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TELEVISION, Vol. IIT

PREFACE

volume in its Technical Book Series—TELEVISION, Vol. I, which

was followed a year later by TELEVISION, Vol. II. Additional
books in the series were published in 1938 and 1939 on other sub-
jects; a fifth book was ready to go to press in late 1941, but was
not published because of the war. It was the intention to continue the
technical series with subsequent volumes on later developments in fields
already covered as well as new fields. Wartime security restrictions
made it necessary, however, to postpone further publication.

During the war, RCA Institutes Technical Press, which formerly
published the Technical Book Series, was discontinued; at the end of
the war, its functions were transferred to RCA REVIEW at RCA
Laboratories Division, Princeton, N. J. As soon as conditions per-
mitted, RCA REVIEW commenced work on the compilation, selection,
and editing of material for the next volume on television. It was
immediately apparent that it was not possible to “bridge the gap”
between 1937 and 1946 in one volume. Accordingly, two volumes on
television are being published at this time.

]_‘[N 1936, the Radio Corporation of America published the first

* * *

This book, TELEVISION, Vol. 11I, covers the period 1938-1941.
The papers are presented in four sections: Pickup; Transmission;
Reception; and General.

* * *

The large number of excellent papers on the subject of television
has made necessary a very stringent selection process. All the available
material can not be included in full form. A number of papers are,
therefore, presented herein in summary form only; it has been neces-
sary to omit others entirely. Suitably balanced presentation of the
various phases of television was the major criterion in deciding which
papers to include in full and which in summary. The presentation of a
paper in summary form (or the non-inclusion of any particular paper)
is not intended to indicate any deficiency in technical accuracy, literary
merit, or importance.

-
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TELEVISION, Vols. I and II have been out of print for some
time, and the plates were not retained during the war because of the
shortage of type metal. The numerous requests being received for
these two volumes, copies of which are no longer available, indicate
the desirability of providing additional reference material on the
earlier phases of television development. For this reason, the Appendix
to this book includes summaries of all papers published in TELE-
VISION, Vols. I and II.

#* * *

RCA REVIEW gratefully acknowledges the courtesy of The Insti-
tute of Radio Engineers, the McGraw-Hill Book Company, the Society
of Motion Picture Engineers, the Optical Society of America, and the
American Academy of Political and Social Science in granting to RCA
REVIEW permission to republish material, written by RCA engineers,
which has appeared in their publications.

The appreciation of RCA REVIEW is extended to all authors whose
bapers appear herein, and particularly to those whose papers are being
printed in this book without prior publication.

* * #*

TELEVISION, Vol. III, like its predecessors, is being published for
scientists, engineers, and other groups interested in television, with
the sincere hope that the material here assembled may help to speed
developments and advance the position of television among companion
arts and services.

The Manager, RCA REVIEW

RCA Laboratories
Princeton, N. J.
December 24, 1946

— il —
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INTRODUCTION

tical reality, it becomes increasingly evident that it involves
problems of extraordinarily complicated nature.

Television is many things—an art, an industry, and a service, all

based upon science. To imitate, by any means whatsoever, the func-

g. S television advances from experimentation and theory to prac-

tions of the human eye and ear and to duplicate these functions by
electronic means is certainly the function of an art based upon science
at its best. To provide, in quantity, the equipment for such repro-
ductions of human vision and hearing, so that many may share its
benefits simultaneously, is certainly the activity of an industry that
will stand beside the more basic industries which today form an integral
part of our national life. And finally, to offer to individuals and to
commercial and government organizations the broadcasting facilities,
application techniques, program and other material for widespread use
of this new medium is to render a public service of the highest order.

Each of the many broad facets of television has its multiple and
particular technical facets. All of the research and engineering organi-
zations of RCA and its various divisions and subsidiary companies are
concerned with television. In the broad fields of physics, chemistry,
radio and electronics, and within these fields—in mechanics, basic elec-
tricity, mathematics, heat, sound, light and optics, and magnetism—
men and women, scientists, engineers and executives, find that sooner
or later, to a greater or lesser degree, their work deals with television.
To some, television is the entire daily problem; to others, television is
not the actually assigned problem at all. But often research workers
in other fields may come upon the answers to television problems.
Again, at times, they may be asked to apply their specialized knowledge
and skill to problems associated with television developments. This is
true beyond the engineering laboratories, in the Radio Corporation of
America as a whole, where television—the industry and the service—
at some time touches almost every group.

* * *

As in the case of earlier volumes, the contents of TELEVISION,

Volume 111 reflect the complicated nature and broad scope of television.

—xi—
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The variety of subjects covered shows clearly the extent to which many
widely-separated efforts contribute to the solution of the overall prob-
lem. If this consolidated record of past developments by RCA engineers
provides stimulus for further work, it will have served the purpose for
which it is published.

RCA Laboratories .
Prineeton, N, J.
December 24, 1946

Executive Vice President in Charge
RCA Laboratories Division

- Xt —
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TELEVISION STUDIO TECHNIC*t
By

ALBERT W. PROTZMAN

Engineering Department, Natlonal Broadcasting Company, Inc.,
New York, N. Y.

Summary—The studio operating technic as practiced in the NBC tele-
vision studios today is discussed and comparisons are made, where possible,
to motion picture technic. Preliminary investigations conducted to derive a
television operating technic revealed that both the theater and the motion
picture could contribute certain practices.

The problems of lighting, scenic design, background projection, and
make-up are discussed, with special emphasis on the difficulties and differ-
ences that make television studio practice unique.

An explanation is given of the functioning of a spectal circuit used in
television sound pick-up to aid in the creation of the illusion of close-up and
long-shot sound perspective without impracticable amount of microphone
movement. The paper concludes with a typical television production routine
showing the coordination and timing of personnel and equipment required in
producing a television program.

ating technic and found himself limited to a single word, that

word would undoubtedly be “timing.” Accurate timing of devices
and split-second movements of cameras are the essentials of television
operation. Personnel must function with rigid codrdination. Mistakes
are costly—they must not happen—there are no second chances.

Why such speed and codrdination? Television catches action at
the instant of its occurrence. Television does not allow us to shoot
one scene today and another tomorrow, to view rushes or resort to
the cutting room for editing. Everything must be done as a unit,
correct and exact at the time of the “takes”—otherwise, there is no
television show.

Now, to discuss some preliminary investigations conducted before
production was attempted, and to describe the ‘equipment and tech-
nic used in meeting these production requirements.' Technical details
are deliberately omitted. Wherever possible, we shall compare phases
of television operation with their counterparts in motion picture
production.

]IF ONE were forced to name the first requirement of television oper-

For so new a medium as television it is, of course, an impossibility
to present a complete and permanently valid exposition. Television
technic and apparatus constantly advance. Some technic now current
may be outmoded in a day or a month. We have only to recall the
early days of motion picture production, when slow-speed film and

* Decimal Classification: R583.2.
+ Reprinted from the Jour. Soc. Mot. Pic. Eng., July, 1939.

1
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inferior lenses were a constant limitation. So, with television, it is
already possible to envision more sensitive pick-up tubes that will
permit the use of smaller lenses of much shorter focal length, thus
eliminating many of today’s operating difficulties.

PRODUCTION TECHNIC INVESTIGATIONS

In May, 1935, the Radio Corporation of American released televi-
sion from its research laboratories for actual field and studio tests.
Long before the first program was produced in the middle of 1936,
plans were laid, based on extensive research into the established enter-
tainment fields, for the purpose of determining in advance what tech-
nics might be adaptable to the new medium of television. From the
stage came the formula of continuity of action, an inherent basic
requirement of television. This meant memorized lines and long re-
hearsals. Prompting could not be considered, for, as you know, the
sensitive microphone which is as much present in television as it is
in sound motion picture production, does not discriminate between
dialog and prompting.

From the motion picture studio came many ideas and technics.
If television is a combination of pictures with sound, and it is, no
matter what viewpoint is taken, the result spells in part and for many
types of programs, a motion picture technic at the production end.
However, enough has already been said about the peculiarities of tele-
vision presentation to justify saying that the movie technics do not
supply the final answer. There remained the major problem of pre-
serving program continuity without losing too much of motion picture
production’s flexibility., Our present technic allows no time for adjust-
ments or retakes, Any mistake immediately becomes the property of
the audience. The result of the entire investigation led to what we
think is at least a partial answer to the problem. This technic, we
hope, will assist considerably in bringing television out of the experi-
mental laboratory and into the field of home education and enter-
tainment,

GENERAL LAYOUT OF FACILITIES

In order to present a clearer view of our problems, we shall give
a brief description of our operating plant. The present television
installation at the National Broadcasting Company’s headquarters in
the RCA Building, New York, N. Y., consists of three studios, a
technical laboratory, machine and carpenter shops, and a scenic paint
shop. Our transmitter is located on the 85th floor of the Empire State
Building. The antenna system for both sight and sound is about 1300
feet above the street level. Both the picture and sound signals are
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relayed from the Radio City Studios to the video and sound transmit-
ters either by coaxial cable or over a special radio link transmitter.

One of the studios is devoted exclusively to televising motion pic-
ture film, another to programs involving live talent, and the third for
special effects. It is the operation of the live-talent studio with which
we are concerned in this paper.

Fig. 1(a)—General layout of live-talent studio; control room at upper rear.

