Photo
A PUPPET SHOW BECOMES LIFE-SIZE VIA WRGB TELECAST

vertisers, used this confused situation as an ideal reason for
delaying their more active participation in television.

In 1943 DuMont, having completed the installation of trans-
mitter and antenna at his studios on Madison Avenue, once
again took up the cudgel and began furnishing a program ser-
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THE HISTORY OF TELEVISION

WBKB Photo

“THE “VOO DOO MOON,” A DANCE PRO-
DUCTION, ON STATION WBKB, CHICAGO

vice. The early quality of these transmissions was the subject
of considerable criticism in the light of previous offerings by
the other companies. This operation, however, under the un-
inhibited guidance of Sam Cuff, soon became the center of all

12



THE HISTORY OF TELEVISION

television activity in the New York area. By 1944, DuMont
had succeeded in attracting a representative group of advertisers
to assist in staging the programs giving WABD the first full
program of commercial offerings. In the summer of 1944,
Columbia and NBC again took the slip covers off their television
investment and re-entered the broadcasting picture. This sudden
spasm of activity may or may not mark the beginning of the
long-awaited commercial period in New York. It may be that
this stir of activity is merely part of the dream, rather than a
real awakening of the commercial phase of television, because
there are no new receivers available and many of the existing
sets are already in need of repair.

Nine active television stations are in operation throughout
the country in 1945. These are: NBC, CBS, and DuMont, in
New York; General Electric, in Schenectady; Philco, in Phila-
delphia; Zenith and Balaban and Katz, in Chicago; and Don
Lee and Television Productions, in Los Angeles. A large num-
ber of applications for licenses to construct tele stations are on
file in the Federal Communications Commission Offices today,
while orders pile high in the offices of the manufacturers for
equipment, the cost of which will range into many millions of
dollars. The press has once again taken up the word “television,”
and many new magazines are devoted to a discussion of the art.

In the meantime, however, much can and will be done in
perfecting the techniques of using our present tools and in
sustaining the interest of the public in television. If the present
resurgence of television can do this, it will, in no small measure,
contribute to the eventual success of the industry. If, on the
other hand, the present enthusiasm subsides into the doldrums
of inactivity, it may be “the straw that broke the camel’s back,”
putting television back into the laboratories for many years to
come. History alone will measure the importance of the 1941-

1944 period.
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The Development of Television

THIS account of the growth of a modern and dynamic in-

dustry that bids fair to revolutionize our present routine of
entertainment and advertising is not a minute and painstaking
review of detail, but rather is designed to be a comprehensive
and panoramic glimpse of the highlights of television’s de-
velopment.

Seven short years cover the transition of television from the
laboratory to its prominent position in the entertainment in-
dustry where we find it today, bidding for recognition as a
public service.

The year 1934 marks the earliest concerted effort of the
several television broadcasting stations to make public tests of
high-fidelity television. Previous to this time, there were sporadic
demonstrations of mechanical systems that, because of engineer-
ing limitations, contributed little to the formation of a public-
service formula. This early experimentation with mechanical
systems did, however, accomplish two important objectives: it
tended to force the adoption of cathode-ray television by
demonstrating the limitations of the mechanical systems, and
it built and maintained a public interest that made possible
the program-development era that followed.

‘The evolution of our present television programs was brought
about through the contributions of many operators, rather than
through the efforts of a single company.

The conscientious and noteworthy efforts of the National
Broadcasting Company, General Electric, the Columbia Broad-

14



THE DEVELOPMENT OF TELEVISION

casting System, DuMont, Farnsworth, Philco, Zenith, Don Lee,
and the Paramount affiliates merit a top billing on television’s
honor roll. The sound groundwork, now established, might have
been materially retarded by patent holdings and by company
policies without the incentive of widespread and persistent
competition. As the industry developed, the constant striving for
audience popularity by the various operators made it expedient
for each to keep constant check on new techniques and im-
mediately to develop all proved formulas. Because of the scarcity
of receiving sets, in all but the New York area, the permanency
and enthusiasm of the audience for these video broadcasts was
determined by the popularity of the programs that were offered.
The expenditure of thousands of dollars was therefore required
by each contestant to gain and extend this public acclaim, and
at the same time to carry forward a development program that
would meet competition.

The earliest public programs were hit-and-miss experiments,
designed to determine the actual limitations of the equipment.
Anything and everything that could be televised was placed be-
fore the camera as the pulse of the embryo audience was checked.

In many localities where no outside receivers were available,
observers were invited into studio .viewing rooms and plied
with questions as to their reactions. Studio and technical pro-
gram equipment, as we know them today, were non-existent,
the broadcast originating from some section of a laboratory
set aside for the purpose.

Prior to 1934, the novelty surrounding the production of a
. television picture, independent of its quality or pictorial in-
terest, was considered sufficient entertainment to leave the
audience “in the aisles.” Once this novelty had worn off, the
need for a tangible pattern of entertainment was evident. Early
experimentation had proved that there were few subjects which
could not be covered successfully by the cameras, and the
primary problem resolved itself into one of showmanship,
rather than pure technical development. This trend in television
experimentation became evident in 1937, when the emphasis
shifted from demonstrations of pickup to the production of
organized programs.

15



THE DEVELOPMENT OF TELEVISION

One of the first obstacles encountered was the scarcity of home
receiving sets, few of these machines other than experimental
homemade units or imported commercial models being avail-
able outside the development laboratories. In a speculative
attempt to correct this deficiency, as well as to field-test their
receiver design, several of the larger manufacturers placed small
numbers of their earlier models in the homes of their employees,
thus creating the nucleus of the first American television
audience.

While the first recipients of these original field-test models
were, no doubt, biased in favor of television, this distribution
of equipment did serve to increase the coverage and to stimulate
general interest in television. RCA, CBS, General Electric,
DuMont, Philco, and Zenith Radio Corporation were among
those who distributed test receivers among their employees,
but it was not until 1938 that a commercialized version of these
sets appeared on the market and the first non-technical television
audience came Into existence.

Although our present perspective may point to New York
as the focal point of pre-war development, we can more truth-
fully picture the growth of the art as being the result of a series
of local endeavors. These suburban projects may have lacked the
glamour and publicity of the more elaborate metropolitan
field tests, but they did contribute to the formation of a pattern
of television that is national in character. This pioneering be-
came increasingly important in the light of network operation.

Typical of such endeavors were the experimental programs
set up in Schenectady, Chicago, Los Angeles, and Philadelphia.
These operations, while somewhat less extensive than those of
New York, were not duplications of work done there, but were
logically developed around the local situations. The local
markets served by these stations could not in any sense be com-
pared with the millions of listeners within television range of
Manhattan’s skyscrapers. Although the nation’s largest city did
offer more reasonable returns on the investor’s dollar, it was the
prospectors in the hinterlands, just as much as the companies
working the New York bonanza, who produced the nuggets
that have been fused into today’s television.

16



THE DEVELOPMENT OF TELEVISION

Philco Radio and Television Corporation
(W3XE-WPTZ)

Without extensive studio facilities, Philco, for instance,
placed emphasis on the broadcasting of outdoor events in con-

Philco Photo
PHILCO COVERS A PENN-CORNELL GAME AT FRANKLIN FIELD

nection with its receiver field test. This effort was based pri-
marily on the high-frequency relay link between the factory
and Franklin Field over which the various sporting events were
sent for retransmission to the local Philadelphia audience. Since
the available studio properties were limited, such material was
tied together with simple variety acts and short film subjects.
From the engineering, rather than from the entertainment, view-
point, Philco’s contribution has been sound and constructive,
adding to our knowledge of remote pickup technique by point-
to-point relay. In addition to this, many other well-founded and

17



THE DEVELOPMENT OF TELEVISION

stable advancements in the field of receivers and antenna can be
attributed to these field tests.

The Don Lee Company
(W6XA0)

Don Lee, on thé West Coast, also without sufficient studio
space or professional equipment, carried through the early
days of ploneering with a program of wide experimentation
based on discovering an “‘open sesame” to acceptable program
fare. All possibilities of coverage were investigated. In today’s
experience, some of these attempts might well be considered as
purely attention-getting projects. Considering the equipment
at hand and the rather blasé audience of motion-picture moguls
who were quick to scorn anything less than Gone with the Wind
in four colors, the Don Lee unit under Lubcke deserves much
credit for keeping television alive on the West Coast during its
formative years. The effort was so persistent that the passive
disinterest of Hollywood was finally overcome to the point
where the ultimate acceptance of television is assured.

In 1939, the Don Lee Company, recognizing this new in-
terest, appropriated a healthy budget to build modern studio
facilities atop Mount Lee overlooking Los Angeles and the
San Fernando Valley. This activity cannot as yet be directly
credited with any basic contributions to the art of program-
ming or engineering, but its continued work with television in
all its phases has materially assisted the natural growth of the
art, and has given impetus to the work of other operators.

General Electric Company
(W RGB)

Since the birth of interest in television, General Electric has
been a constant contributor to its development in both engineer-
ing and program design. This company could not afford to be
challenged by any manufacturer or broadcast interest, if it
hoped to maintain its position as one of the big three in elec-
tronics. It therefore made sufficient funds available for experi-
mentation and drew on the full facilities of its research and
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THE DEVELOPMENT OF TELEVISION

manufacturing organization. Considering these potentialities,
it is not surprising that a flood of equipment and technique im-
provements have originated in Schenectady.

Under Dr. W. R. G. Baker’s tutelage, General Electric took
and maintained a front-line position in all phases of television.
Its studio work has been consistently logical, although con-

G; E. Photo
A FASHION SHOW IN WRGB’S STUDIOS

sidered by some operators as somewhat unimaginative. Like
other stations, General Electric’s efforts were at first directed
. toward public demonstrations of the possibilities of television,
but, like others in the major league, this practice gave way to
development along commercial program lines.

If we were to make an approximate selection of General
Electric’s major contributions to television, we would choose
its development of the high-frequency relay link between
Schenectady and the Helderbergs, with its associated antenna
and circuit research. In a similar category, we might place its
original and valuable work in developing the mercury vapor
lighting system for studio illumination which, as outlined in
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THE DEVELOPMENT OF TELEVISION

a later chapter, has its enthusiastic adherents as well as 1its
critics. .

The multifaceted efforts of the parent company have pro-
duced an excellent receiver, considerable transmitting tube and
circuit development, in addition to several novel contributions
in studio and control-room technique. Its program work, while
consistently good, has yet to reach the classification of phe-
nomenal, and has, therefore, failed to leave its mark on the
more imaginative pattern created by the New York broad-
casters. While it can be stated with fairness that General Electric
has never, with malice aforethought, overstretched the limita-
tions of the equipment at hand, this same reserve has prevented
it from discovering some of the less obvious studio techniques
in use today. All in all, when the record is examined, General
Electric and its WRGB Schenectady outlet will prove one of
the leaders among the pioneers in television.

DuMont Laboratories
(WABD)

The Paramount-DuMont interest can best be considered as
two units, rather than as a single venture by the motion-picture
people. The DuMont station, WABD, in New York, is in reality
the outlet of the DuMont Laboratories. DuMont itself has only
recently received full recognition as a real contender for national
pioneering honors. Starting as one of the early manufacturers
of cathode-ray tubes, this company, composed for the greater
part of young and highly imaginative engineers, branched out
in every direction. Confronted with the severe budget limita-
tions of a small company, as well as a lack of big business
affiliations, this group took advantage of its free-lance position
and, unhampered by big company policies, éntered the field of
television research and design with unrestrained enthusiasm.
Even though the stoical administration of the big operators
brushed aside many of DuMont’s proposals, the industry was
eventually forced to take cognizance of DuMont’s efforts. Ad-
mittedly, many of these early suggestions were made without
sufficient engineering research and therefore died a natural
death in the light of more thorough investigation. These new
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thoughts proposed by this group of young investigators did
bear fruit, however, in forcing the bigger corporations on to

ever-increasing effort in an attempt to submerge or discredit
this so-called less professional competition. Many applications

DuMont h-to

“TELEVISION CANTEEN,” A VARIETY
SHOW TELECAST BY WABD, NEW YORK

of the basic ideas submitted earlier by DuMont were later
developed into extremely important functions of wartime
electronics. .

