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MOVIES FOR TV

As a considerable part of television
broadcasting involves films, knowledge of
the techniques and uses of motion pictures
for television is profitable for technician,
producer, station director, and sponsor

alike.

This book is a comprehensive, practical
guide to those techniques. It provides the
information, both on technical equipment
and on program planning, needed to in-
sure the best results from movies on tele-
vision, including a great deal of experi-
enced advice on technical and artistic
details that may cause trouble.

The first part of the book clearly ex-
plains the principles and the operation of
TV transmitting equipment; the indi-
vidual characteristics and operation of all
leading movie cameras; methods and
equipment for sound and kinescope re-
cording, and all allied equipment.

Here you will learn, for instance, how
the different types of projectors operate,
what may go wrong with them, and how to
avoid such troubles; what lights and light-
ing accessories give the best effects on tele-
vision; the special values of different
types of lenses, filters, and other photo-
graphic equipment; many ways of making
still and moving titles; how to make fades,
dissolves, and many other special effects;
and the basic characteristics of movies
suitable or unsuitable for TV.

The last part of the book then discusses
the details of program planning and pro-
duction. There are hundreds of practical
suggestions on such matters as the use of
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INTRODUCTION

Television and the manner in which its programs are produced
have been treated many times by many competent authors, but
since the publication of most of these books another factor has re-
quired increased attention. This is the motion picture angle. The
earlier books dismissed films in a chapter or so, mainly because
there was not a great deal to say.

Since then, however, much has been learned about movie tech-
niques and methods of handling film. Its use for commercials is
beginning to be understood, and production arrangements are now
fairly well standardized. Technical methods for reproducing film
over the television system will require improvement, and this ap-
plies particularly to video recording equipment. The future of tele-
vision is inevitably bound up with movies, and, to a lesser extent,
the future of movies is bound up with television. Thus, the ways of
the film industry with its half century of know-how are proving
invaluable in the studios of the television stations. Hollywood’s
techniques are not wholly applicable to television, but the best of
its experience added to the radio experience of broadcasters should
blend to build a solid foundation for the future union of the two
media.

Unless motion picture films are used intelligently, many of the
smaller, one-station towns far from the coaxial cable, or the micro-
wave link, will not make the best of the facilities granted them to
use in the public interest. For a while the novelty of seeing pictures
on a screen on the end of a big glass bottle holds the audience, and
all the oldest and deadliest movies are received rapturously. But,
the day comes when even the latest five-year-old government war
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it INTRODUCTION

picture or Office of War Information epic fails to hold the audience
against the charms of Fred Allen or Charlie McCarthy. The wise
management guards against this by handling film intelligently and
employing people who know enough about the subject so that a
reasonably efficient job can be done.

For most stations in the situation assumed in the foregoing
paragraph, live production using many actors in the cast may not
be possible on any great scale owing to talent costs. Rehearsal time
alone is often a big factor in the total figure, and perhaps even $500
would be too high for a thirty-minute show on a sustaining basis.
The one-shot nature of television ensures that once the telecast is
over the money is forever gone, and only a log entry exists to show
what was got for it. Kinescoping recording is out, unless there is a
service available, and that is most unlikely in the size of town we
are discussing. Also, the high cost of such equipment precludes the
station’s installing it.

The alternative is film recording directly or, in other words,
making a film and using this for the actual and repeat broadcasts
if required. The beauty of this system is that it can be rented out to
other small stations—or large ones if it is good enough!—and thus
some, or even all, of the initial costs can be recouped. The studio
lighting equipment is available, the studio is available, and prob-
ably the television cameramen will be able to double in celluloid—-
or, to be more precise,acetate. The equipment required—camera,
recorder, and accessories—need not cost very much: $3,000 would
buy everything needed for a modest, double sound system outfit.
The station producer should be capable of producing a reasonable
show if he knows his television production. Even though the mem-
bers of the film department may not be very experienced their
familiarity with the equipment and the uses to which it is put will
go a long way toward creating a creditable program.

The outline of this book is based on the courses “Films for Tele-
vision” which I am teaching at New York University, and pre-
viously The Television Workshop (New York City), and other
television schools. Putting the course into a book necessarily in-
volves writing more than is normally laid down in a class syllabus
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since many subjects which are covered indirectly by class discus-
sion must receive separate mention here.

I would like to stress that reading this book is not intended to
make the reader an expert in the field of movies or television, but
it should pave the way to an understanding of what goes on in the
film department and serve to buffer the initial inexperience of the
beginner on first beholding film equipment. Practically all the
equipment used in this sphere is either illustrated or described, and
for a person who wants to work in a projection room the projector
notes should be quite valuable. About 25 per cent of the jobs in tele-
vision are directly or indirectly connected with films, and a person
who knows something about all the aspects of his field is usually
able to do a better job. This book is written for the student; the
ad agency man who is, perhaps, not yet in television; the station
personnel who are expecting to enter television; or just for the in-
telligent reader who likes to know what makes things tick—or even
for the prospective sponsor who would like to know what he can
expect from the art.

Very few works are without blemish, especially when there are
many arbitrary, individual ways of defining or performing the same
action, and I am sure that more than one meaning can be found
for some of the statements included here. Moreover, many people
have their own definitions and ways of doing things in an art as
new and fluid as television. This is as it should be, for only by the
successful combining of many ideas and methods can a solid, pro-
gressive art be founded.

This project has only been made possible through the whole-
hearted cooperation given me by the manufacturers of the equip-
ment described and illustrated herein. For granting permission to
reproduce their photographs and draw upon their instruction books
to extract diagrams and tables, I extend grateful acknowledgment
to: The American Standards Association Inc.; Acme (Producers
Service Company) ; Messrs. Bell & Howell; Berndt-Bach (Auricon
equipment) ; The Columbia Broadcasting System; E. I. Du Pont;
Dr. Frank Back (Zoomar Lens); Eastman Kodak Company;
General Electric Company; The Houston Corporation; J. A.
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CHAPTER 1

PRINCIPLES OF MOVIES

WHAT FILM IS

This chapter is designed to introduce the reader into the world and
language of motion pictures or films, as they are generally called.
It presents in a brief form the fundamentals of photography with-
out exerting any pressure on the reader to become a photographer,
or requiring any interest in the subject apart from that which is
inherently indicated by the fact of his interest in television. In fact,
as this book progresses the reader will see that, properly speaking,
television and photography cannot be separated and that almost
everything which applies to photography also applies to television.
Even the original criticism of television—that it only produced an
ephemeral image while photography’s action was permanent—no
longer applies. As will be shown in the chapters on kinescope re-
cording, records of television pictures are now made as easily as
photographs with a movie camera.

Webster describes film as: a thin, flexible, transparent sheet of
cellulose nitrate or acetate, or similar material, coated with a light-
sensitive emulsion used for taking photographs; or, the base—the
thin sheet of cellulose alone; or the film alone—the sensitive emul-
sion. In general, when speaking of film in the motion picture and
television industry, the complete product is meant. Emulsion and
base are referred to by name separately.

In general use there are two types of base, the acetate and the
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4 FUNDAMENTALS

nitrate. There are other bases used, but they are in such small sup-
ply and usage that they will be ignored since it is extremely unlikely
that television personnel will encounter them. Most 35 mm film is
made of the nitrate base, which is highly inflammable. In fact, it
might almost be called explosive since it requires very little air to
burn fiercely with intense heat. On the other hand, the acetate base
used for 16 mm film is slow-burning and is considered non-inflam-
mable. It can be caused to catch fire but requires the application of
heat for a comparatively long time. Safety film has the words “safety
film” printed along its edges so there is no mistaking it. If these
words do not appear, it must be treated as nitrate stock.

Wherever 35 mm film is used the local fire ordinances are very
strict in their application to the premises in which it is used. Steel,
fireproof projection booths are required, and a number of other
restrictions also apply to complicate matters. As a result of this, and
cost factors which are discussed in the next chapter, 16 mm film is
used almost exclusively for television in all but the largest stations.
The question will at once be asked: Why not use acetate base for
35 mm film? There are three answers to this. One is that the acetate
base is not as clear as the nitrate. Instead of being completely trans-
parent and with no identity of its own, it tends to produce pictures
that are slightly opaque where the only coloring, or shading, should
be from the emulsion. Then, also, the acetate base is slightly more
brittle than nitrate. This is a big factor in the theatre world. A film
print for the movie theatre has to be projected a certain number
of times before it is scrapped, and the acetate film wears out very
rapidly by comparison. Acetate dries out in the air very much more
quickly than nitrate and during the run through the projector is
exposed to considerable heat. This hastens the drying (the heat in
a 35 mm projector is very much greater than in a 16 mm, because
lower-powered lamps are used in the smaller, semi-professional
projectors), and the film is more likely to break in the machine. As
far as cost is concerned, there is very little difference; if there is any,
it is in favor of nitrate. Finally, the acetate film must be kept in
cans with humidifiers to keep the film moist.

The 35 mm film is perforated on both edges and has four
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perforations to the frame. Each foot of film has 16 frames, or pic-
tures. The film is approximately one and three-eighths inches wide,
but because the perforations occupy a certain amount of space, the
picture or frame is approximately one inch wide by three-quarters
of an inch high. This proportion is known as the aspect ratio and
is approximately 4:3: that is, the frame is four units wide and
three units high. The same standard has been chosen for television
pictures. This makes the problem of using films on television simpler.
In England, the aspect ratio of television picture is 5:4. This is
not very different from 4:3, and the average viewer would not
notice it, but of course it necessitates a slight change in the film
transmission equipment. It is being changed to conform with U. S.
standards. Figure 1-1 shows a strip of 35 mm film with these items
indicated.

The 16 mm film comes in two types, sound and silent. The
silent type has perforations on both edges. The sound film has
perforations on one side only. On the other side of the latter is the
sound track; quite obviously there would not be enough room for
the track if the perforations were on both sides. Because the film is
comparatively narrow, there is no tendency for the one-sided pull
on the perforations to set it askew in the gate. Each type of film has
forty frames to the foot and one perforation to each frame. The
16 mm film is approximately 0.63 of an inch wide. Figure 1-2
illustrates these features on 16 mm film. The frame area in the
camera is 0.41 inches by 0.294 inches. To allow for shrinkage it
is 0.022 inches and 0.008 inches respectively less in the projector.

Before continuing, it may be of interest to mention the other
sizes of film that have been developed, some of which are still in use
although none of them has been used for television. Everyone is
familiar with the 8 mm film used by so many amateurs, but in
addition to that there is 9.5 mm film put out by Pathe which is very
popular in England and France. In an effort to produce a good
quality sound film for semi-professional and advanced amateur
use, Pathe also introduced the 17.5 mm film. The extra 1.5 mm
were used to carry the sound track at the same size as the 35 mm
film track in an effort to retain the quality of the latter. A long
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time ago, before 16 mm, 8 mm or 17.5 mm film, another size was
introduced—28 mm—but this did not become popular and very
soon was forgotten.

Photography depends on chemistry for its operation. This is not
intended as a primer on photography, but a very brief explanation
of what goes on inside the camera will help the student appreciate
some of the problems he will face in the film and television industry.
Photography has come a long way since the crude experiments in
the eighteenth century, but it still depends on the same thing—the
chemical effect of light on a film coated with certain chemicals.
Despite all the progress that has been made, silver still plays a very
important part in the operation.

The base is made by combining various ingredients, which de-
pend on the type of film being made, and pouring the resulting
thick liquid onto a slowly rotating drum perhaps 5-6 feet wide. The
drum speed is designed so that all the volatile solvents have evapo-
rated in a little less than one revolution. The resulting sheet is pulled
off continuously and rolled for convenience; it may be as long as
2000 feet and is of uniform thickness except for the edges which are
discarded. Since the characteristics of every batch of base mixture
are not constant, but vary even from roll to roll, the advice to ob-
tain all film for a particular production with the same batch num-
ber is readily understood in its application to base as well as
emulsion.

The coating is really much more important, for it is this which
takes and records the product of the producers, cameramen, actors,
and the whole film company. Therefore, it is essential that it be
uniform in as many respects as possible. Gelatin is used to support
the particles of silver salts which constitute the active agents in the
emulsion. It also acts in the same way as manganese dioxide in a
dry cell: that is, it is a depolarizer and removes halogen produced
by the action of light on the silver salts.

Emulsion is made by dissolving gelatin and heating it. Silver
bromide is added and an excessive quantity of potassium bromide,
the latter being added as a sort of catalyst. Silver nitrate is then
added, and minute crystals of silver halide are precipitated; these
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are the crystals which form the image on exposure. If the mixture
is cooked for a long time at a high temperature and the nitrate is
added quickly, a fast, coarse-grain emulsion is formed. If the nitrate
is added slowly and cooked for a shorter time at a lower tempera-
ture, a slower, fine-grain film is produced.

It is necessary to wash the gelatinous mass formed from the
above operation to remove the excess salts which would otherwise
crystallize. Then a further amount of gelatin is added and the batch
recooked in what is sometimes called the second ripening. This in-
creases sensitivity due to the formation of sulphides of silver on the
halide crystals. This is a very important operation, for fogging and
sensitivity are affected by it. The mixture is then refrigerated until
required.

A complicated process of dyeing is involved prior to coating the
base with the emulsion, and the various types of emulsion, such as
panchromatic and blue-sensitive, positive films emulsion, are pro-
duced at this stage. The layer is about 1/1000 inch thick (after
drying). The film is then perforated and slit into the required
widths.

This is a very exacting process, since it is important that the
film does not vary in width or it might stick in the camera or pro-
jector. After slitting, it is perforated and cut into suitable lengths
which may vary from as short as 50 feet for amateur camera use
to as much as 2000 feet, although 1200 feet is a more common
length than 2000 feet. Each batch of film is numbered along the
edge at frequently recurring intervals with a code number so that
its manufacture can be checked for quality control and for identifi-
cation purposes during processing. The effects of heat in the manu-
facturing process have already been pointed out; they are just as
important during storage, for if stored in an overheated place fog-
ging is liable to occur. For that reason, film offered for sale in
tropical places should be regarded with suspicion unless the condi-
tions under which it was stored are known for certain to have been
properly maintained.

On being exposed to light, a chemical change occurs in the
emulsion forming a latent image of the scene in front of the lens.
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There is no apparent change in the emulsion, but on being im-
mersed in a developer, an image or picture is produced. This is in
a negative form in which the objects which were black in the
original are white, and those which were white are black. More
light is reflected from the light-colored sections of the scene and,
therefore, more chemical action takes place in the corresponding
section of the film. When this is developed, silver is deposited in
the dark areas, and in the lighter areas where there was no light,
the undeposited silver is washed away.

Before the film so made can be used, it is necessary to reverse it,
thus making a positive which has the same colors and shades of
light as the original. This can be done in two ways. One method is
by direct reversal in which the film which was in the camera, known
as a reversal film, is chemically treated a second time. This treat-
ment literally reverses the colors of the film, and parts which were
white become black, and those which were black become white.
The film then has the same color-shade values as the original scene,
and is known as a direct-reversal positive. In the other, and more
generally used system, the negative is photographed onto another
film. In exactly the same manner in which the color values were
reversed when the negative was made, so are the colors again re-
versed on the second film. By virture of this double reversing, the
second film becomes a positive which is then used for projection or
televising. It will be seen that the former method suffers from the
drawback that only one film exists, and if anything happens to it
there is no way of replacing it.

There are many different types of film stock available. The
various manufacturers have their own trade names for them, but
film emulsions fall into certain well-defined categories. Negative
and positive stocks have already been mentioned. In this case, the
difference in the raw (unexposed) film is in the speed and fineness
of grain. Emulsion speed is the main difference between the differ-
ent types. By emulsion speed is meant the sensitivity of the emulsion
to light and the speed with which a picture is formed on the film.
Modern chemistry has achieved a great deal in preparing fast emul-
sions, but unfortunately as the speed of the film increases another



PRINCIPLES OF MOVIES TH}

change occurs. The grain of the emulsion becomes coarse. The
silver salt in the emulsion is, of course, composed of millions of tiny
particles. These particles constitute the grain of the film. If the film
is enlarged many times these particles become visible and impart a
“grainy”” appearance to the picture. This is similar to what is seen
if a half tone reproduction is examined with a powerful magnifying
glass.

The cameraman has to decide between a fast film with coarse
grain and a slower film with finer grain. In studio conditions where
the lights can be adjusted as required, a slow film can be used and
optically perfect pictures obtained. It is often apparent in newsreels
that a faster film has been used to catch action that occurred in
poor light. In addition to the poorer definition and loss of detail in
the faster film, one other drawback is encountered: this is extreme
contrast. High contrast and loss of detail go hand in hand. This can
be seen by watching newsreel pictures of a fire or other unexpected
happenings after dark. The blacks and whites are vivid and in the
white areas there is little detail.

The types of film in general use vary considerably according to
the purpose for which they are to be used. For movie work, pan-
chromatic film is very popular although it is considered by some
technicians to possess a small drawback in that it has a very slight
grayish color in the base. Panchromatic film is sensitive to all colors
and thus always has to be handled in complete darkness, whereas
the much slower orthochromatic film can be developed in a red
light. However, since it is not usual to develop film in containers in
which they can be seen—unless it happens to be a short test-piece
in a bottle—this is not too important. But this high sensitivity is
important in the case of handling new reels of film to be placed in
the camera. It is comparatively easy to fog a considerable amount
of film by careless handling in bright light. Orthochromatic film is
the slowest normally used for film work. The color limitations of this
film make it possible to perform some very interesting and useful
trick effects. For instance, it is not sensitive to red, and blue photo-
graphs extremely light. By taking advantage of these effects and
using certain filters, many tricks can be performed. The Super-XX
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type of film is rarely used in studio work, due to the extreme contrast
obtained and the “graininess” of the emulsion. The only time when
it would be used is in the case of an event occurring after dark where
proper studio lighting could not be provided. Many brands of film
are on the market, but most studios use those sold under the names
of Kodak, Ansco, and Du Pont. In film work it always pays to use a
well-known make as the emulsion can always be depended on to be
consistent in its speed and grain. When purchasing film for a shoot-
ing which is expected to take a good many feet, it is good practice
to buy all the film ordered for the shooting at one time and at one
store. In that way the cameraman will be able to ensure that all the
film has the same emulsion batch number. This means that the
exposure, and results, will be the same for all scenes on the film.
This helps to prevent exposure errors and maintains an even quality
of photography. This may seem a very small point to mention; it
would be if this were being written for an experienced film man.
But that is one of the things learned by experience and is important
to mention here for the reason that in a small station or production
unit, the temptation might be very strong to save a few dollars by
using a few hundred feet of film from a number of odd batches.
While this would probably not cause any damage, it might ruin a
shot, causing it to be shot over again. At the least, it could cause
a variation in the color-lighting values of the various scenes. Differ-
ent manufacturers have their own systems of expressing the speed
of the films they produce. However, they all bear a relationship
to each other, and no matter which one happens to be in vogue at
the moment it is possible to translate any value in one system into
its equivalent in the favored one.

While film costs for 16 mm stock are not excessive, they are not
exactly cheap, although compared to 35 mm the price is most at-
tractive. For use in the average small station or motion picture
studio the 200-foot magazine will probably be the most popular.
A number of the popular, semi-professional 16 mm cameras are
capable of using a 400-foot magazine instead of the standard 100-
foot reel. These magazines are external to the camera and can be
loaded beforehand if available in sufficient quantity. This facilitates
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changing film in the field. For film bought in semi-bulk for profes-
sional use at a station, the price varies between $3 and $5 per
hundred feet of picture stock, while for sound stock it is around $1
per hundred feet. If bought in 1000-foot lengths and rewound onto
the reels in use in the various cameras the price is lower, but here
another source of poor quality is found. This work has to be done in
total darkness, hence there is a strong likelihood of finger marks
getting onto the emulsion during this process.