DESCRIPTION OF LIVE-TALENT STUDIO

Figure 1(a) shows the general layout of the live-talent studio. The
studio is 30 feet wide, 50 feet long, and 18 feet high. Such a size should
not be considered a recommendation as to the desired size and pro-
portions of a television studio. The studio was formerly a regular
radio broadcasting studio, not especially designed for television. To
anyone familiar with the large sound stages on the motion picture
lots, this size may seem small (Figure 1(b)). Yet, in spite of our lim-
ited space, some involved multi-set pick-ups have Dbeen successfully
achieved by careful planning. Sets, or scenes, are usually placed at
one end of the studio. Control facilities are located at the opposite
end in an elevated booth, affording full view of the studio for the
control room staff. Any small sets supplementing the main set are
placed along the side walls as near the main set as possible, and in
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such position as to minimize camera movement. At all times, we
reserve as much of the floor space as possible for camera operations
and such floor lights as are absolutely essential. At the base of the
walls and also on the ceiling are scattered numerous light-power out-
lets to minimize the length of lighting cables. At the rear of the
studio is a permanent projection room for background projection.

= TLEUHON STUOW

16

Fig. 1(b)—Television studio floor plan.

CAMERA EQUIPMENT

The studio 1s at present fitted for three cameras. To each camera
is connected a cable. This cable is about two inches in diameter and
fifty feet long, it contains 82 conductors including the well known
coaxial cable over which the video signal is transmitted to the camera’s
associated equipment in the control room. The remainder of the
conductors carry the necessary scanning voltages and current supplies
for the camera amplifiers, interphone system, signal lights, etc. From
this description, it is apparent that adding another camera in a tele-
vision studio involves a much greater problem than that of moving
an extra camera into a motion picture studio. In television, it is nec-
essary to add an extra rack of equipment in the control room for each
additional camera.

MOVEMENT OF CAMERAS

One camera, usually the long-shot camera using a short-focal
length lens, is mounted on a regular motion picture type dolly to
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insure stable movements. The handling of the dolly is done by a
technician assisting the camera operator. It is impracticable to lay
tracks for dolly shots as'is often the motion picture practice, because
usually each camera must be moved frequently in all directions during
the televising of a studio show. Naturally, dolly tracks would limit
such movement. The other television cameras utilize a specially de-

Tig. 2—Studio camera.

signed mobile pedestal (Figure 2). Cameras mounted on these pedes-
tals are very flexible and may be moved in and out of position by the
camera operators themselves. Built into the pedestals are motors
which elevate or lower the camera; this action is controlled with
push-buttons by the camera operators. A panning head, similar to
‘those used for motion picture cameras, is also a part of the pedestal.
It is perhaps needless to stress here that one‘of the strict requirements
of a television camera is that it must be silent in operation. In the
electronic camera proper there are no moving parts other than those
used for focusing adjustments; hence, it is a negligible source of
noise. When camera pedestals were first used they were the source
of both mechanical noise and electrical disturbance when the camera-
elevating motor was in use. Since then this problem has been over-
come, and it can be stated that the entire camera unit is now free
of objectionable mechanical noise or electrical surges.
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LENS COMPLEMENT

Each camera is equipped with an assembly of two identical lenses
displaced 6 inches vertically. The upper lens focuses the image of the
scene on a ground-glass which is viewed by the camera operator. The
lower lens focuses the image on the “mosaic,” the Iconoscope’s light-
sensitive plate. This plate has for its movie counterpart the film in a
motion picture camera. The lens housings are demountable and inter-
changeable. Lenses with focal lengths from 6% to 18 inches are used
at present. Lenses of shorter focal length or wider angle of pick-up
can not be used since the distance between the mosaic and the glass
envelope of the Iconoscope is approximately 6 inches. Lens changes
can not be effected as fast as on a motion picture camera, since a
turret arrangement for the lenses is mechanically impracticable at
present. However, it is probably safe to say that future advances in
camera and Iconoscope design will incorporate some type of lens turret.
Ordinarily, one camera utilizes a 6Y%-inch focal length lens with a
36-degree angle, for long shots, while the others use lenses of longer
focal lengths for close-up shots. Due to its large aperture, the optical
system used at present has considerably less depth of focus than those
used in motion pictures, making it essential for camera operators
to follow focus continuously and with the greatest care. This limita-
tion will probably be of short duration, since more sensitive Icono-
scopes will permit the use of optical systems of far greater depths of
focus.

It is desirable here to point out a difference in focusing technic
between motion picture cameras and television cameras. “Follow-
focus” in motion pictures occurs practically only in making dolly shots.
For all fixed shots, the lens focus is set, the depth of focus being
sufficient to carry the action. Also, it is the duty of the assistant cam-
eraman to do the focusing. This relieves the cameraman of that
responsibility and allows him to concentrate on composition, action,
and lighting. In television, the camera operator must do the focusing
for fixed shots and dolly shots alike. This added operation, at times,
is quite fatiguing.

Vertical parallax between the view finder lens and the Iconoscope
lens is compensated for by a specially designed framing device at
the ground-glass that works automatically in conjunction with the
lens-focusing control. It may be of interest to note here that at first
the television camera had no framing device. This meant that images,
in addition to being inverted as they are in an ordinary view-finder,
were also out of frame. The camera operator had to use his judgment
in correcting the parallax. With this new framing device, the operator
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now knows exactly the compositiox{ of the picture being focused on
the mosaic in his camera. The framing device can be quickly adjusted
to accommodate any lens between 6% and 18 inches focal length.
Because of the fact that several cameras are often trained on the
same scene from various angles, and because all cameras are silent
in operation, performers must be informed sometimes—such as when
they are speaking directly to the television audience—which camera
is active at the moment. Two large green bull's-eye signal-lamps

Fig. 3—Typical television set.

mounted below the lens assembly are lighted when the particular
camera is switched “on the air.”

SET LIGHTING

There are two outstanding differences between television lighting
and motion picture lighting. A much, greater amount of key light is
required in television than in motion pictures. Also, a television set
must be lighted in such a way that all the camera angles are antici-
pated and properly lighted at one time. Floor light is held to a mini-
mum to conserve space in assuring maximum flexibility and speed of
camera movements. Great care must also be taken to shield stray
light from all camera lenses. This task is not always easy, since, during
a half-hour performance, each camera may make as many as twenty
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different shots. Just as excessive leak-light striking the lens will ruin
motion picture film, it has a definitely injurious effect upon the photo-
sensitive mosaic and upon the electrical characteristics of the Icono-
scope. A direct beam of high-intensity light may temporarily paralyze
a tube, thus rendering it useless for the moment.

SETS

Television sets (Figure 3) are usually painted in shades of gray.
Since television reproduction is in black and white, color in sets is

TE
&:@Ja‘: F
e

by

Fig. 4—Background projection window shot.

relatively unimportant. Chalky whites are generally avoided because
it is not always possible to keep “hot lights” from these highly reflective
surfaces which cause a “bloom” in the picture. This, in turn, limits
the contrast range of the system. Due to the fact that the resolution
of the all-electronic system is quite high, television sets must be
rendered in considerable detail, much more, in fact, than for a cor-
responding stage production. As in motion picture production, general
construction must be as real and genuine as possible; a marked dif-
ference, for instance, can be detected between a painted door and a
real door. On the legitimate stage, a canvas door may be painted with
fixed highlights; that is, a fixed perspective, because the lighting
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remains practically constant, and the viewing angle is approximately
the same from any point in the audience. But, in television the per-
spective changes from one camera shot to another. Painted perspec-
tives would therefore be out of harmony with a realistic appearance.
This is also true in motion picture work. Sets must also be designed
so that they can be struck quickly with a minimum effort and noise
hecause it is often necessary to change scenes in one part of a studio
while the show is going on in another part. At present, we find it
desirable to construct television sets in portable and lightweight sec-
tions without sacrificing sturdiness.

BACKGROUND PROJECTION

The problems of background projection in television differ some-
what from those encountered in motion pictures. More light is neces-
sary because of the proportionately greater incident light used on the
sets proper (Figure 4).

Considering the center of a rear-screen projection as zero angle.
we must make it possible to make television shots within angles of at
least 20 degrees on either side of zero without appreciable loss of
picture brightness. This requirement calls for the use of a special
screen having a broader viewing angle than those used in making
motion picture process shots. Also, in motion pictures, the size of
the picture on the screen can be varied to the proper relation to the
foreground for long shots or close-ups. For television, the background
picture size can not be changed once the program starts. Our back-
ground subject matter must also be sharp in detail and high in con-
trast for good results. _

At present, only glass slides arc used. A self-circulating water-cell
is used to absorb some of the radiant heat from the high-intensity arc.
Also both sides of the slide are air-cooled. These precautions permit
the use of slides for approximately 30-minute periods without damage.

MAKE-UpP

This may be a suitable time to correct some erroneous impressions
concerning the type of make-up used in television. It has never been
necessary to use gruesome make-up for the modern all-electronic-RCA
television system. At present, No. 26 panchromatic base, similar to
that used for panchromatic film, and dark red lipstick is being used
satisfactorily. From the very beginning, we have made tests to deter-
mine the proper color and shades of make-up, keeping in mind that
a color closely approximating the pigmentation of the human skin is
most desirable from the actor’s psychological standpoint.
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THE CONTROL RooM

Now, a few words about the operations in the studio control room
during a televised production (Figure 5). All camera operators in
the studio wear head-phones through which they receive instructions
from the control room. Directions are relayed over this circuit by
the video engineer or the production director. Here the televised
images are observed on special Kinescope monitors and necessary
electrical adjustments are made. Alongside each of these monitoring

Fig. 5—The television control room. Note the two
Kinescope monitors in the upper left corner.

Kinescopes is a cathode-ray oscilloscope which shows the electrical
equivalent of the actual picture. Two monitors are provided in order
that one may be reserved for the picture that is actually on the air,
while the other shows the succeeding shot as picked up by a second
or third camera. This enables the video engineer to make any neces-
sary electrical adjustments before a picture goes on the air.