The DuMont Company has been responsible for keeping
the early stages of television out of the doldrums of technical
complacency. DuMont has, through its growing manufacturing
facilities, produced electronic equipment of all types, many of
which are designed to compete on a cost basis with that made
available by RCA and General Electric. Although many of these
units are engineering counterparts of equipment obtainable
from the larger manufacturers, certain circuit designs and
techniques are indicative of extremely clever engineering. The
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DuMont studios in New York parallel the practices of their
engineering organization. Rather than be limited to a foolproof
theorem of broadcasting technique, this activity forced its way
into the air picture over New York by the persistence of its
efforts rather than by the original quality of its product. Once
established, however, it has turned to a digestive process that
in the last year has brought the company status up to a par
with that of other metropolitan operators.

In 1939, the economics of DuMont were considerably
strengthened by Paramount Pictures’ purchase of an interest,
thus making available to them the prestige and facilities of a
major film company. It is increasingly apparent that Para-
mount’s present affiliation is purely an economic one and has
not as yet taken the form of actual participation in program
efforts. Whether the film company will eventually take more
than the present cursory interest in DuMont’s studio work is a
matter for conjecture.

Paramount Affiliates
(WBKB—W6XYZ)

Paramount directly controls two stations that came into being
in 1940, namely, WBKDB in Chicago and W6XYZ in Hollywood.
The contributions of these units can hardly be evaluated in the
same light as those of the older companies, inasmuch as wartime
restrictions were enforced too early in their history to permit
a satisfactory establishment of their ultimate position in the
field. These two stations are more concerned with the produc-
tion of entertainment than with the development of equip-
ment, and in this field they can be expected to use many practi-
cal television adaptations of the motion-picture technique. A
quick survey of the premises on which these two outlets are
being operated will disclose a trend toward simplicity of pro-
duction and a new appreciation of the elements of showmanship.

Columbia Broadcasting System, New York
(WCBW)

The Columbia Broadcasting System has been interested in
television since the art emerged from the laboratories. Not
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being a manufacturing concern, its participation has been
limited to the utilization of the medium rather than the develop-
ment of a patent history or the disposal of salable equipment. It
has not had access to the constant source of new developments
and new equipment which its Radio City competitor found so
useful. This chain cannot be accused of being miserly in
its television ventures, however. The establishment of a trans-
mitter location in the Empire State Building by NBC was
shortly matched by CBS’s lease of the Chrysler location; the
acquisition of Radio City studios by NBC was countered by lease
of extensive facilities in Grand Central Terminal by Columbia.
With all the competitive trumping, it must be conceded that
CBS in the light of popular broadcasting failed to maintain a
leading position in the metropolitan program field, although it
did, under Goldmark and Murphy, carry out elaborate program
and equipment experiments in the confines of the studio.
Whether this reticence in broadcasting these efforts in black
and white was due to the success of the color investigations then
being conducted under the supervision of Dr. Peter Goldmark
is not generally known. In 1940, however, Columbia did nullity
its apparent attitude of disinterest in television as a future in-
dustry by demonstrating a full-color system based on an additive
method of reception. Since this time, CBS’s efforts have been
characterized by the dual study and utilization of color as well
as black and white in its broadcasts, although its equipment and
facilities for airing the monochromatic version still rank with
the best in the country. It remains for history to decide if
Columbia’s proposal of color television can be considered as
contributing to the advancement of the art, coming as it did
during the period when the whole industry was in a state of flix.
Without a doubt, the proposition that we could have “all this
and color too” placed a serious element of doubt in the minds
of advertisers and laymen alike, who were then relatively well
satisfied with mere black and white.

Demonstrations of full-color pictures, as compared to equiva-
lent definition in black-and-white reproduction, further ampli-
fied this indecision of whether or not television should be
black and white or in color, even though competitive black-
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THE DEVELOPMENT OF TELEVISION

and-white interests were quick to point out and isolate the
weak points of the color methods. Whatever can be said for
or against Columbia and its sponsorship of color, the con-
troversy attendant upon their propositions will remain out:
standing in the story of television history. Whether this proposi-
tion of color television will develop from its category in 1944 of
an interesting and demonstrable possibility into an important
function of the industry will determine the extent of the con-
tribution that CBS has made.

Zenith
(WIXZV—-WTZR)

For a long time, Zenith in Chicago enjoyed the enviable dis-
tinction of being the only frog in a big pond. Gene McDonald,
its leader, while quick to point out the economic pitfalls that
lay before the industry, directed his organization to continue
a small-scale, but intensive, development of equipment and
field testing. The studio efforts of this company can be con-
sidered more of a by-product of receiver research than an actual
bid for programming honors. Inasmuch as a greater part of the
Chicago audience watching this station have been Zenith em-
ployees viewing Zenith receivers, no great effort has as yet been
expended in a development of the program department. A
consistent history of shows has been maintained that does, in a
sense, refute their published statements as to the futility of
television.

Farnsworth
(W2XPF)

Farnsworth Radio and Television Corporation, another of
the pioneers, originated on the West Coast as a development
organization. After a short time it entered into a license arrange-
ment with Philco and moved its operations to Philadelphia,
where it later came to be considered as a separate unit engaged
in research. During the period from 1934 to 1937, this company
brought out several basic contributions, including such funda-
mental concepts as saw-tooth scanning, the image dissector tube,
and expansion of the multipactor method of cold cathode
multiplication.
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Farnsworth attempted to build an equivalent broadcasting
unit, but at the time of its conception neither the equipment
nor the public were capable of supporting the endeavor. In 1938,
the original organization in Philadelphia was absorbed by in-
terests controlling the Capehart patents, and the entire opera-
tion was moved to the Indiana headquarters. While much of
their original patent material is now undergoing development
and clarification, actual broadcasting and studio research has
not been undertaken. Farnsworth merits recognition and honor
for his original concepts of electronic television, as well as for
his image dissector system, his proposition of saw-tooth scan-
ning, and his work in electron multiplication tubes. With the
present advantages of manufacturing and development facili-
ties, Farnsworth Television Corporation will, no doubt, main-
tain an equally prominent position in postwar endeavor.

The Telephone Companies

Unsung and generally unknown to the layman, but as im-
portant to the engineering fraternity as food itself, are the
countless discoveries accredited to Bell Telephone Company
and to the American Telephone and Telegraph Company. The
circuits and transmission equipment originating in the tele-
phone laboratories are less spectacular in both concept and
usage than those of the broadcasting units, but they make pos-
sible the more elaborate studio work. To detail these contribu-
tions ;would conflict with the non-technical viewpoint from
which this subject is being presented, but the history of tele-
vision will not be complete without reference to the outstanding
work of these engineering groups. Coaxial networks, relay sys-
tems, amplifiers, and even tube development are but a few of
the activities which should be credited to the telephone com-
panies.

RCA, RCAM, AS, NBC

Probably the most outstanding single factor in the history of
television to date is the work of RCA, which is an organization
composed of many separate units. Whether it would be fairer
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THE DEVELOPMENT OF TELEVISION

to subdivide this contribution into those of NBC, RCA Manu-
facturing Company, RCA Tube Company, Artists Service, as
well as NBC Television, is a matter of choice. Each unit-has
carved 1ts own niche, but not
without the assistance of one
or more of its affiliates. We
might assume that NBC Tele-
vision should be given credit
for the introduction of “the
iconoscope and the develop-
ment of its technique. The
facts of the case show that the
tube is a product of Dr, V.
Zworkyin’s laboratory, manu-
factured by the RCA Tube
Company at Harrison, used in
NBC cameras developed by
NBC Phote RCGAM in Camden, and pick-
NBC TELEVISION GOES TO THE 1Ing up pictures of actors sup-

PRIZE FIGHTS IN  MADISON  plied by Artists Service in New
SQUARE GARDEN Vork

In the studio phase of television broadcasting, RCA has been
one of the major artisans in fashioning the pattern of the future,
even though the economics of the 1937-1941 operation will
probably remain an all-time and disproportionate” high. RCA
staffed the television program department with a group of out-
standing young producers and provided them with ample
budgets, stories, and adequate equipment. The result of this
was the establishment of a continued program service through
which the first consistent television audience was attracted.
During this period, new ideas, as well as new equipment, were
introduced in an effort to test the full potentialities of the art.
As a result of this activity, the industry was able to gauge and
predict the reaction of the public for the first time.

It can be justifiably stated that the extensive programming
efforts of NBC created the pattern for at least the opening phase
of postwar television. The major developmental work of RCA
can be measured by the general acceptance of the iconoscope and
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TELEVISION BROADCASTING FROM AN AIRPLANE, AN IMPORTANT
“FIRST” IN TELEVISION HISTORY. The telecast made by NBC showed
New York City from the air.

orthicon tubes, as well as the many electronic circuits and techni-
cal units that have stemmed from their laboratories.

In this discussion there has been an attempt to accomplish
an impossible task—that of assigning individual credit for
creative development that rightfully could be assigned to many.
Even though the offerings of other competitors in this market
were far less conspicuous by comparison, television could not
have hoped to become a public utility through the efforts of any
one operator.
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The Television Camera and
Associated Circuits

THE picture that we see on our home television receiver is the
result of a split-second integration between many pieces of
electrical apparatus. For purposes of discussion, this complete
evolution can be separated into four parts, namely, the camera,
the amplifying and synchronizing system, the radio transmitter,
and the home receiver itself, the last two subjects being covered
in individual chapters. Each one of these functions is accom-
plished through the use of advanced.electronic engineering prac-
tices so complicated that it is outside the scope of this work to
present a detailed explanation of the processes involved. In
lieu of a technical discussion that might tend to confuse rather
than to clarify, an attempt will be made to describe these opera-
tions in general terms. In so doing, it may be necessary to use
analogies that are not entirelv satisfactory from a strict technical
viewpoint, but that are nevertheless required in presenting an
understandable picture of the individual steps involved in
putting a picture on the screen of a television receiver.

The Camera

We shall begin our discussion of television techniques with a
description of the camera, since it probably includes more
features meriting explanation than any other single instrument
of electronic television.

Although a large majority of the studio equipment now in
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THE TELEVISION CAMERA

use employs the iconoscope tube in converting light into electri-
cal energy, we have in this country two other systems that are
also used. These are the Orthicon and the Farnsworth Dissector.

Figure 1 shows the three basic parts of a typical electronic
camera equipped with a storage-type or iconoscope pickup tube.
The parts of the iconoscope camera include the lens, the pickup
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FIG. 1

tube, and the am'pliﬁers, all of which are contained within the
camera. For the purpose of illustration, this more advanced type
of camera is chosen, for though the mechanical systems of tele-
vision may appear to be more easily understood by the layman
they are now obsolete. The storage-type pickup tube illustrated,
in this case the iconoscope, will be found in general use today,
and the theories of its operation, once understood, are easily
applicable to other more advanced types of pickup devices.
The operation of this camera is made possible through the
reaction of certain chemical substances to light. In television we
are concerned with the creation of an electrical coefficient of
light through the processes of photoelectricity. To understand
these processes, we must first consider the basic functions of
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RCA Photo

DR. V. K. ZWORYKIN, ASSOCIATE RESEARCH DIRECTOR, RCA
LABORATORIES, PRINCETON, N. J., HOLDING AN ICONOSCOPE, THE
ELECTRONIC “EYE” OF TELEVISION, WHICH HE INVENTED

light as applied to a camera. Any object, illuminated to a point
above the threshold of visibility, will present to the eye or to a
lens a series of graduated areas of light and shadow. The bright-
ness of each area is the amount of light that is being reflected
back from the object or objects in view. Our ability to compre-
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THE TELEVISION CAMERA

hend what we see lies in our ability to evaluate and interpret
these shades of light and dark into terms of composition, dimen-
sion, color, and movement.

