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Preface

The third edition of Television Production Handbook is
not a simple revision of the second edition; it is
a new book. The dramatic new developments in
television equipment and subsequent production
techniques have made such a step necessary.

Bringing the earlier edition up to date called
for thorough reorganization. In order to incor-
porate the new developments of production
equipment and techniques, and the changes they
triggered on each other, I have not only revamped
the original chapters but added several new ones.
Subjects that seemed to require an entire new
chapter included: the machinery and the princi-
ples of postproduction; the production process
and the possible application of a production sys-
tems design; directing; and small-format televi-
sion operation, usually called “video.” Scenery,
properties, and graphics are now combined in a
single chapter on design. The chapter on televi-
sion talent covers not only the elementary per-
formance and acting techniques but, briefly, the
basic makeup and dress requirements as well.

Basically, this book discusses the major tools
of present-day color television production and
their use under normal circumstances. However,
since black-and-white television is still widely
used in broadcast education, I have retained dis-
cussion of some of the prominent monochrome
equipment and its operation.

Three special features of this text are de-
signed to help the reader cope with a large
amount of detailed information without being
overwhelmed by it. First, major emphasis is put
on equipment categories and production principles rather
than on specific name brands or equipment codes
as used by the various manufacturers. Thus, a
minor change of name or equipment number by
a particular manufacturer will not render the in-
formation contained in this book invalid. I have,
nevertheless, provided tables and illustrations
that contain brand names and equipment num-
bers, so that certain equipment items currently
used can be clearly identified by production and
engineering personnel. Second, the key terms used
in a given chapter are collated and defined at the
beginning of that chapter. This device offers the
reader the opportunity to preview the new ter-
minology, to see the words again in the context
of the actual equipment or production situation
as discussed in the chapter, and then to reinforce
his or her learning by checking the meanings once
again in the glossary. Third, some of the impor-
tant, yet peripheral, aspects of television equip-
ment and production techniques appear as informa-
fion in reduced type, usually in the outside columns.

I have used photographs rather than draw-
ings whenever appropriate in order to reduce the
jump from print to the real thing.
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Fortunately, even the most sophisticated ma-
chine cannot replace human judgment entirely in
television production. Therefore, in this edition,
I give attention to some of the basic aesthetic
principles, such as picture composition, picture
continuity, and sound mixing. I enjoin the reader
to realize that the dos and don’ts of television
production techniques as expressed in this book
are intended as a guide, not as a credo. And, after
all, I understand that we need to learn the con-
ventional approach before we can go beyond it,
or abandon it with some degree of authority.

Once again, Wadsworth Publishing Com-
pany proved to be a knowledgeable, cooperative,
and entirely delightful partner in this venture. For
special, well-deserved praise I should like to sin-
gle out Becky Hayden, Gary Head, Bill Ralph,
Steve Renick, Bob Sass, and Olga Stacevich, all
of Wadsworth. I am also greatly indebted to a
number of people who have willingly and repeat-
edly extended their expert help: Darryl Compton,
San Francisco State University; Peter Dart, Uni-
versity of Kansas; Lynda Egener and Tim Hazen
of San Francisco State University; Kathie Head;
Jerry Higgins, Stuart Hyde, and Stuart Lefkowitz,
all of San Francisco State University; Donald E.
Lincoln, Group W Station KPIX; Houshang
Moaddeli, KXTV; Walter C. Nichol, Group W
Station KPIX; Grace O’Connell; Paul Courtland
Smith and Jack Schaeffer of San Francisco State
University; Jean Schuyler; Alex Toogood, Temple
University; Victor M. Webb, KNXT; and the
many television production instructors who of-
fered suggestions on a questionnaire sent to them
by the publisher.

Many more people and organizations deserve
much credit for assisting me with specific infor-
mation or materials, among them: ABC; Akai
America, Ltd.; Ampex Corporation; Angenieux
Corporation, Los Angeles; Audio Designs and
Manufacturing, Inc; Berkey Colortran, Inc,;
Broadcast Communication Arts, BCA 595(2), Fall
Semester 75/76; CBS; CMX Systems; Commercial
Electronics, Inc.; Ed Cosci, KTVU; Cunningham
and Walsh, Inc., Los Angeles; Electro-Voice, Inc ;
Gotham Audio Corporation; Grass Valley Group,
Inc; Ray Holtz, Group W Station KPIX; Interna-
tional Video Corporation; Keep America Beauti-
ful, Inc; KGO; Marshall King, CBS; Kliegl Bros.;
KRON; KTVU; Hal McIntyre, KPIX; Mole-Rich-
ardson Co.; NBC; Dick Newmann, RCA; Bill
Noethens, KNXT; Orrox Co.; Philips Audio
Video Corp.; Jim Provence, San Francisco State
University; Q-TV of Q-Co Industries; RCA; Mi-
chael Sales, San Francisco State University; Fred-
erick J. Schuhmann, ABC New York; Sennheiser
Electronic Corporation; Shure Brothers, Inc.; Walt
Stewart, KPIX; Swintek; Robert Tat, Fireman’s
Fund; Vega Electronics Corporation; Vital Indus-
tries, Inc; Ken Wilson, KGO; Howard Yuen,
KPIX; Ian Zellick, KTVU.

I also extend a special word of thanks to Ben
Duban for his excellent prints of many of the
photographs.

Many thanks to my wife, Erika, and to my
children, Renee and Alex, who not only tolerate
my writing but make sure that I do the best work
I can.

H. Z
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Learning Television
Production

This chapter presents an overview of what is involved in learning felevision production. It
describes briefly what the essential fools are, and how we should go about using them for
optimally effective communication. In general, the presentation of these tools and their use in

this chapter follows the same sequence as the subsequent chapfers.



2 Chapter 1

Television production is a process that involves
the use of a rather complex machine and the coor-
dination of a team of production specialists. The
general, and so deceptively simple, division of
television production into hardware and soft-
ware, and hardware and software people, is both
misleading and counterproductive. Regardless of
whether you will eventually spend most of your
time operating a videotape machine or writing
television scripts, you will need to know rather
intimately the basic elements and workings of the
machine that translates the communication idea
into a television program. Television is not just
a pipeline through which the software is pushed
by the hardware people; rather it is a creative
process in which people and machines interact to
provide the viewer with significant experiences.
Television production therefore requires an inti-
mate knowledge of the creative process—of how
machines and people interact.

To learn television production is not an easy
task. The major problem is that you should know
everything at once, since the various production
elements and activities interact and depend on
one another. Since nobody can learn everything
at once, we are more or less forced to take up the
production elements step by step. As in any other
craft or art, we need to know what tools there are
before we can hope to use them effectively. The
following chapters will, therefore, describe the
major elements of the television machine, such as
the cameras, lighting instruments, and micro-
phones, what they can and cannot do, and how
they can best be used for the most common pro-
duction tasks. The coordination and integration
of these elements and production activities are
described in the chapters on television directing
and producing.

In order to provide you with an overview of
television production, we will briefly outline (1)
what the tools are, and (2) how they are used.

What the Tools Are

The most obvious production element, the camera,
comes in all sizes and configurations. Some are so
small that they can be easily carried and operated
by one person, while others are so large and heavy
that they need at least two people just to lift them
onto the camera mount. There are cameras that
reproduce a scene in black and white, others in
color. There are certain technical requirements
that permit some cameras to be used for on-the-
air broadcasting, and restrict others to closed-
circuit, or nonbroadcast, use.

Regardless of size and relative sophistication,
all television cameras work on the basic principle
of converting whatever the camera lens "‘sees”
(the optical image) into electrical signals that can
be reconverted by a television set into screen im-
ages, the television pictures.

Knowledge of this conversion is essential for
understanding several other production elements
and procedures—lighting, for example—which
facilitate this process.

Television (meaning “far-seeing”) is a type of
photography (meaning “writing with light”’). As
such, the /ens is as important a part of the camera
as it is of the still or film camera. In all photogra-
phy, the lens selects part of the visible environ-
ment and produces a small optical image of it.
This image is then transferred either onto a film
or, in the case of television, onto a special camera
pickup tube. Lenses that can take in a large vista
are said to have a wide angle of view. Others are
said to have a narrow angle of view. They permit
you to see less of the vista but bring far objects
to close range, very much as good binoculars do.
Other lenses (zoom lenses) permit you to move
continually from a wide vista to a closeup view
without moving the camera. The lens, therefore,
is important because it determines to a large ex-



tent not only what the camera sees but also how
it sees.

The mounting equipmentis important especially for
the heavy studio cameras. By being able to move
the camera about the studio floor, turning it into
any direction, and raising and lowering it, you can
not only follow a moving object reasonably well
but also change the point of view in order to
dramatize a particular shot or scene.

Like the human eye, the camera cannot see
without a certain amount of light. Indeed, since
it is not objects we see but merely the light that
is reflected off them, it stands to reason that a
manipulation of the light that falls on the object
will influence the way in which we finally per-
ceive it on the screen. Such manipulation is called
lighting. A thorough knowledge of the various
lighting instruments, what they can and cannot do,
is of course a prerequisite for effective television
production. Without good lighting, the best of
cameras will not be able to produce effective
screen images. At the same time, all the lighting
in the world will not help you to achieve the
desired television picture if the camera cannot
“see” well, because it is either badly designed,
badly adjusted, or badly used. The lighting tech-
nigues must be adjusted to the demands of the
scene and also to the technical demands of the
camera.

Although the term television does not include
audio, the sound portion of a television show is
nevertheless one of its most important elements.
Television audio not only communicates precise
information, but also contributes greatly to the
mood of the scene, that is, how we feel about
what we see. In order to realize the value of the
information function of sound, simply turn off
the audio during a newscast. Even the best actor
would have a hard time communicating news sto-
ries through only facial expression and an occa-
sional film clip. The aesthetic function of sound
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(to make us perceive, or feel, an event in a par-
ticular way) becomes quite obvious when you
listen to the background sounds during a police
story, for example. The squealing of tires during
a high-speed chase is real enough; but the rhyth-
mically fast, exciting background music that ac-
companies the scene is definitely artificial. After
all, the police car and the getaway car are hardly
ever followed in real life by a third vehicle with
the orchestra playing the background music. But
we have grown so accustomed to such aesthetic
intensification devices that we certainly do not
consider them strange bedfellows for the actual
event. In fact, we would probably feel dissatisfied
if they were missing from the scene.

The relative complexity of the video portion (the
pictures) of television production (camera, light-
ing, scenery, editing, and so forth) has seduced
many a production person into neglecting the au-
dio portion. Thus, you will find that television
audio is often inferior in quality. In order to
remedy this all-too-frequent discrepancy, you
should pay special attention to the audio produc-
tion elements.

First, the microphones. You have to know not
only the various types of microphones available,
but also which ones will perform optimally in
various contexts. One type that performs ex-
tremely well for the pickup of a symphony or-
chestra may be almost useless for the outdoor
pickup of a marching band. A small microphone
that works quite well for the voice pickup of a
newscaster may be less than desirable when used
on the drums of a rock band.

Second, the audio console. It permits the mix-
ing of several sound signals, whereby each sound
input can be separately controlled in loudness and
tone quality.

Third, the various audio recording and play-
back devices are as important to a successful
television production as are the cameras and
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1-1 Television produc-
tion requires the coordi-
nation of a team of spe-
cialists and a variety of
complex equipment.
Performers, and produc-
tion and engineering
personnel, must all
work in harmony in or-
der to achieve the
desired effect.

lenses. The more you know about the sound
equipment and its use, the easier it will be for you
to operate the equipment and to achieve the de-
sired communication effect relative to the video.

Although television production can occur prac-
tically anywhere, the sfudio still provides max-
imum control. Together with its control room and mas-
fer control, the studio is equipped in such ways that
the various production elements and activities can
be used and coordinated effectively and effi-
ciently. When shooting outdoors, for example,
you are generally dependent upon the available
light, even if there is additional lighting, such as
the large stadium lights during a football game.
In the studio, the amount of light, as well as the
way in which the lights are used, can be carefully
controlled. The camera movement and picture
control, the audio setup and audio control, and
the sequence of the pictures and sounds—all are
afforded maximum flexibility and control. The

various audio and video recording and playback
devices are readily available. No wonder, then,
that a great deal of television production still
originates in the studio, or at least from control
centers that are built into large vehicles, the so-
called remote trucks. (See 7.7 and 1.2.)

Most shows you see on television have been
prerecorded on videotape or film. Although the most
unique feature of television is its aliveness—that
is, its ability to capture and distribute an event to
millions of viewers while it is actually taking
place—the control over production (the creation
of a show) and programming (when and over
which channel the show is to be telecast) has
made videotape and film two indispensable pro-
duction elements.

With videotape, you can record a program (pic-
tures and sound) and play it back immediately
afterwards, or at any later time. No processing is
necessary. Sophisticated computer-assisted elec-



tronic editing makes videotape even more flexible
than film in postproduction activities. Postproduc-
tion generally refers to the assembly of a contin-
uous show from prerecorded video and audio seg-
ments, or, more specifically, videotape and film
editing. Videotaped programs can also be easily
duplicated for distribution to the various televi-
sion stations.

Videotape recorders vary in size and sophistication
as much as television cameras. Some of them use
2-inch videotape for high-quality recording;
some of the small, portable machines, which are
no larger than an oversized handbag, use 1 -inch
tape (similar to reel-to-reel audio tape) for non-
broadcast productions. The video cassette ma-
chine has simplified the recording and playback
of videotape to such an extent that it is seriously
threatening the dominance of 16mm film in
broadcasting as well as in education and industry.

Nevertheless, 16mm film still comprises a major

Learning Television Production 5

12 The actual coordi-
nation of production
persons and equipment
takes place in the con-
trol room. Here deci-
sions are made about
what kinds of pictures
and sounds are to be
stored on videotape or
sent directly over the
air.

television programming source. Most feature
films (generally distributed in the 35mm format
for theater projection and network use) are re-
duced to the 16mm format for local television,
and many television news departments still find
it easier to use film instead of videotape for their
local news stories. But even here the improved
quality and ease of operation of the portable
television camera and videotape recorder, the im-
mediate videotape playback capability, and the
relative ease of videotape editing have made
videotape a serious competitor for film. Already,
many stations transfer commercial or news film
to videotape cassettes for more convenient on-
the-air operation. Nevertheless, the fim island,
which contains at least one film projector, a slide
projector, and a mirror system that reflects the
film or slide image into its stationary television
camera, is still very much a part of standard
television equipment.
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Successful picturization, which includes all as-
pects of controlling a shot sequence so that the
sequence becomes a structural whole, depends on
two further production items: the switcher and
electronic videotape editing equipment. The
switcher permits instantaneous editing; the elec-
tronic editor, the postproduction assembly of
videotaped program portions.

The switcher, which consists of several rows of
buttons, allows you to select pictures from a
number of video inputs (from such picture
sources as camera, film, slide, or videotape) and
assemble them sequentially through transition
devices, or simultaneously, as in the superimposi-
tion of two pictures. The most common transition
devices are the cut, an instantaneous change from
one image to another; the dissolve, the temporary
overlapping of two images; and the fade, whereby
the picture either goes gradually to black or ap-
pears gradually from black. The most common
simultaneous combinations of two pictures are
the superimposition, whereby one picture is elec-
tronically laid over another, and the key, whereby
one picture is electronically cut into another.

If your material has already been prerecorded
on videotape, you can achieve the proper picture
sequence through postyroduction editing (in contrast
to the production, or instantaneous, editing with
the switcher). This involves a more or less sophis-
ticated electronic edifor, which is part of the video-
tape machine. With the electronic editor, you can
assemble a great variety of videotaped program
portions onto another videotape without having
to splice them together physically, as is custom-
ary in film or audiotape editing.

Other important production elements are scen-
ery and properties, which are both used for creating
a suitable physical environment (for example, a
living room with furniture, pictures, ashtrays,
flowers, lamps), and felevision graphics, which in-
cludes title cards, charts, and graphs.

How the Tools Work

The mere knowledge of what tools are available
or necessary for television production is not
enough; you should also learn how to use them
for a variety of production tasks. A book can
serve only as a guide in this endeavor. After all,
the most practical way of learning how to use a
tool is by working with it, not merely by reading
about it. You should, therefore, consider the por-
tions of this book that describe the use of the
equipment as a basic grammar of television pro-
duction, a road map, and not as a substitute for
actual production experience. We would certainly
experience intense discomfort if everybody were
content with reading cookbooks without ever en-
gaging in the process of cooking.