Seated immediately to the left of the video engineer is the produc-
tion director whose responsibility corresponds to that of the director
of a motion picture. He selects the shots and gives necessary cues
to the video engineer for switching any of the cameras into the out-
going channel. The production director has, of course, previously
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rehearsed the performance and set camera routines in conjunction
with the camera operators and the engineering staff. The camera
operator has no control to switch his camera on the air. All camera
switches, which are instantaneous, are made by electrical relays con-
trolled by buttons in the control room. At present, the video engineer’s
counterpart in motion picture work is the editor and the film processing
laboratory.

To the left of the production director sits the audio control engineer
whose responsibility is entirely separate from that of the video
engineer. He also is in a position to view the monitor, and may com-
municate by telephone with the engineer on the microphone boom.
The audio engineer is responsible for sound effects, some of which are
dubbed in from records. His job is somewhat similar to that of the
head sound engineer on a motion picture production. Thus, we have
the control room staff—three men who have final responsibility for
the success of the completed show,

An assistant production man is also required on the “studio floor.
Wearing headphones on a long extension cord, he is able to move to
any part of the studio while still maintaining contact with the pro-
duction director in the control room during a performance on the air.
Actors require starting cues, titles require proper timing, and prop-
erties and even an occasional piece of scenery must be moved. The
assistant director supervises these operations and sees that the instruc-
tions of the production director are properly carried out.

Members of the studio personnel also to be mentioned include
lighting technicians, the property man, and scene shifters, whose
responsibilities parallel those of their motion picture counterparts.
Specially trained men are also needed for operating title machines.
In the future all titling will undoubtedly be done in a separate studio
inasmuch as operating space in a television studio is at a premium.
Today, however, title machines do operate in the studio and require
the utmost care in handling. Types of titles used include dissolves
and wipes similar to those used in moving pictures.

SOoUND REPRODUCTION

As in motion picture work, a microphone boom is used in television
production, and is operated in a similar way. Perspective in motion
picture sound is accomplished by keeping the microphone, during a
long shot, just out of the picture and moving it down closer to the
action as the camera moves in for a close-up, thus simulating a natural
change in perspective. In television this is not always possible because
there are always three cameras to consider. This same condition pre-
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vailed in the early days of motion pictures when it was thought
desirable to take a complete scene, shooting both long-shot and close-up
cameras, at one time. In the television studio at least one camera is
always set for a long shot while the others are in position for closer
shots. If the microphone is placed in such a position as to afford a
“natural” perspective for close-ups, the succeeding switch to a long
shot would reveal the microphone in the shot. You in motion pictures
can order a retake; in television broadcasting we can not rectify the
mistake. It is quite obvious, therefore, that the man on the boom
can not lower his microphone to the “natural” position for each camera
shot. We therefore place the microphone in a position just out of
range of the long shot. In order to accomplish some sense of perspec-
tive between long and close-up shots, a variable equalizer that drops
the high and low ends of the spectrum is automatically cut into the
audio circuits when the long-shot camera is on the air. In this opera-
tion, sufficient change in quality and level is introduced to aid the
illusion of long-shot sound perspective. Of course, when a close-up
camera is switched in, the audio returns to the close-up perspective
quality once more. This may be called remote control sound perspec-
tive,

Special sound effects, music, etc., from the studio picked up from
recordings are mixed in the control room. In motion pictures, some
of the effects and most of the music are dubbed in after the actual
shooting of the scene.

The general acoustical problems in a television studio are similar
to those in a motion picture sound-stage. Walls and ceiling should be
designed for maximum absorption to permit faithful exterior speech
pick-up. A stage or studio must be designed to enable presentation
of an exterior or an interior scene. With the studio designed for
maximum absorption, illusions of exterior sound characteristics can
be created. For interiors, the hard surfaces of the sets and props
offer sufficiently reflective surfaces to create the indoor effect.

TYPICAL PRODUCTION ROUTINE

After the foregoing discussion of the equipment and personnel, it
may be interesting to follew an actual production from the beginning
of rehearsal to its final presentation. For this example, assume that
we are to produce a playlet (Figure 6). When the scenery has been
erected, the first rehearsals begin without the use of cameras or lights.
Besides familiarizing the actors with their lines, the rehearsals afford
the production director and the head camera operator an opportunity
to map out the action of the play. All action, including camera shots.
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cues, and timing, is noted on a master script which thereafter becomes
the “bible” of the production. Timing is very important because of
the necessity of having a particular act time in with the other acts
or film subject.

After several hours of rehearsing, the first equipment rehearsal
igs called. Cameras are checked electrically and mechanically. Focus
controls and framing devices are lined up so that correct focus on the
ground-glass is also correct focus on the mosaic plate. This completed,
the cameras are ready for rehearsal. With the scene properly lighted,
the camera operators begin working out movements to pick up the

Fig. 6—(Left) Scene on the air. {Right) setting up for next scene.

desired shots in the proper sequence. The production director instructs
the staff and personnel from the control room, speaking over a public-
address system. Each shot is worked out and its camera location
marked on the floor. At times, the actors may unconsciously depart
slightly from the rehearsed routine during an actual show; the camera
operator must be prepared and alert to make the best of the situation
regardless of all previous floor markings. Continuity is so planned that
while one camera is taking the action, another camera is moving to a
new location and composing a new shot to be switched on at the
proper time. This frees the first camera, which can now move to a
third location, and so on. Sometimes during a twenty-minute per-
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formance each camera may take twenty different shots. Of course,
besides different floor locations, the height and angle of the cameras
must be varied to comply with good composition. During rehearsals,
timing must frequently be revised to allow for the actual camera
movements,

Finally, a dress rehearsal is scheduled. The complete program is
televised, including any film subjects or slides that may be needed to
complete the program. Frequently the program will begin with a
short film leader, followed immediately by a newsreel or a short
subject, the film portion of the program coming from the film-televising
studio. While the film is running, the live-talent studio is continuously
warned as to the time remaining before it must take over the program.
Once the studio program goes on the air the production director is
no longer able to use the public address system to communicate with
the personnel in the studio. Instead, he uses a telephone circuit to his
assistant in the studio, and, through the video engineer, communi-
cates by phone with the camera operators.

Another standby warning is usually given when there is one minute
to go. Then, as the cue to begin comes, the green light on the title
camera is lighted. From this point, continuity must be rigidly pre-
served. As titles move from one to another, appropriate music is
cued in and actors are sent to their opening positions.

With the completion of titles, the image is faded out electrically
and cameras are switched to the opening shot. Performers begin their
action on a silent cue from the assistant director, who is instructed
from the control room. During this first scene, the camera previously
picking up titles moves quickly into position to shoot a second view
of the action. Again cameras are switched, permitting the first to
move to a new position; and so the action proceeds. If the play has
several scenes, the concluding shot of the first scene is taken by one
camera while others line up on the new scene and wait for the switch.
Frequently, there are outdoor scenes. These are filmed during the
first stages of rehearsal for transmission from the film studio at the
proper time during the performance. The switch to film is handled
exactly as another camera switch, except that the switch is to the
film studio instead of to one of the studio cameras. The projectionist
must be warned in advance to have his projector up to speed and “on
the air” at the proper instant to preserve the production continuity.
This requires very critical timing, as you can well appreciate. When
the film is completed the studio cameras again take over the next
interior scene.
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Upon completion of the studio portion of the program, one camera
lines up on the final studio title, which usually returns the program
to the film studio for a concluding film subject.

Since the first program on July 7, 1936, many television programs
have been produced. Each has been a serious attempt at something
new. Although much has been accomplished, there remain a vast
number of unknowns to be answered before it can be said that tele-
vision’s potentialities have been even partially realized. Today, as this
paper has indicated, television bears many points of similarity to
motion pictures. As a matter of fact, it is likely that television would
be somewhat handicapped if it were unable to borrow heavily from a
motion picture production technic that has been built up by capable
minds and at great expense over a period of many years. Infant
television is indeed fortunate to have such a wealth of information
at its disposal. Possibly continued experimentation will lead us toward
a new technic distinctive of television. During its early years, how-
ever, television must borrow from all in creating for itself a book of
rules. The first chapter of that book is scarcely written.
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APPLICATION OF MOTION-PICTURE FILM
TO TELEVISION*{
By

E. W. ENGSTROM,# G. L. BEERS,f AND A. V. BEDFORD#

Research Department, RCA Manufacturing Company, Inc.,
Camden, J.

Summary—Motion-picture film will form an important source of pro-
grams for television broadcasting. Film projectors for this use are required
to meet a number of conditions peculiar to television. Methods for project-
ing and utilizing motion-picture film are outlined. A specific film projector
und associated television channel are described in some detail.

In establishing a technique for producing films most suitable for tele-
vision, equipment is needed to interpret the final results. Apparatus that
will be used by broadecasting stations is described. A simpler system has
been designed that may be useful for the specialized service of gaging the
merit of films for television. This is described and its operation indicated.

Some very preliminary observations are included on the characteristics
of films that have given good results in experimental work and in field tests.

7 ][ NHE production and utilization of motion-picture film for tele-
“vision programs introduces many new problems. It is the
purpose of this paper to review these problems and to describe

methods and apparatus for the use of film in television.

GENERAL DiISCUSSION OF UTILIZATION METHODS

It is desirable first to review the general characteristics of two
electronic television pickup systems, which are known to give prac-
tical results. In both systems the scene to be transmitted is projected
upon a photo-emissive area or mosaic. The resulting “electrical
image” is methodically explored by electronic means, one narrow
strip or line at a time, in a process called scanning. The result of this
scanning process is an electrical signal which varies in accordance
with the scene brightness along the scanning lines. The information
residing in this signal is used at the receiver to reconstruct the image—
one element at a time—in a similar synchronized scanning process.