The actual developing, or processing of film as it has come to be
called, is almost always done by a laboratory specializing in this kind
of work. For one thing it is a complicated process, not so much by
the method for standard film, but because of the mass of film in-
volved. Even 100 feet of film seem an awful lot when they are
curled around one’s legs on the darkroom floor! The equipment
necessary to develop, fix, and dry film, and then print a positive is
very expensive and certainly outside the budget of any but the larg-
est station or studio unless outside work can be obtained to help
pay for it. For that reason most film these days is sent to one or an-
other of the processing labs which exist in most cities of any size. Usu-
ally a film taken there in the morning is ready by the evening of the
same day. These laboratories often have sound-dubbing equipment,
and can print the sound track, or marry it, to the picture negative in
cases where the double sound system is used. Very often, too, they
have projection rooms where the film can be projected while the
sound is recorded in cases where the sound was not recorded at the
time the print was made. In this way a synchronized sound film
can be made using a silent camera if the players say their words
while acting so that they can lip sync them when projected on the
screen. The only requirement is that the camera be driven by a syn-
chronous electric motor so that the speed of the film will not vary
and thus throw the sound out of synchronization.

It has already been mentioned that both 35 mm film and 16
mm film pass through the projector at the rate of 24 frames per
second. This is the standard rate for sound in frames per second, but
not in feet per second, or lineal speed. For 35 mm film the lineal
speed is 90 feet per minute, while for 16 mm it is 36 feet per minute.
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Thus a standard 400-foot reel of 16 mm film runs for 11 minutes,
and 1000 feet of 35 mm run for the same length of time. An average
length for a newsreel or one-reel cartoon is about 800 or 900 feet.

In the contact printer, many effects are obtained which add to
the atmosphere of the film; however, in this chapter it is considered
as a printer only. The negative film is run through the gate of this
machine with the unexposed, positive film in close contact with it.
It is, in fact, very similar to making contact prints from the usual
box camera negatives. A variable printing light projects onto
the negative, and this, of course, forms an image on the positive
film, which is opposite in color values when developed. Since the
strength of the light can be controlled, any slight mistakes in ex-
posure when taking the negatives can be corrected, and because of
the amount of light available a slow positive is used with a very fine
grain. Figure 1-3 shows a standard type of film printer.

Color film is quite complicated in its operation and chemistry.
It will be covered more fully in the chapter on color film and tele-
vision. In brief, there are two general processes, the additive and
the subtractive. In each system the film has to go through a number
of different treatments and in addition to being a long process it
is also costly. While color film as such is of no value to television at
present, owing to the absence of color transmissions, it can be
transmitted quite satisfactorily as a black and white film. The only
precaution to observe is to avoid using film with a lot of blue in it,
such as long shots of landscapes. However, this type of shot is very
rarely used in television films due to the limitations of size and
resolution of the television screen.

Later chapters will deal with the mechanical details of the
equipment used. Therefore, having presented a description of the
medium used to record the images which constitute moving pictures,
it seems appropriate to demonstrate the manner in which these
pictures are given the appearance of moving. The motion picture
film and television both depend for their existence on a phenomenon
known as persistence of vision, This is a “defect” of the human eye
in which the object seen does not immediately vanish from the
retina when the eye is turned away, or the object removed, but the
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Fig. 1-3. Houston contact printer for 16 mm film.

image remains for a finite period. When a movie film is made, the
camera records a number of pictures of the action taking place,
each one slightly different from the previous one. These pictures
are made at the rate of twenty-four every second (Note: every
reference in this book to film speed will assume a speed of twenty-
four frames a second, unless stated otherwise), which is the speed at
which films are projected in movie theatres and for television. When
these pictures are projected on the screen in rapid succession the
eye sees the first one, and while the image of that one is still present,
the next one, which is slightly different, is received over the top of
the first. These blend, as do the subsequent ones, into what appears
to be a moving picture. Although this is an effect of the human eye,
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it also occurs in some of the television equipment used for televising
movies, and, as will be seen in Chapter 14, this feature of the
iconoscope is utilized in the film camera chain for transmitting films
over television.

TERMINOLOGY

aberration Imperfection in focus, caused by the lens’ failing to
bring all the light rays to focus at the same place on the
emulsion.

abstract set A set which has no particular character of its own
and is used for decorative purposes or purely irrational, ab-
stract work.

acetate An abbreviation of the name cellulose acetate which is a
non-inflammable, transparent, flexible film used to form the
base on which the emulsion is deposited to make cinemato-
graph film for 16 mm operation.

achromatic lens Lens used to correct for the different focal points
of different colors.

actinic light Light which has high photographic value and hence
affects motion picture film very quickly.

active lines The actual number of lines in a television picture
which contribute to the information presented. In present
standards there are about 490 active lines.

ambient light The general level of light in the studio which is
not directed especially at the subject.

angle shot A camera shot from an unusual angle, such as one
from a high roof looking down.

angstrom unit The unit used for expressing the length of light
waves. Also, it is coming into use to express the color values
obtained from different types of illumination.

animation The imparting of movement to inanimate objects or
the process of making drawings, etc., appear to move.

aperture The opening in the masking plate through which the
light from the scene to be photographed passes. Also, the
measure of the amount of light passing through the lens. It is
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expressed as the ratio of the diameter to the focal length of
the lens.

aspect ratio  The relationship between the width and the height
of the picture. The ratio is standardized in the United States
as 4:3.

astigmatism A defect in a lens causing part of the picture to be
out of focus.

audio The common name for the sound portion of a film or a
television transmission, from the Latin audire to hear.

baby spot A small spotlight used to highlight small areas of a
scene or an actor. For example, played on the hair it accen-
tuates it in a close-up.

backdrop A painted sheet of canvas or similar material which
hangs down behind the actors and forms a scenic background
which is the basis for the rest of the scenery.

background projection Scenic effects, such as views from the
window of a car apparently in motion, produced by project-
ing pictures on a translucent screen behind the actors.

base The material of which film is made. It may be cellulose
nitrate or acetate. The former is highly inflammable, the
latter flameproof.

big close-up A head-shot only and of one person.

bird’s-eye perspective Perspective seen from above and in front
and used sometimes for effect shots.

black light An almost invisible light, either infrared or ultra-
violet. It is used to illuminate scenes where normal light
would interfere with other operations. The best example of
its use was the American Broadcasting Company’s use of it
in the opening telecast of Otello from the Metropolitan Opera
House in the fall of 1948.

blanking The signal from the signal generator, in a television
studio, which cuts off the horizontal and vertical driving
pulses during the time that they are returning to begin a
fresh line, so that they will not be seen by the viewer during
this time.
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blimp A soundproof cover which encloses the film camera dur-
ing shooting. Its purpose is to deaden the sound of the camera
and prevent it from being picked up by the microphone when
making sound films.

bloom A glare caused by light being reflected into the camera
lens, or by large white areas in the scene or film.

blooper A device for making a hole in the sound track on a film
where a splice occurs to prevent a “plop” in the loudspeaker
as it passes the sound head. If possible, the splice is made at
a point where there is no modulation.

boom A long arm which suspends the microphone over the heads
of the actors in a television or movie studio and keeps it out
of the field of the camera. Also known as a c¢rane when used
to support a camera.

business Any bit of action which is not able to be described by
any usual terms with short words, and which, while adding
a lot to the story, is only incidental. For example, the scene
is a cocktail party; business would be a general shot of the
guests drinking and talking and getting drinks.

busy background A background with so much detail that some
of the effectiveness of the actors is lost.

camera field angle scale A plastic scale used by producers in
planning camera shots. It is transparent and shows the var-
ious angles of field covered by the different lenses in use;
used with the floor plan, it enables most of the camera work
to be planned before the production starts.

cans Slang for earphones worn by almost everyone in the studio
during operations.

celluloid A mixture of pyroxylin and camphor, originally a trade
name. It was the base for all early films, but now it is used
only for 35 mm film and still cameras. When cold it is hard
and strong, but on warming it becomes soft. It is highly in-
flammable and not used for 16 mm film.

clip A short length of film “clipped” or cut from a complete film.
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It is used to provide an insert for a television show, or a short
scene for some purpose.

close shot A short distance picture which includes a small part of
the background and accentuates a detail.

close-up A shot of the actors in which only the head or part of
the head and shoulders is seen. Abbreviation CU. It can be
made at short distances with ordinary lenses, or a long-focus
lens can be used to get the same effect at a distance.

close-up shot The closest possible close-up.

cold light A light that contains relatively little red value. It is
produced by mercury-arc-vapor and fluorescent lamps. It is
accompanied by the production of much less heat than is
produced by incandescents.

condenser Optical application, a lens which collects the light
from the lamp and focusses it on the film being projected.
Also, the lens in a spotlight which focusses the light on the
subject.

contrast The variation in light value between the darkest and
lightest parts of a picture. Pictures with high contrast are
very black and white and have poor detail: the intensity of
the blackness or whiteness washes it out.

counter The indicator on the camera which indicates how much
film has been exposed or remains.

crane A long arm mounted on a dolly which makes it possible
for the operator to raise or lower the camera and thus obtain
high or low angle shots.

crowfoot A spider-like device on the feet of a tripod to prevent
the legs from opening on very slippery floors.

cue The signal for an actor or some part of the program to
comrmence.

cue sheet-timing The script of the program indicating the times
at which different actions take place and the time allowed
for them.

cut A verb meaning to cut off the action, i.e., stop the scene or
go off the air; it also means to switch instantaneously from
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one camera to another. It may also be used as a noun, as: a
film cut (cf clip).

cyclorama A backdrop with a photographic or painted scene on
it.

dark spot The dark spot sometimes seen in transmission due to
the emission of secondary electrons from the mosaic in a
camera tube.

depth of focus The distance from the camera within which
everything is in focus.

depth of field (not the same as depth of focus) The limits of
distance between which all objects are in focus with any
given setting of the camera.

diorama A miniature set, same as miniature. Sometimes a small
area is made full-size for live action to take place in it. But,
the advent of process shots has reduced the necessity for this
type of scenery and will probably eliminate it completely.

dissolve The gradual overlapping of one image by another fol-
lowed by the slow disappearance of the first. It is used to
bridge two separate sequences without slowing down the
action much, or causing an abrupt break. Lap dissolves,
diagonal lateral dissolves, etc., are discussed in detail in the
chapter on editing.

dolly A noun meaning a truck on which the camera is mounted
and on which the cameraman also sits. It is moved in accord-
ance with the director’s instructions. It may also be used as
a verb meaning to move slowly toward (dolly-in) or away
from (dolly-out) the set. In the former, a smaller amount of
the set is covered by the camera and in the latter the area
photographed increases.

dolly shot Merely a shot utilizing a moving dolly.

double system sound recording A system of sound recording in
which the sound is recorded on a separate film from the one
on which the picture is photographed. It provides the best
quality.

down stage Toward the camera.
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dub-in The process of adding sound to the film after the film has
Been made. It has also come to mean the addition of anything
after the original has been made.

edge flare An unwanted light produced by the spurious emission
of electrons due to the action of the scanning beam in the
film camera tube. It can be reduced by using film that does
not have black areas at the edges. It may also be countered
by edge lighting which consists of a small lamp illuminating
the edge of the mosaic.

elevation A vertical sketch of the stage and settings to show the
detail in the vertical plane.

establishing shot A very important shot in any film for television,
or television program. It shows all the important parts of the
scene in one shot, just as though the viewer were standing
there, and orients him to the story as quickly as possible.

emulsion The photosensitive coating on the film. It is usually
a form of silver halide suspended in gelatin, for black and
white films. Silver is deposited on the film after it has been
acted upon by light and developed. The greater reaction it
has to light, the faster it is said to be.

fades There are many variations of the fade which is a gradual
change in the intensity of the picture. In a fade-out, the pic-
ture grows gradually darker until the screen is black, in a
fade-in, the picture gradually appears out of the darkness.

fade to black A favorite method of ending a television play, or a
film. The picture is gradually faded down until the screen is
black. In television, it is done electronically; in motion pic-
tures, optically. (See section on effects.)

feature The term used to describe the main event of a program.
A feature film is usually at least 9000 feet long (35 mm).

field Optical-program, the area covered by the lens of the
camera and therefore recorded on the film or the television
screen. Electronic-optical, one set of scanning lines. In the
U. S. system of television, the scene to be televised is scanned
twice by the camera for each complete picture. The first time
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the odd-numbered lines are transmitted, 1 .. .3 ...,
etc., the second time the even-numbered lines are sent,
2...4...6 ..., etc.c. When both sets of lines have

been transmitted the equivalent of one frame or complete pic-
ture has been sent. Since 525 lines are sent for every picture,
or frame, in television, it will be seen that 262% lines are
sent in each field.

film camera chain The complete series of equipment used to
present films on television. It consists of an iconoscope camera,
camera control and shading desk, the associated power sup-
plies, and one or more projectors. The output of this chain is
fed to the master switching control where it is mixed and
selected as required. Frequently a slide projector is mounted
beside the film projectors so that station announcement slides
may be shown over the same circuit.

film commercial The advertising message placed on film for
projection over the film facilities of the television station.

film loop A piece of film, quite short, which is continuous. It is
run through the projector as it is needed.

film sequence or insert A portion of a television program made
up of film or movie scenes.

filter A glass or gelatin disc placed in front of the lens of a
camera to change the light values reaching the film, or
camera tube, to obtain special effects or to correct for bad
light values.

flat Flat sections of canvas- or plywood-covered scenery used to
form walls or backgrounds for room scenes.

flat lighting An over-all lighting which does not provide any
highlights or contrast or modelling of the stage or actors.
Usually poor technique.

flicker An unsteady picture. In television reception, it is caused
by a faulty receiver or effects external to the receiver. In a
film projection, it is caused by too slow a speed of projection.

flood lighting A lighting similar to flat lighting, which is used
when a long shot is to be made. In such a shot, the flatness of
the light will not spoil the detail.
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floor manager The director’s link with the actors during shoot-
ing. He can signal to the actors to tell them to hurry, slow,
close up, spread, etc.

floor plan A scale diagram of the floor space showing the posi-
tions of the scenery and actors for various sets. It is an essen-
tial to the proper planning of a shot.

fluorescent light Mercury-vapor tubes coated inside with one of
a number of materials which fluoresce, or glow, when exposed
to the discharge inside a mercury-vapor tube.

flutter An annoying, continuous change in the sound reproduc-
tion from a film or mechanical recording. It is usually caused
by wear in the rollers which hold the film against the sound
head, or play in the bearings if discs are used.

focus The point where the rays of light passing through a lens
meet and form an image on the film or mosaic.

following focus The process of keeping a moving object in focus
all the time it is moving about during the shooting of a scene.
For example, an actor may have to go from down stage to
up stage and remain in focus all the time; the cameraman
follows the action in his view finder and is thus able to keep
the actor in focus by adjusting the focus control.

foot candle The international unit of illumination. It is the direct
illumination on a segment of a sphere one foot away from a
point source of one foot candle. It is equal to one lumen per
square foot.

frame One complete picture. In movies, to form the illusion of
movement and to obtain a high enough rate of speed to
provide high quality of sound, twenty-four frames a second
are projected.

foundation light The same as ambient light: a general lighting
which has no character of its own but serves as a basal
minimum upon which the rest of the illumination is built.

free perspective Falsely converging lines on the scenery and
painting, or actual scenery constructed so as to converge
much more rapidly than normally to provide a feeling of
depth.
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gamma The contrast degree of a picture expressed as a ratio of
black to white. It is now usual to specify the degree of con-
trast required when sending film to be developed as “Gamma
X.”

gobo A screen or reflector used for sound or picture work to
prevent light or sound from reaching places where it is not
required, or to direct light to dark areas.

halation The diffusion of light in light areas (particularly in
small areas of white in a dark surrounding), which causes a
blurred appearance. Blurring is also caused by light being
reflected onto the back of an emulsion from a film base after
passing through the emulsion in photographing.

horizontal sweep The electron-beam scanning, from left to right,
of the scene being televised.

hot background Generally a background light which is too
strong and results in lack of contrast and a flat picture. Some-
times it is used to produce special effects for silhouettes.

hot light A concentrated light used to emphasize features and
bring out certain contours.

iconoscope (IKE) A photosensitive tube in which the picture to
be transmitted is focussed on a mosaic (cf.) which in turn is
scanned by a beam of electrons. The variations in light and
shade cause corresponding variations in the voltage picked
up by the scanning beam, thus converting the scene into terms
of voltage instead of light. This tube is now used only in film
camera chains (cf.). It has a restricted color-response and
requires high light-intensities to operate, although the picture
quality is very good. It is also known as a storage type of
tube because the mosaic will retain the picture for a con-
siderable time.

image orthicon The latest type of camera tube. It has a very
high light-sensitivity and is very suitable for outdoor work
where light conditions are not under the control of the
cameraman. It is also used exclusively in studio operations.

interlacing A process which consists of scanning the frame twice
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to reduce the amount of flicker in the received picture. The
faster the repetition rate, the less flicker is produced; there-
fore, each of the thirty frames transmitted every second is
scanned in two fields. The first one scans the odd-numbered
lines and the next one the even-numbered lines. In this man-
ner, sixty fields per minute are produced which has the same
effect on the eye as sixty frames and reduces flicker to a
negligible amount.

incandescent light A light produced by the heating of a strip of
a conductor or the burning of an arc between two electrodes.
It is usually very rich in red values.

intermediate film process A system of projecting television to
large audiences in which the picture is photographed onto
motion picture film, developed, and projected in less than a
minute.

intermittent The mechanism in a camera or projector which
causes the film to progress through it in a series of short
exposures. It usually operates on the Maltese Cross principle
or Cam system.

iris An adjustable diaphragm in front of the lens in a camera
which can be used to reduce the area of picture recorded
on the film for special effects. It is not used much today,
but the early producers made much use of it. (It is also
called a vignette when used for that purpose.) This dia-
phragm also used behind the lens to control the lens-opening,
or f value of the aperture.

kinescope The trade name used by RCA to identify their cath-
ode-ray tubes used for picture reproduction.

kleig light The general name used when referring to powerful
lights specially designed for television and movie usage. These
lights are manufactured by Kleigl Brothers.

leader The length of blank film attached to the beginning of a
reel to provide for threading in the projector so that it can
run up to speed before the first scene is projected.
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left stage The side of the stage on the actor’s left.

lens A device made of optical glass used to focus light onto a
film, mosaic, or screen (for projection). It operates by virtue
of its curved surfaces which bend the rays of light passing
through them in accordance with the requirements of the
lens.

light flare An overexposure in one part of a scene due to the
improper placement of lights.

light script The chart used by the light engineer to record the
position and intensity of the lights to be used in a set.

light level 'The ambient value of the general lighting on a scene,
usually measured in foot candles.

light meter A device used to measure the amount of light on the
set and also to indicate the amount of reflected light from
the actors and props. The meter usually indicates in foot
candles.

lip sync  Sound which is in complete synchronization with the lips
of the actors.

live title Titles made by televising cards with a studio camera
instead of using slides or film.

long shot A shot from a distance great enough to provide a com-
plete view of the whole scene. Such a shot is not used much
in television owing to the poor resolving power of the system
and the small screens presently used.

marrying Slang for the photographic combining of the sound
and picture prints in the printer after editing.

medium close-up (MCU) A shot showing performers from the
waist up in action scenes where faces are to be shown clearly.

medium shot (MS) A camera shot taken from such middle dis-
tance as to show characters from the knees to above the head.

miniature A set scaled down to such proportions that it can be
made in the studio and used as a background for superim-
position and other effects. It is very costly and not much used
today owing to the convenience and availability of film in-
serts and the development of process shots (cf.).
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modelling light A light used to make a subject stand out from
its background. It is similar to a hot light and directly op-
posite to flat lighting.

montage An effect obtained by the superimposure of three or
more shots. It is very valuable in creating special moods and
suggestion by combining in visual form all the thoughts that
a person might have without being aware of them.

mosaic The sensitive surface in a camera tube, usually made of
mica with a caesium or similar light-sensitive coating. The
picture is focussed onto it. '

moviola A combination sound- and picture-editing device in
which the editor can see and hear the separate picture and
sound tracks.

narration or off screen sound Voice and sound effects produced
by actors or objects not shown on the screen.

optical view finder A device attached to a camera which enables
the cameraman to see the subject being photographed and
thereby focus and frame it accurately. This is now super-
seded by electron view finders for television cameras.

out of frame A condition sometimes occurring during the pro-
jection of film in which a sprocket hole is slipped or the
frame-lines are inaccurate and instead of seeing one com-
plete picture, or frame, the top half of one and the lower half
of the next is seen. The condition can be corrected by moving
the framing control which moves a mask to reset the picture.

panchromatic film Film which is sensitive to all colors and which
reproduces them all in their true color values in terms of gray.
panning An abbreviation of panorama shot in which the camera
is moved very slowly and smoothly around the field to be
photographed.
“ panning and tilting head A special tripod head used for mount-
ing a camera with provision for smooth, horizontal panning
and vertical movements.
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perforation The small holes at the sides of film in which the
sprocket teeth engage to pull the film through the equipment.

picture editing The very necessary action of composing the film
to be presented from the conglomeration of scenes which
have been shot. A highly skilled job which pays well. A poor
editor can ruin a producer, and in any case a producer is only
as good as his editor.

picture gate The opening in front of the projector or camera
lens across which the film passes as it is exposed.

process shot The use of a scene, either still or moving, as a back-
ground for action. A translucent screen is used, and the pic-
ture projected from behind.

racking control See out of frame.