However, it would be equally wrong to assume
that we dispense entirely with the theory of pro-
duction and merely rush into the studio to learn
everything “from the bottom up.” Reinventing
the wheel through discovery may be a pleasant
enough experience, but it is also a wasteful one
and, in the end, utterly inconsequential. What we
need to do is to learn quickly that there is such
a thing as the wheel, and then find out how it can
be used in order to contribute positively to in-
dividual and social growth. The same goes for
television production. Why should you not bene-
fit from the countless trials and errors of previous
productions and from the principles and practices
that have proved successful? Indeed, once you
have learned these principles, you can go beyond
them, or ignore them altogether if your communi-
cation purpose requires such extreme steps. In
any case, don’t be afraid of using the conventional
approaches. They have become conventional be-
cause they work most of the time. Triteness and
clichés in production are more frequently caused
by the lack of a clearly defined communication



purpose, by the lack of having something impor-
tant to say, than by the conventional use of the
medium. Achieving eloquence and style in pro-
duction does not mean necessarily that you have
to invent entirely new techniques, but rather that
you use the production tools in such a way that
the viewer perceives a significant communication
experience. You don’t have to put the speaker
upside down in order to entice the viewer to stay
tuned to your message; simply give her something
significant to say, and then let the viewer see and
hear her as clearly as possible.

The chapters on producing and directing offer some
of the principles that contribute to the choice of
television production elements for a certain com-
munication task, and to the coordination of these
elements in order to produce the desired effect.

And yet, in a time where effective mass com-
munication has become essential for personal and
social growth, we should not and cannot remain
content with either the available tools or their
conventional use. It does not really matter
whether the need for nonbroadcast television
communication or the search for new art forms
has led to the development of self-contained, port-
able, easy-to-use felevision eguipment, or whether the
development of the small equipment has led to
new communication approaches. In either case,
the small equipment (such as portapaks and other
relatively inexpensive video cameras, and record-
ing and playback devices) provoked a change in
the use of television that is aptly called the oideo
revolution. Free from the pressures of large com-
mercial concerns, or equally institutionalized
noncommercial television stations, the video arfist
went about his or her experiments in a refresh-
ingly new, though often naive, way. While the
commercial video engineer tried desperately to
produce a picture free from electronic interfer-
ence, the video artist often purposely produced
such interference in order to intensify the expres-
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sion of his ideas. As in any other development of
new techniques, the line between when the ideas
were intensified by electronic distortion or other
unusual production techniques and when they
actually suffered from such treatment was not
always as clear-cut as one would have wished.

But the real worth of such video experiments
was to show to the producer and consumer alike
that the television medium was anything but
neutral, that it was not merely a pipeline of
ready-made messages, a mere distribution device,
but that it could be used effectively in the formula-
fion, in the building, of the message itself. Thus, the
so-called program content was only part of the
message; the other, and equally important, part
was the use of the medium—specifically, the
television production techniques.

With this in mind, you are certainly en-
couraged to experiment with the medium, occa-
sionally to break the rules and conventions of
production, and to try out new ways of using the
tools, if the communication so requires. But such
experimentation will remain satisfying and effec-
tive only after you have learned the basic use of
the production tools—the basic techniques of
television production.

Summary

Whatever part you play, you should realize that
television production is feam work. Even with a
portapak, you will find that you need somebody
else to help you with the cable, or to hold the
microphone. The more complicated the equip-
ment gets, the more people it takes. In fact, the
major task of television production is working
with people, the ones in front of the television cam-
era (talent) and those behind (production and en-
gineering crews, directors, and other station per-
sonnel). (See fables 14.8 and 14.10.)
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Even the most sophisticated television produc-
tion equipment cannot make ethical and aesthetic
judgments for you; it cannot tell you exactly what
part of the event to select and how to frame it for
optimal communication. You have to make such
decisions, within the context of the general com-
munication intent and through communication
with the other members of your production team.
In television production, then, you are expected
to know how to work with other persons, in order
to generate creative ideas and solve problems.

Television production is a process that involves
the use of complex equipmient and the coordina-
tion of a team of production specialists. A knowl-
edge of the elements, or tools, of the process and

how they work is the other essential task. These
tools include the camera, lenses, mounting equip-
ment, lighting instruments and the techniques of
television lighting, audio, the studio and its con-
trol centers, master control, videotape and film,
picturization {(which means the controlling of a
shot sequence through instantaneous or postpro-
duction editing), scenery, properties, television
graphics, costuming, and makeup. In essence,
knowing the tools and how a production team
manipulates them for a specific communication
purpose is what television production is all about.
To this end, the following chapters are desig-
nated.



The Camera

This chapter contains some basic information about the single most important part of
television production equipment, the camera. Specifically, we will discuss these major
points:

1. The parts of the camera, including the lens, the actual camera head with the major
pickup tubes and the viewfinder, and the major units of the CCU, the camera control
unit.

2. How the camera works, or the conversion of light into electrical signals.

3. The black-and-white, or monochrome, camera, in particular, its major camera pickup
tubes and its operational and electronic characteristics.

4. The color camera, with a discussion of chrominance and luminance channels, internal
optical system, color separation, and operational and electronic characteristics.

5. The major types of cameras and the principal use of each.

Almost everything you can see on your television set has been preseen by a television
camera. The pictures that appear on your screen are determined by what the television
camera can see and how it sees it. For example, when you are out for a walk, a typical
night scene will look perfectly acceptable fo your eyes. You may be able to see quite dis-
tinctly parts of buildings, doorways, lighted windows, some people walking along the
sidewalk, the cars going by. The illumination by streetlamps, car headlights, and lighted
shop windows, which seems adegquate for your eyes, may, however, prove utterly inade-
quate for the felevision camera. The scene will then appear muddy and unclear on the
screen, if it reproduces at all.

In fact, most other television production equipment and production techniques are either
directly determined by what the camera can and cannot do, or at least greatly influenced
by it. The use of microphones and lighting instruments, the way the performers move
and talk, even the art of writing and directing—are all greatly influenced by, if not dic-
tated by, the camera’s capability and versatility.
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In this chapter, we will cover these major points:
(1) parts of the monochrome (black-and-white)
and the color camera, (2) the operational and elec-
tronic characteristics of the camera, and (3) the
various types of television cameras.

Parts of the Camera

The standard television camera consists of three
main parts (see 2.1): (1) the lens, which selects a
certain field of view and produces a small optical
image of this view. The lens and certain attach-
ments to it are called the erternal optical system, (2)
the camera itself with its camera pickup tubes and
internal optical system, which converts the opti-
cal image produced by the lens into electrical sig-
nals; and (3) the viewfinder, which converts these
electronic signals back into a visible screen image.

The camera, which combines the lens, the
pickup tubes and internal optical system, and the

viewfinder, is called the camera head, since it is at
the head of a chain of other essential electronic
camera control equipment (se¢ 2.4). The camera
head itself has a series of attachments and con-
trols that helps the operator use the camera effi-
ciently and creatively fsee 2.2 and 2.3).

How the Camera Works

Most cameras have remotely controlled, or even
automatic, features that make them relatively
easy to operate in the studio or on remote location
without much understanding of their intricate
electronics. However, since almost all production
equipment and production procedures are de-
pendent to a large extent on what the camera can
and cannot do, a thorough knowledge of at least
the basic workings and electronic characteristics
seems a desirable prerequisite to effective televi-
sion production.

Additive Primary Colors
Red, blue, and green.
Ordinary white light (sun-
light) can be separated into
the three primary light col-
ors, red, green, and blue.
When these three colored
lights are combined in var-
ious proportions, all other
colors can be reproduced.

Burn-in, or Sticking Im-
age retention by the cam-
era pickup tube. If the
camera is focused too long
on an object with strong
contrast, the picture tube
may retain a negative im-
age of the contrasting
scene, although another
object is being photo-
graphed. Occurs especially
in I-O (image-orthicon)
tubes, or occasionally in
vidicons, that have been in
use for a relatively long
time.

Camera Chain The
television camera (head)
and associated electronic
equipment, consisting of
the CCU (the camera con-
trol unit), the power sup-
ply, the sync generator,
and the encoder (for color
cameras only).

Camera Control Unit
Equipment, separate from
the camera head, that con-
tains various video con-
trols, including color bal-
ance and contrast and
brightness. It is operated
by the video engineer
before camera operation
(camera setup) and during
camera operation (camera
shading).

Camera Head The actual
television camera, which is
at the head of a chain of
essential electronic accesso-
ries. In small, portable
cameras, the camera head
contains all the elements
of a camera chain.

Chrominance Channel
The color (chroma) chan-
nels within the color cam-
era. A separate chromi-
nance channel is
responsible for each pri-
mary color signal—that is,
one for the red, one for
the blue, and one for the
green.
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2-1 Basic Parts of the Television Camera.
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2-2  Philips LDK-25 Color Camera.

All television cameras, whether they are color
or monochrome, big studio models or small porta-
ble ones, work on the same basic principle: the
conversion of an optical image into electrical sig-
nals that are reconverted by a television set into
visible screen images. (Se¢ 2.5.) Specifically, the

light that is reflected off an object (a) is gathered
by the camera lens (b) and focused on the front
surface of the camera pickup tube (c). The pickup
tube is the principal camera element that trans-
forms the light into electrical energy, called the
video (picture) signal. The very weak video signal

Contrast Ratio The dif-
ference between the
brightest spot and the
darkest spot in a scene
(often measured by re-
flected light in foot-can-
dles), expressed in a ratio,
such as 20:1.

Dichroic Mirror A mir-
ror-like color filter that
singles out, of the white
light, the red light (red di-
chroic filter) and the blue
light (blue dichroic filter),
with the green light left
over.

External Optical System
The zoom lens, or the var-

ious lenses on a lens turret.

Falloff The “speed” (de-
gree) with which a light
picture portion turns into
its shadow areas. Fast fall-
off means that the light
areas turn abruptly into
shadow areas. Slow falloff
indicates a very gradual
change from light to dark,
or little contrast between
light and shadow areas.

Foot-Candle The meas-
ure of light intensity, or
unit of illumination. The
amount of light produced
by a single candle on a
portion of a sphere one
foot away; one foot-candle

per square foot is called

one lumen. (Foot-candles
times the surface area in
square feet =lumens.)

Grayscale A scale in-
dicating intermediate steps
from TV black to TV
white. Maximum range: 10
grayscale steps; good:
seven steps; poor: five
steps.

Image-Orthicon, or I-O
A specific type of pickup
tube used in some mono-
chrome cameras.

Internal Optical System
The dichroic mirrors, re-
flecting mirrors, relay
lenses, and color filters in-
side the color camera.

Lag, or Comet-Tailing A
cometlike smear that fol-
lows a moving object or
motion of the camera
across a stationary object.
Occurs especially with
vidicon cameras under low
light levels.
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2:3 RCA TK-60 Monochrome Turret Camera: (a)

side view; (b) rear view.

from the pickup tube is then strengthened by the
preamplifiers (d) and sent through a cable to the
camera control unit (CCU). From there, the prop-

erly adjusted picture is distributed to the moni-
tors (television sets) in the studio and control
rooms, and ultimately to the transmitter. Also,

Luminance Channel A
signal that is matrixed
(combined) from the
chrominance channels and
provides the black-and-
white signal. The lumi-
nance channel gives the
color picture the necessary
brightness contrast and al-
lows a color camera to
produce a signal that is re-
ceivable on a black-and-
white television set.

Monochrome Literally
“one color.” In television,
it means black-and-white
(in contrast to color).

Pickup Tube, or Camera
Tube The main camera
tube that converts light
energy into electrical
energy, the video signal.

Plumbicon A registered
trademark of N. V. Philips
for a vidicon-type pickup
tube. Used almost exclu-
sively in good- to high-
quality color cameras. Be-
cause the Plumbicon has a
lead-oxide-coated photo-
conductive (light-sensitive)
front surface, variations of
it are sometimes called
lead-oxide tubes.

Prism Block A compact
internal optical system that
combines the dichroic
(color-separating) elements
(filters) and light-diverting
elements (prisms) all in
one small blocklike unit.

Relay Lens Part of the
internal optical system of a
camera that helps to trans-
port (relay) the separated
colored light into a pickup
tube.

Resolution The fine pic-
ture detail as reproduced
on the video monitor. A
high-resolution picture is
desirable, since fine detail
can be read on the screen.



the video signal is sent back to the camera view-
finder (e) so that you can see exactly what your
camera is photographing,.

The Monochrome
(Black-and-White) Camera

Although the color camera is used exclusively in
professional broadcast operations, and frequently
in nonbroadcast television productions, you
should still know about the major types of mono-
chrome cameras and their basic differences. First,
large studio-type monochrome cameras are still
used in many colleges and universities. Second,
most of the popular and inexpensive portable
cameras are black-and-white. Third, the color
camera, though more complicated than the black-
and-white, nevertheless works in quite similar
ways.

In the monochrome camera, white light (which
is a combination of all colors) enters the camera.
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Since the picture is monochrome, of one color
only (shades of gray ranging from black to white),
we need only one camera pickup tube for the
transformation of monochrome light to the single
monochrome video signal fsee 2.5). Depending on
the quality and basic construction of the pickup
tube and its electronic accessories, the camera will
deliver high-definition, broadcast-quality pic-
tures, or fairly low-quality television pictures
that are below the accepted broadcast standard.
Let us now briefly indicate the major types of
pickup tubes and the corresponding quality of the
cameras in which they are used.

Pickup Tubes

There are two major types of pickup tubes used
in monochrome television: (1) the image-orthi-
con, or I-O, tube and (2) the vidicon tube. The
I-O tubes are further classified into the 414 -inch
I-O and the 3-inch I-O, indicating the size of the
light-sensitive front surface of the tube. The vidi-

Signal-to-Noise Ratio Subtractive Primary Col-
The relation of the ors Magenta (bluish red),

Video Signal Electrical
impulses (voltage) gener-

Vidicon A type of pickup
tube, used extensively in

strength of the desired
video (picture) signal to
the accompanying elec-
tronic interference, the
noise. A high signal-to-
noise ratio is desirable
(strong video signal and
weak noise).

Stability The degree to
which a camera (or camera
chain) maintains its initial
electronic setup.

Star Filter A lens attach-
ment that changes high-
intensity light sources into
starlike light images.

cyan (greenish blue), and
yellow. When mixed, they
act as filters, subtracting
certain colors.

Video Noise A spurious
electronic signal that inter-
feres with the desired
video signal. Generated
unavoidably within the
system, it shows up as
“snow,” white (or colored)
spots in the picture.

ated by the camera pickup
tube. The amplified video
signal provides the neces-
sary information for gener-
ating a picture.

small, portable, mono-
chrome cameras as well as
in color cameras.
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Sync Generator Produces
a synchronization signal
that is broadcast with the
video signal and received
by the home television set.
This assures that the im-
ages of sources that gener-
ate or reproduce a televi-

Camera Head Consists of
the actual camera with the
zoom lens, the pickup tube
(black-and-white camera)
or pickup tubes (color
camera), the electronic cir-
cuits that preamplify the
video (picture) signals
before they go to the cam-
era control unit, and the
electronic viewfinder.

PoweRr,
SUPPLY

Power Supply Supplies
the electrical energy neces-
sary to keep the camera
chain operating properly.

F
sion signal (cameras, VIR
machines, home receiver)
are in step (synchronized).
Through the synchroniza-
tion signal, production and
reproduction of the elec-
tronic video signal—the
actual screen images—
work in unison.

—
| ¢ | 2
CAMERA
<C

SYNC
GENERAIR

U

Camera Control Unit
(CCU) Contains all the
necessary electronic circuits
and controls that allow the
video engineer to control
the camera signal so that
the colors or black-and-
white pictures are properly
“shaded,” that is, adjusted
to the trueness of the color
itself and the color
strength, or the contrast
and relative brightness of
the black-and-white pic-
tures. Each camera has its
own CCU.

2-4 Camera Chain: The camera chain consists of (1) the camera head, which is

what we ordinarily call the television camera; (2) the camera control unit, or the
CCU; (3) the sync generator; and (4) the power supply. The color camera has an

additional part, (5) the encoder.