In one pickup system, exemplified by equipment using the Farns-
worth dissector tube, only the light falling upon an element of the
photo-emissive area at the instant that element is being scanned is
effective in producing the signal. The other pickup system, exemplified
by equipment using the Iconoscope, makes use of the principle of
storage, whereby, when a particular photo-emissive element is scanned
the light which has fallen upon that element since it was last scanned
is effective in producing the signal.

* Decimal Classification: R583 X R582.

1 Reprinted from the Jour Soc. Mot. Pic. Eng., July, 1939.

# Now Vice President in charge of Research and research engineer
respectively with RCA Laboratories Division, Princeton, N. J.

I Now Asst. Director of Engineering in charge of Advanceu. Develop-
ment with RCA Victor D1v151on, Camden, N. J.
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The characteristics of these pickup tubes determine the manner
in which film can be used to provide television programs. In the
system using the dissector tube which has no storage, for every instant
that signal is transmitted, the film projector must supply a light image
to the elemental area being scanned, though not necessarily from the
entire frame. In the Iconoscope system utilizing storage, a charge
image may be built up by a very brief projection of the image upon
the photo-emissive mosaic, which is then scanned by an electron beam
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Fig. 1—Schematic of film projector for Iconoscope cantera.

while the mosaic is dark to produce the signal. The film pull-down
occurs during the relatively long interval while the mosaic is being
scanned. The detailed discussion to follow will be based on the system
utilizing the Iconoscope.

DiscussION OF FILM TRANSMISSION SYSTEM UTILIZING
AN ICONOSCOPE
Figure 1 shows schematically an Iconoscope camera and a special
projector adapted to project standard 24-frame-per-second film upon

the Iconoscope mosaic in such way as to generate television signals
according to the Radio Manufacturers Association standards; namely,
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at 30 frames per second and 60 fields per second, interlaced. { The
projector must flash a still picture upon the mosaic every 1/60 second
with each flash lasting less than 1/600 second. Since the film must
run at a mean speed of 24 frames per second for proper reproduction
of sound and motion, it is evident that each frame must be projected
more than once to provide the required sixty flashes per second. Since
sixty divided by 24 is 214, it would seem logical that each frame
should be projected two and one-half times. This is impracticable,
but a very satisfactory method is to project alternate frames of film
two and three times each, respectively; for example, the even frames
twice and the odd frames three times. Figure 2 shows the various
steps of projection and scanning in proper relative time on a horizontal
time scale. Since the light flashes are very brief, a relatively long
(approximately 1/67 second) interval is available between flashes for

PULL-DOWN PULL~-DOWN PULL-DOWN
7 AFILMFRAME N 7771 FILM FRAME N+ | V. N+2 72
By
ON MOAAIC S0 S]] 9 G g ;
[scan ] [Cscan ] [scan"] [scan] [scan ] [scan | [sean ] [ 3
b g5 —— - b o
ulllses | COMPLETE CYCLE = & sEC. _

Fig. 2—Preferred sequence of events in film transmission by Iconoscope.

the film pull-down. However, if the full time available is used, the
alternate pull-downs must occur at non-uniform intervals of 2/60 and
3/60 seconds, respectively. Note from this figure that the scanning
or transmission times occur between adjacent light flashes go that the
television picture signal is actually produced and transmitted during
periods when no optical image is present on the mosaic. However,
during these periods an electrical image is present in the form of
bound electrostatic charges on the tiny photo-sensitized silver globules
comprising the mosaic. It is the act of neutralizing or rather equaliz-
ing these charges by the electrons of the scanning beam which causes
the useful signal current to flow from the conducting back coating of
the mosaic plate.

Referring again to Figure 1, the film is drawn through an illumi-
nated gate by an intermittent sprocket which is driven by an inter-
mittent cam and spider-follower of the early Powers type. The

1G. L. Beers, E. W. Engstrom, and I. G. Maloff, “Some Television
Problems from the Motion Picture Standpoint”, Jour. Soc. Mot. Pic. Eng.,
Vol. XXXII, pp. 121-136, February, 1939.
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3600-r.p.m. special synchronous motor drives the cam at 12 revolutions
per second through a suitable gear, thus pulling the film down 24 times
per second, since the cam has two “throws” instead of the customary
one “throw.” In order to pull the film at unequal intervals as required,
the “throws” are located 144 degrees and 216 degrees apart, respec-
tively. The film picture in the gate is projected upon the small photo-
emissive mosaic of the Iconoscope by a standard projection lens. The
light is chopped 60 times per second by a large rotating shutter,
located near the lens. The shutter is accurately timed relative to the
intermittent cam so that the film is always stationary when the light
flashes occur.

The generator of synchronizing signals for the television deflecting
svstem is synchronously controlled by the same 60-cycle power supply
which drives the projector synchronous motor. The phase of this
signal generator is adjustable so that the operator can make the short
duration light flashes fall safely within the 1/600-second intervals
between the vertical scanning periods with some tolerance on each side
for slight phase displacements such as are caused by small changes
in the mechanical load on the projector or by voltage variations. This
adjustment is very important, as any abrupt change in the illumina-
tion of the mosaic during the picture signal transmission time pro-
duces a spurious light streak across the received picture.

An ordinary 3600-r.p.m. synchronous motor has two identical pole
structures which can assume either polarity and hence such a motor
can lock into synchronism in either of two phase positions, depending
fortuitously upon starting conditions. Two such lock-in positions are
one-half of a cycle of the power-supply frequency apart in time, which
for a 60-cycle power system is 1/120 second. Inspection of the diagram
of Figure 2 shows that displacing the light flashes 1/120 second with
respect to the scanning periods would cause them to occur during
instead of between the scanning periods. The abrupt change in mosaic
lighting caused by a flash during the scanning period would produce a
serious streak across the middle of the picture as mentioned above
To prevent the frequent locking-in of the motor in the wrong position,
a special synchronous motor is used which includes an additional d-c
winding for fixing the polarity of the poles and thus determining the
lock-in position with respect to the a-¢c power supply.

The sound head used is standard, since the mean speed of the film
is 24 frames per second. It has been found that a suitable fly-wheel
associated with the intermittent cam prevents any detectable deteriora-
tion of the reproduced sound due to the dissymmetry of the intermit-
tent cam.
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DESCRIPTION OF FiLM PROJECTOR

It is of interest te return now to the method for using film which
is considered best at present, and review tte apparatus in more detail.
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Fig. 5—RCA 35-mm sound motion-picture projector designed
for 30-frameé-per-second television with interlaced scanning.

Figure 5 is a general view of a 835-mm sound motion-picture projector*
designed for 30-frame-per-second television with interlaced scanning.

* This projector was built to RCA specifications by International Pro-
jector Corp.
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This projector differs from standard theater projectors in the following
major respects:

1. A special shutter is used to provide efficient light pulses of very

short time duration for projecting, 60 times per second, images
of the film pictures onto the photo- -emissive mosaic of the
Iconoscope.

Fig. 6—Film projector for television with doors open.

9 The intermittent mechanism is designed for the three-to-two

ratio of pull-down periods required in using 24-frame film for
30-frame television.

A special synchronous driving motor is used to assure that
the projector mechanism always “locks-in” in proper time rela-
tion with the synchronizing pulses.

An additional film gate with light source and photo-electric cell
is included near the picture gate for deriving a control potential
which varies with the average density of the film.

In the projector shown in Figure 5, it was impracticable to locate

the shutter between the light source and the film. The shutter was,
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therefore, mounted just beyond the projection lens. Sufficient clear-
ance between the shutter and lens was provided to permit a limited
movement of the lens for focusing. The time during which the image
may be projected onto the photo-emissive mosaic of the Iconoscope
is limited to the vertical return time of the scanning beam. With
present television standards this is not more than 10 per cent of 1/60
second or 1/600 second.

In order to make efficient use of the projection lens, it is necessary
for the aperture in the shutter to be at least as wide as the diameter
of the lens. A large diameter shutter (23”) is necessary to meet this
requirement. This shutter rotates at 3600 r.p.m. and has a peripheral
speed of approximately 44 miles per minute. The shutter is enclosed
in the circular housing which is shown at the extreme right-hand side
of Figure 5. In the shutter housing opposite the projection lens is a
window through which the picture is projected. The shutter dise is
made of two overlapping sections of thin metal. These two sections
can be rotated with respect to each other through a small angle in
order to vary the width of the aperture. Figure 6 is a photograph.
showing the film side of the projector with the cover removed.

A second gate is located four frames of film above the picture
gate. To the left of this gate, as shown in Figure 6, is a lamp housing.
To the right of this gate is a photocell housing which also includes
an optical system for forming an image of the lamp filament on the
photocell. The output voltage from this photocell is rectified, and
after being passed through a suitable filter is used to control the
return-line blanking signals. The resultant variation in the blanking
signals is used to control the average brightness of the reproduced
picture. Figure 7 shows a view of the film side of the projector with
a film threaded ready for projection.

Although the projector just described is equipped with a small
30-ampere arc, either an incandescent lamp or an arc may be used.

EQUIPMENT FOR BROADCASTING TELEVISION FILM PROGRAMS

In considering the production of motion-picture films for television,
it is important to review the apparatus that will be used in the broad-
casting station. The essential elements of a system for television
transmission from motion-picture film are shown in Figure 8. These
include: Film Projector; Iconoscope Film Camera; Camera Amplifier
Equipment; Control Equipment; Monitor Equipment; Synchronizing
Generator.