In order to make this explanation of a camera as fundamental
as possible, we shall limit our considerations to the light and
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B&K TELEVISION CAMERA

shadow reflected from a stationary, three-dimensional, black-
and-white scene, leaving the subject of color and movement for
later development.

The lens system .of a camera (Figure 1, A) collects the light
energy reflected back from the scene in front of the camera and
directs it into the camera, where it is focused on the light-
sensitive surface of the pickup tube or iconoscope (B in Fig-
ure 1). This lens is able to differentiate distant objects from
those near-by and to interpret faithfully the arrangement of
light and shade in any one plane.
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THE TELEVISION CAMERA

Unlike the eye, a single lens cannot adjust itself to reproduce
both distant as well as close objects with perfect fidelity at the
same time, and therefore in television we make use of many
types of lenses in televising a studio production. For purposes
of discussion, we shall disregard these limitations of the optical
equipment and consider the lens only as a means of collecting
the light energy of a two-dimensional scene displayed before
it and registering it on the light-sensitive surface within the
camera. This surface, or screen (Figure 1), has been so treated
that it is photoelectric and as such will, under the influence of
light, give off minute charges of electricity. In the iconoscope
tube such a surface is called the mosaic and can be described as
a silvery-white plate mounted vertically within the transparent
glass bulb, at right angles to the axis of the lens. In the process
of manufacturing, all traces of air have been removed from the
transparent glass bulb.

This mosaic, approximately three inches high by four inches
wide, undergoes an electrical reaction when light is played on
its surface, creating the pulsations from which we obtain the
electronic equivalent of the picture before the lens.

The mosaic is constructed of three layers of material, the
rigid or visible plate being made up of a sheet ot mica, which is
an excellent electrical insulator. On the front surface of this
mica sheet, millions of tiny globules of silver are deposited,
which under a microscope would appear as tiny isolated islands
of silver separated from each other by mica channels. These
silver particles are eventually treated in the process of manu-
facture to change their composition from silver to globules of
caesium silver oxide, a process that increases their photoelectric
reaction to changes of light. Each of these tiny islands, measur-
ing less than one thousandth of an inch in diameter, thus be-
comes a photoelectric picture element capable of reacting in-
dividually to any light focused on it. There are so many millions
of these microscopic light cells on the surface of each mosaic
plate that we can consider them to be arranged in rows. If we
were to assume that there were 525 such rows across the plate
and that there were 600 light elements to the row, it would
total over three hundred thousand picture elements which
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THE TELEVISION CAMERA

could be used to interpret the optical picture focused on this
plate.

‘The third or back surface of the mosaic is made by coating
the reverse side of the mica sheet with a mixture of colloidal

Courtesy NBC
NBC OUTDOOR ORTHICON CAMERA WITH TELEPHOTO LENS

graphite, a conducting material, which is directly connected to
the external signal terminal of the iconoscope.

A photoelectric element, such as the caesium silver globule
we have just described, is composed of an electrically positive
nucleus surrounded by a cloud of negative electrons. Each
photosensitive globule, when exposed to light, gives up some
of the electrons that comprise its structure and is thus tempo-
rarily thrown out of electrical balance. If each globule under
the effect of light then becomes deficient in negative electricity,
it has, conversely, become more positive with respect to a normal
cell and can be said to be positive or “charged.”

As an analogy, to explain this we might use a glass of water,
which is allowed to evaporate under the sun’s rays. If the water
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were to be considered as the negative electricity of a single
olobule and the air, the positive charge which replaces any loss
in volume, the changing level of water, and its replacement by
air would be similar to the loss of negative charges and the gain
in positive potential of a caesium silver molecule under ex-
posure to light.

It will be sufficient, however, to consider that under the in-
fluence of light each tiny unit of the mosaic will take on an
electrical charge proportionate to the amount of light to which
it is exposed. The released electrons, whose absence causes the
charge, are collected by the positively charged annular ring (B in
Figure 2), and disposed of and do not again directly affect our
consideration. The result of this photoelectric reaction of the
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FIG. 2

mosaic produces a series of individual electrical charges which
duplicate in quantity and arrangement the lights and shadows
of the scene before the lens of the camera. Light energy is thus
transformed into electrical energy, but it remains for us to col-
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lect these charges in a sequential manner that will later permit
their reassembly in their original relation to one another. This
process of collection is called “scanning” and 1is, as the term
indicates, similar to the process of reading a page of print. In
reading we scan the words from left to right and downward from
line to line. The scanning process in television is accomplished
similarly by sweeping a beam of electrons back and forth across
the mosaic. Each element, like each word on the printed page,
when touched by this beam of negative electricity, contributes
its measured charge of electricity to our analyzation of the entire
mosaic.

This electron beam, which is used to collect this information
in the iconoscope tube, is made up of a stream of high-velocity
electrons or particles of negative electricity that are focused
into a concentrated pin point of high-velocity energy. These
electrons, composing the beam, are the same type of charges as
those which were given up by the individual silver molecules of
the mosaic when it was exposed to light. It is logical, then, to
expect that as this stream of negative electricity passes over the
surface of each tiny island, each electron-deficient element
claims the electrons from the beam that it needs to restore itself
to a state of electrical equilibrium. The net unbalance of the
entire mosaic is therefore reduced as each element ‘regains its
original state of balance, and the overall electrical charge that
it originally exhibited is reduced or changed. This change in
electrical characteristic is carried to the circuits emerging from
the iconoscope through the condenser action between the
1solated silver molecules on one surface of the mica sheet and
the conducting layer of graphite on the reverse side connected
to the output lead of the tube. |

The reader needs only to remember that the electrical value
of this mosaic is constantly changing, and that the energy emerg-
ing from the signal connection under changes in light measures
and faithfully records these changes. To satisfy those readers
who may question how this single connection may constitute a
closed circuit, it is pointed out that the function of the annular
ring (B in Figure 2) is to collect the secondary electrons freed
by the force of impact of the beam and to act as a return
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electrical path between the photosensitive globules and the
graphite coating that carries the signal.

A device called the electron gun provides the electron beam
which sweeps across the signal elements in the scanning process.
This gun can be best described by reference to Figure 3, which
shows in cross section the arrangement of parts. The source of
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the electrons is found in the tiny pillar, or hollow nickel tube
(B) , which is coated with a compound of barium and strontium
oxides, a substance that is rich in free electrons. When this
cathode is heated by the resistance element, the barium-
strontium coating emits a dense cloud of negative particles of
electricity which rush through the orifice of the control grid
(C) toward the attraction of the positive first anode (D). As
the speeding electrons, diverted from their original rotational
paths by the attraction of this positively charged anode, con-
tinue down the length of the gun, they are made to converge
further by the several apertures shown above as D, and D,.
As the electrons approach the end of this tube, they come under
the influence of the more highly charged second anode, which
further accelerates the now compressed stream of negative par-
ticles. An analogy that might serve to explain this gun structure
can be found in the nozzle of a hose, except that the electrons,
instead of being forced through a nozzle like the water in a
hose, are drawn through the annular rings by an attractive force.

This gun structure, capable of producing a concentrated and
accelerated be':am of electrons, is located in the neck of the
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iconoscope in a position where it can be played or directed on
any part of the mosaic (C in Figure 2).

As previously pointed out, we can consider that there are
enough individual photoelectric elements on the mosaic to
allow arrangement in a series of lines across the plate. Present-
day television standards, set by the Federal Communications
System, specify that the mosaic be divided into 525 possible
lines for scanning purposes and that each line shall be read
from left to right. This requires that the electron beam be de-
flected to the right and left and from line to line if we are to
collect all of the energy on the mosaic. Present television stand-
ards further require that this beam shall be deflected so that
30 complete scannings of the entire 525 lines are completed
each second.

Because the human eye is capable of perceiving light changes
that occur at a frequency as low as 30 cycles per second, the
observer would be aware of a bothersome flicker if these stand-
ards were maintained. This led to the adoption of an alternate
system of scanning which effectively produces the equivalent
of 60 apparent pictures per second, instead of 30. This process,
known as “interlacing,” is accomplished by scanning every odd-
numbered line of the 525 possible subdivisions during one
scanning sequence and filling in the picture by scanning the
even-numbered lines during the second coverage. Because these
two partial pictures are presented to the eye at approximately
the same instant, they create the optical impression of one com-
plete picture appearing sixty times each second. To achieve
these standards, it is necessary that we insure that the scanning
beam be accurately placed on alternate lines for each successive
picture and that the collecting beam be controlled, in its split-
second sweep across the mosaic, with an accuracy not easily ob-
tainable by any mechanical means.

The speed with which this beam must move back and forth
to produce the required number of frames per second precludes
the use of any mechanical arrangement, with its inherent mass
and friction. It is apparent that if the mosaic is four inches
across, and thirty complete pictures of 525 lines each are to be
collected each second, the beam will need to move 4 inches
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A FARNSWORTH DIRECT PICKUP CAMERA

X 30 X 525 X 2 (back and forth) or 126,000 inches per second
(more than 7200 miles per hour) to fulfill the standards satis-
factorily.

Such accuracy and speed demands a synchronizing and ampli-
fying system of moving the electron beam that will offer no
frictional resistance and that can be easily controlled by elec-
tronic methods.
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Such controlling influences are provided for in the scanning
coil assembly shown in D of Figure 1. This scanning coil is
made up of a series of four separate coils arranged In pairs
around the neck of the tube.

Knowing that the motion of a beam of electrons is affected by
the presence of a magnetic field, changing its direction toward
a field of one polarity and
away from a field of the oppo-
site polarity, it becomes pos-
sible to control the vertical
and horizontal motion of the
beam electronically. If the cur-
rents passing through the top
and bottom sections of the
scanning coils are such as
to set up opposing magnetic
fields, it is apparent that the
beam will be attracted toward

ore of the coils at the same

FIG. 4. DETAIL OF SCANNING 5 v, s
COIL time it is repelled from the
| other. When the currents in
these two coils are reversed, the magnetic fields change polarity,
and the vertical deflection of the beam is likewise reversed.
Similarly, the two side units of the scanning coil assembly will
control the horizontal motion of the beam. The necessary
voltages and currents for energizing these coils or fields at the
frequency and in the amount required must be provided for
if the entire system is to function in synchronization. This is
accomplished in a series of electrical circuits that will be dis-
cussed more fully in later paragraphs dealing with control

circuits.

At this point let us recapitulate the electrical actions which
produce the sequential analysis of the light image falling onto
the mosaic of the iconoscope, and at the same time convert
light into electrical energy. To begin with, we find a highly
accelerated beam of electrons sweeping across the mosaic from
left to right, discharging the light-sensitive elements in one
row. The horizontal scanning coils are so energized that they
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cause the beam to return to the beginning of the third line in-
stead of the second. Thereafter, the beam will continue to scan
the bth, 7th, 9th, etc., that is, the odd-numbered lines, until the -
beam reaches the bottom of the light-sensitive plate. Then the
magnetic fields which control the vertical motion of the beam
cause the latter to jump back to the upper left-hand corner of
the mosaic. The magnetic fields responsible for the horizontal
movement of the beam now cause the even-numbered lines to
be scanned, that is, the 2nd, 4th, 6th, 8th, etc. By the time the
beam reaches the bottom of the mosaic, its entire area will
have been explored. Each element traversed in these exploratory
sweeps of the electron beam gives up electrical energy in pro-
portion to the light that has fallen upon it, creating in the
exterior circuit a series of electrical pulsations representing
the light values found during the sequential scanning process.