The camera control unit (see photo at right) contains the electronic equipment

necessary to achieve optimal quality.

Encoder Mixes the var-
ious video signals that
come from the camera
control unit and prepares
the final composite video
signal for transmission.
The encoder is necessary
for the color camera chain,
but is not used for mono-
chrome (black-and-white)
television since only one
video signal is generated
by the camera.

ENCODER

OSCILOSCIPE  Man(ToR.
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2-5 Basic Principle of Television Camera: (a) light reflected off object; (b) lens
gathers light and focuses image of object onto front surface of pickup tube;

(c) camera pickup tube with photosensitive surface that converts light into elec-
trical energy, the video signal; (d) preamplifier, which strengthens signal;

(e) electronic viewfinder, a small television set that shows what the camera is
photographing. In most color cameras, the viewfinder produces only a black-

and-white picture.

con tubes come in a %4-inch, 1-inch (25mm), or
1% -inch (30mm) front surface size. (Se¢ 2.6.)
Similarly, we speak of 414-inch I-O, 3-inch
[-O, and vidicon cameras. Generally, the I-O
cameras deliver higher-quality pictures than the
vidicon. Although technically not quite correct,
we may compare the different camera pickup
tubes with the picture quality of differently sized
film. If you make a print from a small negative,
such as a 16mm film, you will not achieve the
quality you would get from a 35mm or 70mm
negative. The vidicon tube surface corresponds
approximately to the frame size of a 16mm film—
therefore vidicon cameras take 16mm-format film
lenses—and the 3-inch image-orthicon tube cor-
responds to the area of a 35mm film frame—
hence, image-orthicon cameras take 35mm-for-
mat lenses. The 41%-inch image-orthicon tube
corresponds to an even larger negative and pro-
duces, therefore, clearer and better pictures, al-

though 35mm-format lenses are also used for this
camera since the image enlargement occurs within
the I-O tube.

But the [-O cameras are not without serious
disadvantages over the vidicon cameras. In order
to show you the basic differences between [-O
and vidicon cameras, we will briefly compare
their operational and electronic characteristics.
Keep in mind that there are, of course, great qual-
ity differences among the various models of both
types. Thus it can happen that a high-quality
vidicon camera outperforms quite easily a low-
quality I-O.

Operational Characteristics

There are two operational characteristics that are
especially pertinent to a comparison of image-
orthicon and vidicon cameras: (1) size and weight
and (2) ruggedness.
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2:6 Television Pickup Tubes (from top to bottom):
41 -inch image orthicon; 3-inch image orthicon;
25mm Plumbicon; 1-inch vidicon; 24-inch vidicon.

Size and Weight Because of the large tubes, the
I-O cameras are relatively large and heavy. The
4% -inch cameras, for example, are so heavy that
even two strong men have to struggle to mount
the camera on a pedestal. Even the smallest of the
I-O cameras is difficult to use in the field, and
none of them can be carried in the field by one
person.

The small vidicon tube and its relatively un-
complicated electronic accessories permit the con-
struction of a variety of vidicon cameras, ranging
from the extremely small, low-quality industrial
cameras without viewfinders (see page 17) to the
rather large viewfinder studio cameras that ap-
proach the I-O camera in size and weight (see 2. 7).
But most viewfinder vidicon cameras that are
used for nonbroadcast production are small and
light enough for one person to handle quite
easily.

The vidicon tube, however, has made it possi-

ble to produce small viewfinder cameras that can
be handled almost like an 8mm film camera.
These highly portable, low-cost cameras and re-
cording equipment have revolutionized television
production by liberating it from the exclusive
hold of the professional production companies
and opening it up to individuals and small groups
of interested people. The small, portable camera
has democratized television. Community televi-
sion has developed apace with its advent, and
video artists have found it a viable tool for their
craft. Unfortunately, the picture quality of these
vidicon cameras does not yet meet broadcasting
standards (an agreed-upon electronic standard of
picture resolution and strength). However, under
ideal circumstances, they can produce pictures
that are good enough to be broadcast, especially
when dubbed up to 2-inch videotape and elec-
tronically corrected—with a device called a time-
base corrector (see pages 221-222)—during the
dubbing.

Ruggedness The I-O tube, as well as the whole
[-O camera, is much more temperamental
electronically and sensitive to shock and rough
handling than the vidicon camera. When the I-O
camera is warm, moving it over rough terrain or
taking it off the pedestal is inadvisable. The vidi-
con, on the other hand, will withstand a reasona-
ble amount of jolting while in operation. Of
course, you should always treat any camera as
gently as possible, especially when you are work-
ing with it away from the studio.

Electronic Characteristics

The basic electronic characteristics of I-O and
vidicon cameras particularly important in the
context of production are: (1) picture quality and
stability, (2) operating light level, (3) burn-in, and
(4) contrast range.
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27 Vidicon Cameras: (a) RCA-TK 15 vidicon cam-
era, a viewfinder studio camera; (b) General Electric
industrial camera, a type used for closed-circuit ob-
servation; (c) Sony ”portapak” camera, a highly
portable camera used in conjunction with a small

14 -inch videotape recorder.

Picture Quality and Stability The popularity
of the I-O camera in on-the-air telecasting stems
from its superior picture quality. And since pic-
ture quality is the single most important criterion
in the performance of a camera, the I-O camera
kept its supremacy until the advent of color.
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Picture quality means basically that we can see
fine detail in the television image and that there
are strong blacks and whites with a sufficient
number of easily distinguishable grays between
them. Technically, the television picture should
have high resolution, which means that the televi-
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sion system is capable of reproducing extremely
fine object detail. The picture should also display
high confrast that is, deep blacks and brilliant
whites, and a good grayscale—a good number (up
to 8, see page 335) of easily distinguishable
brightness gradations of grays that lie between
the television black (darkest screen area) and
television white (brightest screen area).

Furthermore, the picture should be as “quiet”
as possible, which means that it should be as free
from video noise as possible. A “'noisy” picture has
a great amount of snow, white vibrating spots in
the picture that occur when the video signal as
produced by the pickup tube is not strong enough
to override the electronic interference, which the
system usually and unfortunately generates.
Video noise works very much like audio noise.
Even the best high-fidelity system has some in-
herent electronic noise. You can hear the speakers
hum a little as soon as you turn on the amplifier.
Or, when the music is very low (which is equiva-
lent to a weak audio signal), you may become
aware of the rumble of the turntable. As soon as
the music gets louder again (equivalent to a
stronger audio signal), you are no longer aware of
the noise. The relation of the strength of the pic-
ture signal to the accompanying interference, the
noise, is generally expressed in a signal-to-noise ratio.
A high signal-to-noise ratio is desirable. It means
that the signal is high (strong) relative to the noise
under normal operating conditions.

Finally, the picture should generally not dis-
play any lag, or comet-tailing, also called "smear”
and “following image.” A lag shows up as a
cometlike smear that follows a moving object, or
motion of the camera across stationary objects.
Lag occurs especially in vidicon cameras under
low lighting conditions, and when the object is
very bright against a dark background.

As pointed out before, the [-O camera does
well in most respects. Most importantly, it pro-
duces a higher resolution image than the vidicon.

The contrast is adequate in the [-O, although
more limited than the vidicon. We will take up
contrast and grayscale response of the I-O and
vidicon cameras in a separate paragraph. Al-
though the vidicon tube is basically quieter than
the I-O tube, the superior resolution of the I-O
tube and its ability to produce a fairly strong sig-
nal even under low light levels make up for this
deficiency. The vidicon tube is highly susceptible
to comet-tailing, while the [-O tube is virtually
free of it.

Picture stability means that once the camera
has been properly adjusted it should need little
or no further adjustment for some time (up to the
whole day of telecasting). Before a camera
becomes fully operational, it has to be "set up,”
or aligned. Any camera, except for the rather un-
complicated vidicon cameras, including the porta-
ble ones, needs to warm up before the video engi-
neer can begin with alignment procedures. The
longer the warmup period, the better the align-
ment will be, and the less the camera will get out
of adjustment later on. Unfortunately, many pro-
duction people do not realize the importance of
the warmup period and call for pictures before the
camera is warm enough to operate. Especially in
the beginning of the broadcast day, the schedule
should take this warm-up time into considera-
tion—half an hour is considered minimum for
[-O cameras, and one hour is generally sufficient.
Color cameras, however, take even longer to
warm up. Depending on the sophistication of the
vidicon camera, it may need as little as five min-
utes (for the portable models) to one hour for the
studio models.

After the warmup time, the video engineer will
check various aspects of picture quality, such as
resolution, contrast, and grayscale response with
a test chart and a waveform monitor, also called
an oscilloscope. Vidicon cameras will keep such
an alignment for several days, even after they
have been turned off and on several times. I-O



cameras, however, are more temperamental.
Often they need to be realigned even after a rela-
tively short telecast. [-O cameras have a tendency
to “drift” and therefore need constant attention.

Operating Light Level To perform at peak effi-
ciency, every television camera needs a certain
amount of light. Picture quality will suffer if the
camera is used under lighting conditions that are
below a certain operating level. When the tube is
not receiving enough light energy, it will turn out
a video signal that is too weak to drown out the
video noise. What, then, is the proper operating
light level? For most I-O cameras, the operating
light levels generally range from 75 to 100 foot-
candles. Vidicon cameras need approximately
twice the amount of light as I-O cameras, from
150 to 250 foot-candles. (We will discuss light
levels more thoroughly in Chapter 5).

Burn-in Like light bulbs, television pickup
tubes have a limited service life. I-O tubes have
a shorter service life (usually 1,000 hours) than
vidicon tubes (well over 2,000 hours). The older
an [-O tube gets, the more sensitive it becomes
to “burn-ins” or “’sticking.” A burn-in means that
the tube remembers the picture it has taken and
carries a gray negative image of that particular
picture over the following shots. This rather an-
noying picture retention is caused especially
when you focus the camera on a scene for an
extended period with no movement of either the
camera or object, or by focusing on a scene with
strong black-and-white contrast, such as a black
studio card with white lettering on it. With an old
[-O tube in your camera, you can burn in the
opening title of the show and carry the burn-in
over several of the shots following.

Vidicon tubes are comparatively insensitive to
burns and can be focused on high-contrast sta-
tionary objects for a relatively long time. But once
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a burn-in has occurred in a vidicon tube, it is more
difficult to remove its traces than from an I-O
tube. If a burn-in has occurred in an I-O tube, you
can remove it in most cases by panning your cam-
era back and forth on a well-lighted, neutral sur-
face, such as the studio floor or the cyclorama.

Contrast Ratio The image-orthicon tube is
highly sensitive to extreme black-and-white con-
trast. A somewhat limited contrast range will
greatly enhance picture quality. Generally, I-O
tubes cannot tolerate a contrast ratio that exceeds
20:1, that is, the brightest spot in your scene
should be only twenty times brighter than the
darkest spot. If the scene exceeds this limit, the
video operator will have to adjust the picture ei-
ther to reduce the bright spots, thereby rendering
the darker areas uniformly black, or to lighten the
dark areas, thereby overexposing and washing
out the light areas. However, if you show nothing
but a variety of medium grays in your scene, your
picture will, indeed, look “medium.” There is
nothing wrong with using dark colors in your set,
so long as you don’t put something extremely
bright and highly reflecting directly in front of or
adjacent to them. As a matter of fact, your video
operator will probably appreciate having some-
thing white and something black in the set so that
he has a reference for his shading adjustment.
Reflections off extremely bright objects, such as
jewelry or brass instruments, that exceed the tol-
erance of the tube will cause “blooming” or
“halo” effects. Blooming shows up as a black rim
or halo around the reflecting object. Besides look-
ing bad, it is quite harmful to the I-O tube. Be-
cause of this light sensitivity, you should never
point the I-O camera into bright lights and obvi-
ously not into the sun. Even a few seconds of
focusing on a bright light may cause the I-O tube
to burn out or to be damaged beyond repair.
Vidicon tubes generally tolerate a higher con-
trast (up to a 30:1 ratio) and are less subject to
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2-8 30mm (1% inch) Plumbicon Tube.

blooming. But they, too, will burn out if the cam-
era is focused for any length of time into a bright
light. But even with the vidicon’s greater toler-
ance to brightness contrast, it is easier to get bet-
ter picture quality if you maintain a 20:1 limit in
your scene. An extreme brightness contrast will
additionally emphasize the fallof characteristic of
the vidicon tube. While in the light areas, the
vidicon camera can produce beautifully subtle
and distinct shades of gray, in the shadow areas
it has a tendency to see everything uniformly
dark. The vidicon tube has a fast falloff and there-
fore does not differentiate well between light and
very dark shadow areas. The I-O tube has a more
evenly spaced falloff and shows, within the speci-
fied contrast range, equally spaced grayscale steps
even in the darker end of the scale.

The Color Camera

The color camera works on the same fundamental
principle as the monochrome camera: the conver-
sion of light into electrical energy. But color

television is technically much more complex than
monochrome television. A knowledge of some of
the basic workings of the color camera will help
you greatly in understanding the specific produc-
tion techniques for color television. We will,
therefore, briefly discuss these basic points: (1)
Plumbicon pickup tube, (2) chrominance and
luminance channels, (3) internal optical system,
(4) operational characteristics of the color camera,
and (5) electronic characteristics of the color cam-
era.

Plumbicon Pickup Tube

All newer model broadcast quality television
cameras use Plumbicon! tubes. Manufactured un-
der various trade names, the Plumbicon tube is
basically an improved vidicon tube. Contrary to
the vidicon, it has a lead-oxide-coated photocon-
ductive (light-sensitive) front surface, and other-
wise improved light-converting elements. Some-
times the Plumbicon tubes are simply called
“lead-oxide” tubes. Plumbicon tubes come in a
1-inch (or 25mm) format, or the more widely
used 1% -inch (or 30mm) format f(see 2.8). Many
lower quality color cameras use the standard vidi-
con tubes or smaller format Plumbicon tubes
(such as %3 inch). In most cases, the vidicon and
Plumbicon tubes are interchangeable with only
minor electronic adjustments in the camera.

Chrominance and Luminance Channels

While in the monochrome camera the light, as
caught by the camera lens, is focused directly into
the single camera pickup tube, the color camera
first splits the entering light into the three pri-
mary colors: red, green, and blue {see color plate 1.
Each one of these is then focused individually on

1 Plumbicon is a registered trademark of N. V. Philips.



a separate pickup tube: one for the red light, one
for the green light, and one for the blue light. In
effect, we have three cameras, or channels, in the
color camera in order to produce and process three
individual video signals, a “red” signal, a “green”’
signal, and a “blue” signal. Since these channels
process the primary colors, they are called chromi-
nance channels (from the Greek chroma = color).

In the older color camera, there used to be a
fourth tube and channel that produced the neces-
sary brightness differentiations (from black
through various shades of gray to white—see
grayscale in Chapter 12). This channel, which
provides the color picture with the necessary
brightness differences, is called the luminance chan-
nel (from the Latin /umen =light). In the present
cameras, the luminance signal does not require a
special pickup tube but is produced by matrixing
(combining) the red, green, and blue signals again
into a monochrome (black-and-white) luminance
signal.

The green signal, which carries a great amount
of image detail, is often used for an electrically
generated effect that gives the appearance of in-
creased picture resolution and therefore of a
sharpened image. This effect, called “contours-
out-of-green,” gives the color picture crispness
and snap.

Internal Optical System and Color
Separation

The light as gathered by the lens is separated by
a series of dichroic (color-separating) mirrors into
the three primary colors of light fsee color plate I1I).
The dichroic mirror D, splits off the red color
from the incoming light, letting the green and
blue light pass. Dichroic mirror D, splits off the
blue color, letting the remaining green color pass.
Regular high-quality mirrors (M; and M,) reflect
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the separated colored lights into their respective
pickup tubes.

The relay lenses (R1, R;, R;) help to transport,
relay, the three separate colored light images to
the pickup tubes. The lenses help to keep the
images sharp and clear until they reach the pickup
tubes.

The filters (F;, F,, F;) keep out all unwanted light
that might interfere with each of the primary col-
ors, red, green, and blue.