The Iconoscope camera used with the film projector includes deflect-
ing circuits and a pre-amplifier for the video signals. This pre-ampli-
fier provides a signal level suitable for transmission over a coaxial
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cable to the camera amplifier equipment. The camera is usually
mounted on one side of a wall, with the film projector located on the
other side. The picture is projected through a window in the wall
into the camera ontc the photo-emissive mosaic of the Iconoscope.
The camera amplifier equipment includes apparatus for amplifying
further the video signals from the camera and a line amplifier to

Fig. 7—View of film projector for television showing film path.

prepare these signals for transmission over coaxial cable to any desired
location. Amplifiers providing suitable wave shapes for horizontal
and vertical deflection of the Iconoscope beam are included as well as
the power supplies for the several parts of the system. This equip-
ment iz usually rack-mounted in some convenient location.

The control equipment provides means for varying the videa signal
gain, the picture brightness, and the uniformity of the picture-
background illumination (shading), and for starting and stopping the
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FILM :l] FILM
PROJECTOR CAMERA
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Fig. 8—System for television transmission from motion-picture film.

film projector. In an installation designed to provide a continuous
program from motion picture film, where two or more film projectors
and television channels are included, controls are also provided for
switching from one channel to another.

The monitor equipment includes a 12" Kinescope by means of
which television images obtained from the film can be viewed. It
also includes a cathode-ray oscilloscope for observing the wave shapeg
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Fig. 9-—Television control equipment for studio and film-type cameras.
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and amplitudes of the television signals. This monitor equipment is
usually located so that it may be observed conveniently by the operator
manipulating the control apparatus.

The synchronizing generator supplies the several complex wave-
forms which are required to determine the timing of scanning processes
in the transmitting equipment and to synchronize the reconstruction
of the images at the receivers. The wave shapes of the synchronizing
signals have been standardized by the Radio Manufacturers Associa-
tion.

Fig. 10—Television terminal equipment suitable for television
broadcasting stations.

Views of television equipment of a type suitable for television
broadcasting stations are shown in Figures 9 and 10. Figure 9 shows
an installation of control equipment for studio and film type cameras.
This equipment is grouped on a common control console with the
monitors mounted in a recess in the wall above the console. In this
installation, the control engineer may look directly into the studio.
Figure 10 shows a typical installation of racks of television-terminal
equipment.

SiMPLIFIED TELEVISION APPARATUS

For specialized services, more simple and compact television equip-
ment is desirable. Apparatus of this sort has been developed both for
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direct studio pickup and for film applications. The simplified equip-
ment suitable for producing television signals and television images
from motion-picture film includes all of the elements previously
described, but in far more compact form. The equipment less the
Iconoscope camera and the projector is included in one cabinet approxi-
mately 44 inches high, 34 inches wide, and 21 inches deep. This
equipment produces a television signal which is suitable for trans-
mission to remote viewing positions or for other uses.

Fig. 11—Simplified television apparatus suitable for
judging the merits of motion-picture film.

This simplified equipment is not as flexible in some respects as
the broadcasting type of equipment, nor does it lend itself well to
large complex systems. However, it does provide the facilities neces-
sary for judging the merits of film for television use. In this simpli-
fication of apparatus and circuits, the synchronizing wave shapes do
not conform entirely to the Radio Manufacturers Association stand-
ards. The synchronizing signals are, however, satisfactory for the
self-contained monitor and for other receivers or reproducing devices,
but the adjustments may be a little more critical than would be the
case with standard synchronizing signals. Figure 11 shows a view of
the equipment with the Iconoscope camera mounted on a simple wooden
dolly.
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APPARATUS FOR JUDGING THE MERITS OF MOTION PICTURE
FiLm For TELEVISION

An earlier paper¥ reviewed some of the limitations inherent in
present-day television and compared these with similar limitations in
motion-picture film and apparatus. Experience has indicated that the
production of television pictures from a particular film is the only
practical method for judging the merits of that film as television pro-
gram matevial. It is, therefore, suggested that this method be used
for checking and studying motion-picture films produced for television
programs and for determining the usefulness of film available from
other sources. Apparatus of the type used at the television-broad-
casting station or apparatus of the simplified type just described will
be satisfactory for this service,

FuM BEST SUITED FOR TELEVISION

Lahoratory work and fleld-test experience permits some preliminary
generalizations on film that has given good results for television.
Comment is here directed to the technical characteristics of film and
not to the entertainment qualities. It appears that film having char-
acteristics best suited for theater projection is also generally best for
television. Studio sets having all dark backgrounds should be avoided.
A goodly number of close-ups should be used, but these should be
generously interspersed with long shots. Some experience may be
necessary to take into account the vesolution limits* of present-day
television. Special processing of film does not seem to be necessary.

Film photographed in color dirvectly from real life or nature appears
satisfactory for television. Some cartoons in color have not given
particularly satisfactory results. Thus, it appears thaf there may be
no really serious technical problems in the préduction of motion-
picture films suitable for television-program material.
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By

HARLEY IAMS,# G. A. MORTON# AND V. K. ZWORYKIN?

Research Department, RCA Manufacturing Company, Inc.
Camden and Harrison, N, J.

Summary—An iconoscope having increased sensitivity is to be desired
for purposes of improving studio conditions, making possible more universal
outdoor work, and permitting greater depths of focus. The new tube de-
scribed obtains its high sensitivity by making use of an electron image of
the scene to be transmitted, projected onto a scanned mosaic. The method
permits more efficient and better photocathodes, and also secondary-emission
image intensification at the mosaic, resulting in a sensitivity 6 to 10 times
greater than that of the standard iconoscope operated under the same condi-
tions. The translucent photocathode is made by evaporating silver on a
transparent surface, oxidizing, treating with caesium, and evaporating more
silver. The electron image may be focused by either electrostatic or mag-
netic flelds. Several types of mosaics are suitable for receiving and storing
the electron picture.

for some time and its capabilities under a wide variety of con-
ditions are well known.»? Quantitative data on its performance

are now sufficiently numerous to be able to state definitely what can be
expected from the present standard iconoscope. The conclusion to be
drawn from this information is that while the tube is sufficiently
sensitive to permit the transmission of an excellent picture from both
studio and outdoor scenes, a very real improvement in the quality of
the transmitted picture could be had if the sensitivity were increased.
It is found that to obtain an optimum picture with an £/4.5 lens of
7-inch focal length, a surface brightness of from 100 to 200 candles
per square foot is desirable. This means, when a reflection coefficient
of 0.25 is assumed, that the illumination must be of the order of from

THE iconoscope has been in service as a television pickup tube

* Decimal Classification: R583.11 X R583.6.

T Presented, Thirteenth Annual Convention, New York, N. Y., June 17,
1938. Reprinted from Proc. I.R.E., September, 1939.

# Now with the Research Department, RCA Laboratories Division,
Princeton, N. J.

I Now Vice President and Technical Consultant, RCA Laboratories
Division, Princeton, N. J.

!V. K. Zworykin, “Iconoscopes and Kinescopes in Television”, RCA
REVIEW, Vol. I, No. 1, pp. 60-84; July, 1936.

tV. K. Zworykin, G. A. Morton, and L. E. Flory, “Theory and Perform-
ance of the Iconoscope”, Proc. I.LR.E., Vol. 25, pp. 1071-1093: August, 1937.
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1000 to 2000 foot-candles. Of course, a picture of high entertainment
value can be obtained with less than 10 per cent of this light.

In the studio the amount of light available is at the disposal of the
operator, and the required 1000 to 2000 foot-candles is always obtain-
able. Light of this intensity is not harmful and is far from unbearable;
however, it is not comfortable and is accompanied by considerable heat.
For comparison it may be stated that the illumination in direct sun-
light on a summer day is about 9000 foot-candles.

The operating sensitivity of an iconoscope is directly determined
by the depth of focus which is needed. In this, the television pickup
tube differs from the photographic camera. For either case, only the
diameter of the lens determines the distance which an object can be
moved toward or away from the lens without the image being blurred
a given percentage of its height. Proof of this statement is as follows.

Referring to Figure 1, the object and image distances are x and

| £3

Te °
£ 3 P s | ax

R ——1

Fig. 1—Depth of focus in the object field.

fx f
y= m = -—
x— f x
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Y x x

y, respectively, and the focal length of the lens f. These quantities are
related by the equation

fx
x—f.

By differentiation, a change in the object distance Ax is found to pro-
duce a change in image distance of

__fZ

xr?

Yy =

AY = Ax.

This will produce a circle of diffusion in an image at y of
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D I Az
Sd=—Ay=D——
Y z 2

where D) is the diameter of the lens, and the object distance is assumed
to be large compared with the focal length.

Since the magnification is given by f/z, the quantity to be deter-
mined, that is, the circle of diffusion divided by the magnification, can
be expressed as follows:

8 Az
—=D— 4

m x

indicating that the depth of focus at the object is dependent only upon
the lens diameter.

Since the blackening on a photographic plate depends upon the light
intensity reaching the plate, it is possible to decrease the size of the
picture and the focal length of the lens, keeping the numerical aper-
ture constant, thus increasing the depth of focus without loss of sen-
sitivity. In the case of the iconoscope the signal output depends not
only upon the intensity of the light falling upon the mosaic, but also
the velocity of the scanning spot across the area. Thus, for a given
- scanning frequency, the picture signal is proportional to the total light
flux rather than the intensity. If, then, the mosaic area and lens focal
length are decreased, keeping the aperture constant, there is a resultant
loss in sensitivity. The conclusion is that the depth of focus can be
obtained only by decreasing the lens diameter and increasing the sen-
sitivity of the tube, irrespective of the numerical aperture of the lens.
In other words, it may be said that for a given sensitivity of icono-
scope the signal output is approximately inversely proportional to the
square of the depth of focus in the object field.