The voltage developed by the iconoscope tube will range from
zero to five hundred millionths of a volt with the voltage and
current varying as often as six million times per second. This
electrical pulse is called the signal voltage or, more commonly,
“the signal.”

Camera Amplifiers

It is apparent that the circuits which amplify this energy to
usable levels and still maintain the wide band of frequencies
required for fidelity will be masterpieces of electronic design.
Such amplifiers are not common to radio, but they are very
necessary to television. The first, and possibly the most critical,
amplifier is located within the camera itself. This unit, known
as the head amplifier, or camera pre-amplifier, is positioned so
that the exposed lead between it and the iconoscope is as short
as possible in order to minimize the possibility of stray electri-
cal noises affecting the extremely weak signal voltage obtained
from the iconoscope. These amplifiers are designed to preserve
the characteristics of the signal or pulse of electrical energy,
while the amplitude or strength is being increased in each stage.
In the B & K camera, which may be used as an example, we find
six stages of this type of amplifier being used before the signal
is considered sufficiently strong to be sent to the control room.
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After the signal enters the control room, it is again put
through a series of amplifiers in order to bring it to a level
where more radical corrective changes can be made before it is
sent on to the transmitter for broadcasting. In this position, the

Courtesy G. E.
THE G. E. TELEVISION CAMERAS AT WORK

engineers adjust the relationship between the black and white
and introduce additional wave forms into the picture signal in
order to counteract spurious images (shading) brought about
by parasitic secondary electronic action within the iconoscope.

Synchronizing Pulses

Here the reader may reasonably inquire as to what factor
insures the micro-second accuracy of all these integrated elec-
tronic operations that have brought the picture signal thus far.
The master controlling impulse for the entire system, an im-
pulse that appears with the signal in all phases of its produc-
tion and adjustment, is commonly known as the “synchronizing
pulse.” It is originally generated from the sixty-cycle alternating
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Courtesy Don Lee

DON LEE TELEVISION CAMERA

current (house current), which supplies power to the system.
The frequency of these alternations can be increased to any
multiple of sixty by electronic multiplying circuits, and its
original sinusoidal wave form changed to meet any special re-
quirements. This standardization, multiplication, and conver-
sion of form is done in a separate unit usually found in the
control room and referred to as the “sync generator.”
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The outputs from this generating circuit are amplified and fed
throughout the system. Certain frequencies are sent to the
camera to control the back-and-forth sweep of the iconoscope
beam which determines the line frequency. Other duplicate
pulses are sent to the transmitter with the picture for synchroniz-
ing the receiver. This sync pulse has been aptly described as the
key of the television system, fitting, as it does, both the camera
and the receiver, and hence capable of controlling both. The
combination of the synchronizing impulses with the picture
signal produced by the camera is then superimposed on a
carrier frequency at the transmitter to produce the resultant
wave shape we so glibly refer to as “the broadcast.”

Coaxial Interconnections

The electrical connection between the camera and the con-
trol room is made through a series of coaxial cables, generally
bound together in a bundle and resembling a heavy section of
rubber-covered hose. These coaxial cables are, as their name
indicates, a two-conductor assembly with one conductor coaxially
separated and insulated from the other. Inasmuch as television
relies on this type of conductor for fransmission purposes,
camera cables, interstage couplings, and video patch cords, it
may be well to describe a coaxial in some detail.

The reader will ask why television does not use telephone
wires as radio does. While the complete answer to these ques-
tions will normally be the subject of many volumes for the
engineer, it is possible that the general concepts can be explained
to the layman’s satisfaction in a few paragraphs.

A straight wire carrying alternating current (in this case a
television signal) will offer resistance to such flow in the form
of inductance, a characteristic of an electrical circuit which
tends to resist any change in the value of the current. This
inductive quality, together with the resistance, tends to impede
the flow of varying electric currents by dissipating the energy
in the circuit. Counteracting this is an opposing characteristic
of alternating current circuits, called capacity. When the capaci-
tance of a circuit is of such order that it counteracts the induct-
ance of the circuit, we have a condition of minimum opposition
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to flow of current, and the television signal can be moved from
point to point without appreciable loss. This condition of
balance is commonly known as “resonance.” Unfortunately, a
single wire does not normally possess these opposing character-

Courtesy N. BC

THE NBC PANORAM DOLLY

istics in proper relationship. If we arrange two wires parallel to
and insulated from each other, we can, however, introduce the
clectrical currents in such a manner as to bring about this con-
dition of resonance. Since the spacing between two wires and
the length of the wires determine the inductance and capacity,
it is logical to fold or wrap one of the conductors about the
other, leaving constant spacing to produce the equivalent of
the coaxial cable.

The coaxial cable, then, is a low-loss method of transmitting
the broad band of frequencies which go to make up a television
signal. Figure 5 represents a standard type of “co-ax” of the
rigid or metallic variety. The inner conductor is rigidly sup-
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ported in the center of the outer tube by the button-like in-
sulators. The dielectric or insulating medium in this case is air.
This rigid type will generally be found in antenna systems
where long, straight runs allow us to take advantage of the
high efficiency of this type of construction. The rigid-type cable

OUTER CONDUCTOR
OR SHIELD (COPPER)

i

FIG. 5

does not lend itself to bending or to use under conditions where
the inner conductor does not remain in the exact electrical
center of the outer tube. Flexible co-ax, which we use for inter-
stage connections and non-rigid transmission work, such as the
camera cable, 1s shown in Figure 6. This type, while less

iINNER

/CONDUCTOR

RUBBER INSULATOR OUTER SH
FIG. 6

efficient because of the electrical leakage of the insulating
medium, is still satisfactory for the short runs where its use is
essential.

When we consider the split-second integration of hundreds
of circuits, the interfunctioning of optics, photoelectricity, and
mechanics required in a television system, it becomes one of
the wonders of modern science that this complex wave shape
can be recreated into living pictures and sound in our homes by
the mere pushing of the right button.
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Television Transmission

The Transmitter

A TELEVISION transmitter is normally composed of two

separate units, one being used for sound broadcasting and
the other for picture transmission. In both instances, the elec-
tronic circuits closely resemble a modern high-frequency radio
installation.

The functions of a television transmitter consist of amplify-
ing the picture and sound impulses fed to it from the control
room, creating a carrier wave, and impressing the amplified
sound and picture impulses on this carrier wave for delivery to
the receiver.

The amplification function of a television transmitter will
be given little explanation here, inasmuch as it is merely a
process of producing a magnified version of the electronic wave
shapes generated by a television camera and the microphone.

Even after amplification these impulses which comprise the
program of a television show have neither the properties nor
the power to travel alone to the receiving antenna and, there-
fore, some kind of electronic delivery system is required to
carry them to their destination. This delivery system is aptly
named the carrier wave, and can best be described as a mani-
fold multiplication of the frequency and power obtained from
the 60-cycle power mains. Throughout this entire multiplica-
tion process, the original sine wave shape is retained, appearing
in its final stage as a greatly magnified version of the original

impulse, with many thousand times the original number of
alternations. ‘

GIBSON. COUNTY 1 BRARY

3 S
3
“Qs



TELEVISION TRANSMISSION

The 60-cycle sine wave source referred to is an electrical cur-
rent that is not a fixed and constant electrical function but one
that continually varies from a plus to a minus quantity at the
rate of 60 complete cycles per second. This type of electrical
current is used to power both the transmitters and receivers and
thus becomes the time basis for the entire broadcasting system.
Electrical energy at these low frequencies is normally carried
over wires, but if the frequency of reversals per second is in-
creased from 60 to 60,000,000 cycles per second, and a suitable
antenna provided, this energy can be transmitted or radiated
through the ether without wires.

The original voltage and current as it comes in from the
power lines must be amplified if the dissipation of energy from
the antenna is to result in any more than a local disturbance
around the antenna. This power amplification is also accom-
plished during the frequency multiplication process. While we
have taken a radio frequency of 60,000,000 cycles per second
as an example, it must be understood that radiation can take
place at frequencies far below this figure. Radio broadcast
stations, for instance, operate from 500,000 cycles per second
to 1,500,000 cycles per second, or, as we normally describe it,
500 kilocycles to 1,500 kilocycles.

In addition to the function of amplifying the impulses de-
veloped in the cameras and microphones and creating the re-
quired carrier wave, the transmitter must also be capable of im-
pressing these program signals onto the carrier wave. This
process is called modulation, and it is accomplished in one of
the many circuits of the transmitter.

The number of times the carrier current reverses direction
in each second is the frequency of the transmitter channel over
which the television program energy is received. Each one of
these channels has been designed to a certain width, like a
road, to permit the complete picture and sound passage with-
out crossing over into the path of the adjoining program traffic
from other stations. To protect further against such an eventu-
ality, a guard band of 250,000 cycles is normally provided be-
tween assigned television channels.

Even though this radiated energy is capable of traveling
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without wires, it cannot be resolved into understandable pic-
ture or sound without further transformation at the receiving
position. It will be apparent that a positive swing of electrical
current followed by an equal and opposite negative swing of
the current less than 1/120,000,000 of a second later will be
effectively counteracted, producing a net result of zero in
any but the most sensitive measuring device. Loud speakers and
picture tubes are not capable of reacting at this speed. The
carrier wave, therefore, can be considered to be an unintelligible
feature of the broadcast, functioning solely as a transportation
medium for the picture and sound energy that it carries.

Television Channels

The width of the broadcast “roads” varies according to the
material that must be carried on them. The human ear can dis-
tinguish only a relatively low number of current reversals per
second. A channel for sound, therefore, need be only wide
enough to carry the maximum frequency band of the human
ear, which in broadcast work is approximately 10,000 cycles
per second. Since a television program is far more complex, it
requires more channel width; in fact, it requires 600 times as
much as sound alone. If the channel is not wide enough or if
the available width is not fully utilized, a satisfactory picture
cannot be produced. Television, because of its extensive require-
ments of band width or air space, has been assigned frequencies
much higher than those used in the common broadcast band.

This allocation of television to the ultra-high frequency
spectrum has many advantages, and in turn has also created
many engineering problems.

It has often been proposed that the frequency assignment of
the video services be raised to the uncharted spectrums above
100 megacycles and thus leave the lower reaches clear for com-
mercial electronics and aural broadcasts. Each successive chan-
nel reassignment for television has tended to relinquish the
lower bands and forced redevelopment of television transmitters
and receivers for the new wave lengths. Recent recommenda-
tions of the Federal Communications System have proposed that
television be assigned six channels in the 44-84 megacycle band,
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as well as a high-frequency channel from 180-216 megacycles.
For experimental and investigatory work, the frequencies above
480 megacycles have been set aside as a result of the desire
on the part of many broadcasters to develop this spectrum for
future utilization.

It is no laboratory secret that commercial operation of trans-
mitter equipment in the ultra-high spectrum presents difficulties
in engineering at present. Many of the tubes and circuits
that will operate satisfactorily at 40 megacycles either cease to
function or function poorly in the ultra-high frequencies.

Although this proposed occupancy of the upper frequencies
will give television the “leg room” necessary to growth and de-
velopment, it again has its disadvantages. Any high-frequency
signal has a tendency to bounce or reflect in much the same way
as sound will echo from a wall or light will reflect off a mirror.
As the wave length of the transmitted signal gets shorter, the
objects that will reflect the signal become smaller, resulting
in an increase in the number of “multipath” re-radiations,
although the reflected energy will, in many such cases, be too
slight to affect a receiver. In the lower channels now assigned to
television, this “radar effect,” although it does not present the
problems that would be experienced in operation in the ultra-
high frequencies, is still of considerable consequence in metro-
politan areas.