The camera pickup tubes (P, P,, P;) may be Plum-
bicon or vidicon or any combination thereof.
High-quality cameras usually have an “extended
red” Plumbicon tube, which is designed espe-
cially to convert the red light into the video signal
of the red channel with a minimum of distortion,
and “separate mesh” Plumbicon tubes for the
green and blue channels. The separate mesh tubes
virtually eliminate comet-tailing, or lag.

Because the mirrors and relay lenses take up a
considerable amount of light before the colors
reach the pickup tubes, and because the align-
ment of the mirrors and the lenses is obviously
quite critical, another, more efficient, internal op-
tical system is used in many color cameras. This
system combines the dichroic, color-separating
elements (filters) and the light-diverting elements
(prisms) all in one small beam-split prism block (2.9;
see also color plate Il). Since the pickup tubes can be
attached directly to the prism block, relay lenses
are no longer necessary.

Operational Characteristics

The major operational characteristics of the color
camera are (1) size and weight, (2) ruggedness,
and (3) type of cable.

Size and Weight Because the color camera is
actually three cameras in one, it is obviously quite
heavy and bulky. A high-quality studio camera
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29 Prism Block.

cannot be carried by one person, and it takes at
least two persons to move one onto or off of a
studio pedestal or tripod.

Some portable color cameras can be carried and
operated by one person, but even these stripped-
down models are bulky and tiresome when car-
ried for any length of time.

There are small portable color cameras on the
market that have only two pickup tubes, and in
some instances only one. In the two-tube cam-
eras, chrominance channels for only two of the
primary colors are provided, the third color being
electronically derived from the leftover signal,
which by necessity must represent the third pri-
mary color. In the one-tube color camera, the
front surface of the special pickup tube is covered
with vertically striped filters that separate the in-
coming light into the primary colors. However,

what is gained in portability and ease of operation
is often—but not always—Ilost in picture quality
and stability. Constant efforts are being made to
develop a portable color camera that is extremely
light and easy to operate and that will produce
high-quality pictures. (See 2.11.)

Ruggedness In general, its intricate internal op-
tical system makes the color camera quite vulner-
able to physical shock. Although the portable
cameras are a little more rugged than studio cam-
eras, they too can be easily jolted out of adjust-
ment, especially those that use the dichroic mirror
system instead of the prism block. Since the three
channels make the color camera particularly sen-
sitive to alignment, be extremely careful in mov-
ing the camera at the end of the warmup period
and while it is in operation.

Type of Cable Depending on the electronic de-
sign of the camera chain, various types of cable
must be used from camera head to the CCU. The
continual quest for lighter and more compact
television makes the weight of the camera cable
an important operational consideration. Obvi-
ously, the lighter the cable, the easier it is to han-
dle. The standard television cable for mono-
chrome cameras and some color cameras (called
the TV-81 cable) is quite heavy. Through com-
puter-type digital control circuits and multiplex-
ing techniques (putting more than one signal
through the same wire), a very light friaxial cable
(which has only three concentrically arranged
wires) can be used. Philips Broadcast Equipment
Corporation, which makes such digitally con-
trolled color cameras, gives an interesting weight
comparison between the standard and triax ca-
bles: 5,000 feet of the standard TV-81 cable
weighs 4,370 pounds, while the same length of
triaxial cable weighs only 333 pounds. Of course,
the increased complexity of the circuit design
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Plate I When mixing
colored light, the addi-
tive primaries are red,
green, and blue. All
other cclors can be
achieved by mixing cer-
tain quantities of red,
green, and blue light.
For example, the addi-
tive mixture of red and
green light produces
yellow.

Plate II The light that
enters the camera is di-
vided into the three ad-
ditive primaries and
treated separately as
red, green, and blue sig-
nals. In a three-tube
camera, each tube cre-
ates a separate video
signal for each primary
color. The chrominance
channels (color signals)
produce the color pic-
ture, and the luminance
channel (a combination
of the color signals) the
black-and-white picture.



Plate III White light
enters the camera
through the lens and is
split by dichroic mirrors
into red, green, and
blue light. These three
light beams are directed
through regular mirrors
and relay lenses into
three camera pickup
tubes: one each for the
red, green, and blue
light. Special filters cor-
rect minor color distor-
tions before the light
beams enter the tubes.

Plate IV Most color
cameras use a beam-
split prism block in-
stead of dichroic mir-
rors for their internal
optical system. The in-
coming white light is
split and relayed into
the three pickup tubes
through dichroic layers
and color filters.

M1 Rt H
RED

Rz F2

(3'—"5))2\3 F].B
m_\ /Vm\ — T c-=

RELAY LENsES FILTERS

ReD e amerp’

Beam S?L\TPR\s.M/
Block WITH

DICKRoIC LAYERS
AND ColoR. FILTERS
BUercpmerA'



Plate V Since the
black-and-white camera
responds primarily to
the brightness attribute
in color (and not to hue
and saturation), the
black-and-white camera
is color blind. It cannot
detect differences in hue
when the brightness re-
mains the same.

Plate VI Although the
hue is sufficiently dif-
ferent for this letter to
show up on color
television, it is barely
readable on a black-
and-white monitor. The
brightness contrast is
insufficient for good
monochrome reproduc-
tion.

Plate VII The lettering
on this card has enough
hue and brightness con-
trast to show up
equally well on a color
and black-and-white
television receiver.



Plate VIII The colors on the left appear on the monochrome monitor as shown
on the right. Note which colors appear as the same gray (same brightness) and
which are distinctly different. It is the brightness variation, not hues, that makes
colors appear as different grays on monochrome television.

Plate IX Because of brightness contrast, this slide reproduces equally well on
color and black-and-white television.



makes such cameras, once again, more of a liabil-
ity electronically than the standard cameras.

Electronic Characteristics

The electronic characteristics of the monochrome
camera are equally relevant for the color camera.
We will, therefore, look briefly at (1) picture qual-
ity and stability, (2) operating light level, (3)
burn-in, and (4) contrast range.

Picture Quality and Stability The Plumbicon
tube lacks the resolution power of the I-O tube.
Fortunately, the color differentiation helps to dis-
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tinguish between smaller picture portions and to
define object contour. Like the vidicon, the Plum-
bicon tube is fairly quiet, which means that it has
a favorable signal-to-noise ratio. However, the
picture quality deteriorates drastically if the tubes
do not receive a sufficient amount of light.

If you have to worry about aligning three tubes
instead of one, you will obviously have more po-
tential alignment drifts (the camera drifting out
of setup values), than you would with a one-tube
camera. However, when given enough warmup
time, the color camera is no more critical in align-
ment than an I-O camera, for example.

The one rather serious drawback of the Plum-

2:10 Ordinary white light, like sunlight or the light
from a light bulb, can be separated into three basic,
or primary, colors: red, green, and blue. Obviously,
when we mix the three primaries together again, we
get white light. But we can also mix these three pri-
mary colored lights in various proportions, that is,
various light intensities, and achieve almost all the
colors we ordinarily perceive. For example, take
three slide projectors and put a clear red slide (filter)
in one, a clear green one in the second projector, and
a clear blue one in the third projector. Then hook
each of the slide projectors to a separate dimmer.
When you have the dimmers up full (assuming
equal light transmission by all three filters) and
shine all three light beams together on the screen,
you get white light, as we mentioned before. Full-
strength red and full-strength green will give you
yellow. But if you now dim the green projector a lit-
tle, the yellow will turn orange. If you dim the red
instead of the green projector, you will get a brown-
ish color. The blue and red together will yield a red-
dish purple, called magenta. This mixing process of
colored light is called addifive color mizxing. When we
mix paints of two colors together, however, they fil-
ter each other out and form a new color. They sub-
tract each other’s wavelength. This process is, there-
fore, called subtractive color miring. The subtractive

primary colors are magenta (a bluish red), cyan (a
greenish blue), and yellow. Since it is light, not
paint, that enters the camera, color television oper-
ates with the additive color-mixing process.

In color television, the light entering the lens is
split into the three additive primaries, red, green,
and blue, and processed by three separate channels,
the chrominance (color) channels, which act very
much like the three slide projectors. In the receiver,
the screen is lined with many dots arranged in
groups of red, green, and blue. These are activated
by three “’slide projectors,” called electron guns, each
one hitting with its beam all the dots representing
one particular color—all the red dots, all the green
dots, or all the blue dots. By changing the intensity
of one, or all, of the beams, you can create a variety
of colors. If all three beams activate the dots fully,
you get white; if the guns are turned off, you get
black. If only the guns that activate the red and the
green dots fire, but not the one that activates the
blue, you get yellow. Since the color dots lie very
close together, you perceive them as various color
mixtures.”

* Herbert Zettl, Sight-Sound-Motion (Belmont, Calif.: Wads-
worth Publishing Co. 1973), pp. 58-83.
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2-11  High-Quality Portable Color Camera (Philips
LDK-11).

N

bicon tube has been its problem of faithfully re-
producing highly saturated (strong) reds. The
cooler reds (bluish reds) and the strong, dark reds
are notably susceptible to distortion. The rather
expensive “extended red” Plumbicon is more ca-
pable of reproducing reds without distortion than
the regular Plumbicon tube, but even the more
costly one has some problems with reproducing
highly saturated dark reds without distortion.

When vidicon tubes are used in the color cam-
era, the electronic characteristics are much the
same as for the black-and-white camera.

Operating Light Level Most color cameras
need from 200 to 400 foot-candles of illumination
to produce optimal pictures. You will hear and
read that a camera can produce a good color pic-
ture (called “’full video,” which means that the
video signal has a certain prescribed intensity)
with as little as 5 foot-candles of illumination
through “bias lighting” (an electronic intensity
booster). This is true as long as your video opera-
tor has the time, skill, and energy to go through

a precarious color-balancing act, and as long as
you don’t have a high-contrast, fast-moving
scene. An average illumination of 250 foot-can-
dles will make the camera and everyone who
works with it considerably more effective.

The normal Plumbicon tube, like the vidicon,
produces comet-tailing, or lag, under low lighting
conditions. You may have seen this effect during
the televising of a football game: the player who
runs from a brightly lighted area of the field to
a shadow area and suddenly seems to be trailing
a ball of fire. Although in this case such an effect
may accurately symbolize the player’s power and
emotion, comet-tailing is not always so appropri-
ate. As indicated before, the "’separate mesh”
Plumbicon tube reduces this sort of lag to a large
extent. The best assurance against comet-tailing
is still a sufficient amount of light.

Burn-in The Plumbicon tube is virtually free of
burn-in and can tolerate a high-contrast scene for
a fairly long period without any trace of image
retention.

Contrast Ratio The contrast range of the Plum-
bicon tube is quite close to that of the vidicon
tube. Generally, the Plumbicon tube can handle
a contrast up to 30:1 without danger to the tube
itself. However, if you want clear, undistorted
colors, the color camera, too, should not be ex-
posed to a contrast that exceeds the 20:1 ratio.
The primary reason for this narrow range is that
one of the most important colors requiring true
reproduction is the skin tone. When using color
chips, you may be able to balance your colors
against one another even within a contrast range
of more than 30:1, that is, where the brightest
color is more than thirty times brighter than the
darkest color. However, within such a high-con-
trast range, you may have to shade the lighter
colors down a little (make them darker than they



really are) in order to differentiate among the
darker colors; or you may have to bring the darker
and mid-range colors up a little in order to com-
pensate for the brighter ones. But you can’t do
this with a face. You can’t shade skin tones iighter
or darker simply to adjust for the surrounding
colors. Skin tones have, after all, a fixed color
standard that suffers noticeably from the slightest
distortion.

Besides electronic shading devices, the color
camera, like the broadcast-quality black-and-
white camera, has a filter wheel that can hold a
variety of neutral density filters, color filters, or
special effects devices, such as star filters. The
neutral density filters act like sunglasses of varying
density. They simply reduce the amount of light
that falls on the pickup tubes without distorting
the actual colors of the scene. The color filters also
help to correct color distortion. (See 2.72.)

Contrary to the I-O and vidicon tubes, the
Plumbicon tube is virtually free of the halo effect,
or blooming, when subjected to highly reflecting
objects. In fact, dazzling jewelry or brass instru-
ments lend the picture energy and sparkle. You
can even point the Plumbicon color camera di-
rectly into the studio lights without damaging the
tubes themselves. What used to be an annoying
problem with the I-O cameras has now been
made into a virtue in color production. Most color
cameras come equipped with a variety of star fil-
ters, which transform any bright light source into
starlike light beams with four, six, eight, or how-
ever many points the star filter is made to pro-
duce. (See 2.13.)

Types of Cameras

There is a bewildering array of television cameras
on the market. Their names and the way they are
classified seem equally confusing. Some are
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2-12 Filter Wheel: The filter wheel can hold a vari-
ety of neutral density or color correction filters. In
some cameras, the filter wheel can be turned by
remote control.

classified by what they are primarily able to do,
their function; others by how good they are, their
quality. Still others are named for the type of
pickup tube, or whether they have a lens turret
or a zoom lens.

The simplest way to keep them straight is to
classify them according to their function—what
they are supposed to do or how they are princi-
pally used.

We will, therefore, distinguish among three
broad types of cameras: (1) broadcasting and non-
broadcasting, (2) monochrome and color, and (3)
studio and portable.

Broadcasting and Nonbroadcasting
Cameras

What we ordinarily call “broadcast quality” re-
fers to cameras that are intended for open-circuit,
on-the-air telecasting. Nonbroadcast cameras are
used for closed-circuit transmission, which means
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2-13 Star Filter Effect: The star filter changes ex-
tremely bright light sources into four-, six-, or
eight-point starlike light beams.

that the transmission process does not use public
airwaves. Closed-circuit television includes any
type of surveillance by television, self-contained
distribution of television material in educational
institutions, medical centers, or business estab-
lishments, or even the CATV (Community An-
tenna Television; in short, cable television) pro-
ductions, which are distributed via cable from the
CATYV studio directly to the wired homes.
Broadcast quality means that the camera chain
must deliver a picture that fulfills certain estab-
lished engineering standards—as written by the
EIA (Electrical Industries Association) and the
FCC (Federal Communications Commission). But
there is still a great difference between the top-
priced broadcast television camera and the me-
dium-priced broadcast camera. The top camera
has several automatic correction circuits built in
that make the camera function at peak efficiency
even under adverse conditions. The medium-
priced camera, on the other hand, works quite
well under ideal production conditions, such as

the availability of a great amount of even lighting
and simple colors. But as soon as a production
becomes a little more demanding—in the way of
high-contrast lighting, subtle differences in col-
ors, precise rendering of skin tones, and so forth—
the medium-priced camera can no longer keep
pace. With all but the top broadcast cameras, even
a fast zoom in or out may cause noticeable color
distortions.

Nonbroadcast cameras have no regulated per-
formance standards. They are judged merely by
how well they do the job for which they are de-
signed. For example, there is no need to worry
about a high-quality picture if the only require-
ment for the camera is to watch cars in a parking
lot. But if the closed-circuit camera is used for
instruction in a broadcasting course, or for show-
ing a delicate operation to a number of medical
students, top picture quality and true color rendi-
tions are essential.

Monochrome and Color Cameras

One of the most obvious differences in function
is whether the camera should deliver a black-and-
white picture or color, or both. Color cameras
must, by law, be able to produce compatible color;
that is, the color signal must be convertible into
black-and-white images on a monochrome tele-
vision set.

Almost all broadcast cameras used in television
stations throughout the developed countries are
color. Of course, many black-and-white televi-
sion cameras are still used in closed-circuit opera-
tions, such as educational systems in schools and
industry; and open-circuit broadcasting is occa-
sionally done in black and white. (Unfortunately,
color is used rather indiscriminately regardless of
aesthetic appropriateness. In many instances, it is
not only unnecessary but often detrimental to



communicating emotional intensity and depth.?)
Monochrome cameras are, therefore, far from ob-
solete. For the student of television production,
the monochrome television camera is obviously
the first logical step. For the television artist,
monochrome television represents a means of ex-
pression whose graphic potential we have
scarcely recognized, let alone tapped. (See 2.16.)

While all color cameras (with the exception of
some small industrial color cameras used for ob-
servation only) have zoom lenses, the mono-
chrome camera has either a zoom lens (zoom camera)
or one or more fixed-focal-length lenses that are
attached to a lens turret (furref camera). (See 2.3, page
12).