RCA sound system A system of sound recording in which a var-
iable area is used to convert light to sound. The sound picked
up by the microphone is caused to operate a mirror galva-
nometer which exposes a varying area of film to the record-
ing light. The greater the sound-intensity, the greater the area
exposed. This system has a characteristic appearance to the
sound track; it looks like a series of very small triangles.

resolution The degree of detail in the reproduction after a pic-
ture has been transmitted through the system. It is related
directly to the amount of information the system can trans-
mit.

rim light A light placed in a television film camera to prevent
flare in the picture due to the sudden change in the electron
emission at the edge of the mosaic. It may also refer to a light
used from behind an object to produce depth by making it
stand out from its background by rimming it with light.

roll ’em Slang for the order given by the director when he is
ready to commence filming; it refers to the sound and picture
cameras.

scanning The action of the beam of electrons in the camera or
receiving equipment in sweeping the mosaic or screen from
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left to right and breaking down the picture into units of
electrical impulses for transmission.

scenery dock The place where scenery is stored when not in use.

scoop A type of lighting unit which derives its name from its
similarity to a scoop; it provides a general light rather than
a spot light.

script girl The assistant who accompanies a producer on location
and studio shots. She handles all routine matters such as
clearance, script preparation, editing, etc., as well as takes
down his remarks if he is shooting on location and will be
writing a commentary on the shot.

set The complete arrangement of scenery and props ready for
shooting; there may be a number of sets in one act as the
action moves from set to set.

shading The operation eliminating the spurious signals from
the camera produced by the characteristics of the camera
tube. It is of great importance when using the older motion
picture films due to their high contrast and the subsequent
increased production of spurious signals.

shooting script The script used to shoot the final production; it
contains all cues, camera angles, and shots used.

short A film which usually runs not more than 20 minutes, used
as a filler.

shot (See take.)

shutter The mechanism in a film camera or projector that allows
the film to be exposed only at the proper time. It usually
rotates in a projector and may be oscillatory in the camera.

silent speed The speed of silent film. All film is now shot at sound
speed of twenty-four frames per second. Silent film is made
at the same speed so that it can be projected on standard
machines and will operate with the standard film camera
chain for television.

single system sound recording The method of making sound film
in which the sound is recorded on the same film as the pic-
ture and at the same time. This process has several inherent
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disadvantages, among which are: poor sound quality due to
the impossibility of removing intermittent motion completely
from film in the sound gate; the necessity of using fast picture
negative stock ; and difficulty in editing.

sound-over The provision of sound accompaniment by non-
synchronized means such as from records or live sources.

stage directions Always given in terms of the actor’s right and
left when facing the audience.

sound displacement The difference in position on film between
the picture and its accompanying sound. In 35 mm film the
sound is twenty frames ahead of its picture, and in 16 mm
it is twenty-six frames ahead.

sound editing The action of checking the sound prints and
synchronizing them with the picture.

sound gate The mechanism where the sound on a film is either
recorded, or reproduced,by the action of a varying light fall-
ing on a photoelectric cell in the latter case.

splice A joining between two pieces of film.

split focus A device used when it is necessary to have two ob-
jects in the picture, one of which is near to the camera, and
it is impossible to focus sharply on each. A point which gives
the best results is then chosen for focussing.

spotlight A light projector which concentrates the light into a
beam or spot of light, used to highlight certain areas.

spring drive A mechanical drive used on some motion picture
cameras. It is not used to much extent today for professional
work due to the risk of losing shots because of the spring
running down at the crucial moment and speed variation.

sprocket wheel A drum or wheel with a number of teeth spaced
to engage with the holes in the edges of the film. It is used in
film cameras and projectors to move the film through them.

stock shots Shots on film obtained from libraries or film supply
houses of more or less ordinary subjects. They are very use-
ful in process shots or for inserts to save the cost of making
expensive and elaborate scenery.

superimposition The electrical or optical imposition of one pic-
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ture over another, such as occurs temporarily during a fade
or dissolve.

synchronization The matching of sound and picture so that the
words spoken or sounds heard appear to be produced at the
time the actions are performed.

synchronous drive An electrical drive for a camera or projector
which runs at an absolutely constant speed. It operates from
alternating current, usually the 60-cycle mains supply.

take “TAKE,” when uttered by the director or producer, means
to start filming or recording the action. “TAKE” in the
phrase “Take One” means it is the first (or any other num-
ber) attempt at filming the scene. Sometimes as many as
eight takes are made of one scene before the director is satis-
fied.

telecine The equipment used by the BBC to televise films. It is
very much larger than the U. S. equipment but is much
quieter in operation. The film moves through it in a con-
tinuous motion instead of intermittently; thus, wear on the
film is reduced. A system of prisms rotates with the film and
provides the optical stoppage of movement necessary for
proper operation.

trailer A short film advertising a coming feature.

tripod A metal or wooden support for a camera. Generally it
has three legs, although some so-called tripods have less. It is
usually collapsible for carrying.

trucking shot A shot made from a moving camera on a dolly,
such as dollying-in or dollying-out, etc. Quite frequently it
is a shot made in passing along a line as in reviewing a row
of chorus girls.

turret A mounting for camera lenses on which more than one
can be mounted. It permits a very rapid change of lens by
merely rotating the turret to place the required lens in use.

two-shot A camera shot containing only two people, usually
heads and shoulders only.

upstage Away from the audience or cameras.
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vertical drive The voltage which causes the vertical movement
of the scanning beam in a television camera.
video The picture signal: from the Latin videre, to see; literally,
13 2»
I see.

walk-through A rehearsal which is conducted without cameras.

western electric sound system (variable density) A system of
sound recording in which the sound is caused to make the
intensity of light falling on the film vary in step with it. A
loud sound produces a bright light. Similar to the variable-
area system except that instead of a sound track with tri-
angular appearance it looks like a row of piano keys. This
characteristic pattern is produced by the movements of two
ribbons in the galvanometer instead of a mirror. As they
spread apart more light passes and a heavier exposure is
made.

wide-angle lens A lens for short distance work which has a wide
angle of pickup so that a large area of the set can be photo-
graphed without having to get too far away.

wild motor An electric drive for a camera which is not syn-
chronous and will not, therefore, maintain an absolutely con-
stant speed. It is useless for lip sync work.

wipe A change of scene produced by the new picture appar-
ently pushing the old one off the screen. The change may be
vertical, horizontal, diagonal, semi-circular, etc. It is pro-
duced mechanically in the optical printer.

work print The print produced from the original camera nega-
tive. All editing work is done on it, the negative never being
projected in case it becomes scratched and unfit for making
the finished print.

wow A variation in the speed of the audio reproducer which
causes the sound to change pitch.

zoomar lens A lens recently produced which makes it possible to
follow action, keeping it in focus all the time. Its range is
from very close up to the full length of a football field. It
has twenty-eight optical elements in it.



CHAPTER 2

PRINCIPLES OF TV

Before proceeding any further, the manner in which pictures and
visual intelligence are sent via the airwaves should be described.
While it is not strictly necessary for those persons engaged in the
program side to know exactly how television works, it is an aid to
the more sensible use of the medium, for utterly impossible demands
can be avoided if some of the difficulties which plague the engineer
are understood.

In sound broadcasting, or recording, a microphone is used to
convert sound waves to electric waves. In movies, a film camera is
used to make light and shadow effect minute chemical changes in
a silver emulsion on a strip of celluloid. In television, a combination
of the electric microphone and movie camera technique is used to
produce an electric current which varies according to the picture
being transmitted.

A television station may be divided into five sections of equip-
ment used to produce and transmit television pictures. The first is
the transmitter section where signals from the studios are amplified
and impressed on a carrier wave which is transmitted. Next is the
antenna, which is usually 500 feet or more above the ground and
often mounted on a high building by means of a steel tower on top
of the building, or else on a separate tower on high ground. Then
comes the studio section which contains studios in which the pro-
grams are produced and control rooms where the signals from dif-
ferent cameras and studios—including the film studio—are mixed.

33
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Next is the fourth section which contains the equipment for con-
trolling the functioning of the television cameras, and finally comes
the fifth section which is comprised of the cameras themselves.
Sound is transmitted also, but since we are concerned with the visual
side of television, only a brief reference will be made to it.

The Television Camera A picture has to be transmitted in
small parts, one at a time. The reason for this is quite involved and
is controlled by the electrical characteristics of radio equipment.
When the human eye observes a scene, the rods and cones which
constitute the retina operate in such a fashion that the cones sense
the colors and the rods are affected by black and white (this, in-
cidentally, is the reason for a person being able to see better in the
dark if he turns his head away from a direct, full-front view of the
object—the rods are at the sides of the retina and consequently are
able to function better than when more in front of the scene). The
combination of rods and cones forms a mosaic on which the scene
is focussed by the pupil. The mosaic is just what its name implies—
an area of thousands of minute cells each of which is connected to
the brain and receives an extremely small part of the picture. When
the impressions from the whole mosaic have been received by the
brain, it ‘“sees” the whole picture (of course, this occurs instan-
taneously).

If it could be arranged in television so that an electric eye could
see the entire picture to be transmitted and send it all at once, or
nearly so, to the receiver where it would be seen on a similar screen,
there would be no problems of definition. Unfortunately, this cannot
so far be done since the transmitter would require literally thou-
sands of frequencies, each one for a separate transmitter, together
with the same number of cells at the receiving end as well. It has
been attempted—in fact, one of the earliest research workers de-
veloped a system whereby wires connected the transmitting cells
to the receiver—but it had low definition and was too complex.
The illuminated signs, which consist of a bank of electric light bulbs
with various of them becoming illuminated in accordance with the
master key, are a form of television, but a metallic key instead of
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photocell intelligence controls them. There is one in Times Square
which advertises Philco television; probably many readers have
seen it.

Since the whole picture cannot be transmitted at once the next
best thing is done, and it is sent a bit at a time. (It will be necessary
to take the author’s word for many of the things to follow since
explanations would be too long and involved.) The live studio
camera consists of a photosensitive tube known as an image orthicon.
This tube is the heart of today’s television system. Until its intro-
duction, productions were limited by the minimum amount of light
available on the set. Generally around 1200-1300 foot candles were
required, but with this tube 300-400 foot candles can be used per-
fectly satisfactorily. The latest model of the image orth., as it is
usually abbreviated, is known as the 5820 and has a better response
to color than the old model as well as being more sensitive.

The tube is really only a form of the vacuum tube used in ordi-
nary radios: that is, it has a cathode which emits electrons in all
directions in much the same way as a lamp bulb emits light. By
adding different electrodes—such as grids, anodes, deflectors, etc.—
to the tube, it is possible to control these electrons and cause them
to be deflected to any part of the tube, and to control their intensity
and focus them into a ray very much in the way light from a search-
light is focussed. In the usual receiving tube, electrons are allowed
to stream off the cathode in a mass flow and most of them go where
they are supposed to: that is, to the anode which produces there a
stronger signal than the one originally applied to the tube’s grid.
In television, the electrons are not allowed to go where they please
but are strictly controlled by grids, deflector plates, targets, and
electron guns. These latter are merely shields around the cathode
concentrating the electrons into a beam which the cathode then
shoots out like a machine gun.

On one end of the image orthicon tube is a mosaic, which can
be likened to the retina in the human eye. On this mosaic is focussed
the picture to be transmitted. As the various shades of light and
shadow fall on the face of this plate, electrons are released and cause
a change in the charge in another plate very close by. This plate is
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scanned by a beam of constant intensity from the electron gun. As
the beam passes over the charged plate, it gains and loses electrons
due to the varying charges on the plate. This varying beam which is
reflected to the collector beside the electron gun has been modulated
by the light content of the picture, and since everything we see is
capable of interpretation in terms of light and shade only, it con-
tains a true account of the objects in the scene.

A few sentences ago the word scan was used. It should be ex-
plained. By a special arrangement of coils around the neck of the
image orthicon, the path of the electron beam can be deflected in
any direction as freely as a stream of water from a hose manipulated
by hand. However, in this case the beam is directed in an orderly
fashion back and forth across the mosaic. It starts at the top left-
hand corner and goes across the screen to the other side. Then it
is brought back very rapidly and sweeps across not the next line, but
the one after it. That is, it sweeps lines number 1, 3, 5, 7, etc. After
it has reached the bottom of the mosaic it returns extremely rapidly
to the beginning of the second line, which has not yet been scanned
and proceeds to sweep across lines numbered 2, 4, 6, etc. Thus, by
the time that the beam reaches the bottom of the mosaic for the
second time, every part of the screen has been scanned once. It is
seen that scanning is merely the action of causing a beam of electrons
to sweep back and forth in a specially arranged pattern across and
down the screen so that the whole area is swept by it.

Someone is bound to ask, “Why scan in two sections—Ilines 1,
3, 5, etc., and then lines 2, 4, 6, etc.? Why not merely go 1, 2, 3, 4, 5,
and so forth?” The answer is tied up with flicker. The early movies
were called the “flickers,” usually abbreviated to “flicks.” There
was a very good reason for this, for they really flickered very badly.
As projection lamps became stronger, the flicker became worse. Re-
member that in those early days all films were projected at the rate
of 16 frames per second, not 24. The shutters which cut off the
light during the time that the film was being pulled down had only
two blades and this meant that there were only 32 flashes of light
per second, which is quite a slow repetition rate. Someone had the
bright idea of putting a third blade on the shutter so that there were



PRINCIPLES OF TV 37

48 flashes per second: this meant that even with the increased light
required with this extra blade (because its effect was to reduce the
total amount of light), there was much less flicker.

Movies have 24 frames a second, television has 30, but that
would be only 30 flickers a second if some way of breaking it up into
60 flashes were not employed, and we have just shown that even
32 flicks a second was too slow. So interlacing was introduced. This
is simply the art of showing half a picture in the form of lines 1, 3, 5,
etc., and then the other half, lines 2, 4, 6, etc. Interlacing is the
technical operation of causing them (the different lines) to fall be-
tween each other. So, since each frame is split into two parts we
have 60 flashes a second and there is no trouble whatever from
flicker. Actually we see 60 pictures of 262 i/2 lines each every
second, but because of persistence of vision they appear as a single
picture.

Actually all that we see is an exceedingly fast-moving spot of
light. Because of the persistence of the screen (the property which
causes it to glow for a few microseconds after the spot has passed
it) and the persistence of vision of the eye, the viewer actually sees
about a line at a time, and because of the persistence of vision of the
eye he sees a fully illuminated screen, and of course, a picture.

The word photoelectric was used a little way back. It merely
means a device which has the property of generating an electric
current when light falls on it. Some of the caesium salts and others
of the rarer metals—including, of course, the great forerunner of
them all, selenium—have this property. As far as the image orthicon
is concerned, it might not be correct to say that it is photoelectric
since it does not actually generate a voltage but merely serves to
modulate the electron beam by the action of charges on the tube
elements.

A device known as a synchronizing generator, familiarly called
a sync generator or sync genny, is used to generate the two voltages
which cause the beam to scan the tube. There are two such signals
required. One, vertical sync, is the signal which, operating via
the scanning coils on the neck of the tube, pulls the beam down
after each line. The other is the horizontal synchronizing pulse. This
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causes the beam to fly across the screen from left to right a total of
525 times a second. This piece of equipment is highly important to
the television system, for on its accuracy of operation and constancy
of frequency, which consists of 60 cycles for the vertical deflection
and 15,750 cycles for the horizontal, depend the integration of the
picture. All the home receivers, in fact all receivers, contain minia-
ture replicas of this generator and they deflect the beam in the kine-
scope tubes in precisely the same manner and at the same time as
the beam in the camera tube. If the transmitter sync generator
changes frequency, some of the viewers’ sets may not follow it, and
the picture will “roll” up or down the screen or even completely lose
its horizontal synchronism and “tear out.”

The sync generator may be very close to the studio where the
cameras are operating or it may be as far as 500 feet away. In the
latter case it may lead to complications. There is also another output
from this equipment which is called the blanking pulse. After each
line is scanned, it is necessary for the beam to return to the beginning
of the next. If the beam were not extinguished, it would leave a re-
trace line as it swept back across the screen and consequently the
picture would be spoiled. Therefore, an extra signal from the sync
generator extinguishes it on its return path. This also occurs when
the beam is returning to the top of the screen in preparation for the
next field.

The fluctuating signal which represents the scene in the studio
is now transferred to the control panel by means of a special coaxial
cable. This is a cable in which the outer covering forms one of the
two conductors, so that it really consists of a solid or flexible wire,
running in the center of a tube which may be flexible or rigid, and
kept concentric with the tube by means of spacing insulators which
are like little buttons, or else by means of a solid, dielectric insulation
which fills the tube and thus keeps the center wire in position. The
purpose of the special cable is twofold. It prevents any radiation
from the center wire (and prevents any other signals nearby from
interfering with the signal on the wire) and also keeps the imped-
ance which the wire offers to video signals constant. The latter is
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most important, for here is one of the first places where those trou-
blesome ghosts can be born.

At the director’s studio control panel, the video control tech-
nician is engaged in mixing picture signals. His work really corre-
sponds to, but is much more exacting than, that done at the audio
console where instead of picture signals, the outputs from several
microphones as well as those from the special effects console are
mixed. At the studio control panel there may be as many as four
cameras operating into it, plus a slide projector and a 16 mm or 35
mm movie projector for film inserts. Very rarely there may also be
remote lines coming in to it, but these commonly go to the master
control board since it is not often that a remote pickup signal has
to be mixed into a studio production. The smaller stations often
combine the studio control and the master control functions.

From the master control, the signal is fed via either coaxial lines
or cables (all signal circuits are referred to as lines in broadcasting)
or a micro-wave link to the transmitter. The latter may be in the
same building—many are—or it may be as much as four miles
away. Usually the distance is half a mile or so. In spite of the latest
equipment and the greatest attention to quality, passing a signal
through a cable for any distance is one of the easiest ways of degrad-
ing a signal. Unfortunately, it is only too easy to introduce ghosts
and other forms of interference in a cable, and the picture that
leaves the transmitter must be the best obtainable.

At the transmitter, the signal is monitored on a small screen
to be sure it has the best possible definition. It is possible to com-
pensate to a limited extent for certain lacks in the signal. For in-
stance, a peculiar device called a sync stretcher is neither a stretcher
for tired sinks, nor is it a modern version of the rack beloved by the
Grand Inquisition! In fact, it turns out to be a very innocuous piece
of equipment which reinforces the sync pulse, if it is below a certain
value. On some occasions this is invaluable, for the sync pulse has
an unhappy habit of getting lost on some circuits (although it is
more often a feature of long runs over coaxial cable).