These secondary radiation points may cause considerable
trouble at the receiver, where an untuned antenna array will
sometimes collect and register this reflected signal with the same
efficiency that it will receive the master signal from the trans-
mitter.

The secondary, or multipath, radiation must travel consider-
ably further (from the transmitter to the point of reflection,
thence to the receiver) and is, therefore, received a fraction of
a second after the master or direct impulse. Even though this
separation between the two signals may be only a matter of
micro-seconds, the trace of the first picture has already moved
across the face of the picture tube. The reflected signal, there-
fore, starts its duplicate trace with a slight right-to-left displace-
ment, resulting in the creation of a “ghost image,” or two identi-
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cal pictures horizontally displaced. This objectionable complica-
tion can, in most situations, be reduced by focusing the antenna
array so that it will not accept transmission from any but the
direction of the master transmitter. The addition of the tuned
director and reflector elements are most effective in this regard.

Another common method of “ghost suppression” is to direct
the receiving antenna so that the signal from the reflective source
will be received in the blank or unresponsive sides of the array
and the more powerful direct transmission will be picked up
with maximum efficiency. In order completely to eliminate
secondary pictures by this method, it is often necessary to ac-
cept less than full signal from the station by positioning the
dead side of the antenna so that it will completely blanket the
unwanted reflection.

This may result in an arrangement of an array in which the
sensitive side of the antenna is directed away from the direction
of the actual transmitter. In some cases, especially where the
unwanted reflection comes from the same general direction as
does the actual transmission, little can be done outside of point-
ing the antenna in the opposite direction and accepting a true
reflection from a less congested area.

Although considerable exploration of ultra-high frequency
phenomenon has already been made, little is known as yet of the
commercial characteristics of this newly assigned space. The
armed forces have by necessity based a large part of their in-
vestigations and military use of electronics in this region.
Around the results of their work, available after the war, much
will be decided as to the future utilization of these frequencies.

Antennae

The electrical circuits of a television transmitter are simple
and compact, even though the design characteristics entering
into these units may be more complex and intricate than an
equivalent radio broadcast transmitter. This reduction in the
physical size of the components within the television transmitter
is made possible by the short-wave lengths used and is one of
the advantages of having television channels in the upper
reaches of the radio spectrum. It is particularly true of the
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antenna systems where a proportionate reduction in length is
found.

Long-wave broadcasting stations require long antenna sys-
tems to radiate the signal efficiently. The length of these an-
tennae makes it impossible to arrange or mount them with the
case and efficiency that can be accomplished with the much
shorter units of television. An antenna of five feet or less, which
1s typical of a high-frequency broadcasting system, can be ar-
ranged and installed in a manner that will produce maximum
efficiency.

The antenna system of a radio transmitter can be compared
to the headlight of a car with the actual signal radiator repre-
senting the source of light. It is true that in a headlight the
filament of the lamp approaches the mathematical limits of a
single point source, while, in considering the comparable tele-
vision antenna, such a point source is approximated in only one
. dimension.

LIGHT
SOURCE

PARABOLIC ™\ TSy
REFLECTOR ™\ e _LENS OR
8 ~BIRECTOR

” . ENERGY SOURCE
. OR AN;ENNA

F1G. 1. PARABOLIC REFLECTORS

In Figure 1, an arrangement of such a source of energy, re-
flection, and concentration is illustrated. It may help to clarify
this analogy if we recall the law of physics which states that
the angle of incidence equals the angle of reflection.

The parabolic reflector (B) is a mathematically designed
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concave reflector so arranged as to produce a series of parallel
reflections from the reflected radiation of the source. The
lens (C) will act as a collector and director of both the forward
radiation as well as the previously described reflected energy.
Such an arrangement takes all the available light in the source
and projects it in a parallel beam. If a television antenna could
be made to radiate from a point source comparable in size to a
lamp, a similar arrangement of parabolic reflectors would be
feasible, but the normal television wave length, which is five
feet, precludes such an easy and efficient solution to the problem.
It is possible, however, to consider one plane of a television
radiator as an equivalent point source, and around it construct
a curved reflector in one dimension, as shown in Figure 1. In
one plane this reflector will then function parabolically to pro-
duce parallel radiation. Such a reflector, measuring five feet
long and at least five feet in diameter, would be both unwieldy
and impractical. Inasmuch as we are now more concerned with
a practical installation, the equivalent electrical arrangement
of parallel elements shown in Figure 2 has come into general
use. The single rod reflector is spaced approximately one quarter
of a wave length behind the antenna, causing the radiations off
the back of the antenna to
be reflected in phase with the
original radiations and thus
fdrtifying the output that
would be obtained by the
antenna alone. A further in-
A crease in efficiency is obtained
by placing a measured rod
or director antenna at a com-
puted distance ahead of the actual antenna. This element acts
in much the same way as the lens of an optical system. The
entire assembly is a satisfactory approximation of the results
that might be obtained from a single plane parabolic arrange-
ment.
By being able thus to focus the radiations of the output of a
high-frequency broadcasting system we can concentrate and
direct radio energy in the direction of the receiver. Conversely,
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TELEVISION TRANSMISSION

in the case of a receiving antenna we can, by the same method,
pick up the maximum amount of energy from a transmitter.
Normally, the antenna system of a transmitter will be designed
to radiate with equal intensity in all directions in order effec-
tively to cover the listening market and will employ non-direc-
tional antennae, commonly known as “turnstiles.” The receiv-
ing antenna, on the other hand, will generally be designed to
cover one or more stations with a reflector-director arrangement
similar to the system just described. Although the antennae of
the television broadcasting station will radiate its signal north,
south, east, and west of its transmitter, the owner of a television
home receiver will have to choose between north and south or
east and west reception and direct his antenna accordingly. He
will thus be able to receive programs from only those television
stations located in the sector toward which his antenna array is
directed. Those stations lying outside this sector of coverage will
either be so weak that reception will be extremely poor or will
not be received at all. Duplicate antenna systems or a method
of rotation of the single tuned array is the only alternative pos-
sible at the present time.

Coverage

The wave length of the signal radiated by a station is com-
puted in meters or feet from the frequency of its assigned carrier
wave. The higher the frequency, the shorter the wave length,
or, in other words, the greater the number of alternations per
second, the shorter these radio waves become. This decrease in
wave length has a direct bearing on the range of reception, re-
sulting in a general rule that all transmissions above forty mega-
cycles can be normally considered as limited to horizon distance.

Although the engineering difficulty associated with developing
high power and wide coverage on the short wave lengths has
been a consistent problem, possibly the greatest disadvantage
in using these high-frequency channels is this horizon limita-
tion, which precludes the coverage of many thousands of square
miles by any one station.

Television, frequency modulation, and other high-frequency
services all suffer from this limitation of coverage. The path of
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TELEVISION TRANSMISSION

the signal from a transmitter to a receiver can be considered
to be a straight line. The normal range of such high-frequency
services is consequently determined by the respective heights
of the transmitting and receiving antennae above the ground,
with the curvature of the earth considered a constant. The
cffective coverage of a high-frequency transmitter limited to
the horizon will thus be visible from the top of the transmitter
tower. Standard broadcast frequencies are not limited by such
restrictions. These long-range broadcasts at the lower frequencies
are the result of a series of reflections from a stratospheric,
ionized surface surrounding the earth, called the Kennealy-
Heaviside Layer. Low-and intermediate frequency signals strik-
ing against the various strata of this ionized surface are re-
flected back to earth at considerable distances from the originat-
ing point. The height of this reflective surface and the degree of
penetration of the original signal determine the distance from
the station at which the signal will return to earth. As the fre-
quency increases, this penetration of the signal into the Heavi-
side Layer becomes deeper and the angle of reflection more
acute until at frequencies appreciably about 40 megacycles little
or no reflection phenomena are observed. If frequency thus
limits the range of a television broadcast, it is logical to ask,
“Why not lower the channel assignments and thus obtain the
long-distance coverage common to radio broadcasting?” If space
to transmit the required six megacycle channel were available
in the lower frequency bands, television could, no doubt, enjoy
the same long-distance coverage of radio. The assignment of
this 60,000,000-cycle width in the region now given over to radio
broadcasting is, however, impossible because the total space
available in this band would not provide room for more than
one or two television stations to operate without doing away
with all the other radio services now occupying the lower part
of the spectrum.

This quasi-optical range of television is a definite deterrent
to the quick development of a national television system, re-
quiring that the industry originate about local transmitters as
a locus rather than encompass larger sections of the country by
use of the powerful clear-channel stations common to radio.
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This limitation of market has so far prevented television from
duplicating the phenomenal growth of radio which marked the
early 20’s. In radio, shortly after the establishment of program
service, nearly every home could listen in on the transmissions
of such key stations as WGY, KYW, KDKA, and W]Z. The en-
thusiasm necessary to the development and progress was, in
this case, more national in character and therefore more con-
ducive to quick maturity.

Economically, the local coverage of television has restricted
the quick development of the art by substituting small, local
investments for the much larger sums that would have been
available for prospecting a national market.

The problem presented is threefold in character. The general
public, living beyond the range of the metropolitan stations,
has for the greater part never seen television, nor is the avail-
ability of such service an imminent possibility. It is conceivable,
then, that people will not, for the present at least, purchase re-
celvers in a price range commensurate with broadcast equip-
ment; the manufacturer, if he hopes to reduce the price of re-
celving equipment to a level that will foster general sales, must
rely on mass production in his factory. The few local customers
that are available do not constitute such a market. The price of
television participation for the chosen few of the larger cities is,
therefore, high and out of proportion to the value of the pro-
gram presently received. The local broadcaster, in infrequent
speculative attempts to create interest, must sustain a program
service for his limited local audience without the financial
assistance of the advertisers, who today look with disinterest
on any audience that cannot be totalled in millions.

Without the financial help of the agencies, the average broad-
caster cannot afford to underwrite all the engineering develop-
ment and program costs. The program, therefore, is auto-
matically curtailed in both quality and air time to the minimum
dictated by license regulations and minimum public acceptance.
Programs of such an inferior'quality, while interesting from the
novelty standpoint, are not sufficiently good to create a heavy
demand for receivers. The manufacturer cannot introduce mass-
production methods to reduce costs without seeing a general
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demand for the merchandise, and the advertiser again voices
disinterest in buying advertising aimed at such a limited and
localized outlet. This vicious. circle repeats itself again and
again as long as television is considered in the light of a purely
local service incapable of network operation. Luckily, this

Courte;s'y NBC
NBC’S TELEVISION TRANSMITTER ROOM

situation appears to be one that will eventually give way to
engineering development resulting in equivalent networks
being formed which will link the efforts and circulation of the
local television stations into a national network boasting an
advertising market acceptable to the monied clients. By thus
expanding the audience, the program cost per listener will drop
sharply, allowing greater expenditures for better entertainment
material as the market thus reached makes additional invest-
ment by the advertiser worth-while. With better entertainment,
the popularity of television will grow, and more people will
want sets. Seeing a good market, the manufacturer will be able
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to make sets in large quantities and in this way will be able to
sell them more cheaply and thus encourage further sales, and
so the circle goes. If this is to be the bonus hinging on network
operation, let us consider the various methods in which we can
surmount the horizon limitations of television reception.

Networks

As 1s explained in the section on studio equipment, it is
electronically impossible to transmit a television program from
one station to another over ordinary telephone lines such as
those used in radio broadcasting. The attenuation or loss of
power resulting from transmitting high-frequency signals over
routine wire circuits is of such order that, for all practical
purposes, it can today be considered an impossibility.

The characteristic television signal can, however, be sent
over coaxial conductors with little or no loss. Furthermore,
the expansion of this method to provide for intercity com-
munications does not increase the power loss to an appreciable
extent. This coaxial method of station-to-station interconnection
is entirely practicable, and experimental work in this direction
increases its popularity daily.