As indicated earlier, monochrome cameras are
generally classified by the pickup tube they use.
Thus, we have image-orthicon, or 1-O, cameras
and vidicon cameras, the latter commonly used
for closed-circuit operations.

Studio and Portable Cameras

The name “studio camera” is somewhat
misleading since the studio camera can also be
used in the field. However, the term is used to
describe a high-quality camera that is so heavy
it cannot be maneuvered properly without the aid
of a pedestal, or some other type of camera mount
(see pages 61-63). A more appropriate name
would be pedestal camera, since we could distin-
guish it more readily from the portable camera,
which can be carried around by its operator.
The portable camera has obviously many oper-
ational advantages over the studio camera. It can
be carried and operated by one person, needs no
camera mount (you are the mount), and is highly

2 Herbert Zettl, Sight-Sound-Mbtion (Belmont, Calif.: Wads-
worth Publishing Co. 1973), pp. 92-93.
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2:14 New products in the television equipment
market reflect the continual striving for broadcast-
quality cameras that are extremely light and compact
and that perform well under a great variety of pro-
duction conditions. One innovation is the use of an
extremely light camera cable for computer-type digi-
tal circuitry and signal-multiplexing. Attempts are
also being made to automate the camera as much as
possible. This means incorporating in the camera
mechanism many functions that were previously
performed by either the camera operator or the
video operator at the CCU.

You can compare the automated television camera
with an automated 8mm movie camera, which will
do practically anything for you except the looking.

All you do is pop the film cassette into the cam-
era, point it in the desired direction, and press a
button. The camera will look at the scene you are
filming, read the reflected light, and adjust the lens
iris for correct exposure; and while you do your dra-
matic zooming in and out, it will keep in focus. If
the scene is too dark for the film you are using, the
camera will tell you. The professional film maker
might scoff at such automation; but the person using
such a camera will nevertheless enjoy properly ex-
posed, clear, technically professional-looking movies.

The same goes for automated television color cam-
eras. The more the technical functions, such as color
and brightness controls, are taken over by the cam-
era, the more attention you can devote to the event
itself and to the aesthetics of your interpretation of
it. While technical adjustments can very well be
done by the machine (the camera chain), the aes-
thetics of communication is truly a human function.
Of course, if aesthetically you decide to go against
the technical standard as programmed into the cam-
era, you must then have an opportunity to override
the automation. If, for example, you want color dis-
tortion to emphasize a particular mood, you must be
able to tell the camera not to worry and not to self-
adjust for standard color balance. Otherwise, both
the camera and you will have lost an important
creative potential.
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215 Color Cameras: (a) Philips LDK-5 (top qual-
ity); (b) RCA TK-45A (top quality); (c) IVC 7000P
(broadcast-quality portable); (d) CEI-280 (good
quality); (e) Akai VC-150 (nonbroadcast color por-
tapak).

2:16 Monochrome (Black-and-White) Cameras: (a)
RCA TK-60 41 -inch image-orthicon camera (top
quality); (b) RCA TK-11 3-inch image-orthicon
camera (good quality), industry standard for a long
time; (c) Akai VC-115 portable vidicon camera, used
in conjunction with a 1 -inch videotape deck.
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maneuverable. Wherever you can walk, the cam-
era can go. The studio camera, once fairly porta-
ble, has unfortunately become so laden down
with production accessories, such as the bulky
teleprompter (see pages 368-369), camera lights,
and the like, that it can hardly be moved at all.
Such bulk, and the convenience of the zoom lens,
entices many a camera operator to let the camera
sit as though it were bolted to the ground, there-
by drastically reducing its production potential.

On the other hand, as mentioned earlier in this
chapter, the portable camera has liberalized
television as to production technique and, in con-
junction with refined videotape editing tech-
niques, has become a formidable competitor to
film.

Summary

The television camera is one of the most impor-
tant single production elements. Most other ele-
ments in the process are greatly influenced by
what the camera can and cannot do.

The camera head, which we ordinarily refer to as
the camera, consists of (1) the lens and attach-
ments, sometimes called the external optical sys-
tem, (2) the camera itself with the pickup tubes,
or tube, and attachments called the internal opti-
cal system, and (3) the viewfinder.

The camera chain consists of (1) the camera head,
(2) the camera control unit, or CCU, (3) the sync
generator, (4) the power supply, and, for color
cameras, (5) the encoder.

All television cameras work on the same basic
principle: the conversion of an optical image into
electrical signals, which are reconverted by a
television set into visible screen images—the
television pictures.

There are black-and-white, or monochrome,
television cameras, and color cameras. Mono-
chrome cameras use two major types of pickup

fubes: the image-orthicon, or I-O, and the vidicon.
Color cameras have as their main pickup tubes
either Plumbicon tubes (a modified vidicon tube
with a lead-oxide front surface), or vidicon tubes.
The pickup tube used in the camera head, and the
electronic accessories determine the basic electronic
characteristics of the camera: (1) picture quality and
stability, (2) operating light level, (3) burn-in, and
(4) contrast range.

The operational characteristics of the camera include
(1) size and weight, (2) ruggedness, and (3) type
of cable.

Color cameras contain two major channels: (1)
the chrominance channel, which deals with the
three primary light colors, red, green, and blue,
and (2) the luminance channel, which deals with
the dark and light areas, the brightness, of the
picture.

In three-tube color cameras, a complex infernal
optical system splits the incoming white light into
the three primary colors. The main parts of the
system are (1) dichroic mirrors or a prism system
with dichroic filters, which split the incoming
light into the primary colors; (2) regular mirrors,
which deflect the separate colored light into the
respective pickup tubes; (3) relay lenses, which
help to keep the image sharp and clear until it
reaches the pickup tubes; (4) color filters, which
correct the color for the pickup tubes; and (5) the
vidicon or Plumbicon pickup tubes themselves.

In large, professional cameras, three tubes are
used, one for each primary color. There are also
two-tube cameras, in which only two primary
colors are used, with the third one being repro-
duced electronically. In the one-tube color cam-

~ era, the surface of the pickup tube is striped verti-

cally with a series of extremely narrow filters that
divide the light into the primary colors.

Television cameras are grouped by various cri-
teria, such as broadcast or nonbroadcast cameras,
color or monochrome cameras, studio or portable
cameras.



Lenses

In the preceding chapter, we falked about the television camera. An important production
element of the camera is its lens. The lens produces the light image that the pickup tube
of the camera converts info video signals, and affects greatly how we perceive an environ-
ment as shown on the television screen.

This chapter is, therefore, devoted fo two main aspects of lenses: (1) their opfical charac-
teristics, including focal length, focus, f-stop, and depth of field, and (2) their performance
characteristics, including the field of view, lens settings in respect to particular production
effects, and how to work lenses, and the manual and automatic units that control their
operation.

37
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Lenses are used in all fields of photographic art.
Their function is mainly to produce a small, clear
image of the viewed scene on the film or, in the
case of television, on the camera pickup tube. The
particular lens used determines how close or how
far away an object will appear, assuming a fixed
distance from camera to object. One lens will
make an object or action look far away although
the camera is relatively close to it; another will
show the object or action at close range, even
though the camera is some distance from it.

A zoom lens can duplicate the characteristics of
several lenses; in effect, it is many lenses in one.
It can show an object far away or at close range,
and make far objects appear to move contin-
uously closer, or close objects continuously far-
ther away.

As mentioned earlier, all broadcast-type color
cameras and many black-and-white cameras use
zoom lenses, or, as they are called in technical

language, variable-focal-length lenses. Other studio
cameras have up to four fixed-focal-length lenses at-
tached to a turret. Although zoom lenses are
much more prevalent in television than fixed-
focal-length lenses, we will use the latter as fre-
quent reference in our discussion of opfical and
performance characteristics of lenses because the basic
optical principles are more easily explained and
understood this way. We will transfer the basic
principles from the fixed lens to the zoom lens
whenever necessary.

Optical Characteristics of Lenses

To determine when and why you should use a
particular lens, or zoom-lens setting, you will
need at least a basic knowledge of (1) focal length,
(2) focus, (3) fstop, (4) depth of field, and their
interrelations.

Back Focus The distance
between zoom lens and
camera pickup tube at
which the picture is in
focus at the extreme wide-
angle zoom position. In
monochrome cameras, the
back focus can be adjusted
by moving the pickup tube
through the camera focus
control.

Depth of Field The area
in which all objects,
located at different dis-
tances from the camera,
appear in focus. Depth of
field is dependent upon
focal length of the lens,
f-stop, and distance be-
tween object and camera.

Fast Lens A lens that
permits a relatively great
amount of light to pass
through (low fstop num-
ber). Can be used in low
lighting conditions.

Field of View The extent
of a scene that is visible
through a particular lens;
its vista.

Focal Length The dis-
tance from the optical cen-
ter of the lens to the front
surface of the camera
pickup tube with the lens
set at infinity. Focal
lengths are measured in
millimeters or inches.
Short-focal-length lenses
have a wide angle of view
(wide vista); long-focal-
length (telephoto) lenses
have a narrow angle of
view (closeup). In a varia-
ble-focal-length lens (zoom
lens) the focal length can
be changed continuously
from wide angle to narrow
angle or vice versa. A
fixed-focal-length lens has
a single designated focal
length only.

Focus A picture is in
focus when it appears
sharp and clear on the
screen (technically, the
point where the light rays
refracted by the lens con-
verge).

Front Focus The proper
relationship of the front
elements of the zoom lens
to ensure focus during the
entire zoom range. Front
focus is set at the extreme
closeup position with the
zoom focus control. Color
cameras have a front-focus
adjustment only because
the pickup tubes cannot be
moved.



Focal Length

In general, we can group lenses into (1) short, or
wide-angle, lenses, (2) long, or narrow-angle,
lenses, and (3) zoom, or variable-focal-length,
lenses. The long lenses are sometimes called tele-
photo, or (quite ambiguously) closeup lenses.

The “short” and the “long” in this connection
refer to the focal length of a lens; that is, the
distance from the optical center of the lens (often
the midpoint between the front and back lens
elements) to the point where the image as seen
by the lens is in focus (see 3.1).

A thorough knowledge of how to measure focal
length is not too important for proper usage of
camera lenses. Fortunately, since short lenses
usually look short and long lenses look long, it is
easy to tell whether the camera operator is using
a short- or a long-focal-length lens.

With a short, or wide-angle, lens you can see
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3-1 Focal Length.

more; you have a wider vista. What you see looks
comparatively small. With a long, or narrow-
angle, lens you see less; you have a narrower
vista. But what you see is greatly magnified. A
short lens creates an effect similar to looking
through binoculars the wrong way. A long lens
is similar to binoculars used correctly.

£-Stop The calibration on Normal Lens A lens with

Slow Lens A lens that Zoom Lens Variable-

the lens indicating the ap-
erture, or diaphragm open-
ing (and therefore the
amount of light transmit-
ted through the lens). The
larger the fstop number,
the smaller the aperture;
the smaller the fstop
number, the larger the ap-
erture.

Lens Format A some-
what loose term for the
grouping of lenses that
have focal lengths appro-
priate to a particular size
of film or camera pickup
tube. There is a lens for-
mat for 35mm film, an-
other for 16mm film; one
for 3-inch I-O pickup
tubes, another for 1-inch
Plumbicons.

a focal length that will ap-
proximate the spatial rela-

tionships of normal vision

when used with a particu-

lar film or pickup tube for-
mat.

Range Extender An opti-
cal attachment to the zoom
lens that will extend its
narrow-angle focal length.

Selective Focus Empha-
sizing an object in a shal-
low depth of field through
focus, while keeping its
foreground and back-
ground out of focus.

Servo Controls Zoom
and focus controls that ac-
tivate motor-driven mech-
anisms.

permits a relatively small
amount of light to pass
through (high fstop num-
ber). Can be used only in
well-lighted areas.

Telephoto Lens Same as
long-focal-length lens.
Gives a closeup view of an
event relatively far away
from the camera.

Turret Lens A lens that
is mounted on the turret
of a camera. Usually in
contrast to a zoom lens.

focal-length lens. It can
change from a wide shot
to a closeup in one contin-
uous move.

Zoom Ratio The zoom
range, from the widest an-
gle position to the narrow-
est angle position, ex-
pressed in a ratio, such as
10:1 (wide angle 17mm to
a narrow angle 170mm).



34 Chapter 3

3-2 In the discussion of focal length, it is important
for you to realize that there are lenses of various for-
mats, which, although they may be identical in focal
length, nevertheless will give you different angles of
view.

In order to project a clear image of its view upon
the photoconductive (light-sensitive) front surface of
the camera pickup tube, the basic lens format must
match the size of the pickup tube. The large front
surface of the image-orthicon tube, for example, re-
quires lenses of a larger format than for the small
vidicon tube. I-O cameras use lenses that fit a 35mm
film format, and the 1-inch (25mm) vidicon or
Plumbicon tubes generally use lenses that fit the
16mm film format.

Most color cameras use either the 1-inch (25mm)
or the slightly larger 114 -inch (30mm) vidicon or
Plumbicon pickup tubes. Even this slight variation in
tube size requires different formats of zoom lenses.

For lenses of a larger pickup tube format (such as
the 35mm film format), a focal length of 50mm con-
stitutes a short, wide-angle lens. For the smaller for-
mat lenses (such as the 16mm film format), a focal
length of 50mm is considered a rather long, narrow-
angle lens.

When using zoom lenses, you really don’t have to
worry too much about this lens format difference.
Hopefully, the attached zoom lens has been pur-
chased to match the pickup tubes inside the cam-
eras. However, if you have to work with cameras
that have pickup tubes of various sizes—such as an
I-O and a vidicon monochrome camera with turret
lenses, and a 114 -inch Plumbicon color camera with
a zoom lens—you may want to remember this sim-
ple formula: the larger the lens format is, the wider the angle
of view (the larger the vista) of a lens with a given focal length
(or focal-length setting on a zoom) will be.

Turref lenses have a fixed focal length—you can-
not change the angle of view—and therefore you
need several lenses on a turret. Turret lenses are
usually marked according to their focal length,
which is given either in millimeters (mm) or in
inches (in). There are 25mm to one inch. The
smaller the focal-length number, the wider the
angle of view.

Contrary to the turret lenses, the zoom lens with
its variable focal length allows you to change the
focal length of the lens from long to short or from
short to long in one continuous operation. A com-
plicated series of interacting lenses keeps the ob-
ject in focus at all times during the zooming oper-
ation, assuming that the zoom lens focus has been
preset for this particular zoom. To “zoom in”
means to change the lens gradually from a wide-
angle lens (faraway view) to a narrow-angle lens
(close view). On the television screen, a zoom
appears as though the object is gradually getting
larger and, therefore, coming toward the viewer.
Through a zoom-in, the scene is brought closer
to you. To “zoom out” or “zoom back” means to
change the lens from a closeup to a distant shot.
The scene seems to move away from you.

The degree to which we can change the focal
length (and thereby the angle of view, or vista)
of a zoom lens is its zoom range. This is often given
in a ratio, such as 10:1. A 10:1 zoom range indi-
cates that you can increase your focal length ten
times, from 17mm to 170mm for example. When
you are zoomed all the way out, vour lens has a
focal length of 17mm, which represents a rather
wide angle of view for most television pickup
tubes. When you are zoomed all the way in to
170mm, you have narrowed your angle of view
to a tenth of the original one. You will now have
a rather big closeup of the scene. Of course, you
can stop anywhere within this zoom range and
operate your lens at any focal length between
17mm and 170mm.



Focus

A picture is "in focus” when the projected image
is sharp and clear. The focus depends on the
distance from lens to film (in a still or movie cam-
era) or from lens to camera pickup tube or tubes
(in a television camera). Simply changing the dis-
tance from lens to film, or pickup tube, brings a
picture into focus or takes it out of focus.

In television photography, the pickup tube
takes the place of the film. To keep in focus, you
must adjust the distance between thelens and the
single pickup tube (for monochrome cameras) or
pickup tubes (for color cameras). You can change
this distance in two principal ways: (1) When
using turret lenses on monochrome cameras, you
can move the camera pickup tube toward and
away from the lens by turning a special focusing
knob on the side of the camera. (2) When using
a zoom lens, you can focus anywhere within the
zoom range by moving certain lens elements
within the lens through mechanical or electrical
focus devices attached to it and to the camera.