The increased sensitivity required for lower light levels and greater
depths of focus can be approached from a number of different direc-
tions. Perhaps the first to mention is that of improving the perform-
ance of the ordinary iconoscope. Important advances have been made
along this line in the past few years, by improving the photosensitivity
and the operation of the mosaic.® Improvements have also been made
in the amplifier and coupling circuits which have increased the effective
efficiency of the tubes. These advances will undoubtedly continue in

# Some of the results are described in a companion paper, by R. B.
Janes and W. H. Hickok, “Recent Improvements in the Design and Charac-
teristics of the Iconoscope”. Presented, Thirteenth Annual Convention, New
York, N. Y., June 17, 1938. Proc. I.R.E., this issue, pp. 535-540.
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the future, but material improvement becomes increasingly difficult.

A second approach is through the use of the secondary-emission
multiplier as a means of amplifying the signal. Work is being carried
on along this line and shows definite promise.

Another method is by the use of secondary-emission image intensifi-
cation, that is, an iconoscope in which an electron image of the object
being televised, instead of an ordinary light image, is focused onto the
mosaic.

It is interesting to note that this general method of increasing
jconoscope sensitivity has been proposed by a number of television
workers all over the world. To the writers’ personal knowledge, by
1934 various phases of the idea had been advocated by A. V. Bedford,
fi. A. Iams, G. A. Morton, G. N. Ogloblinsky, A. W. Vance, and V. K.
Zworykin. On February 12, 1936, British patent 442,666 was issued
to H. G. Lubszynsky and S. Rodda. Various experimental results have
peen published by Knoll and Schroter;* Iams and Rose;? Zworykin,
Morton and Flory;? Nagashima, Shinozaki, Udagawa, and Kizurka;®
and a description of the use of such a tube by British Broadcasting
Company appeared in Wireless World.” This paper is presented for the
purpose of giving additional technical information on the subject.

In one practical form the image iconoscope consists of a photo-
electric cathode upon which an optical image can be projected, an
electron-lens system for focusing the electrons leaving the photocathode
onto the mosaic, and an electron gun which scans the mosaic in the
ordinary way. This is shown schematically in Figure 2. The photo-
cathode used in this type of tube is semitransparent so that the light
image can be projected on the rear surface while the electrons are
emitted from the face. The electron-lens system is so arranged that
there is a strong field drawing the electrons away from the photo-
cathode, in order that the photoemission may be completely saturated.
The electron-lens system, which will be described in detail later, may
make use of magnetic or electrostatic lenses or a combination of the
two. When an optical image is projected on the photocathode, electrons
are emitted from the latter at a rate per unit area proportional to the

. *Knoll and Schréter, “Translation of Electron Pictures and Drawings
with Insulating and Semiconducting Layers”, Phys. Zeit.,, Vol. 38, pp. 330-
333; May 1, 1937.

5Iams and Rose, “Television Pickup Tubes with Cathode-Ray Beam
Scanning”, Proc. I.R.E., Vol. 25, p. 544; May, 1937; Proc. I.R.E., Vol. 25,
pp. 1048-1070; August, 1937.

8 Nagashima, Shinozaki, Udagawa, and Kizurka, “The ‘Tecoscope’ C-R
Television Transmitter”, Rep. Rad. Res. (Japan), Vol. 7, pp. 12 and 13;
June, 1937.

7¢“Super-Emitron Camera”, Wireless World, Vol. 41, pp. 497-498; No-
vember 18, 1937.
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light intensity. Thus, close to the photocathode there is a charge repro-
duction of the light image. The electrons making up this charge image
are accelerated toward the mosaic and focused on it by the electron-
lens system. Therefore, there is projected on the mosaic an image made
up of high-velocity electrons. The mosaic is made in such a way that
for every electron which strikes it, several secondary electrons are
emitted. In this way areas which are bombarded become positive with
respect to the rest of the surface. The electron image striking the
mosaic produces, in consequence, a charge image similar to that pro-
duced by the photoelectrons from an optical image on a light-sensitive
mosaic. When scanned, this charge image gives rise to the picture
signal.

The advantages gained by projecting an electron image upon the
mosaic are as follows.

/OBJECTWE
Il
AT
) 1

i

ELECTRON
LENS

SIGNAL,
/LE AD

ELECTRON GUN

Fig. 2—Schematic diagram of image iconoscope.

First, the photocathode may be improved. By disregarding the
shape of the spectral curve it is possible to make semitransparent
photocathodes which have a sensitivity between 20 and 50 micro-
amperes per lumen, and this value will probably become still greater
as a result of further research on these emitters. This is to be com-
pared with the present maximum of 15 microamperes per lumen for the
standard mosaic. Even more important is the fact that a strong field
exists at the photocathode, which saturates the emission. When it is
remembered that the efficiency of the mosaic as a photocathode is only
20 to 30 per cent due to the unfavorable field condition in an ordinary
iconoscope, the advantage of this method as far as the photoelectric
emission is concerned is obvious.

Second, the photoelectrons are focused on the mosaic, which has a
high secondary-emission ratio. The actual measured ratios for various
types of mosaics have values from 3 to 11. However, since there exists
on the mosaics of this type of tube the same unfavorable field condi-
tions found in the case of the ordinary iconoscope, the secondary emis-
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sion is not saturated. Therefore, only a fraction of the saturated
secondary emission is available for producing the charge image. The
value of this fraction depends upon the distribution of initial velocities
of the substance in question. When there is a large percentage of
high-velocity secondary electrons, the fraction of the total secondary-
emission ratio available is greater, and for a given ratio both saturated
signal output and the sensitivity at low lights is higher. The relation
here is very complicated, however, since these same factors influence
the behavior of the electrons produced by the beam and, consequently,
both the electron redistribution and the potential distribution on the
mosaic.

Now that the more important general aspects of the image icono-
scope have been considered, there are certain details of its construction
that should be more completely outlined.

The photoelectric cathode is one of the most important elements of
the tube, and perhaps the most difficult to prepare. One convenient
form consists of a glass disk, which may be the end of the tube, upon
which is evaporated an extremely thin layer of silver. This silver is
oxidized by electrically glowing in it an atmosphere of oxygen at low
pressure. Caesium is then admitted and the tube is baked. The final
sensitization is done by adding another minute layer of silver. The
complete preparation and activation is carried out after the tube has
been assembled, exhausted, and the thermionic cathode in the gun
activated. This procedure requires the mounting of a source for
evaporating silver in the tube in such a way that it does not interfere
with the operation of the iconoscope. To meet this requirement the
evaporating filament may be mounted in the apertures of the electron
lens where it does not interfere with the electron-ray bundle or the
field configuration, or it may be made movable so that it can be with-
drawn to a position where it does not affect the operation.

The sensitivity of this type of cathode lies between 20 and 50
microamperes per lumen. The value is, in general, somewhat lower
when the films are made in such a way as to reduce the ratio of infra-
red sensitivity to visible response. Even today the technique for
making semitransparent films of this type with an emission as high as
50 microamperes per lumen suitable for use in an iconoscope is still
being experimentally investigated.

Spectral-sensitivity curves which have been obtained are shown?® in

8 These spectral sensitivity curves were plotted on the automatic spec-
tral sensitivity curve tracer developed by T. B. Perkins, Research and Engi-
neering Department, RCA Manufacturing Company, Inec., Harrison, N. J.
See T. B. Perkins, “An Automatic Spectral Seasitivity Curve Tracer”, Jour,
Opt. Soc. Amer., June, 1939.
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Fig. 3—Spectral response of semitransparent photocathodes.

Figure 3. To a considerable degree, it is possible to control the shape
of the spectral curve by controlling the processes.

The electron-optical system for focusing the electron image from
the photocathode on the mosaic may make use of either magnetic or
electrostatic lenses.

The electrostatic lens system is based primarily upon the field
between two coaxial cylinders.® 1 It ig shown, in its simplest form, in
Figure 4, together with the corresponding optical analogue. In the
form actually employed the cathode cylinder is divided into a series of
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Fig. 4—Diagram of basic electrostatic-lens system.

? V. K. Zworykin and G. A. Morton, “Applied Electron Optics”, Jour.
Opt. Soc. Amer., Vol. 26, pp. 181-189; April, 1936.

1 G. A. Morton and E. G. Ramberg, “Electron Optics of an Image Tube”,
Physics, Vol. 7, pp. 451-459; December, 1936.
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Fig. b—Corrected and uncorrected electrostatic-lens system.

rings which are connected to successive steps of a voltage divider in
order to permit electrical focusing of the image. Furthermore, the
cathode is curved to reduce curvature of the image-plane distortion
and astigmatism. The appearance of a corrected and an uncorrected
image produced by this type of system is shown in Figure 5. The limit
of the resolution of a system corrected as described is set by chromatic
aberration, that is, the aberration produced by the distribution of axial
initial velocities. Without resorting to very elaborate correcting sys-
tems, the only way of raising this resolution limit is to use high over-
all potentials, thus reducing the ratio of initial velocity to working
velocity.

Experimentally, it is found that with 1000 volts the resolution corre-
sponds to about 400 lines, while at 3000 volts it is 800 lines or better.
In the case of the higher voltage, mechanical imperfections of the
lens and cathode probably determine the limit. A typical lens struc-
ture is shown in Figure 6.

From a theoretical point of view, the magnetic-lens system is much

SCREEN\

N

Fig. 6—Electrostatic-image tube.

www.americanradiohistorv.com


www.americanradiohistory.com

38 TELEVISION, Volume I11

more complicated than the electrostatic lens. Structurally, however, it
is no more difficult.