A proposed coaxial network plan based on research conducted
by American Telephone and Telegraph will give evidence of
the wide possibilities of this system. The high cost of the original
installation is the primary objection to coaxial networks—a con-
sideration that may be partially eliminated by using these wide-
frequency conductors for long-distance transmission of other
communication services, such as telephone and facsimile pic-
tures. A 3-megacycle coaxial line between two cities, designed
to handle one television program efficiently, could be used to
carry about 480 simultaneous phone conversations. If this
coaxial line could thus be utilized during the non-program
hours for carrying a pay load of other services, the cost of
usage by television could be reduced. Even considering such an
eventuality, the cost of creating coaxial networks such as are
now proposed will be initially great, resulting in heavy utiliza-
tion rates to the broadcasters. Coaxial ties do, however, have
the advantage over other proposed systems of linkage in that
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they are unaffected by local or outside disturbances that might
possibly disrupt radio relay networks.
Notwithstanding this ever-present problem of outside inter-
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SPLICING A SECTION OF THE COAXIAL CABLE NOW BEING LAID
BETWEEN ATLANTA, GEORGIA, AND JACKSONVILLE, FLORIDA

ference, the development of radio relay stations for network
linkage is steadily increasing. This relay frequency is normally
far above the limits of man-made static and generally outside
of most natural interference phenomena. The use of very high
frequency channels, with their attendant reduction in wave
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length, permits high efficiency in the design and arrangement
of radiation and collection antennae. With both relay receiver
and booster transmitter capable of being operated as a remote-
controlled unit, these equipments can be placed at horizon dis-
tances from each other and over this true line of sight inter-
connect one city with another. The economics of both construc-

Céurtesy NBC
NBC CAMERA ATTENDS A HORSE RACE ON LONG ISLAND

tion and operation of a network created from relay transmitters
is apparently more favored by the broadcaster than the coaxial
system, but, as pointed out, the radio link is exposed to outside
interference that does not affect the coaxial setup.

Network television will undoubtedly develop around both
systems of intercity linkage, with geographical as well as eco-
nomic considerations determining the method adopted.

Although either or both of these two methods of linkage can
be used to connect studios, transmitters, and program sources,
we find a third system being employed for short-run local
hookups. By using a system of line termination, it has been
proved possible to transmit television signals over broadcast
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telephone wires for short distances within the immediate serv-
ice area of the station. One of the best examples of such a
usage of phone wires was demonstrated by NBC in co-operation
with Bell Telephone Laboratories, Inc., when they picked up
the Madison Square Garden pictures and fed them to Radio
City over properly terminated telephone circuits. Apparently
this method countenances some loss of signal even over the
short runs, but 1t is sometimes easier to compensate for this
depreciation in signal by amplification than it is to set up other
facilities. Whether or not this line termination can be improved
to the point where it can be substituted for radio or coaxial
links remains a question to be answered in the light of further
development.

The Mobile Unait

Somewhat similar to relay linkage is the function of the
mobile units, which have been designed to cover programs
originating in the field. Although it is conceivable that the
larger cities may sometimes be wired with a web of coaxial lines
feeding the centralized transmitter, today the practice in
mobile-unit work is to use radio linkage.

The NBC trucks represent the “gold-plated” ultimate in this
department, although at times their extreme bulk and superior
equipment has been a serious handicap. The NBC mobile unit
consists of two large trucks—one completely equipped with
picture and sound-control apparatus, the second containing
the radio transmitter as well as the power equipment necessary
to relaying the program material back to the broadcast trans-
mitter. |

The trend in design of equipment of this classification has
been, and will probably continue to be, toward light-weight,
high-speed, and simplified units that will be able to complete
the program link. Typical of this new departure would be the
ton-and-a-half trucks used by WBKB in Chicago, W6XAO and
W6XYZ in Los Angeles. In these smaller vehicles a great many
of the facilities available in the large vans are missing, but
nevertheless successful relay transmission work has been carried
on with good results.
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Television Receivers

HE television receiver can be divided into three funda-

mental sections—the radio-frequency circuits, the sound-
production unit, and the picture tube. The radio-frequency
section is similar in construction and general appearance to
any well-designed, high-frequency radio and plays a similar
part in converting the broadcast into intelligible audio and
video material.

As in all other types of radio receivers, an antenna is used
to collect the radio energy from the ether. This reception
antenna is similar to the systems described in the chapter
“Television Transmission,” and is tuned or resonated to the
particular band of frequencies used by the local television
broadcasting stations. If this antenna is not resonated to a
single wave length (a method by which the signal picked up
from that particular station will be materially increased), it
will probably be tuned to the middle frequency of a group of
stations having closely associated frequencies. Irrespective of
the characteristics and relative sensitivity, the function of the
antenna is to collect the radio energy broadcast by a transmitter
and through a coaxial cable, or its equivalent, deliver this
energy to the receiver.

The television signal that the antenna collects from the air
contains all the elements required for the reproduction of
sight and sound. These components are the sound broadcast,
the picture signal, and the synchronizing pulses, the latter
being required for control purposes. The radio-frequency sec-
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TELEVISION RECEIVERS
tion of the receiver separates these various elements and directs
them through a series of radio-tube circuits to their destination.

The amount of energy that an antenna will pick up from
the ether is unbelievably small, so small, in fact, that it is

DIRECTION OF
RECEIVING ¥

)]

TOP PLAN VIEW

F1G. 1. DIPOLE RECEIVING ANTENNA WITH REFLECTOR

normally measured in millionths of a volt. Through the use
of tuned radio circuits and successive stages of amplification, it
is possible to build this original energy up to many thousand
times its initial power and still retain, in this amplified version,
all the minute characteristics of the original wave. During this
process, the synchronizing pulses and the sound are isolated
and sent through other circuits to the designated parts of the
receiver. After the carrier wave has been removed and discarded,
the remainder of the radio energy is called “the picture signal,”
and when sufficiently amplified is ready to be impressed on the
grid of the picture tube.
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TELEVISION RECEIVERS

The Cathode-Ray Tube

Probably the most interesting part of the television receiver
is the video reproduction unit. Figure 2 shows a cross section
of an electrostatic focusing type cathode-ray picture tube, with
the arrangement of the more important elements. The inside
face or screen (A) of this tube-is coated with a deposit of

g

00—

FIG. 2

&

willemite salts, or an equivalent phosphor capable of fluoresc-
ing under the impact of an electronic beam.

An electron gun (B) of the same general structure as that
found in the iconoscope is located in the neck of the tube close
to the base. This gun serves as the source of electrons and the
elements necessary to direct these negative particles of electricity
into a compact and concentrated electron beam. Farther up the
neck of the tube will be found deflecting plates (C; and C,).
When properly energized by the synchronizing pulses, these de-
flecting plates are capable of controlling the movement of the
electron beam back and forth across the inner surface of the
screen.

There are two standard types of cathode-ray tubes used in the
television receivers manufactured in this country, one using
electrostatic force to deflect the beam, the other employing a
magnetic system for the same purpose. Both systems are in use
today, and the selection of the type used is a matter of choice
on the part of the receiver manufacturer. In the electrostatic
system, the two sets of plates described above and illustrated in
Figure 2 are needed to guide and deflect the beam; in tubes

74



TELEVISION RECEIVERS

of the magnetic type, no deflecting plates are used, the control
being effepted by a system of external coils (A) placed about the
neck of the tube, as illustrated in Figure 3. |

The cathode of the electron gun, when subjected to the heat
of the filament, provides a rich source of electrons. By providing
a range of progressively increasing positive voltages, impressed

&
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on a series of anodes, a beam is formed whlch i du‘ected up the
neck of the tube, wher¢ it eventually’ 1mpacts ‘against the 'sensi-
tized inner surface of the fluorescent screen. This impact causes
the phosphors or chemical coating on’the inner surface of the
bulb to fluoresce at the point and at the instant it is struck.
This produces the light with which we delineate the picture.
As the beam rapidly sweeps back and forth across the inner face
of the tube, this single spot,'bmwing to our persistence of vision,
becomes a line of light, and, by further moving the position of
successive lines sequentially downward, it is possible to cover
the screen with better than 500 individual lines. If the bright-
ness of each individual spot that goes to make up these lines is
considered to be a measure of the number of electrons contained
in the impacting electron stream, it is evident that the brlght-
ness of this spot as it races back and forth could be varied by
controlling the flow of electrons through the grid. Inasmuch
as the television picture signal is made up of electrical pulsa-
tions originally created by variations. of the light and dark
areas registered by the camera, it is apparent that when this
electrical equlvalent of the light is used to control the Opemng

75



TELEVISION RECEIVERS

and closing of the grid structure in the receiving tube, the lines
created by this moving and variable intensity spot will reproduce
these variations in lighting on the face of the tube. It is further
evident that the sweep of the electron scanning beam that col-
lects the picture energy in the camera must be accurately dupli-
cated by the sweep of the electron beam that re-creates the

Courtesy RCA

RCA KINESCOPE

picture on the receiving tube. Such synchronization is assured
by transmitting a series of electrical pulses as an integral part
of the broadcast. Although these pulses are invisible and in-
audible, they are capable of “triggering” the specially designed
control circuits, which in turn activate the proper scanning coils
about the neck of the tube. The use of the same pulses in the
receiver as those that trigger similar circuits in the camera
assures accurate duplication of the controlling forces acting on
the electron beams in both camera and the picture tube. A
separately operated adjustment on most receivers further con-
trols the average brightness of the picture. This is obtained by
restricting the overall flow of electrons through the gun structure
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in the picture tube by impressing a fixed voltage of the proper
polarity on the grid. The average brightness now obtainable
on the surface of such a tube 1s considered satisfactory for normal
enjoyment and the successful reproduction of pictures. The
present system of controlling the electron flow through an elec-
tronically actuated grid is sensitive enough to produce satis-
factory half-tones and a reasonable equivalent of black and
white. The human eye is capable of interpolating these varia-
tions to form a satisfactory picture, even though this repro-
ductive system admittedly falls short of optical perfection. It
will be apparent that any successful reproducer tube of the
type described requires a fluorescent screen capable of glowing
and then instantaneously extinguishing itself. Otherwise, the
persistence in luminosity of the phosphors will seriously affect
the reproduction of moving subject matter. The time that this
process requires is a function of the chemical composition of
the phosphors which have a reasonably fast ““decay” of brilliance
after fluorescence. Even with these relatively perfect salts, an
object moving rapidly across the face of the picture tube will
sometimes develop a comet tail of light, indicating that the
energized picture elements have retained brilliance after the
exciting force had moved on.

Under average conditions, this type of tube can be considered
to have about 1,000 hours of useful life. Continuous impact of
the electrons will eventually reduce the efficiency of the chemi-
cal salts on the screen, and the elements of the tube will wear
out. Even then the cost of television entertainment made pos-
sible with this type of electronic receiver tube is but a matter
of a few cents for every hour of enjoyment—a figure that will
compare favorably with the price of any other bi-sensual enter-
tainment medium.

Cathode-ray tubes for television are made in sizes ranging
from the three-inch model used for control instruments in the
laboratories to the twenty-inch picture globe produced by
DuMont, which is capable of producing an image that measures
11 X 15 inches. The most popular size is the twelve-inch tube,
which resolves an 8 % 10-inch picture.

Cathode-ray tubes are produced commercially with screens
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that fluoresce in various colors, depending on the chemical
‘composition of the phosphors used in the fluorescent screen.