After cleaning up and amplifying, if necessary—and it usually
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is—the signal is fed to the transmitter modulating stage. This is
merely a section of the transmitter containing a number of tubes
which impress the signal on the steady carrier from the transmitter.
Modulation can be likened to the effect obtained when a shutter is
placed over a searchlight and used for sending morse code in long
and short flashes. The only difference is that the signal carrier is
never completely reduced to zero as is the searchlight signalling.
This is called amplitude modulation since the television signal
changes the amplitude or strength of the carrier. This carrier, al-
though fluctuating most of the time, is full strength, or 100 per cent
modulation at the beginning of each line, for the sync pulse is al-
ways full power. This is so receivers can have every opportunity of
obtaining the optimum signal for them to hold the pictures in step
even in areas of low signal strength.

The home receiver is very similar to a sound radio in that it has
tuning controls and is a super heterodyne, which is a highly sensitive
type of receiver. However, instead of having a loudspeaker, it has
the cathode-ray tube. And to operate it, there are circuits very
similar to those of the sync generator in the studio. When the sync
pulses are received, they are combined with the video information,
so it is necessary to separate them. After this is done, the video in-
formation is fed to the kinescope and causes it to fluoresce according
to whether the picture is bright or dark at the time. However, this
is not enough to produce an intelligent picture, so the separated sync
signals are fed to a miniature sync generator and produce driving
voltages which in turn produce a magnetic field in coils around the
neck of the kinescope tube. These are in exact step with those in the
camera tube. Thus, when the electron beam in the camera is at the
top left-hand side of the mosaic, the beam in the receiver is at the
same spot on its screen and it reproduces the movement of this beam
in all respects.

In America the system of negative modulation is used: that is,
the darker the picture, the stronger the carrier or the more output
from the transmitter. In England, positive transmission system is
used and the brighter parts of the picture make the carrier stronger.
Both methods have their advantages, but it seems that the negative
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method is better because any interference, such as auto ignition
noise or interference from switches, etc., always shows up as black
dots rather than white flashes which are more disturbing. The mini-
mum value of the carrier signal between sync pulses is about 13
per cent of the maximum strength, so that the signal never goes
completely off the air. At these low points the picture is brightest.

After modulating the carrier, the picture and carrier are com-
bined and again flow through a coaxial cable, but this time it is quite
different from the ones used to bring the picture to the transmitter.
This one is made of copper pipe and may be from one and five-
eighths of an inch in diameter to as much as six and one-eighth.
The inner conductor is made of pipe or solid copper depending on
the type. There are two reasons for using this type of conductor.
Probably the most important is that it has much lower loss at the
very high frequencies used for television than any other kind of
' cable. Secondly, it can carry the high power more readily. At high
frequencies and with high power, very many strange effects are ob-
served. Also, since this cable is usually out of doors and exposed to
weather, it has to be able to resist its effects. Solid, dielectric cables,
- which have material around the center conductor, such as poly-
styrene which is a plastic, and an excellent insulator at lower fre-
quencies, are more liable to break down and get hot in unexpected
places than the so-called rigid cable. This cable is generally filled,
under a few pounds of pressure, with an inert gas such as nitrogen,
or dried air from a special dry air pump, to keep out moisture.

At the top of the steel tower is the antenna. This is a radical
change from the kind one is used to associating with a radio station.
True, it is on a tower which looks just like those at ordinary sound-
radio stations, but the tower itself is not used for broadcasting, unless
the station also has an AM station and is using the antenna for that
to support the television antenna. Everyone is now familiar with the
appearance of television antennas for receiving, but the transmitter
antenna does not resemble these. There is really only one antenna
in general use: this is the super turnstile. There are others, of course,
such as the ordinary turnstile and modifications thereof, but gen-
erally speaking most stations use an antena of this type.
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As its name implies, the antenna looks very much like a turnstile.
The low band—channels two to six—generally has only three
bays, as each section is called, while the high band—channels seven
to thirteen—has as many as six bays. Each bay looks like the turnstile
at the entrance to a stadium with the addition of some extra bars
at the end of the arms. The antenna extends from twenty to sixty
feet above the top of the tower with the bays mounted one above
the other. The more bays used, the greater actual gain in power in
the antenna. This makes it possible to use a low-power transmitter
on the ground with a high-gain antenna and put out as much power
as another station with a lower antenna gain. This factor is of great
importance to the broadcaster since sometimes, due to the com-
paratively low strength of the tower used to support the antenna,
only a light coaxial cable can be used to carry the signal to the
antenna. The smaller the coaxial cable, the greater the losses in
transmission in it. Thus, a high gain at the top will help to make
up for the losses.

In television, height is the important thing. The FCC limits
the power of television stations to an arbitrary figure of 50 kilo-
watts of radiated power (that means actual power from the an-
tenna) with an antenna height of 500 feet above the average level
of the ground. Because of this common denominator, there is not
as much to choose between stations—on the surface—as there is
in AM. In the latter, the station with the highest power and lowest
frequency may reasonably be expected to have the best coverage—
that’s putting it in broad terms, which is what most sponsors do. In
other words, they are more impressed by high power than the ac-
tual coverage obtained. The FCC figures are based on the expecta-
tion that a station on the high band will obtain first-class service
coverage out to about twenty-seven miles, while on the lower chan-
nels about twenty miles is the expected limit of corresponding
service. These figures are from the FCC propagation curves.

As a matter of fact, these figures are not always obtained nor
are they always considered to be correct. It was said above that
all things being equal, stations with the same power would cover
the same area, and therefore sponsors would find all stations equally
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good. Unfortunately, this is not always so, and it appears to boil
down to the fact that the higher the antenna, the better the signal,
even though the antenna power has to be reduced to keep within
the FCC limits. For instance, in the case of WNBT on channel
four in New York, the antenna is on top of the Empire State Build-
ing and is about 1300 feet above the ground. The power required is
only about seven kilowatts to give the same coverage that 50 kilo-
watts would give at 500 feet!

Also, and a most important point, the higher the antenna, the
less the chances of surrounding buildings causing ghosts in the pic-
ture. Usually the ghosts are caused by nearby buildings which re-
flect the signal so that it arrives a few microseconds after the main
signal and shows as a pale image to the right of the main figures on
the screen. The distance between the antenna and the reflecting
building has a definite bearing in the spacing between the ghost
and the main image.

From the foregoing remarks, it might be inferred that television
waves act rather like light waves. This is quite true: in fact, the two
are very similar, and the higher the frequency, or the shorter the
wave length, the more like light waves they behave. Although fig-
ures of 27 and 20 miles were mentioned above, it must be under-

' stood that these are not the limits of propagation but the distance
to which the FCC says first-class service should be rendered and also
the area which was supposed to be kept free from interference from

' other stations according to the old allocation plan for television

| stations. One of the things which caused the current hearings before

' the FCC was the fact that interference was being experienced

where it was not expected to be. Most stations provide usable serv-
ice to 50 miles or even more, but above that distance reception is
 usually due to abnormal conditions. It is not power which generally

' limits the range of television signals but the height of the antenna,

for since the waves travel in straight lines they cannot very easily
bend around the curve of the earth. Consequently, places only

a few miles behind the horizon seen from the transmitting antenna

are often out of range of the station.

| The television band is divided into two parts, the upper and
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the lower. The lower is again broken by the introduction of a small,
mobile service band between channels four and five. Shown below
are the channel numbers and the corresponding frequencies.

Low Band High Band
Channel Megacycles Channel Megacycles
2 54 to 60 7 174 to 180
3 60 to 66 8 180 to 186
4 66 to 72% 9 186 to 192
5 76 to 82 10 192 to 198
6 82 to 88 11 198 to 204

12 204 to 210
13 210 to 216
* The band 72 to 76 megacycles is used for mobile phone, thus
making it possible to use channels four and five in the same city.

The Film Chain Camera The camera used to transmit films
over television employs the older iconoscope tube. This was the fore-
runner of the image orthicon and is reputed to give better quality
than the latter although it requires more light. The Pye Radio Com-
pany of Cambridge, England, has recently introduced an image
iconoscope and has named it the Photicon. The “image” prefix
usually means that a multiplier section has been incorporated in
the iconoscope to amplify the very weak signals from the mosaic
before passing them on to the rest of the equipment. This in turn
ensures the minimum of noise being amplified in the rest of the
equipment. The Photicon gives beautiful definition and resolution
but requires a little more light than the image orthicon.

But let us now return to the film camera. Since the amount of
light is practically unlimited in the projector (for it is a simple
matter to increase the power of the illumination), the iconoscope
is quite well suited, for it has a higher resolving power than many
image orthicons. The film camera contains no lenses and is very
simple compared with the live studio camera. The picture from
the projector is focussed directly on the mosaic by means of the
projection lens and is about four by three inches in size. The tube is
scanned in the same manner as the live camera and is driven by
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Figure 2-1. Typical film projection room in smaller inde-
pendent TV station. Space is left on the right of the multi-
plexer for a second 16 mm projector. The two slide projectors
in the right foreground are for station identification and an-
nouncements. Station WHIO was constructed by the Austin
Company Engineers and Builders, by whose courtesy this il-
lustration appears.

the same sync generator. The chapter on film equipment for tele-
vision describes it much more fully and shows in detail how it
operates.

In closing, a point that should be explained is the mechanics
of studio operation. Let it be assumed that we have a three-camera
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studio. At each camera on the studio floor is a cameraman who is
responsible for accurate frame, focus, and composition of the pic-
tures from his camera. Each man is in telephonic communication
with the producer or director who sits at the director’s table. In the
control room are three video technicians who watch the pictures
coming from the three cameras—one man to each camera control
—and maintain the picture in good contrast and brilliance. They
also operate the shading controls which eliminate unwanted flare
and shadow from the picture.

In some stations the producer does his own switching, in others
he calls his shots to the technical director who operates a switcher
which produces fades, cuts, dissolves, etc., from camera to camera
and from effect to effect. The technical director can also bring in
the picture from the projector if he needs it for an insert or other
special effect. In the same room is the audio technician who con-
trols the sound level and operates turntables for music or special
sound effects. In addition to the three monitor screens for the three
cameras, there is a line monitor screen which shows the actual
picture chosen by the producer to be sent over the air. And no
matter which camera shot he has called—it may be number 1, 2,
or 3, or the slide projector or a movie insert—the picture he orders
is shown over this screen as it is transmitted. Most stations also
have an “off-the-air monitor” in the control room so that any
changes in quality due to transmission can be corrected.

i A e A p s a  e



. CHAPTER 3

MOVIE-MAKING EQUIPMENT

CAMERAS

A movie camera consists essentially of a holder for unexposed film,
' a device for moving it past the lens and stopping it momentarily
while the exposure is made, a shutter to prevent light from reach-
ing the film when an exposure is not being made, and a take-up
| reel for rewinding the exposed film. In other words, it is merely
' an adaptation of the still camera already known to most readers.
By reason of its specialized application, the movie camera re-
. quires a number of refinements which make it somewhat more
| elaborate than the definition above might indicate. The sequence
| of operations is performed by either turning a handle or provid-
| ing a motor drive of some kind. For normal film making a motor
| drive is used to ensure that film is moved at a constant speed
| through the camera. Hand-turned drives almost always vary in
| speed due to the impossibility of maintaining a constant torque.
| Two forms of motor drive are in general use: these are spring and
electric motors.

Most of the cheaper and more popular makes of semi-pro-
fessional or amateur cameras are provided with a spring drive
which is built into the body of the camera. One winding of the
| spring may be sufficient to expose about twenty-five feet of film
J at twenty-four frames a second, but, of course, this differs for each
| make of camera. As a general rule, spring drives are not too sat-
47
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isfactory for they have a habit of running down at crucial
moments: the spring is not powerful enough to expose a full maga-
zine on one winding; the speed varies despite the provision of a
governor which helps to maintain a constant speed, and for lip
sync work it is obviously utterly useless because it will not lock
in with the sound recorder.

In spite of the imposing list of reasons why spring drives are
no good, they are used a great deal and are invaluable, provided
the limitations mentioned above are kept in mind and they are
used for the purposes for which they are best suited. Newsreel
cameramen working away from sources of power, photographers
who must carry a minimum of weight, brief clips of film which
are known in advance to be short, such as single-frame work for
animation, can all make use of a spring motor. Since most shots
should run at least seven seconds, it is normally possible to get
two shots or a single, longer shot on one winding without any
danger. It is always advisable to rewind the motor between each
shot if possible, for in this manner the speed remains more con-
stant through the length of the exposure.

Electric motor drives are made in three general forms,
although there are, of course, variations in each class of motor
drive. The first type is the synchronous motor which operates
on 110 volts, alternating current, 60 cycles only (or other fre-
quencies to special order), with a constant speed of 24 frames a
second only. This motor is used for all types of production in general
and in particular for lip sync filming, where the picture film must
run with an unvarying speed at all times. The second kind is the
“wild” motor which operates from 110 volts of alternating current
or direct current. This is a series-wound motor and the speed can
be adjusted within very wide limits: it is used for any kind of |
work where sound does not have to be synchronized with the pic-
tures. The last category includes the 12-volt or other low-voltage
motor which operates from batteries—either storage or dry
batteries—strapped around the waist of the operator. The battery-
operated cameras are used in much the same way as the spring-
driven types except that they are capable of exposing many
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hundreds of feet of film before the batteries have to be renewed
~ or recharged.

There are many makes of motion picture cameras for both
16 mm and 35 mm film. The complete list is too long to give here,
but among those which are used for producing films for television
and industrial purposes are the following:

Akely 35 mm (not illustrated)
Auricon Pro 16 mm single or double system sound
Auricon Cine Voice 16 mm single system sound
Bell & Howell “70” Series 16 mm

“ «“ Specialist 16 mm
Eyemo 35 mm
Eastman Kodak Cine Special 16 mm
Maurer Professional Camera 16 mm
Mitchell 16 mm Camera

“ 35 mm Camera

Paillard Bolex 16 mm (not illustrated)
Pathe 16 mm (not illustrated)

13 113

Included in the list is some high-quality amateur and semi-pro-
fessional equipment which produces results every bit as good as
some of the Hollywood super equipment.

It will be noticed that some of the above cameras are listed
as sound cameras. Since the sound section is usable separately,
however, they are included for discussion in the camera section.
Only the single system sound camera has a built-in sound head;
. the others are picture-making devices only. Irrespective of the
- make of camera, there is little difference among those in the same
. price range. It does happen, however, that until the higher priced
' models are reached, it is generally impossible to find one model
. which includes every refinement desired: in other words, some
models have certain features, other makes have the other features
. which the user may desire, but none of the cheaper cameras com-
- bines them all. Probably the most complete camera in the low-
| price silent range is the new Pathe. Not only does this camera
' bave all the features usually found in the professional camera,
. but it has something not found in any other low-price model—
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full-frame follow-focus. This means that it is possible to watch
the scene being filmed through the lens which is recording on the
film all the time that the scene is being filmed. Thus, the camera-
man sees exactly the same things that are recorded on the film,
and errors due to parallax or lack of coordination between the
camera lens and the view finder are eliminated.

The Auricon cameras are very interesting additions to the
16 mm line inasmuch as all three are essentially single system
cameras which can also be used for double system recording. The
notes which follow shortly illustrate their versatility. For the sake
of convenience, the cameras have been hsted alphabetically and
are treated in that order. '

The Akely 35 mm Camera . This is a high-grade professional
movie camera. Electrically driven, it is a highly precisioned piece
of equipment and produces excellent results. It is used by Para-
mount for recording the plcture in thelr intermediate film, big
screen television equipment and for kmcscopmg purposes

The Awuricon Group + Auricon cam'er'as ‘made” by Messers.
Berndt-Bach of Los Angeles, California, are unique in the 16
mm equipment line (and the 35 mm, too, for that matter). They
are designed initially as high-quality picture-producing equipment,
but provision is also madé for recording high-fidelity single system
sound. The camera proper is illustrated in Figures 3-1 and ‘3-2.
These show the camera with a’three- lens turret and a smgle -lens
mounting with the side open.

Figure 3-1 shows the view finder which automatlcally corrects
for parallax and indicates the dlstqnce to the subject. A number
of spare mattes (masks) for different lens lengths are carried in
the body of the finder so that the correct field size can be obtamed
with any lens. St we

The camera is des1gned to take 16 mm single perforatlon film
since it is intended for sound work. However,-it-is, possible that
double perforation film-would pass through. The opened camera
shows the 200-foot magazine and the film passage can be identified
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Fig. 3-1. . The* Auricon Pro 16 mm single system sound camera.
The turret carries three lenses any one of which may be
selected at will. The handle at the right is for controlling
camera movement.

By the piece of film leader in the mechanism. On the lower right-
hand side is the sound recording head (galvanometer). The some-
what strange shape of the camera is due to the fact that it is com-
pletely blimped: that is, it is silenced for operation in a studio in
very close proximity to the microphone. The mechanism is en-
cased in an aluminum case which is lined with sponge rubber
and suspended by special mounts so that no mechanical noise is
transmitted to the outer case. As it happens, the camera is so quiet
that it is necessary to install a small pilot light on the case to show
when it is running. At the left, moved away from the camera case
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Fig. 3-2. Interior view of the Auricon sound camera for 16 mm
film showing picture and sound gates. Compare this with the
diagram of the mechanism and labelled parts.

to expose the lens, is the lens shade. This is used to keep stray
reflections and sun out of the lens and reduce risks of fogging.
This is one of the few cameras in the group mentioned which
is completely blimped for sound work. Many of the others re-
quire additional sound treatment to prevent the microphone from
picking up camera noise. At the rear of the camera are two
sockets for connecting the 110-volt-60-cycle, a-c power supply
for the motor and the audio feed to the recorder; the pilot light
can also be seen. A very handy feature is the provision of a stud
on the body of the camera to which a tape measure may be at-
tached to measure the distance to the subject for focussing.
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Fig. 3-3. Auricon 1200 sound camera for continuous thirty-
three minute filming. It is the same as the Pro except for the
1200-foot magazines.

Figure 3-3 shows the Auricon 1200. This is essentially the
same as the other models with the exception that the magazine
holds sufficient film for thirty-three minutes of continuous filming,
or 1200 feet of film. This feature makes it possible to film a
thirty-minute television show in one operation without having to
pause every ten minutes to change magazines. The system is de-
scribed later in the chapter on production.

The Cine Voice is a miniature single system camera with a
film capacity of 100 feet which is sufficient for two and one-half
minutes of recording. It is designed for use with television pro-
ductions where short interviews are required, or for any other
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Fig. 3-4. Group of Auricon camera and sound equipment.

purpose where short shots only are used. So far, it has not been
used extensively and at the time of writing is only just being re-
leased onto the market. It will probably end up as the kind of
gadget to be found in every newsreel man’s pocket or, to be pre-
cise, auto, since it is so small and unobtrusive.

Figure 3-4 shows a group of Auricon equipment: camera;
boom microphone; recording amplifier, which is just below the
pan handle on the tripod; and portable power supply. The case
on the extreme left contains a miniature 110-volt, a-c generator
which drives the camera motor. The case next to it contains a
12-volt accumulator which will operate it for many hours. Since
the recording amplifier is battery-operated, it is not affected by
the absence of standard a-c power. Of course, if power-line alter-
nating current is available it is normally used in preference to
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the battery supply. Figure 3-5 is a drawing of the camera layout
showing the names of various parts appearing in Figure 3-2.
' Although this is the layout for the Auricon specifically, most
cameras are similar in principle and if this is studied no difficulty
' should be experienced with other makes of equipment. Inciden-
tally, the similarity between the camera and projector is quite clear
if this sketch is compared with Figure 4-17. The film loops above
and below the picture gate should also be noted. The distance
between the picture and sound gate is exactly twenty-six frames,
the same as in the projector.