The simplest magnetic lens is formed by a uniform magnetic field,
Such a field will produce an undistorted, erect image whose principal
aberration is that due to initial velocities. This form of lens does not
readily lend itself to the present image iconoscope. The other extreme
is the so-called short-coil lens, which produces an inverted image whose
magnification is a function of object-to-coil and coil-to-image distance.
Unless this coil can be made large compared with the electron bundle
being focused, the aberrations are very severe. Between these two
extremes there are a great many possible types of lenses. It is found
that if a lens coil is made in such a way that the flux lines close to the
cathode approximately coincide with the paths which would be traversed
by the electrons in the absence of the magnetic field, the image defects
are minimized. To accomplish this, a focusing coil with distributed

MAGNETIC LENS

SCREEN

PHOTO-
CATHODE

ANODE

Fig. 7—Magnetic-image tube.

windings may be used. A lens designed on this principle is diagrammed
in Figure 7. This lens produces a real image which is rotated at an
angle of about 30 degrees with respect to the object. The electrons do
not cross the axis of the system as they do in the case of the electro-
static lens, but execute approximately helical paths about the axis in
such a way that their radial distance changes only by an amount equal
to the image magnification. Because of this, the variation in con-
vergence for rays originating at different radial distances along the
cathode is small, and the curvature of the image plane is much less than
in the electrostatic case. The most important image defects in this
type of lens are curvature of the image field, pincushion distortion, and
rotational distortion.

The first two are sufficiently small so that it is found unnecessary
to curve the cathode to correct for them. By properly choosing the
length, position, and distribution of the magnetic coil used as lens, the
rotational distortion can be minimized. Chromatic aberration, similar
to that already described, exists in this lens. Its effect can be reduced
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by using fairly large over-all voltages. Figure 8 shows an image pro-
duced by this type of lens. While the image defects mentioned are
observable, they are relatively unimportant.

Considering next the mosaic for the image iconoscope, it is evident
that it must meet the following requirements:

(1) Capacitance between the front surface and signal plate of
about 100 micromicrofarads per square centimeter. The value
used is not at all critical and may be much smaller or larger
than this figure, but it should be uniform over he surface of
any one mosaic.

(2) The resistance must be high, both through the dielectric and
over its surface.

(3) The secondary-emission ratio and initial velocities must be
high. These must also be uniform over the surface.

Fig. 8—Resolution pattern by magnetic-image tube.

There are many ways of preparing mosaics which are satisfactory
for this type of tube. Only three will be considered here.

The first type is prepared in the same way as the mosaic used in the
ordinary iconoscope. Before it is mounted in the tube a mica sheet,
about 1.5 mils thick and free from flaws, is coated on one side with
a conducting film to serve as signal plate, and on the other with a vast
number of minute silver elements. After the tube is exhausted the
silver is oxidized and caesiated. One thing that recommends this type
of mosaic is that it is comparatively easy to produce a surface which
is free from blemish and which is uniform.

A second “mosaic,” which leads to greater sensitivity and also
permits higher resolution, can be made by using mica of the same
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thickness as given above and having the usual signal plate. Instead of
covering the face with silver, the mica is left free. Thus, although the
mica serves the purpose of a mosaic, its surface is a continuous insula-
tor. The treatment used to activate the surface is to glow it in oxygen
and then expose it to caesium vapor. Both secondary-emission ratio
and sensitivity are higher in this case than for the first-described
mosaic. It is, however, more difficult to obtain uniformity in the case
of a mosaic of this type.

The final form of mosaic to be described differs from those pre-
viously mentioned in that it makes use of an insulator in the form of a
finely divided powder covering a metallic signal plate. The response
for this type of mosaic is considerably higher than for either of the
others. With a proper technique excellent mosaics of this type can be
obtained, not only in their sensitivity but also in uniformity, When
suitably activated this type of mosaic lends itself well to the mode of
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Fig. 9—Properties of various mosaics.

operation in which use is made of conductivity through the mosaic, a
potential being applied between second anode and signal plate. Figure
9 shows typical secondary-emission! and response curves for these
mosaics.

The final element, the electron gun, is of conventional design and
has heen described fully in the literature. The beam voltage used with
this type of tube is in the neighborhood of 1000 volts and the current
in the scanning beam between 0.1 and 0.2 microampere. In this respect
it resembles the ordinary iconoscope.

Several types of image iconoscopes have been developed to a point
where they are adequate for practical television transmission. Three
of these developmental types are illustrated in Figures 10, 11, and 12.
The first two are electrostatically focused tubes, both embodying the

"I Data supplied by Herbert Nelson and R. B. Janes, Research and
Engineering Department, RCA Manufacturing Company, Inc., Harrison,
N. J
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Fig. 11—Photograph of electrostatic-image iconoscope.

Fig. 12—Magnetic-image iconoscope
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‘use of a curved cathode. It should be pointed out that the curved
cathode presents a rather serious optical problem when used with a
large-aperture lens, in that a correcting system must be used to fit the
light image to the curved surface. The electrostatic tubes are usually
operated with the cathode at —2000 “0 —3000 volts and the second
anode at ground potential. The focusing voltage can be supplied from
a potential divider between cathode and second anode, which minimizes
the filtering required for the voltage source,

Figure 12 shows a magnetically focused tube, without its lens coil.
Since the cathode used in this tube is flat it presents no particular
optical problem. The magnetic lens has a flux density on the axis of
about 50 gauss. No second focusing voltage is required as focusing is
done by adjusting the magnetic field.

While the operating conditions of these tubes are in a way similar
to those of the ordinary iconoscope, there are some differences which
are important and should be considered.

The use of an electron image tube requires that three adjustments
be made: the optical image, the electron reproduction, and the beam.
In operation, the last two can be adjusted once and for all, and only
the optical focus changed to meet the different scenes.

Although, as has already been indicated, the operating sensitivity
of the tube decreases as the voltage on the photocathode is increased
above 600 to 800 volts, nevertheless the improvement in resolution and
crispness of the picture makes it advisable to use from 2000 to 3000
volts, particularly in the case of the electrostatic tube.

Another advantage of using the higher voltages is that it minimizes
the interaction between the image and the deflecting field of the scan-
ning beam. Tests indicate that at 2000 volts this interaction is
negligible.

The earth’s magnetic field constitutes another source of interfer-
ence. Since in these latitudes the earth’s magnetic vector makes an
angle of about 70 degrees to the horizontal, its effect is to deflect the
electron images to one side and either to shift the image up or down,
or to rotate it slightly, depending upon the direction the tube is point-
ing. In the case of the magnetic tube this may be compensated by
letting the axis of the magnetic lens make a slight angle with the axis
of the tube. This angle may be adjustable to take care of different
directions of the tube. The correction in the case of the electrostatic
tube is accomplished by means of three mutually perpendicular sets
of coils over the lens end of the tube. Without this compensation, the
displacement of the picture on the mosaic may be as much as 5 per cent
of its width or the rotation may be as much as 10 degrees.
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As is the case with all iconoscopes, a spurious signal (which can
easily be compensated) is generated by the scanning action on the
mosaic as a consequence of the electron redistribution phenomenon.
However, because of the high symmetry of the tube, and the small
amount of exposed glass, the spurious signal is very small in these
image iconoscopes. This factor is a very important point in their favor.

The sensitivity of the image iconoscopes, which have been described
is, under comparable operating conditions, between six and ten times
that of the usual form of iconoscope. This sensitivity is in terms of
light flux in the optical image rather than in terms of image brightness
tor reasons explained in the first part of the paper. The lenses used
with image iconoscopes are commonly of shorter focal length than those
used with iconoscopes. Thus, if the iconoscope uses an f/4.5 lens with
a T-inch focal length, the equivalent lens for one of the magnetic image
iconoscopes has an f value of 1.6 and a focal length of 2.5 inches, and

\ 13—Resolution pattern reproduced by electrostatic-image iconoscope.

[P

for one of the electrostatic image iconoscopes, it has an f value of 2.1
and a focal length of 8.25 inches. Such optical systems operate to give
equal angles of view, equal depths of focus, and gather the same total
light flux.

While the sensitivity is important, the quality of the picture is even
more important. The resolution in the case of the jmage iconoscope
is about the same as that of the ordinary iconoscope, that is, high

nugh so that the definition of the picture is limted by electrical
circuits rather than the tube. The high saturated signal output gives
the tube a somewhat greater contrast range. In order to illustrate the
quality of the reproduction by these tubes Figures 13, 14, and 15 are
presented.

The first is a resolution pattern transmitted by an electrostatic tube,
the second and third typical scenes by a magnetic and an electrostatie
tube, respectively.
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Fig. 14—Television image reproduced by magnetic-image iconoscope.

The pictures just shown clearly indicate that these image icono-
scopes are practical working tools, advanced well beyond the laboratory
stage. These tubes have been subjected to quite exhaustive tests, both
for studio and outdoor pickup, and have been found to have high sensi-
tivity and signal output. The color response can be made high in the
visible region, or peaked for infrared radiation.

It is not safe to predict what further increase in sensitivity can be
expected from this type of tube; however, work is in progress along
the lines of combining secondary-emission signal multiplication with
image intensification, and also of using more than one stage of image
multiplication. Both of these investigations should be very fruitful.
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Fig. 16—Television image reproduced by an electrostatic-image iconosenpe.
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THE ORTHICON, A TELEVISION PICK-UP TUBE*t
By

ALBERT ROSEf AND HARLEY Iamsi

Research and Engineering Department, RCA Manufacturing Company. Inc..
Harrison, N. J.

Summary—Extensive laboratory and field tests have shown that the
Iconoscope is capable of transmitting clear, sharp television pictures cven
, under conditions of wnfavorable illumination. An analysis of the operation
of the tube suggests that improved efficiency and freedom from spurious
signals should result from operating the mosaic at the potential of the
thermionic cathode, rather than mear anode voltage. The beam electrons
then approach the target with low velocity, and the number of electrons
which land is dependent upon the illumination.