For laboratory measurement work, where high brightness and
extreme detail is required, the brilliant willemite green is

_ Cburtesy' DuMont
TELETRONS USED IN DUMONT RECE]VERS

4 i

used. Most home receivers use the black-and-white version of
this basic salt. Evén these so-called black-and-white pictures
will generally have a light blue to a pinkish-brown tint, depend-
ing oh the salts used in manufacture, but here again the eye
is not too exacting, and willingly interprets the tonesin black
-and whité. L

v -« = The Television Screen

As previously mentioned, the face end of the cathode-ray tube
is talled the screen, on the inner surface of which the television
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Courtesy DuMont
DUMONT DIRECT-VIEWING RECEIVER, 20-INCH TUBE

picture appears. On the direct-view type of receiver, the picture
is viewed directly from the face of the tube, while in the re-
flecting-type receiver the image is traced on the end of the tube
in reverse and then reflected in a mirror, where it is viewed from
the raised lid of the receiver. Except for appearance, there i1s
little difference between the efficiency of the two types.
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The image produced on the screen of a standard 12-inch tube
measures approximately 8 X 10 inches, which, when seen from
a distance of 6 to 8 feet, 1s optically equivalent in size to a

Courtesy Zenith
ZENITH REFLECTING RECEIVER, 12-INCH TUBE

standard motion-picture screen viewed from about the middle
of the theater. However, the public has indicated a preference
for equipment capable of producing larger pictures for home
use.

In the extremely small tubes, those which are three and five
inches in size, a marked infidelity of picture reproduction is
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noticeable when compared with the larger screens. The size
of the fluorescent spot obtainable in most picture tubes can
be considered as a constant. Therefore, the number of picture
elements obtainable is limited by the total area of the screen.
As the screen becomes larger, the size of the spot will'appear to
get smaller by comparison, and the minimum spot size obtain-
able becomes less of a consideration. It follows, then, that bet-
ter picture detail is possible when a larger tube is used. Engineer-
ing limitations and manufacturing cost, however, place an upper
limit on the sizes in which this type of vacuum tube can be suc-
cessfully produced. The problem of obtaining proper evacua-
tion of the gases in the larger tube and the increased voltages
required to focus the electron stream have iimited the size of the
practical picture tube to approximately a fifteen-inch screen.
Pictures of larger screen area will probably use an optical
system to produce the required magnification. Some manu-
facturers propose the introduction of a lens between the tube
face and the observer to increase the size of the picture. In such
methods of enlargement, some distortion will normally be
apparent unless the picture is viewed from a line through the
center of the lens, but even then slight aberration at the edges
of the picture can be expected. A properly designed lens plus a
high-intensity screen can, however, be successfully combined to
make possible a projected picture with a magnification of several
diameters. The principles behind such equipment are not new
or complex. A television picture reproduced on a tube with
considerably higher brilliance characteristics than those gen-
erally used for optical viewing is projected through a lens sys-
tem onto a translucent or back projection screen. Other types
of these experimental large-screen receivers have been designed
for use with the common reflective screen or its equivalent. The
principal difficulty in the design of such projection-type re-
ceivers lies in obtaining the high brilliance on the face of the
reproduction tube required for optical magnification. As the
brightness of the fluorescent screen is increased by stepping up
the impact velocities of the electrons, it will be seen that limits
of efficiency will eventually be reached. Beyond this limit, the
rapid destruction of surface material will seriously curtail the
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life of the tube. Furthermore, it will be remembered that the ac-
celeration of the electrons in the scanning beam is accomplished
by subjecting the electrons to successively higher voltages.
Here too we have a limitation in voltage, dictated by equip-

Courtesy RCA
EDDY IMPROVED LARGE-SCREEN RCA TELEVISION HOME RECEIVER

ment design and the stipulation of reasonable safety factors in
producing a receiver for home use. Despite these ever-present
limitations, the projection receiver of tomorrow has passed
its preliminary tests and will, in all probability, supplant the
picture tube of today. The use of optical projection methods
enables us to produce picture sizes of 18 X 24 inches, with suf-
ficient brilliance to satisfy even the most critical observer.

Theater Projection Recewvers

Projection receivers of the larger or theater size are today
utilizing optical principles similar to those employed in pro-
83
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jection-type receivers for the home. The basic components of
such equipment consist of the radio-frequency receiver, capable
of stripping the picture energy from the carrier, a high-intensity
picture tube of reduced cross section, and the necessary lens

Courtesy NBC
THEATER-SIZE TELEVISION, NEW YORKER THEATER, NEW YORK

and parabolic mirrors needed to project the picture on the
screen. By using extremely high voltages in accelerating the
electron stream of the picture tube, light intensities have been
obtained on the theater screen that satisfy the minimum re-
quirements for comfortable observation. Satisfactory demon-
strations of these large-screen pictures have already been pre-
sented to the public. These pictures vary from 8 X 10 feet to
15 X 20 feet and may have a length of throw between projector
and screen exceeding sixty feet.
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Several types of these projection systems have been success-
fully demonstrated in this country and have been received with
reasonable enthusiasm on the part of the public. In addition to
the RCA theater projection system, which uses a parabolic re-
flector, this country has witnessed demonstrations of the Baird
system in which projection is accomplished through lenses.
The English-born Scophony system, which utilizes a semi-
mechanical light-valve type of projection, has also been used
in this country. While public demonstrations of the mechanical
method (Scophony) has not been as well received as the all-
electronic methods, this system has already found favor in Eng-
land. A complete description of such equipment would be far
too detailed and complex for this type of review and for this
reason only the basic principles will be outlined.

The Scophony System

This projection system is based on the mechanical electronic
equipment covered by the Scophony patents. It is designed to
use a fixed external light source of high intensity, rather than
the relatively low-level brilliance obtained from a fluorescent
surface. The radio signal from the transmitter is received and
translated in equipment similar to that common in other types
of receivers, but the isolated picture signal in the Scophony
method controls the operation of a super-sonic light valve,
rather than the grid of a picture tube. By a clever arrangement
of optical units, this vibrating light valve admits varying
amounts of the external high-intensity light to a double system
of rotating mirrors which project and reflect these light varia-
tions on the viewing screen. Use of a separate light source and
the ability to modulate the amount of light admitted to the
mirror wheels.overcomes the principal objection found in the
low intensities obtained by the electronic picture tube method.
On the other hand, any mechanical operation has the dis-
advantage of friction and mass, which do not exist in the all-
electronic systems.

Intermediate Film

Work is now under way to perfect a system that will be a
happy medium between newsreels and straight television. The-
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television broadcast as received over the air is photographed
by a motion-picture camera, especially adapted to this purpose.
To circumvent the problem of printing a positive film from
this negative, the television receiver is adjusted to produce a
negative picture on the face of the tube. When this negative
picture is registered on the positive film of the camera, the
result will, of course, be a positive print. This film is then fed
directly from the camera magazine into a continuous high-speed
development tank, where it is processed and dried in a matter
of minutes. Then, as a film record of the picture that has pre-
viously been reproduced on the receiver, it is fed directly to the
projection booth of the theater, or in some instances to a cutting
room for review and editing. Although not original in this
country, the intermediate film process may have good possi-
bilities in our big-screen market. The advantages of this process
are that the brightness levels and contrast of the projected
picture can be controlled in both the photography and develop-
ment. The resulting film can then be projected in the theaters
at normal light levels.

The Color Receiver

Our final consideration is that of the color receiver. The ad-
vantages of full color will, no doubt, bring about increasing
interest in this field. To date, only experimental models of these
semi-mechanical reproducers have been shown.

All the color receivers that have been shown to the public
are based on the rotating color disc system—a process that again
is more fully described in other chapters of this book. This
color disc, made up of a series of alternate red, blue, and green
pie-shaped segments of transparent material, is rotated at high
speed before the face of the receiver tube. This rotation is so
synchronized by means of transmitted pulses that it will con-
form in speed and radial position to a similarly colored wheel
which rotates before the camera in the studio. The filter action
of these three primary colors will screen out and reproduce
these pictures in the three primary colors of red, blue, and
green. By viewing a rapidly repeating series of these mono-
chromatic versions of the full-color scenes before the camera,
the eye receives the optical resultant in natural color reproduc-
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tion. The wheel that brings the color screens into successive
position must have a diameter that is several times greater than
the actual picture produced, which results in apparatus that
has a tendency to become rather bulky. Dr. Peter Goldmark, in
his development of this type of receiver, uses a filter section that
reduces this required diameter to a mathematical minimum.
Even so, the result has tended toward a reduction in size of
the picture, and has generally dictated the use of a magnifying
lens system to magnify the image size for direct viewing.
Although such a method of magnification produces some opti-
cal aberration, the result, although not perfect, is good. The
television industry is for the greater part not in favor of any
mechanical reproduction system although practically no trouble
with the mechanized section of these color receivers has been
experienced to date. Most observers in the fields of color predict
the eventual introduction of an all-electronic system that will
supersede the experimental equipment of today. Positive data
on the experiments in this field are not available for public
release, although it is rumored that definite findings already
imply an early solution to the color problem.

Conclusion

We can expect that the developments in electronic tubes and
circuits, brought about by wartime exigencies and developed
by the armed forces, will be directly applicable to new and
improved receiver design. Such developments will not only
improve the quality of reproduction and add to the life of the
component parts, but they should materially reduce the cost
of the set.
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The Control Room

[ HE control room is the nerve center of the entire television

+ broadcasting system. Here the raw materials that go to make
up a program are assembled and welded into a form that can
be sent on to the transmitter and from there broadcast into
the homes.

Control-room equipment and location, like the studio spaces
they monitor, vary so widely in facilities and placement that it
is impossible to select any individual installation as a standard
for descriptive purposes.

Most of these control centers have, however, developed around
basic requirements that are common to all, with each operation
attacking the problem in a manner dictated by local conditions.
For this reason, it will be best that we choose for description a
non-existent, yet average installation, which will be typical of
those found in most television stations.

Control-Room Location

The control room itself is normally placed in an elevated
location overlooking the studio space that it will operate.
Although ample interphone communications could conceiv-
ably be installed between the studio and any other available
remote space, there is no control mechanism that will supplant
or equal the advantages of direct visual observation. Because
stage settings will many times block the operator’s view from a
floor-level control window, it is considered necessary that the
location of this space be chosen well above the top of the stage
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settings and opposite the end of the studio which is normally
considered up stage. In a rectangular studio, the control space
would preferably be on the narrow end, close to the ceiling.
Whatever the facilities that must be modified or sacrificed to
gain this objective of height and unrestricted view of the set, the
operational advantages thus gained will eventually pay for
the change.

There are two important reasons for establishing the control

Eourtesy . E.
CONTROL DESK AT WRGB, SCHENECTADY

room on the down stage end of the studio. First, this is the
area that will normally be used for operation of the cameras
in registering the show. The length of cable required between
camera and control room is thus appreciably shorter than that
attainable in any other arrangement. Secondly, the operational
crew in the control room will be able to view the major part
of the show from the correct perspective (over the heads of
the camera crew), and can visualize the control problem more
clearly. Thirdly, the lighting system will generally be directed
away from rather than toward the control-room windows, thus
reducing the glare sometimes found to be highly objectionable.
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Size of the Control Room

In setting aside floor area for control-room use, it is im-
possible to predict the eventual requirements that will be
necessitated by reason of special production or expanded

- Courtesy Zenith
ZENITH CONTROL ROOM AT W9IXZV, CHICAGO

operations. For that reason many of the spaces now being
used will have to be remodelled to accommodate the personnel
and equipment required for full commercial operation. Fore-
sight should indicate the normal expansion that might be
expected, and sufficient space should be set aside for twice that
amount. Only by overestimating the eventual needs can sufh-
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cient area be made available for any but the most fundamental
operations. Independent of size, a control room apparently
never has sufficient space to house all the equipment racks,
turntables, consoles, engineers, directors, and producers that
must be located there.