Magazine Light-trap Roller Magazine Light-trap

Daylight Loading

Dug';ia?:};'l I;:/?:;I]ing Magazine Faslenmg Screw Take-up Spindle Take-up Spool
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Fig. 3-5. Diagram of film path through the Auricon camera.
It is clear how, by the time the film reaches the sound recorder,
all intermittent movement has been smoothed out. This type of
camera provides extreme economy in operation.
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—(Courte:y of B;ll & Howell Company)
Fig. 3-6. The Bell & Howell Eyemo 35 mm spring-driven
camera.

The Bell & Howell Series Figure 3-6 illustrates the Eyemo
Camera for 35 mm film. This is driven by a spring motor and is
used considerably by professional newsreel cameramen for action
shots and special events where synchronized sound is not required
and a-c mains are not available.

The actual camera mechanism appears to be very small com-
pared with the magazine and lens turret. The smaller three-lens
turret on the right is the view-finder turret, and the corresponding
objective lens is selected for each film lens. Note how large the
35 mm lenses are compared to 16 mm lenses.
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(Courtesy of Bell & Howell Company)

Fig. 3-7. The Bell & Howell Specialist 16 mm camera, with
three-lens turret, synchronous motor for 110 volts, 60 cycles,
400-foot magazine, and sunshade.

Figure 3-7 is the cream of the Bell & Howell 16 mm crop.
This is the Specialist Camera. It is very similar in body appear-
ance to the Eyemo; in fact, all the Bell & Howell cameras are
somewhat similar in bodywork. The 400-foot magazine is mounted
vertically at the rear, and the motor drive—electric—is just in
front of it. This motor is interchangeable and may be synchron-
ized, 110-volt, 12-volt, or any other voltage “wild” motor. Four
lenses are mounted on the turret, and a lens shade is in front of
them supported on a slide arm. An automatic parallax-correcting
view finder is mounted on the far side.
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Focussing is done by sliding over—racking over is the usual
term—the whole of the camera body and leaving the shooting
lens in position. This places a view-finder tube behind the lens and
the subject is focussed through the actual lens to be used for the
shooting. The camera is then racked back and the scene shot. This
does not provide a view of the actual scene “seen” by the lens
during filming, but because the focus has been set and the view
finder is capable of allowing for framing effects, it is entirely sat-
isfactory. Even for shots of characters approaching the camera,
it is usually possible to keep them in focus up a certain point ac-
cording to the lens aperture used.

In addition to the electric motor drive, spring or hand drive
can be used if desired. For sound work, a blimp is necessary to
deaden the sound of the camera. Veeder-Root film footage
sounters are standard, as they are on most cameras. There is no
provision for single-frame exposure, nor is a dissolving shutter
provided; thus the number of effects which can be produced on
this camera is limited. Since it is designed more for serious film
production purposes rather than trick and effects films, however,
it is not very important. For making high-grade films which do
not require special effects made during filming, it is excellent.

The “70” Series cameras are really the forerunmers of the
Specialist, and most of them incorporate features that the latter
does not have. In other words, some of them are designed for
special work: one in particular is for slow motion runs at high
speeds.

The Cine Special This camera, made by Eastman Kodak, is
probably the most used in the whole of the television and semi-
professional fields. It has been on the market- longer than this
writer can remember and has always been a quality product.
Figure 3-8 shows its appearance with the 200-foot magazine, or
film chamber as the makers call it, in place. The camera in the
standard condition will hold 100 feet of film within its body. In
this case, it is rectangular in shape and the sloping rear and top
are absent.



MOVIE-MAKING EQUIPMENT 59

Fig. 3-8. The Kodak Cine Special 16 mm camera spring driven
with 200-foot magazine and two-lens turret. This is probably
the most popular semi-professional camera.

It should be noted that the lens turret carries two lenses set at
an angle to each other so that neither will interfere with the field
of the other. As it stands, it is too noisy for simultaneous sound
recording, but special blimps for silencing it can be obtained.

‘Messrs. Berndt-Bach, the makers of the Auricon camera, sup-
ply blimps.:as well as an electric motor drive (synchronous) so
that the Cine Special can be used for synchronized sound record-
ings at twenty-four frames per second. The built-in spring motor
will expose approximately thirty-eight feet of film at maximum
winding; this is just about one minute at twenty-four frames per
second.

The panel immediately to the left of the shorter lens in the
illustration contains the special controls and effects. Winding the
spring motor is performed by rotating the large handle or crank.
‘The smaller, lower crank is for making either single-frame ex-
posures by placing it on the single-frame shaft at the bottom edge
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of the panel or for winding film backwards or forwards through
the camera for special effects by placing it on the eight-frame shaft
just above it.

The speed control is the knurled knob found immediately
above the shutter control. This latter deserves a fairly thorough
description. Some makers label this control a dissolving shutter;
the Eastman Kodak Company calls it a variable shutter; but no
matter what it is called, it performs the same function. Moving
the lever from closed to open position alters the number of degrees
that the shutter is open and controls the length of exposure (al-
ways remembering that the speed of the shutter movement is
fixed by the twenty-four frame per second requirement of televi-
sion). The normal position is “open.” It sometimes happens that the
light is so strong in an exterior shot that overexposure will result,
even if the lens is stopped down to the smallest aperture available.
In this case, the shutter may be adjusted to decrease the time that
it is open and thus shorten the exposure: the speed of the film will,
of course, remain the same no matter what is done with the
shutter. If the control is set at one-quarter open, it is equivalent
to two lens stops smaller; one-half open is equal to one smaller
stop. In the same way, if the subject is desired in sharp focus with
a soft background, the shutter can be set to a smaller opening:
this requires a larger lens-opening if the amount of light is main-
tained the same. Increasing the lens aperture will reduce the depth
of field which will put the background out of focus. On the other
hand, if fast-moving objects close to the camera have to be photo-
graphed and the light is good, the shutter can be set to one-half
or even one-quarter open and with a fast lens any tendency of the
object to blur will be reduced. (Of course these things can be done
with any camera having an adjustable shutter.)

Standard, double-perforated 16 mm film is used in this camera
and, as is the case with all the cameras described here, either black
and white or color film can be used. There are two methods of
composing the picture. One way is to use the eye-level finder
which consists of two lenses set in the form of a sight along the
top of the camera; it automatically corrects for parallax. The
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Fig. 3-9. The Maurer 16 mm camera for silent work as seen
from the actor’s position. Note the view finder on the right.

|
|
l
!
i
"E more exact method, however, is to use the reflex finder. This is
»  positioned just above the film gate and is visible from the top of
| the camera. A small slide has to be opened to render it visible.
; LThc image produced by the lens in position appears on a ground
 glass screen, and by focussing the lens in the usual manner it can
' be set to produce the sharpest image on the glass screen. When

the camera is run, the reflex finder closes automatically. If a lot
~ of precision work is done or the finder is used a great deal, it is

possible to have an image magnifier attached to it so that the
; finder can be used from the normal operating position at the rear

 of the camera.
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Fig. 3-10. The Maurer 16 mm camera seen from the camera-
man’s position. Note view finder on left, motor and switch on
right, and dissolving shutter and control on camera body in
center. The long handle on the lower right is for panning and
tilting.

The Maurer 16 mm Professional Camera This camera is
shown in Figure 3-9 from the actor’s point of view and in Figure
3-10 from the cameraman’s point of view. In Figure 3-9 the view
finder is seen on the right-hand side. It is of the type which cor-
rects for lateral parallax as the subject is focussed; various mattes
are used to delineate the areas covered by different lenses. Critical
focussing is accomplished by rotating the horizontal “T” handle
just below the shutter indicator in Figure 3-10. This slides the
camera body to the right and allows the telescope tube optical
system to move into position in lieu of the film gate. Thus the
image produced by the lens set in position on the turret will be
seen by the cameraman. Critical adjustments can then be made
and the picture composed. After this, the body is slid back into
position and surveillance continued by means of the view finder.

The footage counter is above the shutter indicator and reads
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up to 999 feet; the frame counter just to right of the former goes
from 0 to 39 frames and is therefore a vernier indicator. A dis-
solving shutter is incorporated and the condition, i.e., angular
opening, is shown by the model shutter in the indicator calibrated
to 235°. As the shutter condition, or opening, changes, the black
area follows it, thus repeatmg the actual blade positions. Just to
the right of this is the auto control for making fades. Turning it
to the right produces an automatic fade for 64 frames, turning it
to the left produces a faster one for 40 frames. In each case, if a
fade-out has been made, it is only necessary to turn the knob in
ihe same direction to initiate a fade in the opposite direction. The
possibilities for effects are obvious. It is also possible to adjust the
shutter to any desired angular opening by means of the fade con-
irol; thus unusual light conditions, etc., can-be compensated. The
synchr0n0us electric motor for 110-volt, 60-cycle alternating cur-
rent is to the extreme right and the control switch is clearly
marked A handle for rewinding film, or hand operation, is avail-
able for use just in front of the motor. The equipment is completed
by 400-foot magazines.

The Mitchell 16 mm Camera  This is shown in Figure 3-11.
This is also a professional camera designed to take hard work in
its stride. It is obtainable with all the usual fittings and refine-
ments and is used in many Hollywood studios where 16 mm film
1s shot.

The Mitchell 35 mm Camera Figure 3-12 illustrates this
camera. The resemblance between it and the 16 mm version is
noteworthy. The model illustrated is a sound camera. It is inter-
esting to note that in appearance and details many of the highest-
quality cameras are somewhat similar in general outline. There
are many cameras of this type in use in all parts of the world.

The Paillard Bolex This is an excellent camera for light tele-
vision work and particularly for newsreel work if an exceptionally
low-priced, high-quality camera is desired. It has a three-lens
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Fig. 3-11. The Mitchell 16 mm professional camera. The large
hood mounted on two rails in front of the lens is a sunshade.

turret, spring and hand drives, rewind feature, single picture con-
trol, and built-in view finder. A great many are in use in the tele-
vision news departments in this country.

The Pathe 16 mm Camera This is a comparatively new
camera, but it shows promise of becoming a favorite. Its great
feature is the full-frame follow-focus which enables the operator
to watch the action through the actual lens which is recording the
scene. This is made possible by the addition of a small mirror at
the picture gate. When not in use, a shutter blanks off the view-
finder tube so that stray light cannot fog the film; when it is in
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Fig. 3-12. Opened view of Mitchell 35 mm sound camera. The
heavy construction and solid workmanship of this fully pro-
fessional Hollywood camera are very apparent.

use the operator’s eye at the end of the tube prevents light from
entering.

It has all the refinements found in the other cameras including
adjustable shutter for effects, hand turn, and single-frame control.
A strong spring drive is included, and provision is made for an
electrical drive. Both this camera and the Bolex described above
take 100-foot film spools; however, larger magazine fittings are
in process of introduction. It should be realized that the cameras
described above do not by any means constitute the complete list
of equipment available but are a representative sample of instru-
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ments ranging from around $300 to $3500. The amount spent
depends on the purpose for which the camera is intended as well
as the accessories required and lenses selected. But even the cheap-
est of these will produce high- quahty pictures if properly used.

| All the sprmg -driven cameras have speed controls which make
1t possible to film at speeds from eight to sixty-four frames a
second. However, any film- made for exhibition over television or
any sound projector must be exposed at twenty-four frames a
second if the action is to appear normal on the screen. Sometimes,
to speed up movements which would take too long to show any
appreciable change if filmed at normal speed, 16 frames or even
less may be used. Thus on projection, action which took perhaps
hours to take place such as a flower opening, may be shown in
minutes. Action sccnes where v1olent movement is needed, such
as trains or other moving objccts, may be shot at reduced speed
so as to-appear faster on the screen. But it is necessary to ensure
that objectionable jerkiness will not result due to filming at too
slow a speed.

View Finders Every camera includes a view finder of some
kind. Generally, the one included in the unit price is of only
limited use for picture making, and is often in the form of a built-
in telescope type. Various graticules are available which may be
inserted to indicate the field covered by each lens used. But the
finder is of use only for showing what is more or less photographed.
It does not give any idea of the focus setting needed for the lens.

Very few of the lower- or medium-priced cameras have the full-
frame follow-focus feature which is an integral part of the Pathe
camera. Focussing the filming lens focusses the scene to be photo-
graphed in the view-finder eyepiece as well since the one lens serves
both purposes. Thus not only is it possible to be sure that at all
times the frame contains everything required, but the focus can
be maintained no matter how near or far away the actors move.

Other types, which are almost as convenient, contain auto-
matic, parallax-correcting devices which swing the view finder
in so that the axis of the lens and view finder converge at the same
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point—on the subject. This type of finder often has a scale of feet
attached so that the distance read off on'it can be set on the lens-
focussing barrel to adjust for scene focus. Others, as already men-
tioned, use the filming lens for setting up, composing the scene,
and focussing and then swing out of the way for use as a telescope
type while filming is under way. *

Notes on Camera Care Every camera maker has his own book
of instructions which should be followed by the user. However,
there are certain things which must never be done and are the Ten
Commandments of cameramen. The most important is never use
anything metallic to clean the film gate or guides. Its use is bound
to scratch the highly polished surfaces and ruin subsequent films.
A toothpick can be used or any soft wooden stylus for removing
emulsion ‘“horns” from the gate. A lead pencil will not do. Some
of the softer emulsions, such as fine-grain positives, should not be
run through the camera since the emulsion comes off and builds
up these little mounds which can ruin films if not carefully re-
moved. Sometimes it is necessary to place a piece of opaque mate-
rial in the film gate to check for accurate focus. Ground glass must
never be used. The edges are razor-keen and are certain to cause
scratches on the gate plating. Ground film should be used instead.
This is easily made by placing a small piece of film on a flat surface
and gently rubbing with a circular motion with finest grade sand-
paper on the emulsion side. When it is completely opaque, it per-
forms in the same manner as ground glass and reproduces a pic-
ture focussed on it through the lens.

SOUND RECORDING

Taking photographs which appear to move is only half the task;
just as important is the sound which accompanies the actions and
which must be timed so that both sound and sight become appar-
ent to the observer at the same time. There are many ways of re-
cording sound. The first talkies made use of slow-turning, 16-inch



68 FUNDAMENTALS

discs which were played on an awkward turntable attached to
the film projector. As we know, this system, known as sound-on-
disc, rapidly gave way to the sound-on-film system (SOF). And
today, all sound for movies is recorded on the film which carries
the photographic record: thus there is only one factor to consider
when handling a sound film.

Apart from the fragility of the separate record played on a
turntable, there was always the risk of losing synchronization due
to needle slip or inaccurate starting position. There is now talk
of using magnetic tape either in the form of a separate tape
running through an attachment to the projector, in synchroniza-
tion with it, or in the form of a deposit of magnetic material along
one edge of the film. The latter would be handled in much the
same manner as the photoelectric sound track. However, since
the introduction of this type of sound recording is a long way off
—for it would require modification of all existing projectors to
take advantage of it—it will be ignored in the discussion to fol-
low. For the purpose of this book, the only type of sound record-
ing in which we are interested is sound-on-film.

The introduction of SOF in the late twenties necessitated a
change in the speed of projection then standard in movies—this
was sixteen frames per second. The reason for the change was
merely a question of audio quality. At the old speed, film passed
through the projector at the rate of 60 feet a second: this was
insufficient to provide good audio quality due to flutter and high-
frequency cut-off. Consequently, the introduction of a new stand-
ard of twenty-four frames a second was necessary. This meant
that at first projectors had to be capable of both speeds, since
most programs were a combination of silent and sound films. As
soon as sound films became universally popular, all projectors
were adjusted to run at twenty-four frames a second permanently.
The addition of the sound track resulted in a slight reduction in
the width of the frame, and some readers may remember seeing
one side of the black drape surrounding the screen move over to
reduce the screen width when a SOF film was about to be pro-
jected.
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Sound Recording on Film Irrespective of whichever method
of recording sound is chosen, the principles are the same—a change
in the loudness of the sound causes a variation in the strength of
a light ray falling on the light-sensitive emulsion of the film. These
variations in light and shadow correspond to the strength of the
sound producing the changes and can be converted back to sound
by the reverse process.

Variable-Area System The variable-area sound recording
system, sometimes known as the RCA system, is just what the
name implies—a sound track whose area varies according to the
strength of the sound. Figure 3-13 shows the two different types
of track; Figures 3-13A and 3-13B are the variable-area track.
Figure 3-13A is a negative track and Figure 3-13B is a positive
track. It will be noticed that the positive is an exact reversed
replica of the negative. This means that when more light passes
through the valve during recording, a larger clear area is formed
on the positive. And conversely, a larger dark area is formed on
the negative. Remember this for it will be referred to again.

The equipment consists of a small, powerful lamp, the light
from which is focussed through a small triangular mask opening
by means of a lens. The light then falls on a minute mirror which
is mounted on a coil of wire positioned between the poles of a
powerful magnet. This is known as a galvanometer. When the
'speech currents which are picked up by the microphone and
amplified by the recording amplifier pass through this coil of
wire, they set up small magnetic fields around the wire. These act
.~ in opposition to, and in phase with, the field from the large mag-
- net. Thus the mirror vibrates with a frequency which depends
on and corresponds to, the frequency of the sound being heard.

The spot of light reflected from the mirror is focussed onto
. the film by another lens and passes through a small, limiting slot.
When the spot of light falls on the film, the latter is exposed and
produces a clear area on processing. With zero modulation, i.e.,
without speech or music, etc., the light falling on the film as it
passes causes only a very thin, clear line which should have no
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Fig. 3-13. Sound tracks of variable-area and variable-density
recordings. Left (A) is variable-area negative, center (B) is
variable-area positive, and right (C) is variable-density.
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sound modulation on it and therefore causes no sound in the loud-
speaker when it is reproduced. When modulation occurs, the
mirror swings rapidly back and forth and produces a characteris-
tic pattern on the film. It looks something like a saw-tooth pattern.
Actually it is caused by the light’s passage through the triangular
mask opening. The higher the frequency, the closer together the
little triangles. The louder the sound, the wider the track.

Positive track is always used for reproducing, and a moment’s
thought will show why this is preferable. The frequency of the
reproduced sound depends on the number of times per second
that the light is changed by the valleys and peaks of the triangular-
based sound track. Volume is controlled by the width of the track:
the wider it is, the louder the sound is, since more light then
reaches the photoelectric cell. Considering the positive track for
a moment, it is seen that the loudest parts are obvious because
they are quite wide and that there is a large, clear area for the
light to pass through. On the other hand, a glance at the negative
track will show that in the corresponding part of this track the
black area is at a maximum, cutting off light whereas it should
be passing the maximum amount of light. Thus the sound might
almost be said to operate in reverse, or at least in a very distorted
form.

With this type of recording, it is essential to have properly
operating equipment which produces a clear, unfogged area on
the film where the light falls. The blacks should be very opaque,
and the clears should show no signs of fogging or haziness. It
should be quite apparent that the less light that gets through the
clear area, the less light will fall on the photoelectric cell, and
consequently the less sound will be produced from the loudspeaker.

A form of noise reduction is used consisting of a voltage which
keeps the width of the sound track to a minimum during periods
~ of non-modulation so that the least possible track and photocell
hiss is heard from the speaker. It is known as a noise-reducing bias,

The Variable-Density Method This system, more' generally
known as the Western Electric, or WE for short, has been in use
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for many years. Its principle is much the same as the RCA system
inasmuch as the sound signal is used to vary the light falling on the
film. In the WE system, a recording lamp is focussed onto a very
small slit 0.001 inches by 0.256 inches. Across this slit are two
fine duraluminum ribbons about 8/1000 by 250/1000 of an inch.
The ribbons are in a very strong magnetic field, and the speech
currents flow through them (the ribbons). As this happens, the
speech currents cause the ribbons to move due to varying magnetic
fields around the ribbons. This controls the amount of light admitted
by the galvanometer. A varying light bar falls on the film, and a
characteristic of this type of recording is the piano-key-like appear-
ance of the track (Figure 3-13C). This system is not as sensitive
to film-fogging and scratches as the variable-area system. In the
latter, the amount of sound is determined by the ratio of dark to
light areas; the greater the latter, the stronger the sound. In the case
of the former, the sound signal has the same effect, but this time
instead of controlling the amount of light by a shutter-like device,
it is controlled by the density of the emulsion between the light
source and the photocell. Noise reduction is also used in this system
whereby part of the speech current is used to bias the ribbon so that
it causes an extremely low background noise on quiet passages.