Several new designs were developed to make sure that the beam of low-
velocity electrons was brought to the cathode-potential target in a well-
focused condition, that the scning pattern 1was undistorted, and that the
focus of the beam was not materially altered by the scanming process. A
magnetic field perpendicular to the target was found to be useful in focusing
and guiding the beam. In some of the tubes, the scanning beam was releascd
by a flying light spot moving over « photocathode. In other tubes it was
found more convenient to develop the beam in an electron gun with a ther-
mionic cathode. Special horizontal and vertical deflection systems capable
of operating in the presence of ¢ magnetic field were evolved.

The electron gun type of pick-up tube, which has been called an Orthi-
con, has « maximum signal current output over 300 times the noise in a
typical amplifier. The signal is proportional to light intensity. The 7eso-
lution is sufficient for the transmnission of a 441-line picture. Spurious sig-
nals are neglible. Within the accuracy of measurement, all the photoemis-
sion is converted into video signals. In its present developmental form, the
Orthicon gives promise of hccoming a useful television pick-up tube.

INTRODUCTION

ITH the beginning of scheduled television broadcasting in
VEE; New York, it is natural that a great deal of attention should

be given to the commercial aspects of the art. Engineers
realize, however, that research and development work must continue if
future improvements are to be assured. Further investigations have,
therefore, been carried on to provide ways to transmit clearer images,
with less illumination. This paper will discuss an improved form of
pick-up tube resulting from some of these investigations.!

* Decimal Classification: RB583.11 X R583.6.
+ Reprinted from RCA REVIEW, October, 1939, .
1+ Now with the Research Department, RCA Laboratories Division,

Princeton, N. J.
1 Albert Rose and Harley Iams, “Television Pick-up Tubes Using Low-

Velocity Electron-Beam Scanning,” Proc. I.R.E., Vol. 27, No. 9, pp. 547-555,
September 1939.
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At the present time, the RCA television system uses Iconoscopes
to convert the optical image into a sequence of video signals for trans-
mission to the receiver. Several previous publications have described
these tubes and explained how they operate,>31 go that a brief review
of their characteristics is sufficient to serve as a basis for a discussion
of new pick-up tubes. '

Extensive laboratory and field tests have shown that the Iconoscope
is capable of transmitting clear, sharp television images, even under
conditions of unfavorable illumination®. The spectral response is suf-
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Fig. 1

Schematic diagram of an Iconoscope.

ficiently like that of the human eye to give a natural appearance to
the viewed scene. In the circuits associated with the tube, provision
is made to “keystone” the deflection (so as to make the scanning beam
move over the mosaic in a rectangular pattern) and to introduce
shading signals into the amplifier (to compensate for the “dark spot”’
signal).

In the course of these tests, several significant discoveries were
made. One of these was that the good operating sensitivity of the tube

2 V. K. Zworykin, “The Iconoscope—A Modern Version of the Electric
Eye,” Proc. I.R.E., Vol. 22, No. 1, pp. 16-32, January (1934).

3V. K. Zworykin, “Iconoscopes and Kinescopes in Television,” RCA
REVIEW, Vol. 1, No. 1, pp. 60-84, July 1936.

4 V. K. Zworykin, G. A. Morton and L. E. Flory, “Theory and Perform-
ang§70)f the Iconoscope,” Proc. I.R.E., Vol. 25, No. 8, pp. 1071-1092, August
(1 .

5 Harley Iams, R. B. James, and W. H. Hickok, “The Brightness of
Outdoor Scenes and Its Relation to Television Transmission,” Proc. I.R.K.,
Vol. 25, No. 8, pp. 1034-1047, August (1937).
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is obtained in spite of an operating efficiency only 5 or 10 per cent
of that which is theoretically attainablet. In other words, during
typical operation only about one-third of the photoelectrons which the
mosaic emits are drawn away, and only about one-quarter of the stored
charge is effective in producing the video signal. This lowered efficiency
is connected with the release of secondary electrons from the mosaic
by the scanning beam.

The situation is illustrated in Figure 1, which shows the essential
parts of an Iconoscope. Light in the optical image focused on the
mosaic causes the emission of photoelectrons, leaving a pattern of
charges corresponding in intensity to the light and shade of the scene
to be transmitted. This pattern of charges is scanned by a beam of
electrons, which strike the mosaic at high velocity. On the average,
each beam electron releases several secondary electrons. Since the
mosaic is an insulated surface, the electron current leaving it must (on
the average) be equal to the electron current arriving. Thus, when
the tube is in darkness, only as many secondary electrons can escape
from the mosaic as there are beam electrons which arrive. The rest
of the secondary electrons fall back on the surface near or far from
the point of emission. Nonuniformities in the escape and rain of
secondary electrons cause the “dark spot” signal.

Many of the numerous secondary electrons are emitted with appre-
ciable velocity, so that the condition of one secondary electron leaving
for each beam electron arriving means that the electric field near the
mosaic is such .as to hinder the escape of secondary electrons. This
field also reduces the escape of the photoelectrons, which have lower
average emission velocity. When the mosaic is lighted, those photo-
electrons which escape contribute a positive charge to the lighted
parts of the surface. These charges are partly dissipated by the rain
of secondary electrons, but sufficient charge is stored during a frame
period to produce a strong signal in an amplifier connected to the
signal plate when the beam releases the stored charge.

Low-VELOCITY ELECTRON BEAM SCANNING

If one could ignore the immediate practical problems and choose
an ideal mode of operation for a television pick-up tube, he might want
to provide a field strong enough to draw away all of the photoelectrons
which are emitted, and he might prefer to do the scanning without
involving secondary emission in the process. These conditions can be
met by operating the mosaic, in known fashion, at the potential of
the cathode in the electron gun.
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Cathode-voltage operation is possible, for the potential of an
insulated surface exposed to an electron beam is stable at this voltage®.
High-vacuum cathode-ray tubes are usually operated so that the beam
electrons strike the screen with high velocity, and liberate many sec-
ondary electrons. The screen potential then adjusts itself (usually
near anode voltage) so that the number of secondary electrons which
escape is equal to the number of beam electrons which arrive. How-
ever, the other stable condition occurs when the surface is at cathode
potential. The beam electrons then approach the target, but are
repelled and retire without striking. If the target becomes slightly
positive (by photoemission, for example), the beam electrons land
without producing appreciable secondary emission and restore the
original voltage.

INSULATING LAYER — SURFACE
POTENTIAL NEAR CATHODE
POTENTIAL (ABOUT ~25v.)

CONDUCTING SIGNAL
PLATE

-~ LIGHT
ELECTRON
GUN

TO_AMPLIFIER

CATHODE POTENTIAL
ABOUT -25v,

+‘ LOW VELOCITY
SCANNING BEAM

RETURNING
= ELECTRONS ==

Fig. 2—Pick-up tube with cathode-potential target.

Figure 2 illustrates the operation of a television pick-up tube with
its photosensitive target at cathode potential. In the absence of light
the beam electrons approach the surface, are slowed to zero velocity,
and then are drawn away. There is no signal in an amplifier con-
nected to the signal plate. When light falls on the ‘mosaic, all the
photoelectrons are pulled away by the strong electrostatic field between
the mosaic and the anode. The charges given the surface are not dis-
sipated by a rain of electrons, but are stored until the scanning beam
approaches. When the beam comes near a lighted area, and finds it a
few volts positive, electrons land until their negative charge brings
the surface to cathode potential again. The velocity with which the
beam electrons reach the surface is so low that secondary emission is
not involved to any appreciable extent. The signal is simply due to
the impulses given the signal plate by the beam electrons, as they
arrive at the lighted parts of the target.

6§ A, W. Hull, “The ‘Dynatron,” Proc. I.R.E., Vol. 6, No. 1, p. 5, Feb-
ruary (1918).
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DESIGN PROBLEMS

So far, much of the discussion has related to ideals. Some of the
problems which must be solved before a pick-up tube can be made to
operate in a satisfactory manner with its target at cathode potential
are illustrated in Figure 3. When the electron beam is deflected, in
usual fashion, at an angle to the axis of the tube, the electrons do not
approach the target perpendicularly. The negative voltage needed to
keep an electron from landing on the mosaic is only as great as the
component of velocity perpendicular to the mosaic, and the electric
field is not able to stop motion parallel to the surface. When conditions
are as illustrated, the beam charges one part of the target to cathode
potential, and other parts slightly more positively. Also, the point of
contact of the beam may be elongated into a line. This situation may

SURFACE POTENTIAL
OF INSULATOR

-8 VOLTS
—10 VOLTS

INSULATOR

Fig. 3—Electron paths near target.

be expected to cause a loss of resolution at the edges of the picture,
and unstable operation when the electrons move with considerable
velocity tangent to the surface of the target. These considerations
suggest that it would be preferable for the beam always to approach
the mosaic nearly perpendicularly, or for the beam to be constrained.

Another important problem is that of providing sufficient beam
current (about one microampere) in a beam which retains its small
diameter when the electrons are slowed to almost zero velocity and are
subject to strong local fields at the mosaic surface.

In the solution of these problems, a magnetic field perpendicular
to the mosaic and extending to the source of the electron beam has been
found useful. When the field is made sufficiently strong, the beam is
focused and refocused many times between the cathode and the target.
In a uniform magnetic field, the final size of the scanning spot is sub-
stantially the same as that of the source of the beam. The magnetic
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field can also be used to keep the beam electrons from proceeding very
far across the surface of the mosaic at grazing incidence. Electrons
which tend to move in this fashion cut across the lines of flux, and
move in circular paths. The diameter of these circles can be made as
small as is desired by increasing the strength of the magnetic field.
Several types of pick-up tubes based upon these principles have
been designed. In some, the scan