All operators concerned with the video and audio pickup
equipment should be positioned so that each one will have
an unrestricted view of the set. These technicians should also,
by reason of their closely related functions, be placed close
together for full efficiency. For this reason, a ‘“side by side”
setup, where the operating and directing personnel are each
given a section before a long control window extending across
the width of the studio; is not too practical. Possibly the most
reasonable plan to date is the tiered arrangement wherein the
shading and monitoring positions, as well as the audio panel,
have been located directly before the window with the switch-
ing, supervision, and direction situated at a console above and
in back of this primary control group. Such an arrangement
gives everyone good observation facilities, the engineers having
an excellent view of the floor and equipment, while the super-
vising and directing personnel see not only the floor but the
control-room equipment as well. The proximity of station
possible under this plan allows all direction and reports to be
given by voice in the control room rather than by “intercom”
telephone.

Equipment

The equipment to be found in a control room will vary
widely with the needs of various stations. In all installations,
however, one will find a large number of amplifiers that must
be kept handy to the engineers. These amplifiers will normally
be mounted in a bank of floor-to-ceiling racks and may or may
not be accessible from the front or panel side. Operational
practice dictates that such equipment should be located where
ample space behind the racks can be made available for the
engineering personnel to work safely. Such a space or sub-
division of the control room is normally kept locked because
the exposed high-voltage circuits on the racks constitute a
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definite menace to safety. Because television is constantly called
upon to install new and supposedly better equipment, it is
considered good practice to design the rack layout with ample
spare panel space for mounting these experimental units. It is

Courtesy Philco
CONTROL ROOM AT STATION WPTZ, PHILADELPHIA

seldom that the engineering group finds fault with such a sur-
plus or can find a sufficiency of rack space for normal operations.

Equipment racks can be placed in any part of the control
room, but will normally be found on one side of the control
console, close to the video engineer.

Video Control

The control desk is by far the most important single unit,
both as to function and placement, and therefore this console
above all others should be placed in an optimum position for
viewing the studio. The engineer who operates this equipment
not only has the control of contrast, level, and camera adjust-
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ments at his finger tips but the all-important “shading panel”
as well. By proper manipulation of these knobs and switches,
deficiencies in the picture produced by each camera can be
corrected before being sent to the monitors and to the trans-
mitter. "

Although many of these adjustments will be made from the
data registered on the oscillographs installed to interpret the
electronic signals from and to the camera, it is often possible to
predict required changes from watching the action in the
studio. Visualization of camera placement, lighting, as well as
action on the set, will generally be necessary to a completely
satisfactory control operation.

One engineer can normally operate two banks of shading
controls, although in emergencies it is possible that he could
handle three units. If the studio accommodations are such that
more than three cameras could eventually be used on the floor,
the original design of the control room should provide for at
least two video control positions.

Audio Control

The sound or audio control is an assignment that also re-
quires unrestricted vision of the set, and this man will logically
be found alongside the aforementioned video-control man. He
is charged with the monitoring of levels and placement of the
many microphones that are used in a television play, but in
addition he will also have under his cognizance and control
the turntables used to insert musical backgrounds and sound
effects into the program. Through the use of “micrometer
drops,” which allow remote control of these turntables, this
latter function may sometimes be moved to less crowded
quarters, but in most control rooms one or more pieces of
this type of equipment will normally be found at the audio-
control position, operated by the audio engineer.

The audio levels will be monitored in three ways, with high-
fidelity speakers, earphones, and VU meters which measure the
intensity of the monitored sound. The high-fidelity speaker
above the console is more for the benefit of the entire con-
trol group than for the control engineer, who will normally
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prefer to wear a headset to gauge sound quality. The actual
audio level, however, is set and controlled by reference to a
VU meter mounted in the console itself. The audio console
for television 1s a counterpart of that used in sound broadcast-
ing and will of necessity occupy equivalent space. As in the
case of the video console, where the studio is capable of expan-
sions well above the size of its immediate operation, the de-
signer should allot sufficient room for a duplicate unit, to insure
that the original arrangement will prove practical in the future.

Master Control

The two master or supervisory positions will not be subject
to any such duplication in the event of expansion and there-
fore the space originally selected should prove sufficient for
the future. In order that the men occupying these two key
assignments can do a satisfactory job, the facilities at their hand
should be not only complete but conveniently placed as well.

The supervising or switching engineer is the senior position
in the engineering phase of the program, for he is the one
who interprets the technicalities of the non-technical orders of
the director. Normally he will have before him the camera-
selection switches and the fader controls, through -which he
will accomplish wipes and dissolves between cameras. Properly
placed, he should be above and behind the video and audio
positions where he can oversee the switching setup being used
on the consoles as well as the panorama on the studio floor
below. For efficiency, his desk should be at the elbow of the
director, thereby permitting the maximum intercommunica-
tion of ideas and orders during the broadcast.

The director’s console is normally devoid of any engineering
equipment other than the studio microphone and, like that
used by the supervisor, should be above and behind the desks
of the operators at the window. The director, above all people,
must have good visibility of the studio floor if he is properly
to predict the camera shots required by the story. When the
inevitable breakdown of equipment happens, the planned
sequence of camera movements must be changed, requiring
that the director coach every camera move as well as continue
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to select the pictures best suited to compose the sequence. In
order that the necessary conversations between this man and
the video supervisor can be carried on without disconcerting
the others in the room, the director should be as close as
possible to his colleague at the switching console.

Many studios, in an attempt to reduce the manpower re-

. Courtesy NBC
CONTROL ROOM AT WNBT, NEW YORK

quired to operate a control room, have experimented with
combining the functions of these two last-mentioned assign-
ments by providing the director with the switching, fading,
and dissolving controls he would normally require in “cutting”
a program. Although WBKB at one time had this plan under
consideration, it was evident that such a combination of re-
sponsibilities and equipment could produce nothing in the
way of an improvement and might easily result in complete
chaos.

In any but the most primary productions, the director will
have to make constant reference to the shooting script as well
as to the three to five monitors which indicate the various
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electronic versions of the scene before the several cameras in
the studio. Charged with this dual and exacting chore, the
director has little time to manipulate a complex control desk
if he hopes properly to direct the action of both studio and
control room.

i

Intercommunication Facilities

The extent that interphone communication should be car-
ried in a television station has long been a controversial subject.
Some operators believe that it is both necessary and advisable
to have voice communication with every member of the studio
crew, while others prefer a distinct limitation of the phone cir-
cuits used for such purposes. In that this maze of phone connec-
tions will generally terminate in the control room, it becomes
a service that must be considered in the basic design of the
facility.

It is the general impression that a happy medium between
these two extremes will be both practicable and obtainable.
Such a system can best be evolved around two separated circuits
—one for engineering and one for production. The engineering
circuit should have communication with, but not from, each
of the cameras and two-way service with the lighting engineer,
synchronizing generator room, and the transmitter. The ideal
arrangement would filter out of the camera phones all incom-
ing information that did not normally concern their operation.
This circuit should originate at the supervising engineer’s posi-
tion with a “break in” switch from the video control console.
The sound operator may or may not be in on this line, but
he should at least have access to the main supervisory circuit
between control and transmitter. |

In many cases, the audio group will find it expedient to use
a separate circuit entirely, relying on voice communication in
the control room to give and receive orders over the main
circuit.

The director should have a line isolated from any engineer-
ing control information but capable of communicating with all
production terminals. The stage manager is normally assigned
a two-way circuit as are most of the other positions in this
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department. It is highly necessary that the director be free
both to give and receive information relative to the conduct
of the play, in order that he may make the immediate changes
that will be required to insure a smooth performance. The
production staff does not have communication with the cameras
directly—a rule that is designed to prevent conflicting orders
being given by the two control chiefs. All orders affecting the
movement of engineering equipment are relayed over the engi-
neering line by the supervisor. A “push to talk” telephone with
a chest-mounted microphone is considered the most practical
two-way unit, while the single or double headset satisfactorily
handles the one-way circuits. Where it is necessary, as it often
is, for the operator to hear not only the message over the inter-
com but the general-studio or control-room conversation as
well, a single earphone is indicated. Where the position requires
that the information on two separated lines be received, a split
headset is required.

In many cases it is possible to use signal lights to advantage
in cutting down the complexity of the communication system
considered necessary. A single two-way phone available on the
studio floor and using signal lights as a call can generally be
used to take the place of many phone units and paralleled lines.

Monitoring Facilities

In order that the personnel in the control room can follow
both the picture and sound that comprise the broadcast, a
monitor speaker as well as a picture monitor of each camera
are located on the wall above the control-room window. This
position is chosen to allow quick comparison of the available
electronic picture with the actual scene itself. It is common
practice to use a separate monitor or picture tube for each
camera in operation, and in addition to provide a larger or
different color tube to indicate the picture that is selected for
transmission. This master monitor may or may not have a series
of black center lines embossed on the surface of the tube. Some
operators feel that these indicating lines permit a more perfect
camera alignment, while others prefer a visual and less critical
method of “lining up” the shot,

98



THE CONTROL ROOM

Control-Room Illumination

Because of the need for constant reference to both the highly
lighted studio and the low-intensity screens of the monitors,
the level of the control-room illumination should be as low
as possible. The observation window facing the studio must,

.......

Courtesy WBKB
CONTROL ROOM AT WBKB, CHICAGO

therefore, be treated with some type of light filter to reduce
the glare that would normally emanate from the staging area.
Many systems have been tried with varying success, ranging
from sheet plastic overlays to polaroid. One of the most satis-
factory methods is that used at WBKB, where the windows are
composed of two different types of colored glass, forming a
practical one-way window in addition to reducing the light
from the studio floor.

Air conditioning is considered a necessity in the control
space as well as in the studio. The generated heat of the many
amplifiers, as well as the radiated heat from the studio, will
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quickly decrease the efficiency of the staff if relief is not pro-
vided by forced ventilation and cooling.

One of the biggest problems that eventually faces the broad-
caster, once he has designed, constructed, and staffed a control
room, is, “Who shall be admitted to this sanctum?” Apparently
the functioning of the control room carries an imaginative
background that is considered a “must” by every studio visitor.

If every person who requested admission were to be allowed
in this space, it would require an amphitheater to hold them all
and would deplete the audience to a few ushers. Non-working
personnel, independent of whether they be sponsors, vice presi-
dents, or just interested passers-by, should not be allowed in
the control room. Failure to insist on a definite restrictive
policy in this regard is to ask for continued trouble. Independ-
ent of how important, how well mannered, or how interested
these visitors may be, they distract the personnel engaged in
putting the show on the air. |

Because the general demand to see this phase of broadcasting
is so insistent, it has many times been suggested that an addi-
tional observation panel be installed to allow visitors to watch
the proceedings from outside the control room. Such a system
was tried successfully in the Farnsworth studios in Philadelphia
and should be relatively easy to arrange ih new construction.

When we consider that the success of the program, which
reflects the entire investment as well, is cleared through the
control center, it is only reasonable that this space should be
complete in every detail. Ample room, plenty of equipment,
and logically placed positions can do much to fortify the broad-
casters’ investment when the plans of the control room are
laid down.
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Television Lighting

ELEVISION lighting has always been a controversial sub-

ject. It is a subject that can be argued by either director
or engineer, for its problems lie in both the engineering and
the dramatic fields.

Basically, light in television fulfills two functions. First, in
illuminating the stage it provides the light energy necessary
for the creation of an electronic picture; secondly, it reinforces
this illumination by adding high light and shadow to increase
the dramatic interest of the picture.

Before we consider the subject of television lighting, it might
be well to review and compare the methods and equipment
used by the legitimate theater and motion-picture studios. It is
from these sources that television has borrowed some of its
present-day technique.

In the theater the primary function of light is to illuminate
the stage, and, since the people in the audience are not fa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>