It appears that there is little to choose between the two systems,
since each is good. In the opinion of the author, the variable area
may be more suited to mobile operation and therefore to single
system operation, while the variable-density system may be better
suited to studio work. Whichever is better, it is really just a matter
of individual preference. It is interesting to note that most of the
portable and single system cameras and sound equipment use vari-
able area for the sound head.

When it comes to reproduction, either system works perfectly
on any projector without special adjustment. After all, they both
work on the same principle: that is, a light falling onto a photocell
causes variations in the electrical output. The rate at which this
variation occurs determines the frequency of the sound. The photo-
cell doesn’t care how the variation in illumination is caused, pro-
vided one s caused.
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Single System Sound Recording Sometimes, for convenience,
it is useful to be able to record the sound on the film in the camera,
and at the same time the picture is taken. This means that there
is only one film to worry about and also cost is reduced by the
elimination of the second film. The reader may be forgiven for
asking, “Well, why not use that. It sounds perfect!”

It does seem perfect, but, there are a few problems. To photo-
graph scenes properly, a fairly fast film is required. This, of necessity,
is of coarser grain than sound, positive film. On the other hand,
sound recording calls for the use of very fine-grain film, and since
there is always an adequate light source, the slowness of fine-grain
film does not matter. At once there is conflict, and a compromise
has to be made. But whatever is used, one of the two will suffer
unless the light conditions are such that an exceedingly fine-grain
picture film can be used. But even this will not be as fine grain or
satisfactory as the sound positive normally used for sound recording.
Another trouble also may appear; this is due to the short distance,
in terms of frames, between the picture and the sound. This means
that in order to filter out the intermittent motion caused by the
passage through the picture gate a lot of effort has to be used. Even
then, it is very difficult to eliminate completely all traces of flutter
or wow from the film by the time it reaches the sound head. An-
other trial is in editing: it is almost impossible not to lose some pic-
ture or sound in this process.

There are not many cameras on the market which cater to
single system sound, but the best is the Auricon made by Berndt-
Bach, Inc. The camera part of this combination has already been
described ; therefore, remarks will be confined to the sound record-
ing section. The complete equipment was illustrated in Figure 3—4.
It is possible, if required, for the cameraman to speak into a micro-
phone while he is operating the camera without any noise from the
mechanism being picked up. This is not often necessary, for if the
sound is not lip sync it is not usually important that a narration be
recorded until the film has been edited. For television work where
time is money and costs must be kept low, single system sound offers
great possibilities to make synchronized films for low costs. If the
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Fig. 3-14. Auricon sound recorder for portable work is very
similar to a simple camera in mechanical details. With this
recorder and synchronized camera full lip sync films can be
made. Or it can be used for double system with the Auricon
Pro camera.

action can be shot more or less in sequence and continuously, the
full benefits of single system sound should be realized. Improve-
ments are being made daily, and when a satisfactory compromise
is found for the picture and sound emulsions together with a
method of increasing the sound lead during filming so that there
is no risk of flutter, it may completely replace double system sound.

Double System Sound Recording This is a system in which
the sound is recorded on a separate film, and after the picture film
has been edited the sound film is edited to conform with the picture.
The editor then has two films, sound and picture. The two films
are placed in a printer with the sound film “start” mark twenty-six
frames ahead of the picture “start.” After printing, a single film
is obtained consisting of sound and picture combined. This system
really is the best since the proper emulsion can be used for the
specific job. However, costs are much higher since not only is a
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larger crew required, but twice as much film is needed. The fact
that sound film such as Eastman 5372 sound recording film is
about half as cheap as ordinary film saves a lot of money, but even
so it is about $16 per thousand feet. And, if color film is being used
the extra cost of the color film plus the sound film increases the
over-all price considerably. As a matter of fact, single system
sound recorded on Kodachrome film is often better than recording
made on black and white film.

Auricon Sound Recorder IlNlustrated in Figure 3-14 is the
Auricon portable sound recorder. This is a very small and compact
piece of equipment which operates with any camera forming a
double sound system. Any of the cameras already described will
work with it, provided a synchronous electric motor is used to drive
it and both it and the camera are blimped, so that the sound of its
mechanism will not be picked up by the microphone.

Lab Test Most recording amplifiers similar to the Auricon
have a lab test button. This is used to reverse the noise reduction
bias and open the galvanometer to make a wide sound track. The
microphone input is turned to zero during this test. The sound track
becomes twice as wide and should be clear from side to side. It is
used by the processing laboratory to measure emulsion density so
as to enable the operator to determine the proper developer strength
and time. It is only of value in the case of negative sound tracks.
The container must be marked to inform the laboratory that a sound
test exposure has been made. It usually occupies the first eight feet
of the film.

An interesting point arises in connection with double system
sound recording on film. If the camera film is negative, then B-wind
film, i.e., film wound so that the emulsion side faces to the center
of the spool when the perforations are on the right side and the out-
side end is at the top, is used. If direct-reversal film is used, then
A-wind, with the emulsion on the inside when the perforations are
on the left and the outside end at the top, is used. If this precaution
is not taken, it will be found that when the two films are married
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the sound track will appear on the wrong side. The use of film
with a single perforated side, while making possible the application
of reasonably good sound to 16 mm film, has added an additional
hazard by making it possible to become confused regarding the
perforations’ position.

The interior view of the portable recorder shows how similar
it is to a camera in appearance and operation. Film is loaded on the
magazine reel and runs continuously (there is no intermittent)
through the sound gate. The output from the recording amplifier is
fed to one socket on the case and a-c power to drive the motor,
which, of course, is synchronous, to the other (constant speed con-
trolled precisely by the frequency of the supply mains). The cover
is, of course, kept closed during recording and is only opened in a
darkroom—except for loading and unloading.

When shooting with this type of equipment, it is essential to
realize that although the camera and recorder are kept in step by
the operation of the common switch which stops and starts them
and by the fact that both motors are synchronous and run at 1800
rpm, they are not “interlocked.” Therefore, during starts and stops,
the amount of film exposed may vary from time to time, and it is
impossible to maintain synchronization by merely counting footage
from the “start” mark. Since it takes a second or so for each to get
up to synchronous speed, it is necessary to provide a synchronizing
mark at the commencement of each scene. This is done by clapping
two pieces of wood together a few seconds after the machines have
been started. The sound produces a characteristic mark which can
be recognized and matched to the frame showing the two pieces
meeting. Of course, all the action occurs after this “clap,” and so
once the films have been matched the “blob” can be cut out.

Another point which causes many beginners unhappiness is
running cameras and recorders off the same power line which
operates the studio lights. The heavy drain taken by the lights
causes a voltage drop in the 115-volt lines and this causes the syn-
chronous motors to run erratically, and thus lose synchronization.
Also, if extra lights are turned on during shooting under these con-
ditions, the extra load may very easily cause a sudden, temporary
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Fig. 3-15. Maurer sound recorder for 16 mm film showing spare
magazines which are interchangeable with the camera maga-
zines. The magazines shown hold film for eleven minutes (400
feet).

drop in the speed of either or both motors, resulting in wows in the
sound or loss of synchronization. It is impossible to compensate for
these effects when editing unless the whole section is cut.

" The Maurer Sound Recorder Figure 3-15 shows the Maurer

recorder for 16 mm film. The magazine which consists of the two
upper film drums holds 400 feet of film, enough for eleven minutes
of continuous recording which is ample for most purposes. Seen
below, in the base, are two spare magazines. The wire curling up
to the right is the cable supplying power to the motor which is
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Fig. 3-16. This view of the new RCA unit construction film
recording rack at Chicago shows how each of the individuval
chasses are mounted on pivots in pull-out slide tracks to facili-
tate servicing. Each chassis can be pulled out like a drawer to
provide easy access to elements on the upper side and may
then be tilted, as shown in this photo, to expose circuit con-
nections and components on the underside.

mounted vertically behind the magazine. It is possible to use vari-
able-area or variable-density tracks, whichever is desired. Some idea
of the precision work which goes into sound recording equipment
and which is required to obtain high-fidelity results may be gained
from the fact that the image is only 0.00011 inch high—/ess than
one eighth of one thousandth of an inch!

An interesting feature is the fact that the film magazine will fit
the recorder as well as the camera, thus making an extremely handy
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Fig. 3-17. The blend of compact construction and convenient
arrangement of equipment achieved by the RCA film recording
section in its design of the first mobile unit for 16 mm film and
disc recording is indicated in this view of the interior of the
“recording studio on wheels,” custom-built by RCA for the
Coronet Instructional Film Company of Glenview, Illinois. The
optical system and film path of the standard RCA Model PR-23
film recorder shown at the left was specially modified to permit
recording of direct-positive as well as negative variable-area
sound track. The power control panel and amplifier racks are
seen at right of photo.

unit. While the Maurer camera and sound recorder are naturally
complementary, either may be used separately, and in fact they
very often are. ot

RCA Sound Recording Rack This is a permanent installation
for studio work and is of the highest possible completeness as well
as being quite expensive. It is seen usually only in professional film
and/or sound recording studios where a large volume of work is
done. The equipment shown in Figure 3-16 is for 35 mm film.
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All the necessary amplifying equipment and equalizing circuits
for correcting the frequency response of the signal are contained
in the racks on each side. The large meter on the upper left-hand
side is a frequency meter for checking low frequencies when adjust-
ing the equipment. It will be seen that most of the film recording
units bear a strong resemblance to each other, or to camera design,
which is not surprising since they are all designed for a similar pur-
pose. The recorder proper is mounted in the center with the two
film magazines on the upper surface.

Mobile 16 mm RCA Recording Equipment In Figure 3-17 is
shown the latest RCA 16 mm equipment for mobile use. It was
built into a truck and forms part of the studio on wheels which is
used by Coronet Instructional Film Company of Glenview, Illinois,
for the production of instructional films. The recorder is a standard
RCA PR-23 film recorder modified to permit the recording of
direct-positive sound tracks. This may not seem much of a problem,
or very necessary, especially since direct-reversal film can be used.
But, since the use of direct-reversal film sometimes introduces other
difficulties, its use is not always desirable. It is not a simple matter
to design a light valve which will produce a positive picture, for
the valve operates by allowing more or less light to fall on the film.
The stronger the signal, the stronger the light, (the positive film is
like that but the corresponding part of the negative has a large, dark
area in the identical spot where the positive is clear). Therefore,
the problem is to get the same dimensioned areas, but with the
colors reversed, as in the positive and negative films in Figures
3-13A and B. Variable-area RCA recording is, of course, used.

As far as the costs of double system versus single system are
concerned, the extra film for a double system recording costs about
$15 to $16 per 1000 feet, which is the cost of positive film. In the
case of single system, the only cost is for picture film. It is possible
that use of the double method might require the services of extra
technicians to operate the sound recorder since it is separate from
the camera proper. The advantages of single and double systems
are discussed later.
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Sound, or acoustics, to give it its proper name, is an important
and somewhat complicated subject. Fortunately, the principles of
sound waves are much more easy to understand than those of
electro-magnetic waves since it is possible to feel the physical effect
of a loud, bass note from the draught it produces. When sound is
produced, it is caused by the very rapid movement back and forth
of some form of string or diaphragm. The movement of the vibrat-
ing object causes the air surrounding it to be alternately compressed
and rarefied. This starts a series of waves radiating from the object
in all directions. Each wave is one complete compression and rare-
fication, generally known as a cycle. If a stone is dropped into a pool
of water, waves are seen to diverge in all directions in the form of
concentric circles from the point of impact. These waves also travel
through and under the water, but with less strength and cannot be
seen. But the water behaves in the same way as the air. If there
were no air surrounding a vibrating object the “noise” it made could
not be heard. In the same way, if there were no water in the pool,
there would be no splash! Obviously!

These waves can be reflected in the same manner as light rays,
or water waves. Most acoustic measurements are predicated on free
space conditions: that is, an infinitely large area where there are
no objects to cause reflections, and therefore all the sounds heard
and recorded are caused by the original vibration only. When a
sound is reflected, it sometimes arrives at the microphone in or out
of phase with the direct signal and blends with it in such a manner
that it reinforces and improves it or else has a deleterious effect.
Thus, although studios are designed to be acoustically “dead,”
the addition of scenery often causes unwanted reflections of sound
which ruin the quality of the recording. As a rule, it is advisable to
avoid having glossy or hard surfaces, or actors themselves, close
to the microphone, for these are among the best reflectors known.

The actual power produced at the microphone diaphragm is
almost infinitesimal, but it is sufficient to move the diaphragm
enough to produce a variation in the electrical circuit to which it
is connected. It is impossible to see the diaphragm move when in
normal use. There are many types of microphone. Among them
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are: the velocity or ribbon microphone which has a thin, metallic
ribbon suspended between the poles of a powerful magnet; the
dynamic type which is more like a miniature speaker in reverse
since it has a moving coil attached to a miniature diaphragm and
is very robust; the crystal microphone which has one or more
small crystal elements mounted in a perforated case so that the
sound waves can reach them, movement of these crystals by the
sound waves generating minute voltage in the associated circuits
which correspond to the sounds causing them; the condenser
microphone, which has had a recent return to popularity in the
Altc Lansing miniature, consisting of two closely spaced plates
with a high voltage connected to them, and as the sound waves
change their relative position, the charge due to the capacity of the
condenser (for this is what it is) varies, the variation correspond-
ing to the amplitude of the sound waves thus causing the voltage
in the input to the amplifier to vary in exact accordance; the
carbon microphone (not used today for recording purposes).
“Mikes” are usually suspended from a boom that can be moved
around by an operator to keep it within pickup range of the actors
and still out of the camera field.

As a rule, high frequencies are less easy to record than low
frequencies because they are more easily attenuated or weakened.
Soft, rough surfaces tend to cause high-frequency losses, and long,
narrow chambers cause reverberation. If in making a film a set
has to be used which is very “live” (that is, it has a lot of echoes),
it can often be improved tremendously by hanging old blankets
over the walls and particularly over the entrances to any passages
or hallways. Before commencing to record, it is important to listen
very carefully on the monitor earphones to ensure that the set
really is quiet—subway trains may be running under it and caus-
ing noises inaudible to the naked ear. There may be odd noises
which are only audible on the microphone equipment. The acous-
tics may need correction due to excessive echo. It may even be
that an unwanted radio station is being picked up. This quite
often happens today, for with so many powerful stations pouring
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electricity into the air it is quite likely that the film set may be
near an antenna. If this happens, any number of effects can be
produced in the recording equipment, and it is easily possible to
record the radio program as well as—or instead of—the desired
dialogue. And a run-through with the actors to test for sound is
a matter of course.

Magnetic tape is being used more and more in exactly the
same way as film for double sound systems: that is, a magnetic
tape recorder running at a constant, synchronous speed is set up.
Sound is recorded on it in the usual way, and it can be edited as
easily as film. It offers two advantages over film: one, no process-
ing is required so one source of distortion is eliminated; and two,
it is possible to play it back as soon as the shooting is over, so that
dialogue can be checked and if a reshoot is needed because of
sound it can be done while the set is still up. It is much cheaper,
too, for the tape can be used over and over again.

FILM STOCK

The major sources of film are Eastman Kodak, Du Pont, and
Ansco. The actual choice is usually a matter of personal prefer-
ence since most of the manufacturers offer films whose character-
istics are quite similar.

The only important point to consider in selecting film for a
specific job is to make sure that the emulsion speed and defini-
tion are suitable for the purpose. In other words, if a shot in the
Rockies is to be made at high noon Super-XX Panchromatic film
would not normally be used. It should be apparent at once that
this emulsion is many times faster than is required and would
necessitate stopping the lens down to a very small aperture. The
net result would be a film which might be overexposed and which
would certainly be more grainy than need be. The proper film to
use would be a fairly slow, fine-grain film, the actual type depend-
ing on the local conditions. Probably a Background-X type could
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be used—type 1230 in 35 mm and type 5420 in 16 mm, both
Eastman Kodak. If Du Pont film is used, it could be Du Pont
Superior 2 type 126 for 36 mm work. All the films mentioned are
negative type films.

On the other hand, if a scene had to be filmed at night at the
station with an express dashing through in a blaze of lights, smoke,
and flame, it would be natural to use the fastest film obtainable—
assuming that faked shots using infra red light would not be possi-
ble. Du Pont type 314A would be a good choice for this, or a
Kodak Super-XX Panchromatic type 5242 or Ansco Triple S
Panchromatic.

For reversal processes, Kodak has four types. These are listed
in the table below. Of these, super-XX Panchromatic is the fastest.
A number of cameramen consider that direct-reversal film has less
graininess than negative-positive operation. In some cases, this is
probably true, it is quite often better for single system sound since
there is less risk of dirt fouling the track during the extra process-
ing and printing sequences for positive operation.

Sound recording calls for special emulsion. If it is for double
system, there is no particular problem as any of the fine-grain
sound recording films can be used. They are generally somewhat
blue-sensitive.

Eastman Kodak makes the following recommendations:

Variable Area Fine-Grain Sound Type 1372 (35 mm)
Recording Film Type 5372 (16 mm)
Variable Density Fine-Grain Sound Type 1373 (35 mm)
Recording Film Type 5373 (35 mm

and 16 mm)
35 mm Negative Film

Background-X Panchromatic Negative Film, Type 1230
Plus-X Panchromatic Negative Film, Type 1231
Super-XX Panchromatic Negative Film, Type 1232

16 mm Negative

Panchromatic Negative, Type 5240
Super-XX Panchromatic Negative, Type 5242






86 FUNDAMENTALS

mm. The type 330 is a favorite for reversal newsreel work. In
sound recording, type 201 is used for 35 mm and 602A for 16 mm.
For kinescoping, Du Pont types 602 and 605 are very popular:
the former is a fine-grain film suitable for single system sound use,
and the latter is a fast emulsion for regular picture use. Types
323 and 324 are also very popular for the purpose. Du Pont types
314, 324, and 301 are used for general film work for movies and
television, the actual choice depending on the use contemplated,
i.e., interior, exterior, or background work.

Both the companies issue comprehensive booklets containing
all the information needed about their film products; the reader
is advised to obtain cnpies if he finds that he is actively in need
of technical data.

Safety Film The introduction of safety film has sown the seeds
of possible danger in the projection booth! This appears to be a
paradox, for is it not non-inflammable and therefore as harmless
as water? Yes—and no! The original is, but the name “safety film”
is printed along the side of the perforations and unless this de-
scription appears it must be regarded as nitrate base and there-
fore inflammable. That sounds very safe, but—when a print is
made the legend is also printed onto the new film edge and “safety
film” can be read on the edge even if it is inflammable! So, even
if the label does say “safety film” if it is 35 mm stock tear off a frag-
ment, take it out of doors, and try to light it. If it burns violently, it
is nitrate-base stock and hence must be treated like the explosive
it is. Part of a safety film may be damaged and replaced with
nitrate base. If the operator is not aware of this it might be used
under dangerous conditions for inflammable stock. Also, until
safety film is used everywhere for every production, it is important
to regard all film as being inflammable and treat it as such, for
it is at a time when people become careless that the wrong film
gets into a position of hazard, and tragedy results. Even the fumes
are highly toxic, and if a roll really gets burning well, even water
or fire extinguishers have a hard job extinguishing it since oxygen
to support the flames is produced by the very action of burning.
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Care of Film The life of a reel of film depends entirely on the
attitude of the people who use it. One projectionist can run a
new film half-a-dozen times and not have a mark on it, another
can take the same film and before he has even started his projector
have it all marked up. The first man treats it with reasonable
care, the other man just dumps it into the projector and doesn’t
care how much he handles it or scratches it doing so.

The first point to watch is the projector. It must be clean;
this does not mean only the outside, but the mechanism as well.
If the mechanism is dirty, it may run unevenly and bind in sec-
tions, then run free with dangerous jerks or allow the film to
build up in areas and spill into gears which can tear it. If the film
guides are oily or greasy, oil will be transferred to the film, a blurry
picture will be produced, and no amount of effort with the focus
control will clear it.