Because the basic principle of focusing the
television camera can be explained more readily
through the operation of a monochrome camera
with a turret lens (fixed focal length), we will first
take up the focus procedure of moving the pickup
tube, and then progress to the more common
television practice of focusing a zoom lens.

Moving the Pickup Tube You focus mono-
chrome turret cameras by moving the pickup tube
toward or away from thelens, a procedure accom-
plished simply by turning the focus knob or crank
on the side of the camera. When you “dolly in”
(move the camera toward the object), you gener-
ally crank the focusing knob countercdockwise,
toward you. This pulls the pickup tube back in
the camera toward you, and thereby increases the
distance between the lens and the pickup tube.
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3.3 When using fixed-focal-length lenses in still
photography or in motion pictures, you adjust the
focus by turning the ring on the lens barrel with the
distance scale imprinted on it. By turning the ring,
you can move the lens either closer to the film or
farther away from it. The closer you hold the cam-
era to the object, the farther the lens must be from
the film. The farther away the object is, the closer
the lens can be to the film. A typical 35mm film for-
mat lens on a still camera might show two distance
scales on the distance ring: one in feet, ranging from
1.5 feet to infinity, and the other in meters (m),
ranging from 0.45m to infinity. At the infinity set-
ting, the lens is turned all the way in, closest to the
film. Since most television cameras have a device
that moves the pickup tube rather than the lens, the
lenses—except those for small industrial-type cam-
eras—do not have a distance calibration on them but
have their distance setting fixed at infinity.
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3-4 Focusing the Turret
Lens Camera.

@

The closer the camera gets to the object, the far-
ther back the tube has to travel in order to stay
in focus. When you “dolly back” (move the cam-
era away from the object), you crank the focusing
knob clockwise, or away from you, pushing the
pickup tube toward the lens and thereby decreas-
ing the distance between the tube and the lens.

Because the travel of the pickup tube is obvi-
ously restricted within the camera, there are limi-
tations to focusing, especially when long lenses
are used. For example, you cannot take an ex-
treme closeup of a postage stamp with a long lens,
because you cannot rack into focus when you are
close enough to the object to fill the screen with
it. The reason for this dilemma is that long lenses
have a long focal length; that is, the picture comes
into focus relatively far behind the optical center
of the lens. Operationally, you must rack the
pickup tube back a considerable distance to align
the sharp image from the lens with the front sur-
face of the pickup tube. The closer the camera
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gets to the object, the farther back the tube has
to travel in order to stay in focus. If the pickup
tube cannot go back any farther, the picture will
be out of focus until either the object or the cam-
era backs up fse¢ 3.4). So an extreme closeup of a
very small object requires a wide-angle lens,
which has a shorter focal length and for which the
tube travel within the camera is sufficient. Of
course, extreme closeups with wide-angle lenses
cause lighting problems, because the camera
blocks out the light when it is close to the object.
Closeups of this nature must be carefully planned
before the show.

Zoom-Lens Focusing A zoom lens has several
internal lens elements that move in relation to one
.another when you zoom as well as when you
focus. One set of these sliding elements, normally
located at the front part of the lens, takes care of
the focusing. The focus controls, which come in
various configurations, are usually mounted on



one of the panning handles, or attached close to
the actual zoom control (see page 53).
Assuming that neither the object nor the cam-
era moves very much, you won’t have to focus
while zooming in or out provided that you have
properly presef your zoom. This procedure is slightly
different for monochrome than for color cameras.
Since it is explained more readily on monochrome
cameras than on color cameras, we will discuss
prefocusing in order of camera complexity.
When you are zoom prefocusing for a monochrome
camera—let us assume that you will have to zoom
in and out on the newscaster and the map behind
him—these are the steps you must take:

1. Zoom all the way ouf to a long shot (widest angle lens
setting on your zoom lens). Now focus up on the scene
with the camera focus control. In effect, you are moving the
pickup tube relative to the lens, very much like focus-
ing a turret lens.

2. As soon as you are in focus, zoom all the way in
fo the map, the object farthest away from the camera that
needs to be included in your shot. Most likely the map
will look out of focus. Do nof correct focus now with
the camera focus control. Rather, focus up on the map
with the zoom wnfrol. Make sure that you are zoomed
in all the way, to your narrowest angle lens setting.

3. Now zoom back again slowly, without touching
any focus control. You should remain in focus through-
out the zoom. Sometimes, when you are zoomed out
all the way again, you may have to touch up the focus
just a little with your camera focus control. Then zoom in
again, and check whether you are still in focus on the
closeup of the map. If not, correct the focus again very
slightly with the zoom control. By now, you should
have a fairly even focus throughout your zoom range.

Because the adjustment with the camera focus
concerns the “back matter” of the camera—the
pickup tube—this focus is called back focus. The
closeup adjustment with the zoom focus concerns
“front matter” of the camera—the lens elements
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in the zoom lens. This focus is, therefore, called
front focus.

As soon as you move your camera into a differ-
ent position, you must obviously go through an-
other presetting procedure. Otherwise, your
zoom will most likely not remain in focus from
the new location.

Zoom prefocusing for color cameras is a very
different process. Since the internal optical sys-
tem of the color camera is extremely critical in its
alignment, the pickup tubes cannot be moved for
focusing. Therefore, there is no easy way of back-
focusing, and indeed, the internal optical system
is set in such a way that the camera is more or less
permanently backfocused. The color camera has
no camera focus (which you would need for back-
focusing) but only a front focus, the zoom-lens
focus controls.

Here is what you should do to preset your zoom
on a color camera:

1. Zoom all the way in on the farthest object in your
zoom range, like the map behind the newscaster. Focus
on the map with the zoom focus control. In effect, you
are adjusting the front focus.

2. Zoom all the way back to your widest angle lens
setting. Since the back focus is already adjusted for this
lens setting, your scene—the whole news set—should
be reasonably in focus. If not, once again make a slight
adjustment with the zoom focus control.

3. Now zoom in again. You should maintain focus
pretty much throughout the entire zoom range.

Because of the preset back focus in a color cam-
era, you may find that the wide-angle shots are
slightly out of focus, at least not quite as crisp as
you may like them to be. But if you have to com-
promise with your focus, it is better to have a
crisper, sharper closeup picture of an object and
a slightly softer long shot (wide-angle view) of
the scene than the other way around. Also, the
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3-5 Lens Iris: The lens iris, or diaphragm, consists
of a series of thin metal blades that form, through
partial overlapping, a lens opening of variable size.

colors themselves help to define the overall scene
sufficiently so that a slightly softer focus is gener-
ally unnoticeable on the home receiver.!

Like long-focal-length lenses, the zoom lens
sets some limitations on how close the camera can
get to an object and still remain in focus. Without
special attachments, the closest focusing distance
for most zoom lenses lies between two and four
feet with the lens zoomed in all the way to its
maximum focal length, or, as it is frequently
called, maximum felephoto position. In wider-angle
positions, you can, of course, move the camera or
object somewhat closer without losing focus.

J-Stop

Similar to photographic film, the camera pickup
tube will operate properly only within a certain
range of light intensity. If too little light falls on

1 Herbert Zettl, Sight-Sound-Motion (Belmont, Calif.: Wads-
worth Publishing Co., 1973), pp. 187-188.

PEMATE CaTRoL- /Jg'
(L — P 4
4+ i .

NOMBERS

15 i 2‘ 2 £-5ToP

3:6 /f-Stop: The fstop is a calibration that indicates
how large or small the iris, or lens opening, is.

the pickup tube, or tubes, the picture quality will
suffer as much as if it receives too much light.
Since you will probably use the camera not only
indoors but also outdoors on remote telecasts,
you will have to adjust for the extreme difference
in light. There are several ways of controlling the
light level. First, in the studio you can regulate the
lighting itself. Second, if you are outdoors, you
have recourse to a variety of neutral density filters
that admit a certain amount of light. Third, and
most importantly, the lens itself has a diaphragm,
or iris, that can be “opened up” to permit more
light to pass through the lens, or “stopped down,”
made smaller, to permit less light to enter. The
opening in the diaphragm is called aperture (see 3.5).

On a fixed-focal-length lens, there is a ring
around the lens barrel (similar to the distance cali-
bration) that, when turned clockwise or counter-
clockwise, will either increase (open) or reduce
(close down) the iris opening. The different posi-
tions of lens (iris or diaphragm) openings are cali-
brated in fstops. The smaller the f-stop number, such



as f/1.4, the larger the iris opening. The larger the
f-stop number, such as f/22, the smaller the iris
opening. (See 3.6.)

The quality of a lens is measured not by how
little light it allows to enter the camera (small
aperture with large f~stop number) but by how
much light it lets in (large aperture with small
f-stop number). A fast lens, which permits a large
amount of light to enter, can be used in low-light-
level conditions. A slow lens, through which rela-
tively little light can pass, requires relatively
high-level lighting conditions. In general, short-
focal-length (wide-angle) lenses are faster than
long-focal-length (narrow-angle or telephoto)
lenses.

Zoom lenses for color cameras (for the 1-inch
or 114 -inch Plumbicon pickup tube formats) have
a maximum aperture (iris opening) of f/1.8 or
//2.0. The zoom lenses for the I-O pickup tube
format are generally slower.

Since the iris opening is one of the most impor-
tant video control elements, it is usually remotely
controlled by the video operator. In fact, it is
changed continually during a telecast in order to
control and balance the light striking the camera
tube, or tubes. The more sophisticated color cam-
eras have an automatic iris control: the camera
senses the light entering the lens and adjusts the
lens opening in such a way as to produce an opti-
mal picture.

Depth of Field

If you place objects at different distances from the
camera, some of them will be in focus and some
of them out. The area in which objects are seen
in focus, called “depth of field,” can be shallow
or great. When it is shallow, only objects in the
middleground will be in focus; the foreground
and background will be out of focus. When the
depth of field is great, all objects (in the fore-,
middle-, and backgrounds) will be in focus.
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If the depth of field is great, you will find it
rather easy to keep the performer in focus, al-
though he or she may move rapidly toward or
away from your camera. If the depth of field is
shallow, he or she will have to move very slowly
toward or away from your camera in order to stay
in focus.

The same rules apply, of course, when the cam-
era moves. A great depth of field makes it easy
for you to stay in focus while dollying. A shallow
depth of field makes it extremely difficult to dolly
without getting out of focus (see 3.7).

It seems as though a very great depth of field
would be the most desirable condition in televi-
sion studio operation. But a medium depth is
often preferred because then the in-focus objects
are set off against a slightly out-of-focus back-
ground. Thus, the object will be emphasized, and
busy background designs or the inevitable
smudges on the television scenery will receive
little attention. Foreground, middleground, and
background will be better defined.?

You can control the depth of field by coordinat-
ing three factors:

1. The focal length of the lens used. Given a fixed
camera-to-object distance, short-focal-length lenses,
or wide-angle zoom positions, have a great depth of
field. Long lenses, or narrow-angle zoom positions,
have a shallow depth of field.

2. The lens opening (f-stop). Large lens openings
(small f~stop numbers) cause a shallow depth of field.
Small lens openings cause a great depth of field. A low
light level will necessitate the opening of the lens dia-
phragms and a subsequent decrease in the depth of
field. More light will permit you to stop down your lens
(decrease the lens opening) and thereby increase the
depth of field.

3. The distance between camera and object. The far-
ther away the object is from the camera, the greater the
depth of field. The closer the object is to the camera,
the shallower the depth of field.

2 Zettl, Sight-Sound-Motion, pp. 188-191.




40 Chapter 3
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In a closeup with a wide-angle lens, or a zoom
lens zoomed out (wide-angle position), for in-
stance, your distance from camera to object will
be small; the initially large depth of field (wide-
angle lens) will become quite shallow (distance
from camera to object is small). If a similar
closeup is taken with a long lens, or a zoom lens
zoomed in (narrow-angle or telephoto position),
the distance from object to camera may be com-
paratively great (great depth of field); the long
focal length of the lens, however, will reduce the
depth of field considerably.

When you are zoomed in, you have a shallow
depth of field; when zoomed out, you have a
larger depth of field. /n general, we can say that closeups
have a shallow depth of field, long shots a great depth of field.
Quite frequently, a shallow depth of field can
work to your advantage. Let us assume that you
are about to take a quick closeup of a medium-
sized object, such as a can of dog food. You don’t
have to bother to put up a special background for
it. All you need to do is to move your camera back
and zoom in on the display (or use a narrow-angle
lens). Your zoom lens will now be in a telephoto
(narrow-angle) position, decreasing the depth of
field to a large extent. Your background will now
be sufficiently out of focus to prevent undesirable
distractions. This technique is called selective focus,
meaning that you can focus either on the fore-
ground, with the middleground and background
out of focus; or on the middleground, with the

[N Focus

Focus

foreground and background out of focus; or on
the background, with the foreground and middle-
ground out of focus.

You can also shift emphasis from one object to
another quite easily with the help of selective
focus. For example, you can zoom in on a fore-
ground camera, thus reducing the depth of
field, and focus (with your zoom lens at the tele-
photo position) on it. Then, by simply “racking
focus”’—that is, by refocusing—on the person be-
hind it, you can quickly shift the emphasis from
the camera (foreground) to the person about
to take a picture (middleground). (See 3.8.)

The advantage of a shallow depth of field also
applies to unwanted foreground objects. In a
baseball pickup, for example, the camera behind
home plate may have to shoot through the fence
wire. But since your camera will most likely be
zoomed in on the pitcher, or other players per-
forming at a considerable distance from the cam-
era, you will work with a relatively short depth
of field. Consequently, everything fairly close to
the camera, such as the fence wire, will be so
much out of focus that for all practical purposes
it becomes invisible. The same principle works for
shooting through bird cages, prison bars, or simi-
lar foreground objects.

A large depth of field is necessary when there
is considerable movement of camera and/or sub-
jects. Also, when two objects are located at widely
different distances from the camera, a great depth



3-8 Selective Focus: (a) In this shot, the camera
(foreground object) is out of focus, drawing atten-
tion to the woman (middleground); (b) here, the

of field will enable you to keep them both in focus
simultaneously. Most outdoor telecasts, such as
sports events and other remotes, require a large
depth of field, the principal objective being to
help the viewer see as much and as well as possi-
ble. Fortunately, during daytime remotes, there is
usually enough light to stop down the lenses con-
siderably, an arrangement which, as we have
seen, will help to increase the depth of field. In
night telecasts, make sure that there is enough
light so that you can work within a reasonably
great depth of field.

Performance Characteristics

The performance characteristic of a lens refers to
what it can and cannot do, and how it generally
behaves in common production practice. Since
the camera will process only the information the

focus is shifted from the woman (middleground) to
the camera (foreground).

lens can see, a knowledge of the performance
characteristics of lenses will aid you greatly in
many production tasks. As a director or associate
director, for example, you must know which lens
or zoom-lens position to use in order to let the
viewer see the important parts of an event. Or
you may want to use a specific zoom position or
lens in order to achieve an important aesthetic
effect. As a microphone boom operator, you must
know how lenses function so that you can keep
your microphone out of the picture yet as close
to the sound source as possible. As talent, your
knowledge of lenses will aid you in where to look,
how to move, or how to hold an object so that
the camera can see it as well as possible.

Three topics especially pertinent to the discus-
sion of performance characteristics of television
lenses are: (1) field of view, including focal length
and zoom range, (2) relationship of focal length
to performance, and (3) operational controls.
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3-9 10:1 Zoom Range:
(a) Zoomed out: at 20
feet (or approximately
6m) away from the
camera, the field of
view is 15 feet (or ap-
proximately 4.5m) wide.
(b) Zoomed in: at 20
feet from the camera,
the field of view is now
only 1.5 feet wide (1/10
of the wide-angle field
of view).
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Field of View

Field of view refers to how much of a scene you
can see through a particular lens. The wide-angle,
or short, lens—through which you can see more—
gives you a wider field of view than the narrow-
angle, or long, lens. The same is true for a zoom
lens. At the widest zoom setting, or widest focal-
length position, you have the widest field of view,
or the greatest vista. At the narrowest zoom set-

—— -

ting, or narrowest focal-length or telephoto posi-
tion, you have the narrowest field of view. But
what you see is greatly enlarged, especially the
middleground and background objects. Between
the widest zoom position (all the way out) and
the extreme telephoto position (all the way in)
—the zoom range—there are innumerable grada-
tions. Since most zoom lenses have a 10:1 or 15:1
zoom range, the field of view increases or de-



creases approximately tenfold or fifteenfold. To
visualize a 10:1 zoom range, imagine that you are
standing twenty feet, or approximately six
meters, away from the camera. Assuming that
your zoom lens (for 1-inch Plumbicon) has a
range of 17mm to 170mm, it will cover a field of
view approximately 15 feet (or roughly 4.5
meters) wide when zoomed all the way out (see
3.9a). You will be able to move a good seven feet
to either side of the stationary camera and still
remain in the camera’s field of view. When
zoomed all the way in, however, you had better
stand in one place, without moving at all (se¢ 3. 94).
The camera’s field of view has appropriately
enough shrunk to one-tenth of the wide-angle
zoom position, to 1.5 feet (roughly 45 cm).