If grease and oil do get on the film, clean it at once with one
of the many cleaners on the market. A special cleaning machine,
such as is made by Neumade Products, is a great help in keeping
film in good condition; but if this cannot be arranged, one of the
many small, hand-cleaning outfits may be used. If really dirty
film, apart from grease and oil, is used, there is a danger that it
may not only result in scratches and blemishes on the film itself.
but it may leave behind a condition which will injure the next
film to be projected. The answer to this is to clean the projector
thoroughly after every projection. This includes the press pads,
rollers, sound and picture gates, sprockets, film guides or channels,
and the magazine containers, for here dirt is sometimes left in
the form of grit which is picked up and worked into the emulsion
of the next film.

Some outfits prefer to have all the film produced by them
treated by one of the special hardening processes which are sup-
posed to toughen the emulsion and enable the film to slide more
easily through the projector. It also makes it easier to wipe off
finger marks.

Film should never be allowed to remain in the projector. If
it is part way through, the section in the equipment will be affected
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by the heat of the mechanism and cams. Put it in a can after
every use. Don’t use reels which have bent flanges. Reels are very
cheap, and it is false economy to put off the purchase. If the edge
binds on film, it can prevent unwinding and cause the drive
sprocket to strip the perforations; if it is on the take-up sprocket,
it may cause film to spill into the magazine and tangle with the
take-up drive.

Sprocket teeth must be properly engaged before closing any
pressure pads; otherwise it is possible to cause holes in the picture
or the sound track. Improper threading can also cause the loss of
upper or bottom loops—the bane of every projectionist.

Films must be kept at an even temperature and away from
excessive heat. It is best to keep a moist pad in the can to maintain
a slight amount of dampness in the film if it has to be stored in a
very hot, dry place.

New film, or “green” film as it is sometimes called, is always
a bother to project. Although it may feel dry, it is actually not
so and is still in the process of returning to its previous size. In a
reel of 100 feet, there may be as much as one foot stretch. It may
not seem much—only 1 per cent—but 1 per cent can make a lot
of difference between a smooth, well-fitting film passage and a
sticking gate.

Focus Troubles Focus drift is a phenomenon which occurs
during projection and evidences itself by a gradual change of focus
throughout the showing of the film. It can cause headaches for
the shading technician as well as the master control engineer, for
it leads them to attempt electronic focus adjustments in the be-
lief that drift in the electronic equipment has occurred. It often
happens that a film is in perfect focus at the commencement of
projection, but if it is not watched very carefully it may slowly
change. The error is not usually sufficient to be extremely annoy-
ing, unless it becomes very bad, but it will produce eyestrain for
the audience. It is probably more noticeable in theatre projection
than in television since most television screens are not too sharply
focussed anyway.
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This defect is found in two forms: random focus drift which
happens for no apparent reason in a release print which is pre-
sumably new, or at least in good condition (of course, when it
occurs in a reel made up of odd trailers or shorts the reason is
obvious) ; and the regular drift already discussed.

It is not caused by buckled film, for this defect is caused by
projection, and focus drift can occur in a brand new reel straight
from the film laboratory. One cause which seems the most logical
and reasonable is film curl. Once it has formed, there is not much
that can be done to correct it in the case of long reels. However,
for short lengths of film the cause provides the solution. Film curl
is caused by film being continuously wound in the same direction
so that it becomes set. Thus even on an apparently straight section
such as one frame, in the gate, there is a very slight radius. A short
length can be cured by rewinding very tightly in the same direction
as originally wound but with the emulsion direction reversed. If
fastened securely and left for a week or so, the curl will be re-
duced.

Incidentally, the safety films are considerably more prone to
this effect than the inflammable film and it is one of the most prev-
alent faults found. Moreover, since 16 mm safety film comprises
most of the film stock used on television, this becomes a point to
which more attention could well be paid by users as well as
processors.

As was mentioned previously “green” or new film, undergoes
considerable change in the first few weeks after it has been proc-
essed. Although it is apparently thoroughly dry when received,
it contains, in reality, a large amount of moisture absorbed during
its passage through the various developing, fixing, and hardening
baths and the numerous washings it receives. The passage through
the processing equipment is also fraught with tension changes, for
speed variations plus differing adjustments of the rollers all act to
apply varying tensions to the film. These affect the film more
easily when it is warm and wet and only slowly are discarded as
it finishes the drying out process.

Film in storage, especially new film, should be rewound
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periodically to prevent the acquisition of curl through being
wound tightly on cores or small reels.

Whatever the cause of focus drift it should be watched for by
the projectionist and corrected as necessary. The practice of some
operators of lacing a projector, switching it on, and forgetting it
until time for change-over cannot be too strongly deplored. It is
people like these, maintaining a consistently low standard of opera-
tion, who give both television and movies in some of the smaller
houses, a bad name.

Fluttering, or unsteady images on the screen, is due to buckled
film. The intense heat to which the film is exposed causes it to
shrink, and because the edges of the film are the only parts in
contact with the projector they absorb more heat than does the
frame area which has only momentary flashes of light and heat on
it. Consequently, the excess shrinkage of the former pushes the
frame out of shape and results in buckling, with its attendant
fluttering in and out of focus of the screen image.

It is possible to restore short lengths of buckled film. Nitrate-
base film is more likely to suffer from this trouble than the 16 mm
safety film used in television, although of course the 35 mm
projectors used in some stations may use either nitrate- or acetate-
base film. However, TV stations will probably not suffer exten-
sively from this trouble for the lower heat developed by the tele-
vision projectors—since they require less light—does not have
much effect on the film. Unfortunately many of the release prints
in circulation on this circuit have been made from old negatives,
or even from old positives in the case of foreign films where only
positives are available. The 16 mm print made under these con-
ditions will, of course, have the same flaws as the original. Some-
times the 35 mm print supplied to the station will be in such poor
condition that it is buckled and curled.

To restore nitrate film it is wound emulsion side out, and
placed in a humidifier film can with an absorbent blotter which
has been impregnated with camphor and lightly moistened with
water and glycerine to maintain the moisture content. It is left in
this atmosphere for one or two weeks. Absorbent material can be
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Fig. 3-18. Use of single perforated film introduces complica-
tions when different systems are used such as reversal, or posi-
tive/negative printing. In order to have sound and picture
emulsions on the same side when printing A- and B-winds are
required. An “A” wind has perforations towards the observer
with the film coming off the top, and round reel hole towards
the observer. “B” wind has the perforations away from the
observer under the same conditions. Emulsion is in in each
case. (Based on a proposed American Standard.)

impregnated with camphor by dissolving a block in some quick
vaporizing liquid such as amyl acetate, acetone, or alcohol. If
poured on the pad, the liquid will evaporate, depositing camphor.
A water and glycerine solution in the proportions of about twenty
to one is then sprinkled on the pad to moisten it.

Safety film may be treated in the same way except that only
the water and glycerine solution is needed. If one treatment does
not cure it, it may be repeated.

One would think that a simple littie thing like winding a film
could not be complicated—but it is. Of course, for 35 mm film
there is only one way—the emulsion on the outside. The same
thing applies to 16 mm silent film. But when 16 mm sound film
is considered, it is found that there are two methods of winding it
—the A-wind and the B-wind. These are illustrated in Figure
3-18. These two methods exist due to the various modes of opera-
tion of current equipment. Due to the use of reversal film, care
must be used when recording by the double system to ensure that
the type of film-winding used matches the position of the emul-
sion of the picture film. Some idea of the complications which
arise may be obtained from this: if a negative picture is made the



92 FUNDAMENTALS

i

i o et ks ey

Fig. 3-19. Neumade film cleaner for 16 mm film.

sound can be recorded on B-wind film and the negative sound
track combined directly with the picture print to form a com-
posite print. However, if a reversal film is used, either black and
white or Kodachrome for duplicating, the sound track has to be
reprinted as a master positive. This positive sound track is then
printed onto the reversal projection print. Thus two extra opera-
tions have to be carried out to accomplish the combining of the
two films.

Eberhard Effect One of the causes of high-frequency loss in
film recording is the Eberhard effect. This is the spreading of the
photographed image in the emulsion. The heavier the exposure,
the greater the effect. If this occurs the “peaks and valleys” of
the higher frequencies which are naturally minute tend to even
out and reduce the amplitude of the signal. If the original is
heavily exposed and the print made from it is more lightly ex- I
|






CHAPTER 4‘

FILM TRANSMISSION
EQUIPMENT

The films seen over television are only as good as the equipment
used to present them. A poor film will not look first-class over
first-class equipment, but a good film will be poor over second-
rate apparatus. This is a point which unfortunately none of the
station operators, or even many of the equipment manufacturers
themselves, appear to appreciate. Some of the engineers concerned
with designing equipment for projecting television films are
greatly concerned with the general lack of interest displayed in
this problem. Unfortunately, projection equipment for television
which would be of the same standard of excellence as theatre
projectors runs to quite a lot of money. The majority of mechan-

isms presently used are only adaptations of high-grade amateur |

equipment and while very good for that purpose are not partic-
ularly suited to professional work.

While it is the purpose of this chapter to discuss film projec-
tors in general and most of what is said can be applied to both 16
mm and 35 mm equipment, it should be noted that most of the
criticisms are directed to 16 mm equipment, not the system size.
Properly designed, built, and maintained 16 mm equipment can
provide from a first-class print pictures of almost the same picture
quality on television as can 35 mm machines. Even sound, so often
criticized, can be as good. But notice the emphasis on the word

94
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“maintained.” Only too often the projectors are not properly in-
spected and given regular preventive overhauls.

Even the best print obtainable will not produce good pictures
and sound if the machine in which it is used is not properly ad-
justed. For instance, wows in the sound are bound to occur if the
sound head and guides are ailowed to become dirty or distorted
so that film motion is impeded. For relatively simple productions,
16 mm film is generally cheaper, more convenient, and as good
as 35 mm, but for elaborate affairs where many ‘“super effects”
are required, it is better to use 35 mm, merely because the equip-
ment for making these effects is available and has already been
developed to a high pitch of perfection.

As far as projectors for theatre or semi-professional use are
concerned, there is nothing very difficult about their design. How-
ever, when the question of using them to project movies over tele-
vision is considered, a number of problems become involved. The
ordinary requirements of a rock-steady picture plus perfect clarity
of focus and adequate illumination are complicated by the neces-
sity of converting the frame repetition rate from twenty-four
frames a second for movie film to thirty frames a second for tele-
vision scanning while still producing superlative picture quality.
Before proceeding to discuss the television problem in greater de-
tail, it would be advisable to show how the average projector
operates.

Actually, the operation is the reverse of the camera function
with the difference that instead of using an exterior light to form
a picture which is focussed onto film, an interior light is used to
shine through a film and produce a picture on a screen.

It will be recalled that the film taken in the camera consists of
a series of pictures taken at the rate of twenty-four frames (or
pictures) a second, each one being very slightly different from the
preceding one. The film does not pass continuously through the
camera but pauses for a fraction of a second while the exposure is
made. In the projector the film passes through in the same inter-
mittent manner, and a shutter cuts off the light between each
picture as it is moved down. If it were not for this shutter, a blur
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(Courtesy of Bell & Howell Company)

Fig. 4-1. Filmosound (Bell & Howell) New Academy 16 mm
projector.

would be seen as the picture moved during the time that it is on
the screen.

The film in the projector is usually on larger reels than those
used in the camera since projection is normally continuous and
the bother of changing reels every few minutes if camera size
200- or 400-foot reels were used, would be too great (of course
this size is very popular for home and educational films, but for
professional work, which is what we are interested in, that size
would be rather inconvenient—especially for 35 mm film).

Figure 4-1 shows the Bell & Howell Filmosound New Academy
Projector for 16 mm sound film. This is a portable machine and
very popular for home and semi-professional use. The equipment
is contained in two carrying cases, one for the speaker and one
for the amplifier and projector. Although 16 mm film is seldom
used in public theatres, it is often used for institutional work and
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in schools. In cases where a longer throw than that obtainable
with an incandescent lamp is required, a small arclamp can be
attached in its place and any length of throw within reason ob-
tained. The illustration shows two 1600-foot reels in position.
With this amount of film, a program of forty-four-minutes’ dura-
tion can be obtained with sound film without changing reels.
There are larger reels which hold sufficient film for a one-hour
show and which are generally used on television.

Another type of portable 16 mm projector, the RCA Model
400, is shown in Figure 4-2. This is designed for similar uses and
is similar in film routing to the TPI6A television projector. It also
is supplied in two carrying cases. It will be noticed that the lamp-
house is also similar to that of the television projector.

Finally, the head
section of the RCA ! . T - TET
Brenkert projector is Y '
shown in Figure 4-3.
This, of course, is a
35 mm model. The
light gate is described
later in the section on
television projectors.

Sound is repro-
duced in the sound
head in the section
below the oil level
gauge on the lower
right of the picture

Fig. 4-2. RCA Model 400
16 mm projector. i
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Fig. 4-3. Open view of Brenkert projector and RCA sound head
for 35 mm sound film with preview attachment (lower unit)
which permits operator to run separate sound track, synchro-
nized with picture film, for screening of ‘“rushes” prior to com-
bining them on composite print.

film mechanism. The drum around which the film circulates to
iron out speed irregularities is combined with the sound head. The
distance from the picture gate to the sound head is twenty frames;
this provides sufficient leeway for the intermittent motion of the
film through the light gate to be smoothed out into constant speed
and prevent wow or flutter in the sound pitch due to varying
speed.

The lowest unit is an addition which, as far as the author is
aware, has never been made to any television projector although
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Fig. 4-4. The GE 16 mm projector for television.

there is no reason why it should not be done. It is often used in
motion-picture studios to enable the producer to see rushes before
they are combined with the sound track. It accepts separate
sound and picture films; the former circulates through the sound
gate only, the latter through the light gate only. After synchroniz-
ing the two start marks, the machine can be run as a standard,
single film projector. It will be noticed that the preview attach-
ment feeds through the lower magazine opening and the magazine
is removed to make room for it.

The only purpose of a film projector is to illuminate film,
focus the picture on the film onto a screen of some kind, and move
the film through the apparatus at the proper speed so that the
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Fig. 4-5. RCA 16 mm projector for television use; film chain
camera is at the right. Note the absence of a lens on the
camera.

correct illusion of animation is maintained. The reproduction of
sound via the sound head is only incidental to the progress of the
picture film through the equipment. The sound head is in reality
a phonograph system which, however, is not separate from the
picture.

Projectors for television are made by many companies among
which are General Electric (GE), RCA, and Dumont. Each com-
pany makes projectors for both film sizes. The general appearance
of the GE and RCA projectors is shown in Figures 4-4 and 4-5.
Irrespective of the make of projector, the principle of operation
remains the same.

<
4

|
|
|
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GE and RCA each offer a pulsed light projector which elim-
inates the need for a shutter and reduces the chances of poor
sychronizations by using the standard, vertical sychronizing pulse
to flash the projection lamp at the proper time. This illuminant
is available for both 16 mm and 35 mm projectors.

Probably the question of converting the twenty-four frames
of movie film per second to thirty frames of television is one which
is puzzling most readers. So before embarking on a description
of the equipment, the method used to synchronize the two will be
outlined.

Pulsed Light System As already mentioned, projectors using
this form of illumination are made by GE and RCA. The former
calls it the Synchrolite, and the latter the pulsed, or switched
light. Synchronization using the Synchrolite will now be described
for the GE 16 mm projector. The film is moved past the lens or
picture gate in an intermittent movement by a claw which en-
gages the perforations in the edges of the film and pulls it down
one frame at a time. There are a number of ways of making the
claw operate; the oldest in general use is the Maltese Cross or
Geneva movement. In this, a cam with four slots and curved
sides (so that it does actually look like a Maltese Cross) engages
with pins which drive the film pull-down mechanism. Cams em-
bodying some modifications of this movement are used in the
modern television projector to perform a rapid change of frame
between successive exposures.

The Synchrolite unit itself is a gas-filled discharge lamp which
is, automatically ignited by a pulse from the synchronizing genera-
tor which trips a high voltage circuit and flashes the lamp at in-
tervals of one-sixtieth of a second. The actual conversion is ac-
complished by exposing one frame twice and the next one three
times. Reference to Figure 4-6 shows this more clearly and indi-
cates the manner in which regular pulses one-sixtieth of a second
apart are designed to provide the catalyst which causes the con-
version. Examination of the right-hand section shows that during
the time that film frame number one is in the gate there are three
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Fig. 4-6. GE synchronizing cycle for film projector operation
over television.

flashes of light from the Synchrolite, and while frame two is in
the gate there are only two flashes from the light source. Thus, by
the time that 720° have elapsed, two film frames have been ex-
posed a total of five times, providing the equivalent of five fields.
This leaves twenty-two frames (film) to be exposed during one
second. Since two frames are exposed for every five flashes, this
means there are fifty-five more flashes due. Adding these to the
five already generated for the first two film frames, we have a
total of sixty flashes (or fields), or thirty frames. The use of de-
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Fig. 4-7. RCA synchronizing
cycle for 35 mm and 16 mm
film projector operation.

grees to measure the amount of travel or time elapsed is merely
a convenience for reference purposes, since irrespective of the time
elapsed, or work performed, one cycle is always 360°, and in this
way it is possible to describe periods of operation in abstract

notation.

This method is also used for the GE 35 mm projector and in
a similar manner in the RCA 35 mm projector. Figure 4-7 shows
the time cycle for the RCA TP 35 B, and also the proposed time
cycle for the RCA 16 mm projector using this system.

RCA 16 mm Projector with Incandescent Lamp In this type
of projector, a scanning sequence of twice and three times is also
employed. Because an incandescent lamp is used, it is not possible
to flash it electrically since the filament would not have time to
- extinguish between flashes. Therefore, a mechanical shutter is
used. This is an eighteen-inch disc with a small slot cut in the
circumference. Since it is rotated at a speed of 3600 revolutions
per minute, there is one flash every sixtieth of a second.
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Fig. 4-8. RCA synchronizing cycle for 16 mm projector using
incandescent light.

It is necessary to scan a television pick up tube mosaic con-
tinuously to obtain a picture. The only break in scanning is the
time during which the beam returns to the top of the picture after
every field. This takes 1/750 second. If the pull-down could be
accomplished during this time there would be no need for all the
complicated devices used to perform the conversion. Unfortu-
nately it is very difficult to accelerate a piece of film from a stand-
still, move it about half an inch, and arrest it again in this short
time. The flash obtained from the rotating shutter is designed to
occur during the interval that the blanking signal is applied to
the receiver and the scanning beam in the camera is returning to
the top of the mosaic. This is an instance where once again storage
properties are involved, and the fact that the iconoscope is a
storage tube means that the image impressed on the mosaic dur-
ing the brief 1/1000 second exposure is retained on it until the |
scanning beam sweeps over it and transmits the picture. The dia- |
gram in Figure 4-8 illustrates this clearly and shows the relative

positions, in time, of the pull-down, light flashes, and scanning |
sequences. i

From the foregoing it will be realized that the projectors used !
for television are somewhat different from those used for home

'l
|
|
1
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Fig. 4-9. The GE 16 mm film projector is shown in position
with the GE film camera on the left. Note that a camera lens
is not used.

or school use, or in movie theatres. The chief difference, of course,
is in the exposure times and shutter speeds. The pulsed light type
of projector does not require a shutter but as we have seen the
incandescent lamp projector does, of course. It may not be ap-
parent from the description that the picture observed on the
- mosaic of the camera, or a piece of white card in front of the lens
will look the same as that from an ordinary projector, but as far
as the eye can tell it is. However, the amount of light available
will, of course, be less, since in one case the screen is illuminated
through a very small aperture and for only 1/1000 of a second
sixty times a second. Actually there is more than enough light to
| operate the iconoscope properly but not to reproduce a picture
| at any distance. In the same way, the illumination from the pulse
| light is only just sufficient for good television projection.
One of the weak spots in film projection from 16 mm machines
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is the lenses used. Only too often this is a standard home-movie
type, of limited resolving power. As soon as a first-class, high
definition model replaces it, the picture quality improves im-
mensely. The lens has to illuminate a very small area on the
mosaic, but it should be uniformly clear and well lit with critical
focus at all parts on the mosaic.

A brief description of the film camera may be of interest here.
Figure 4-5 shows the RCA projector and camera, and Figure 4-9
illustrates the GE film camera. The similarity is quite noticeable.
In each case, an iconoscope tube is used for the light conversion
unit. Since the film picture can be focussed directly on to the
mosaic by the projection lens, no camera lenses are required.
Thus, the effect of the widest possible aperture is obtained. The
iconoscope is not an image multiplier tube; therefore, the sensi-
tivity is less than that of the image orthicon, but because the light
available is virtually unlimited—a stronger lamp can always be
inserted in the lamp-house—this does not matter, and the tube
is capable of excellent definition.

Unfortunately the film camera tube suffers from a defect
which results in the appearance of unwanted shadows and whitish
areas on the picture. This is known technically as shading. The
production of these spurious signals is caused by dark spot signals
in the camera tube. These are extra electrons emitted by the
mosaic which have random emission and tend to fog the picture
in the same way that unwanted light on a photographic plate will
fog it.

Readers who have seen a television film camera will have
noticed that there are two small lamps mounted inside the camera
housing. These are for the purpose of providing edge and bias
lighting. The edge lighting is used to balance flare at the edge of
the mosaic where the picture closes. The flare is caused by the
scanning system and the sudden change in electron emission due
to the scanning beam overrunning the picture. Flare usually shows

up as a bright band at the right edge of the picture and is reduced
by shining a strong light on the mosaic just off the side of the
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projected picture. Bias lighting is used in much the same way as
grid bias in a vacuum tube and changes the sensitivity of the tube
to prevent grid current in the amplifier. (These controls are not
generally adjusted during transmission.)

While a program is on the air, a technician, known as the
shading technician, sits watching a monitor on which is shown the
picture from the camera. He has similar controls to those used
by the studio camera control operator; in addition, he has four
shading controls. These are two forms of vertical shading—saw
tooth and parabolic. The names refer to the shape of the wave
forms produced. The former corrects top or bottom shadows or
flare and the latter similar faults in the middle of the picture. The
horizontal shading controls are similar except that they correct for
right- or left-hand side and center shadows and flare.

While this job does not call for a lot of engineering knowledge

' but merely the ability to make rapid decisions and to act on them
at once, it is one of the most important during the time that a film
is on the air. A skilled shading technician can make all the differ-
ence between a good and a poor film show. Almost every scene in
a film has a different light value and causes different spurious
emissions from the previous scene; therefore, the shading man
has to be wide awake all the time to correct the picture continu-

~ously. An added feature of the film camera is the fact that it is
possible to reverse film electronically. This means that if a negative
film is the only one available it can still be used by setting the

. polarity switch on the top left-hand side of the camera to “nega-
tive.” This will now produce positive pictures over the television

. system. In the “positive” position, it operates normally. For special
effects, a reversed, negative picture results from positive film and

. the switch in the “negative” position.

| The illustration of the RCA film camera shows the projector

i working directly into the camera, but this does not mean that

' there has to be one camera for every film projector or slide pro-

. jector. RCA has introduced a device called a Multiplexer which

| makes it possible for two film projectors and one slide projector
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Fig. 4-10. Floor layout for two projectors operating with multi-
plexer.

to operate into one camera. The plan view is shown in Figure 4-
10. It will be seen to consist of a pair of mirrors arranged on a
pedestal, one in front of the lens of each film projector. The light
beam from the lens of the projector strikes the mirrors and is re-
flected onto the camera mosaic. The slide projector is mounted
over the mirrors and shines directly into the camera. Merely
switching on one projector and turning off the others is sufficient
to make a change from one to the other.

However, it will be apparent that at times the film will be
longer than can be accommodated on one projector reel, and |
therefore it will be necessary to change over between reels. It is,
of course, possible to do this by hand by noticing when the signal |
to change over occurs and covering the lens of the old projector
by hand to prevent a double image when the second projector is |
started; but it is much easier to use a douser to effect the change-
over.

There are many kinds of dousers: some are home-made and !
consist of a mechanical cap which covers one lens while opening
the other; others are more elaborate and consist of electrical con-
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trols which move a shutter before the lens. The electrical arrange-
ments are usually much the same in the various makes and con-
sist of two solenoids, one of which is energized by a normally “off”
switch which has two “make” positions. One position covers the
run-out projector lens, the other position uncovers the lens of the
fresh projector. Thus, one projector is always “open” and one
“closed.” Operating the switch reverses the situation and allows
the other projector to function.

It is apparent now that the projectionist must know just when
to make the change; otherwise he will have to guess at the proper
time. The Society of Motion Picture and Television Engineers
which sets up standards for almost everything pertaining to motion
pictures has established a standard, or academy leader as it is
called. Figure 4-11 shows this in detail, and the points where the
motor and lamp of the new projector are to be energized are
clearly marked. When the operator sees the first mark, he starts
the loaded projector, when he sees the second mark, he changes
over by pressing the douser switch. The audience should not be
aware of the change from one projector to the other. Observers
will sometimes notice a small white circle in the upper right-hand
side of the picture, followed shortly after by another one. These
are the signals for starting and changing over. It is necessary to
have two, since warning is required to get the fresh projector up
to speed before the change-over (otherwise both sound and pic-
ture would suffer as the machine runs up to speed).

The leader shown is for 35 mm; up to this date no standards
have been established for 16 mm film, but it is expected that be-
fore long they will be. At present, the 16 mm leaders are not all
the same, nor are the change-over marks; therefore, it behooves
the projectionist to examine all reels received by him before the
show goes on the air to ensure that all are marked and that he
knows what the marks are! It is very embarrassing to run to the
end of a reel while waiting for change-over marks which are not
there and to present the audience with a blank screen or a glare
of white light!
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FILM TRANSMISSION EQUIPMENT
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Fig. 4-12. GE 35 mm projector for television use.

While all projectors are similar in principle, the individual
makes vary, of course, and since there are comparatively few
manufacturers making television projectors, there are not many to
illustrate. Therefore, representatives of some of the popular types
will be shown and briefly described. In this way the reader will
not be completely unprepared when he comes face to face with
one in his first visit to a television station.

The GE 35 mm Projector Figure 4-12 shows the GE projector.

The mechanism for transporting the film is made by the Simplex

Company which is probably the largest maker of projector mech-
anisms in the world. (In most equipment the projector is made by

:
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a motion picture equipment company and modified according to
the designs of the television manufacturer.) The upper and lower
magazines, which are the round drumlike affairs above and below
the mechanism, hold 2000 feet of 35 mm film which runs for
twenty-two minutes. This is the maximum allowed by many local
fire laws to be in any one magazine at a time. The large motor on
the front drives the projector at the standard theatre speed of
twenty-four frames per second. The lamphouse on this particular
model will house an arclamp, but the Synchrolite unit may also
be supplied. The massive base is a feature, and the general ap-
pearance of solidity is in keeping with the need for steadiness in
operation. The projector is not very different in appearance from
those used for theatres. The glass windows in the magazines are to
allow the operator to check on the condition of the reels since it is
illegal in some states to open the magazines when the projector is
running (for the film, it will be remembered, is highly inflam-
mable). This projector is a straight television model designed
solely for that purpose.

The RCA 35 mm Projector Figure 4-13 shows the standard
RCA television projector and Figure 4-13A the film mechanism
with the film in the process of being threaded (the film in the
illustration is blank leader). Those readers who are familiar with
the equipment regularly employed in movie theatres will notice
at once the small size of the television projection machines. This
is brought about chiefly by the need for less light in the television
film camera chain which immediately reduces the need for exten-
sive cooling arrangements and the absence of the shutter.

The illustration shows how simple threading or “lacing up” as
it is sometimes called, really is. After placing the loaded reel with
the emulsion side towards the lamp in the upper magazine and
locking the axle lock to keep the reel in position, film is threaded
through the upper magazine slot. The film pad rollers, which are
the rollers with the knurled knobs seen immediately above the open
film gate and just to the right of the back of the hand at the bottom,
are raised from the sprocket wheels which drive the film through



Fig. 4-13. RCA 35
mm projector with
Synchrolite on righc
and control rack and
monitor with remote
controls on left.

Fig. 4-13A. Threading
RCA 35 mm projec-
tor.
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the projector. The film is then pushed into the space between the
sprockets and the pad rollers and then into the film gate opening.
It is important to ensure that the film is not caught between the
pressers and the sprockets and also that it is properly engaged with
the teeth on the sprocket wheels. After the film has been centered
in the gate (that is, when it is squarely in the center of the light
opening), the gate may be closed. If the film is not centered prop-
erly, the frame lines will show during projection and this will
necessitate racking. This is an adjustment which centers the frame
in the mask opening at the gate. It is possible for the picture to get
out of adjustment during projection. Then the bottoms of legs and
feet are seen at the top of the screen and people appear to be foot-
less! The same racking control is also used in that instance to cor-
rect it.

Probably the thing which causes the most grief to the beginner
in a projection room is the two loops, one above and one below the
picture gate. If either of these is lost, trouble results in the form of
jerky projection. Quite often it is the lower one which is lost. When
this happens, the bottom drive sprocket pulls the film through the
gate continuously, snatching it off the intermittent pull-down claw
with probable damage to the film perforations and certain ruin for
the picture on the screen. Often, to save a show from a stoppage, it
is possible to insert a finger between the lower edge of the gate and
the sprocket, and by a sharp, steady thrust against the film pull
sufficient through from the top loop during the time that the pull-
down claw is retracted and the film in the gate is therefore free.
However, it should be emphasized that this is dangerous both to the
film, which may suffer torn perforations if the claw should happen
to emerge just as the film is being pulled through in this way, and to
the fingers which could be badly lacerated if they came into contact
with the revolving sprocket teeth (these teeth are rather like small,
circular saws and can cut through flesh very easily). This method
is neither recommended nor advised but used to illustrate an emer-
gency cure.

When threading the projector it is essential to maintain the
proper size loops above and below the gate. The lower one which
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has already been mentioned should be seven frames between the
tension shoe and the pad roller. The upper should be the height of
two fingers above the gate top. If it is larger than this noisy opera-
tion may result as well as jerky pictures on the screen.

The GE 16 mm Projector Figure 4-4 shows an ‘“opened”
view. Most of the electronic equipment on display is concerned with
the pulsed light supply and the sound pickup preamplifier. The film
mechanism is made by Bell & Howell for GE. Synchrolite operation
has already been described in detail and can be ignored. However,

Fig. 4-14. Diagram of film path and
mechanical layout of GE 16 mm pro-
jector,

Upper Reel Arm

Gate Shoe

A

Framer
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Fig. 4-15. Close-up of GE 16 mm projector mechanism.

there is one particular feature of the GE which is unusual in pro-
fessional equipment. This is the rewind feature built into the pro-
jector. It is normally the custom for rewinding to be carried out on
a special rewind and inspection table rather than on the projector
itself. This is because the projector is often needed for the next
feature and to enable a close examination of the film to be made
during rewinding. Of course for 35 mm stock, which is usually
nitrate base, rewinding must never be performed in the projection
booth. A separate motor is provided for rewinding and can be seen
immediately behind the lower take-up reel in Figure 4-4.

A schematic diagram of the film path is shown in Figure 4-14.
It will be easy to identify the various parts of the equipment by
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comparing them with the photograph Figure 4-15. The sound re-
producing head appears at the extreme right-hand side of the bot-
tom of the drawing and may be seen in the same relative position
on the photograph.

The film is threaded in the same way as other projectors (raised
lines on the projector body show the route), but this time the emul-
sion is in a different position; it is on the side of the film nearer the
lens in using direct-reversal films and Kodachromes;for others, to-
wards the lamp. The fact that the film normally used will be per-
forated on one side only should be noted since this is most impor-
tant. If the film has been properly rewound and placed un the spool
arm, the perforation will be on the correct side and so will the sound
track. The lens is focussed by rotating the lens barrel after loosening
the retaining screw. In the
case of all 16 mm projectors
the sound leads the picture
by 26 frames.

The RCA 16 mm Projector
Figure 4-16 shows a “blown
up” view of the equipment
with the covers removed.
The electronic equipment in
the base is the power supply
for the direct current to the
three-phase motor field to en-
sure accurate synchronizing

Fig. 4-16. RCA 16 mm film pro-
jector with covers removed show-
ing motor on left and power sup-
ply for the motor field in the base.
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with the camera scanning. To the left can be seen the driving
motor; the knurled knob on the left end of the motor shaft is to
turn the mechanism by hand after threading the film to check its
correctness.

The 1000-watt projection lamp is housed in the narrow section
between the motor and the projector mechanism. It burns con-
tinuously and a separate motor-driven blower serves to keep it cool.
A condenser and reflector system focusses the light onto the film in
the picture gate. The white lines indicating the film path also used
by RCA can be seen in the picture.

Immediately below the shiny black lens barrel can be seen the
exciter lamp-housing which contains the lamp that shines through
the sound track and with the aid of the photoelectric cell converts
light to sound. In the RCA projector, the lamp does not shine
directly through the film and lens system onto the cell but is re-
flected by a mirror behind the sound drum (the white disc just to
the left of the lamp-housing) onto the photocell.

Shutter —, ]
Upper Reel
Projection
Reflector femp o
Condenser|| |  proiection Lens o ——=——"
lensy (t |} (Tl -7
lconoscope
Pressure Roller hovels
' ) N Photo Cell
Aperturé |7 Film Gate Y AV T~
/ yaste Ophcol Unit™ = =~~o____
Pull-down Claw @
s Exciter Lamp
Lower
Reel
J Mirror

Take-up Sprocket

Fig. 4-17. Diagram of film path and mechanism of the RCA
16 mm projector.
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Figure 4-17 is a line drawing showing the placement of the
various parts and the path of the film through the light gate and
sound head. If this is viewed in conjunction with the illustration,
a very good idea of the mechanical arrangement can be obtained.

The reader may ask, “Why, if it is possible to eliminate the shut-
ter by using a pulsing light, is it not possible to eliminate the inter-
mittent movement also?”’” This has been done already in the British
Telecine and results in infinitely quieter operation than in move-
ments using the standard intermittent. It is also, of course, preferable
for the film to be moved continuously instead of in a series of jerks
which tend to tear the perforations, and it would result in less wear
and tear and longer print life. This problem is being worked on by
a number of television manufacturers, and doubtless before long a
model employing this system will be designed. A projector using this
system was suggested by J. A. Maurer in 1939. In 1949, the Akeley
Camera Company of New York built one for experimental use.
It was described in the July, 1949 issue of Tele-Tech.

Care of Equipment The individual manufacturers provide
very thorough information and suggestions concerning the care
and maintenance of projection equipment in their respective hand-
books; however, a mention of a few of the most important points
will not do any harm and may help to prevent grief at a later date.

Lenses should never be cleaned with anything other than the
makers’ recommended solutions. In general, a camel’s-hair brush
should be used to dust lenses, not cloth, or fabric, for this deposits
lint. A very mild solution of Ivory soap in distilled water is excellent
for removing finger marks, etc., from the lens. Nothing else should
be used. Never use any kind of rapidly evaporating liquid such as
alcohol or carbon tetrachloride, for these fluids may seep into the
lens barrel and cause the elements—which are usually made of two
or more lenses cemented together—to come loose, and the lens will
in time be ruined.

The same thing applies to the use of soap powders, etc. This
type of treatment will invariably cause the formation of numerous
very fine hairline scratches which in time will blur the picture by






CHAPTER 5

KINESCOPE RECORDING

The term kinescope recording is one which lends itself very con-
veniently for use as the descriptive word for a film made of the
picture appearing on the screen of a picture tube, or kinescope, in
a monitor or receiver. Other words have been, and are, used to
describe such films, among them being video recording. But al-
though the latter is certainly very concise, the author prefers kine-
scope recording. Use of the word kinescope in this connection makes
it available as a verb, as in “kinescoped.” Thus television is re-
sponsible, as was radio, for the creation of a new word. Whichever
one is used does not matter as long as the intention is the same.

Phonograph records appeared long before radio was heard:
similarly, films were in use long before television; in fact, it can
really be said long before radio telephony. Thus, in the early days
of radio, programs of “preserved” music were available. True, they
were recorded on the early acoustic machines in which the artists
had to shout into a tin horn, but the advent of radio also brought
improvements into the field of phonograph recordings and made
possible the electrical recording or transcription. Today all phono-
graph, as well as special records for radio, are made by electrical
means. It is common practice to make a recording of a radio show
and play it back over the air at a more suitable time; this is called
a delayed broadcast.

Not so long ago the New York studios of the national radio net-
works used to have two performances of each of their most popular
shows because the time on the west coast was three hours behind

122
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New York time. This meant that the performers had to do the same
thing twice in one evening, and very often the two shows were not
exactly similar. Also, they were tired by midnight, or later, when it
was time to go on the air again. With the advent of magnetic tape
for recording, the repeat performances ceased and a record made
at the time of the broadcast is now played over the network lines
at the proper time. Sometimes it is made in New York, (or the city
where the show originates) sometimes it is made on the other side
and the middle of the country as well. Thus, the central standard
time region can have its own recording to play at the proper time
and so can the other two time zones. This often helps to reduce line
Costs.

So far television has not been in a position exactly paralleling
radio since the coaxial and micro-wave relay circuits do not yet
link the east and west coasts. There is a parallel in the extension of
the cable to St. Louis and Omaha, but because the time difference
1s not three hours, the disparity is not as great. Most of the kinescope
recording systems installed to date, with the exception of that of
Paramount, do not provide instant, or even particularly rapid pro-
cessing, so that only with the Paramount system is it possible to show
a film within a few minutes of the time that it was recorded.

The requirements for a film recorder are more severe than for
a sound recording machine. As we have seen the eye is considerably
more critical than the ear and will reject pictures which are not first-
class. In addition to which, it tires much more readily. The condi-
tions under which the film is recorded do not lend themselves to
optimum results, and since the recorded picture can never be better
than the original, a poor reproduction will obviously be produced
if the latter is not of first-class definition and clarity.

To start with, we have a maximum of 525 lines per frame;
of these about 350 actually are usable in the picture. There is loss
of definition in the spreading of the lines in the fluorescent coating
of the screen. There is an additional loss of definition in the very
slight spreading of silver in the film emulsion. When the film is
reproduced, there is another loss in the resolution of the film camera
mosaic, and in the final presentation on the screen of the receiver,
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a further loss occurs. It would seem to be a miracle that a picture
of any kind is obtained! Actually, the losses are so small that they
do not amount to much once the film has been recorded, and in
fact sometimes the actual process of reproducing the film introduces
effects which tend to cancel these losses.

Before describing an actual installation, it would be well to
consider the problems involved in taking a picture of the television
screen. At first sight it might appear that what would be required
is a camera focussed on the kinescope. Most receivers do have a
bright enough picture to enable photographs to be made. But since
the complete picture is on the screen for only one-thirtieth of a
second (remember thirty frames per second) it means that the
maximum lens-opening time is only one-thirtieth of a second. This
at once introduces a fixed constant into the calculations; the shutter
speed has been determined. Now for the amount of light available.
In home receivers, this would easily become a problem and the
various designers have solved it in two ways. One system, Para-
mount’s, involves the use of a standard ten-inch tube producing a
picture about three by four inches. The other uses a small, five-inch
projection tube with a very brilliant blue picture. Each method has
advantages and each provides sufficient light. This gives us two
figures to work with; we know the shutter opening and the amount
of light available. From this it is possible to determine the size of
the lens opening—f or T value—by taking into account the speed
of the emulsion. So we’re all set to go—or are we? What happens
if we shoot at thirty frames a second?

The television frame and the camera will be in synchronization
because th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>