When the camera is used outdoors, or in large
indoor spaces, the normal 10:1, or even 15:1, zoom
range no longer suffices. Most likely, you will find
that your widest angle zoom position is too wide
to be useful, and that your most extreme tele-
photo position does not get close enough to the
event. Zoom lenses come, therefore, with a vari-
ety of range extenders, which are either attached to
the front of the lens or activated automatically by
a simple switch. Three range extenders usually
fulfill most production requirements: one that ex-
tends the maximum focal length by 1.5 times,
another that doubles the maximum focal length
(2.0 times), and still another that extends the
maximum focal length by 2.5 times. But as soon
as you put on a range extender, you automatically
lose your original widest angle, or shortest focal
length, position of the lens. The lens retains its
10:1 zoom ratio. You simply start a little closer
to the object with a range extender, and therefore
get a little closer to the object in your extreme
telephoto position. Let’s use our 10:1 zoom lens,
which has a range from 17mm to 170mm and see
how the 1.5x, the 2x, and the 2.5x range extenders
influence the focal-length range.
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310 The different-sized Plumbicon tubes require
slightly different lens formats. Zoom lenses that fit
the 1-inch (25mm) Plumbicon pickup tubes exclu-
sively vary in size slightly from those that are made
for the 1% -inch (30mm) pickup tube format. Since
the optical and performance characteristics of the
lenses are quite similar, we will largely ignore this
difference.

311
The most common wide-angle zoom positions are:
For color cameras: 17mm (or wider)-30mm

For I-O cameras: 35mm-60mm

The most common wide-angle turret lenses are:

For I-O cameras: 35mm (extreme wide-angle

lens)

50mm (or 2-in, wide-angle

lens on normal turret)
For vidicon cameras: 10mm (extreme wide-angle)
12, mm (%-in, wide-angle
lens on normal turret)




44 Chapter 3

Normal zoom range without

extenders: 17mm-170mm

With 1.5x range extender: 25.5mm-255mm
34mm-340mm

42.5mm—425mm

With 2.0x range extender:
With 2.5x range extender:

Unfortunately, range extenders are not without
disadvantages. The rule that says, the longer the
maximum focal length, the slower the lens, ap-
plies also to the range extenders. The /2 of the
above zoom lens is reduced with the range ex-
tenders to /3, f/4, and f/5, respectively; so obvi-
ously the 2.5x range extender requires a large
amount of light. If used outdoors in daylight, the
range extenders work quite well; indoors, with
limited lighting, they can present a serious pro-
duction problem. The added lens elements of the
range extenders, which actin effectasamagnifying
glass, sometimes impair the overall crispness of
the picture. Try, therefore, to move your camera
as close to the event as possible, so that you can
do without range extenders. If you have to use
them, make sure that enough light is available for
the reduced aperture.

The tables on pages 43, 44, and 48 will give you
information on the most common zoom ranges
and the focal lengths of turret lenses.

Focal Length and Performance

In order to discuss the relationship of focal length
to the performance characteristics of the lens, we
will group the focal lengths of the turret lenses,
as well as the focal-length positions of the zoom
lens within its range, into (1) wide-angle (short-
focal-length) lenses, or wide zoom-lens position;
(2) the normal lens, or midrange zoom-lens posi-
tion; and (3) the narrow-angle (long-focal-length,
or telephoto) lens, or telephoto zoom-lens posi-
tion.

The Wide-Angle Lens, or Wide Zoom-Lens
Position When speaking of the relationship be-
tween focal length of a lens and its performance
characteristics, these factors should be consid-
ered: (1) field of view and object proportion, (2)
dolly capability and object speed, (3) maximum
aperture (iris opening), and (4) focus capability
and depth of field.

The wide-angle lens gives you a wide vista. You
can have a relatively wide field of view with the
scene rather close to the camera. With a wide-
angle lens, you can make a small room or studio
look quite large, or stretch normal hallways into
seemingly endless tunnels. Objects relatively
close to the camera look large, and objects only
a short distance away look relatively small. The
proportions of the object are therefore exaggerated by
the wide-angle lens. This distortion—large fore-
ground objects, and small middleground and
background objects—helps to increase the illu-
sion of depth. Since parallel lines seem to con-
verge faster than we ordinarily perceive with this
kind of lens, you can create a forced perspective
that makes objects—desks, automobiles, houses
—look longer than they actually are. (See 3.12
through 3.15.)

This distortion, however, can also work against
you. If you take a closeup of a face with a
wide-angle lens, the nose, which is closest to the
lens, is unusually large compared to the more dis-
tant parts of the face fsee 3.76). In an extreme
wide-angle position, or with an extreme wide-
angle lens, you may notice that the vertical lines
of the background appear to be somewhat curved.
This is called "’barrel distortion,” because the ver-
tical lines look like the curved sides of a barrel.

Looking down on an object can also create
undesirable distortions. A closeup of a washing
machine, for instance, shows an obvious distor-
tion when the camera dollies in and observes it
from above (see 3.77). You can reduce such distor-
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a
3-12 Wide-Angle Distortion: (a) Here, the dock than the entire ship. (b) Even a small car, like a VW,
building appears to be much longer than it is. Note can be made to look like a rather powerful racer.

that the mooring line is larger in the foreground

3-13 The length of this hallway is greatly exag- 3-14 Ordinary gestures can become quite com-

gerated by the wide-angle lens. manding through wide-angle lens distortion. Note
how the hand, which is relatively close to the lens,
is larger than the woman’s head just a short distance
behind.
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3-15 Shooting through a prominent foreground
piece with the wide-angle lens creates a spatially ar-
ticulated, forceful picture.?

tions by placing the objects on a level approxi-
mate with the lens height f(see 3.78).

Another negative aspect of the wide-angle lens
is overshooting. The wide-angle view of the lens
does not stop where the scenery ends. If you
overshoot the set on top or at the sides, the great
depth of field will point up the overshot areas
clearly and embarrassingly.

The wide-angle lens is a good dolly lens, because
its wide field of view de-emphasizes camera wob-
bles and bumps. The great depth of field of the
lens helps you to keep in focus while dollying.
Unless you have to move the camera in quite close
to the subject, you probably will have to adjust
the focus only minimally, if at all.

Unfortunately, the zoom lens makes it so con-
venient to move from a long shot to a closeup or
vice versa that dollying with a color camera has
almost become a lost art. But there is a significant
aesthetic difference between a zoom and a dolly.

3-16 Wide-angle lens distortion of a face is gener-
ally undesirable, unless you want to imply in the
shot some psychological distortion.

While the zoom seems to bring the scene toward
the viewer, a dolly seems to take the viewer into
the scene.? Since the camera does not move dur-
ing a zoom, the spatial relationships between ob-
jects remain constant. The objects appear to be
glued into position; they simply get bigger (zoom
in) or smaller (zoom out). In a dolly, however, the
relationships between objects change constantly.
You seem to be moving past and around them;
you are enticed to participate more in the action
than during a zoom. But it is just as easy to dolly
with a zoom in a wide-angle position as with a
wide-angle lens. There is only one problem. At
the end of your dolly, you can’t all of a sudden
zoom in from the new position without first pre-
setting your zoom again. Otherwise, you will
surely get out of focus, or at best have a difficult
time adjusting focus while zooming.

The wider the lens or the zoom position, the
more rapidly the objects increase or decrease in

3 Zettl, Sight-Sound-Motion, pp. 211-213.

4 Zettl, Sight-Sound-Motion, pp. 194-197, 288.
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3-17 The wide-angle lens distortion in this shot
makes the washing machine appear much too dy-
namic and unstable.

size during a dolly, and the more exaggerated the
dolly speed becomes. Similarly, the movement of
objects toward and away from the camera seems
greatly accelerated by the wide-angle lens.

The f-stop rating of a zoom lens applies over the
entire zoom range. A maximum iris opening of
/72, for example, does not decrease (to /2.8 or f/3)
during the zoom in. It will remain at /2 even in
its telephoto position because the diaphragm is
adjusted automatically as the lens changes focal
length.

Fixed-focal-length lenses, on the other hand,
become slower the longer they get. This means
that wide-angle lenses have generally a wider
maximum iris opening (lower fstop) than long,
or narrow-angle, lenses. Under unfavorable light-
ing conditions, you may still get acceptable pic-
tures with the fast wide-angle lens, but you may
not be able to use the slower narrow-angle (long-
focal-length) lenses.

As you remember, wide-angle lenses have a
large depth of field. You can therefore get very close

3-18 When shot more from eye level (either by
lowering the camera or by placing the object closer
to lens height), or by using a longer lens, the un-
desirable effect of distortion is greatly reduced.

to the object with a wide-angle lens and still rack
the pickup tube back far enough (in monochrome
cameras) to keep in focus. Even with a zoom lens
you can sometimes produce a larger screen image
by zooming out to a fairly wide-angle position
and moving the camera close to the subject than
by simply zooming in to a narrow-angle lens po-
sition at some distance from the subject.

Be sure to check carefully, however, on
whether the camera can get physically close
enough to the object. Sometimes a large dolly, the
zoom lens itself, or even the sunshade on a long
lens mounted on the turret with the wide-angle
lens, may prevent you from pushing the camera
close enough to obtain the desired closeup.

The Normal Lens, or Midrange of the Zoom
Lens While the wide-angle lens makes objects
seem farther apart and rooms larger than they
actually are, normal lenses, or midrange zoom posi-
tions, make objects and their spatial relationships
appear close to our normal vision.
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319 The most common midrange zoom positions

are:
For color cameras: 35mm-45mm

For I-O cameras: 75mm—-90mm

The most common normal lens on a turret is:
For I-O cameras: 75mm or 90mm

For vidicon cameras: 25mm, or 1-in lens

320 The most common narrow-angle, or telephoto,
zoom range positions for studio use are:

For color cameras: 50mm-200mm without range

extenders

For I-O cameras:
range extenders

135mm—400mm (16 in) without

The most common narrow-angle turret lenses are:

For I-O cameras: 135mm, 8-in (200mm), and 12-in

(300mm)

For vidicon cameras: 75mm (3-in), 100mm (4-in)

For field use, range extenders are used with zoom
lenses (see table on page 44). There are also fixed-

focal-length lenses available:
For I-O cameras: 15-in, 17-in, and 25-in field
lenses

For vidicon cameras: 6-in (152mm) and 12-in
(300mm)

The normal lens is a reasonably good dolly lens
although camera wobbles become a little more
noticeable than with the wide-angle lens. Also,
you will find that it is harder to keep in focus
while dollying with the normal lens than with the
wide-angle lens.

The normal lens is still a fast lens (large max-
imum iris opening) and permits good closeups
without your having to bring the camera too close
to the object.

When shooting graphics, especially title cards,
you should use the normal lens or put the zoom
into the midrange position. This method has sev-
eral advantages: (1) You can quickly correct the
framing on the card by zooming in or out slightly,
or by dollying just a little in or out without undue
focus changes. (2) You will be far enough away
from the easel to avoid camera shadows, yet close
enough so that the danger of someone’s walking
in front of your camera is minimal. (3) The floor-
person, by placing the easel at a standard distance
from the camera, can help you frame up and focus
on the easel card with a minimum of effort and
time.

The most common mistake is to zoom in on an
easel card from a fairly great distance. There are
three major disadvantages to this method: (1)
Your focus at the telephoto zoom position is quite
critical. (2) If the director requires a closer shot
when you are zoomed in most of the way already,
you will have to move the whole camera closer
to the easel and preset your focus again—a ma-
neuver that can be quite time- and energy-con-
suming. (3) As already mentioned, if you are too
far from the easel, studio personnel unaware that
you are focused on the easel card may walk right
in front of your camera.

With the normal lens, you can get fairly close
to the object and still be able to focus up.

The Narrow-Angle Lens, or Telephoto Zoom
Lens Position The narrow-angle, or long, lens
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3-21 By using a telephoto lens, the background is
greatly enlarged compared to the foreground. The
distance between the cars seems, therefore, reduced
and the impression of a traffic jam is heightened.

has a narrow field of view, and it magnifies objects
in the lens’s field of view. Because the enlarged
background objects look rather big in comparison
to the foreground objects, an illusion is created
that the distance between foreground, middle-
ground, and background has decreased. The long
lens seems to shrink the space between the ob-
jects, in direct contrast to the effect created by the
wide-angle lens, which exaggerates object pro-
portions and therefore seems to increase relative
distance between objects. A narrow-angle lens, or
a zoom lens in its telephoto position, crowds ob-
jects on the screen.

This crowding effect can be positive or nega-
tive. If you want to show how crowded the free-
ways are during rush hour, for example, use a
long lens, or use your zoom lens in the telephoto
position. The long focal length will reduce the
distance between the cars and make them appear
to be driving bumper to bumper fsee 3.271).

3-22 This shot was taken with a zoom lens in an
extremely long focal length position. Note how the
runner, the pitcher, the batter, the catcher, and

the umpire all seem to stand only a few feet apart
from one another. As you know, the actual distance
between the pitcher and the batter is 6015 feet.

But such depth distortions by the narrow-angle
lens also work to disadvantage. You are certainly
familiar with the deceptive closeness of the
pitcher to home plate on your television screen.
This depth distortion occurs because the zoom
lens is used in a fairly extreme telephoto position,
since the camera is placed far to the rear of the
pitcher, on the other side of the field from home
plate. Since in most sports events, television cam-
eras must remain at a considerable distance from
the action, the zoom lenses usually operate at
their extreme telephoto positions or with power-
ful range extenders. The resulting telephoto effect
of shrinking space makes it difficult for the viewer
to judge actual distances and to tell with accuracy
who is ahead of whom fsee 3.22).

You cannot dolly with a long lens, or with a zoom
lens in its telephoto range. Its magnifying power
makes any movement of the camera impossible.
If you work outdoors, even wind can become a
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3-23 Among the many manufacturers of optical
equipment and lenses, there are four whose top-
quality television lenses have found wide acceptance
here in the United States and elsewhere. Their prod-
ucts are the Japanese Canon lenses, the French An-
genieux lenses, the British Rank-Taylor-Hobson Varotal
lenses, and the German Schneider Variggon lenses. The
more expensive Angenieux and Schneider lenses are
considered the best in the field.

3:-24 Most lens turrets are equipped to hold four dif-
ferent lenses. The most common studio lens comple-
ment consists of a wide-angle lens, a medium lens,
and a narrow-angle lens. It is good practice to put
the widest-angle lens on your turret opposite the
longest lens because then you will avoid having the
long lens show in your wide-angle picture. The
problem of a lens visible in the picture is sometimes
called “cropping.” If you use a standard lens com-
plement, cropping is no problem, whatever the posi-
tion of the lenses on the turret may be.

The standard lens complement for an 1-O camera turret
is (1) the 50mm lens—a wide-angle lens; (2) the
75mm or 90mm lens—the normal lens; and (3) the
127mm or 135mm lens. The standard lens turret is
often referred to as the 2-3-5-inch turret (corre-
sponding to the 50mm or 2-inch lens, the 7Smm or
3-inch lens, and the 127mm or 5-inch lens).

Some television stations include in their standard
lens complement the 8-inch or 814-inch lens, which
enables you to get fast closeups of objects located at
a considerable distance from the camera.

The standard lens complement for vidicon turret
cameras is a 12.5mm (14 -inch) for the wide-angle
lens, a 25mm (1-inch) for the normal lens, and a
75mm (3-inch), or a 100mm (4-inch) for the narrow-
angle lens.

problem. A stiff breeze may shake the camera to
such a degree that the greatly magnified vibra-
tions become clearly visible on the television
screen.

In the studio, the telephoto position of the
zoom lens may present another problem for you.
The director may have you zoom in on part of an
event, such as the lead guitar in a band concert,
and then, after you have zoomed in, ask you to
truck (move the camera sideways) past the other
members of the band. But this movement is ex-
tremely difficult to do in the telephoto zoom posi-
tion. Rather you should dolly in with a wide-angle
zoom position and then truck, with the lens still in
the wide-angle position.

Another important performance characteristic
of the long lens, or the zoom lens in a telephoto
position, is the illusion of reduced speed of an
object moving toward or away from the camera.
Since the narrow-angle lens changes the size of
an object moving toward or away from the cam-
era much more gradually than the wide-angle
lens, the object seems to move more slowly than
it actually does; in fact, an extreme narrow-angle
lens virtually eliminates such movement. The ob-
ject does not seem to change its size perceptibly
even when it is traveling a considerably large dis-
tance relative to the camera. Such a slowdown is
especially effective if you want to emphasize the
frustration of someone running but not getting
anywhere.

As pointed out before, the relatively slow, nar-
row-angle lenses usually have a smaller maximum
aperture than wide-angle lenses and, as a result,
need more light. Zoom lenses maintain their max-
imum aperture throughout the entire zoom range,
but range extenders reduce the aperture rating of
the lens considerably.

Since narrow-angle lenses have a rather shallow
depth of field, any object that is moving fairly close
to the camera is difficult to keep in focus. If some-
one walks toward the camera past the minimum
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3.25 Zoom Control: With most zoom controls, you
turn the handle clockwise to zoom in and counter-
clockwise to zoom out. The faster you turn the han-
dle, the faster the zoom will be.

distance you need to keep in focus, the person
will go out of focus. No amount of screaming
from the control room personnel will help to cor-
rect this problem. If, however, the action happens
quite a distance from the camera, the lens acts
more like a wide-angle lens again (since the field
of view increases) and therefore your depth of
field increases accordingly.

Operational Controls

You need two basic controls to operate a zoom
lens: (1) the zoom control unit, which activates the
variable focal length of the lens (the zooming
mechanism), and (2) the focus control unit, which
activates the intricate focus mechanism in a zoom
lens. Both zoom controls can be operated either
manually or by automatic “servo” control.

Zoom Control Unit The manual zoom control
usually consists of a small crank mounted on the
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3-26 Servo Zoom Control: This zoom control is
simply mounted next to the camera panning handle.

right panning handle or on a special extender at
the right of the camera. A small lever next to the
crank enables you to select at least two turning
ratios, slow or fast. The slow ratio is for normal
zooming, the fast for exceptionally fast zooms.
Some manual controls have two levers that allow
four adjustable zooming speeds. When you turn
the crank, a special zoom drive cable mechanically
activates the zoom mechanism in the lens. Obvi-
ously, the faster you turn the crank, the faster the
zoom will be. (See 3.25.)

The servo zoom confrol unit does not activate the
lens mechanism directly; rather, it signals a
complex motor system that in turn drives the
zoom mechanism in the lens. In actual operation,
the servo control unit is quite similar to the me-
chanical zoom controls. It is normally mounted on
the right panning handle, and you zoom in and
out by moving the thumb lever either right or left.
The farther you move the lever from its original
central position, the faster the zoom will be. A
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3-27 Shot Box: The shot box comes in a variety of
configurations, but with similar components, such as
the field-of-view meter, zoom speed control, wide-

two-speed switch permits you to select a zoom
speed four times as fast as the normal zoom rate.
With the servo system, the zoom speed is au-
tomatically reduced as the zoom approaches ei-
ther of the extreme zoom positions. This reduc-
tion prevents jerks and abrupt stops when you
reach the end of the zoom range. (Se¢ 3.26.)

There are several advantages to the servo sys-
tem: (1) Your zoom will be steady and smooth,
especially during extremely slow zooms. (2) The
zoom control is easy to operate and allows you
to concentrate more on other camera functions,
such as panning, tilting, and focusing. (3) With
the automatic zoom slowdown, you will never get
caught reaching the end of the zoom range at full
speed.

To make the zoom even more precise, a zoom
preset system has been developed, called a shof box.
Generally mounted on the right panning handle,
it allows you to preset any of a number of zoom
speeds (up to twelve in some models) and several
(four or five) zoom positions. By activating wide-
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angle and narrow-angle zoom buttons, and buttons
for preset positions,

and narrow-angle buttons or switches, your lens
will zoom either out or in. A special meter indi-
cates the angle of view of the lens. The shot box
is usually combined with a servo zoom control
unit that lets you override the shot box at any
time. (See 3.27.)

Focus Control Unit The manual focus control unit
ordinarily consists of a twist grip, very similar to
a motorcycle handle. It is generally mounted on
the left panning handle. Two or three turns are
usually sufficient to achieve focus over the full
Zoom range.

As with the zoom, the focus operations are
transferred by drive cable from the panning han-
dle control to the lens. (Se¢ 3.28.) The most com-
mon servo focus control unit is a three-spoked
capstan wheel. (Se¢ 3.29.) It is generally mounted
in the left panning handle or attached directly to
the side of the shot box.

There are provisions for fast and slow focusing
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3-28 Manual Focus Control: The twist grip of the
manual focus control turns clockwise and counter-
clockwise for focusing.

speeds and for compensating the turning of the
focus control when the lens reaches long focal
lengths. Remember, the tighter the shot, the
smaller the depth of field. Consequently, when
you zoom in for a tight shot, the focus becomes
more critical as you get tighter, and you therefore
have to increase the turns of the focus control.
The servo system can compensate for this change
and keep the turning rate constant. Because of
their experience with mechanical focus devices,
however, most camera operators are already so
used to the different turning ratios at close range
that even with the servo system they prefer to
compensate for the different close-range focus
requirements themselves. The switch is, there-
fore, frequently left in the “uncompensated” posi-
tion.

For similar reasons, the servo focus control unit
is not very popular. The preselected focus is use-
ful only when the positions of the camera and
subject are exactly the same in the show as in the
rehearsal.
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SERNO Focus

3.29 Servo Focus Control: The servo focus control
does not transfer your movement of the focus wheel
mechanically; instead, it activates a motor that drives
the focus mechanism in the zoom lens extremely
smoothly.
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3:30  Some of the portable broadcast cameras, and a
number of nonbroadcast cameras, have rather simple
zoom devices. Some zoom lenses are activated by a
small lever that turns part of the lens clockwise or
counterclockwise, thereby making the lens zoom in
or out, respectively; or the front part of the lens is
turned directly by hand.

Some of the simpler zoom lenses on nonbroadcast
cameras are operated with a con#ol rod that extends
through the camera to the back. By pushing the rod
in or pulling it out, you can zoom in or out. Some
zoom lenses work in reverse. By pushing the rod in,
you zoom out; and by pulling the rod back, you
zoom in. By turning the focus wheel at the end of
the rod, you can adjust focus while zooming. (See a.)

You change turref lenses by rotating the lens turret
with the turret control handle in the back of the
camera. By pressing the inside part of the turret
handle back, you will release the turret so that it can
be rotated either clockwise or counterclockwise.
Once the desired lens is in the “on-the-air” position,
which is marked by a dot on the camera, you should
release the grip gently until it engages in a catch,
thereby locking the turret solidly in its new position.
Since the turret control is spring-loaded, be sure to
depress and engage the turret handle slowly and
easily; otherwise the loud clicks of the engaging
springs will be picked up quite noticeably by the
microphone. (See 5.

The focus control for turret cameras is a knob on
the right side of the camera. The number of turns of
the knob necessary to keep the picture in focus de-
pends on the speed of the camera or object, the fo-
cal length of the lens used, and the iris opening of
the lens. Some focusing knobs have an additional
little crank that permits fast focusing (see 2.3, page
12).

a Zoom Rod
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Summary

The function of a lens on the television camera
is to produce a small, clear optical image of the
viewed scene on the front surface of the camera
pickup tube. There are basically two types of
lenses: (1) the variable-focal-length, or zoom,
lens, and (2) the fixed-focal-length, or turret, lens.

The zoom lens can change its focal length contin-
uously, which means that it can make an object
appear to look far away or at close range, or make
the “far”” object move continuously closer, or the
“close” object continuously farther away—all
with the camera remaining in a fixed position.
The fixed-focal-length lens shows only one par-
ticular angle of view. In order to make an object
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appear at close range, or farther away than with
the lens used, we need to use lenses with different
focal lengths, assuming that the camera does not
move.

Important opfical characteristics of lenses are (1)
focal length, (2) focus, (3) f-stop, and (4) depth
of field.

The performance characteristics of lenses are (1) field
of view, including focal length and zoom range,
(2) relationship of focal length to the performance
of the lens, and (3) operational control units of
the lens, such as zoom and focus controls.

Turret as well as zoom lenses are dependent
upon the format (size of the target area) of the
camera pickup tube or tubes.

All studio color cameras use zoom lenses.






Mounting Equipment and
Camera Operations

Now that you have learned the major aspects of television cameras and their lenses, you
need to know how to operate a camera. In this chapter we will take up four main fopics,
all of which relate to camera operation: (1) camera mounting equipment, (2) the most
common camera movements, (3) how to work a camera in a production sifuation, and (4)
some aspects of picture composition.

57
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You will find that, although high-quality cameras
may become considerably smaller and lighter
than they presently are, you will still need a cam-
era mount for smooth and efficient studio opera-
tion.

Camera Mounting Equipment

Ease and fluidity of camera movement are essen-
tial in television production. Three basic units
have been developed that enable us to move the
camera freely and smoothly about the studio: (1)
the tripod dolly, (2) the studio pedestal, and (3)
the studio crane.

The Tripod Dolly

The tripod dolly consists of a metal tripod usually
fastened to a three-caster dolly base. The three
casters can be used either in a freewheeling posi-

tion, which ensures quick and easy repositioning
of the camera in all directions, or locked into one
position for straight-line dollying. If you don't
want the dolly to move, you can lock each caster
into a different direction so that each one works
against the others. In effect, you have “‘put the
brakes” on your tripod dolly. (Se 4.1.)

Various cable guards in front of the casters help
to prevent their rolling over or hitting the camera
cable. Make sure that you screw the cable guards
close to the studio floor, especially when using a
small-diameter minicable on your camera.

That the tripod and the dolly base are collapsi-
ble makes them the ideal camera mount for most
remote operations. The tripod can also be ad-
justed to the height of the camera operator, but
this manipulation takes time and energy. Quick
and easy elevation of the camera is, therefore, not
possible. (See 4.2.)

Bust Shot Framing of a
person from the upper
torso to the top of the
head.

Arc To move the camera
in a slightly curved dolly
or truck.

Balance Relative struc-
tural stability of picture
elements (objects or
events). Balance can be
stable (little pictorial ten-
sion), neutral (some ten-
sion), or unstable (high
pictorial tension).

Cam Head A special
camera mounting head that
permits extremely smooth
tilts and pans.

Closeup Object or any
part of it seen at close
range and framed tightly.
The closeup can be ex-
treme (extreme or big
closeup) or rather loose
(medium closeup).

Closure Short for psy-
chological closure. Men-
tally filling in spaces of an
incomplete picture.

Crab Sideways motion of
the camera crane doily
base.

Cradle Head Cradle-
shaped camera mounting
head. Permits smooth up-
and-down tilts and hori-
zontal pans.

Crane 1. Camera dolly
that resembles an actual
crane in both appearance
and operation. The crane
can lift the camera from
close to the studio floor to
over ten feet above it. 2. To
move the boom of the
camera crane up or down.
Also called boom.

Depth Staging Arrange-
ment of objects on the
television screen so that
foreground, middleground,
and background are clearly
defined.



The Studio Pedestal

With the studio pedestal, you can dolly very
smoothly, and elevate and lower the camera
easily while on the air. The more portable field-
studio pedestals still allow easy up-and-down
movement, but not when the camera is on the air.
This up-and-down movement adds an important
dimension to the art of television photography.
Not only can you adjust the camera to comforta-
ble working height, but you can also look up at
an event or down on it. We have known for cen-
turies that looking up at a thing or an event makes
it appear more powerful; looking down on it
makes it less powerful than it would appear from
eye level. With the studio pedestal you can, at
least to some degree, bring about these points of
view.

Of the great variety of available studio pedes-
tals, we will consider only the most commonly
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4-1 Locking Position of Tripod Dolly Wheels.

used: (1) the lightweight field-studio pedestal, (2)
the counterweighted studio pedestal, and (3) the
pneumatic studio pedestal.

Dolly 1. Camera support
that enables the camera to
move in all directions. 2. To
move the camera toward
(dolly in) or away from
(dolly out or back) the ob-
ject.

Headroom The space left
between the top of the
head and the upper screen
edge.

Knee Shot Framing of a
person from the knees up.

Long Shot Object seen
from far away or framed
very loosely. The extreme
long shot shows the object
from a great distance.

Medium Shot Object
seen from a medium dis-
tance. Covers any framing
between long shot and
closeup.

Nose Room The space
left in front of a person
looking toward the edge of
the screen.

Over-the-Shoulder Shot
Camera looks over a per-
son’s shoulder (shoulder
and back of head included
in shot) at another person.

Pan Horizontal turning of
the camera.

Pedestal 1. Heavy camera
dolly that permits a raising
and lowering of the camera
while on the air. 2. To
move the camera up and
down via studio pedestal.

Tilt To point the camera
up and down.

Tongue To move the
boom with the camera
from left to right or from
right to left.

Truck To move the cam-
era laterally by means of
mobile camera mount.

Two-Shot Framing of
two people.
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4-2 Tripod Dolly Collapsed and Assembled.
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4-3 Lightweight Field-Studio Pedestal.

The Lightweight Field-Studio Pedestal This
pedestal is a cross between a tripod and a studio
pedestal. The dolly with its sturdy, oversized
casters can be easily separated from the pedestal.
As with the tripod dolly, the casters can be either
independently freewheeling or locked into up to
six specific index positions, including the braking
position. Most field-studio pedestals have adjust-
able cable guards.

The pedestal itself can be raised and lowered,
either by a hand crank or pneumatically through
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4-4 Counterweight Studio Pedestal.

compressed air. Neither method is smooth
enough to allow the camera to be raised or low-
ered while on the air.

Whenever you use a tripod dolly or a field-
studio pedestal on a remote, be especially careful
with the assembly and operation of the camera
mount. Since everybody is in a hurry during
remote operations, the usual safety precautions
are unfortunately not always upheld. Although
field-studio pedestals are designed for heavy
color cameras, the terrain on which you have to
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dolly is never quite as smooth as your studio
floor. A sudden stop may cause the camera to tip
over, or at least receive a heavy jolt. Ses 4.3.).

The Counterweighted Studio Pedestal This
pedestal has proved to be one of the most reliable
and workable pieces of studio production equip-
ment. You can lower and raise the camera while
on the air, and you can steer the pedestal
smoothly in any direction with one control, the
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4-5 Pedestal Steering: (a) parallel; (b) tricycle.

large steering wheel. The pedestal column, which
raises and lowers the camera, can be locked at any
vertical position by a special device, usually a
locking ring at the top of the counterweight base
(see 4.4). Generally, you work the pedestal in the
parallel synchronized, or crab, steering position.
This means that all three casters point in the same
direction. If, however, you want to rotate the
pedestal itself in order to get the whole piece of
equipment closer to the easel, you must switch to
the tricycle steering position in which only one
wheel is steerable (see 4.5).

The counterweight dolly is, however, not with-
out disadvantages. It is very heavy to move about,
especially when loaded down with a color camera,
big zoom lens, and perhaps a teleprompter to
boot. Because it is so heavy, it cannot be taken
readily on remote location. While the camera can
be elevated to about 61 feet (approximately 2m)
above the studio floor, it can be lowered to only
about 4 feet (approximately 1.20m). This is low
enough for most normal productions, but it can
become a serious handicap if you want to use the
camera creatively—in a drama, for example. From
this height, you cannot tilt up the camera enough
to look at somebody who is standing on the stu-
dio floor.
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4-6 Pneumatic Studio Pedestal.

The Pneumatic Studio Pedestal This pedestal
operates quite similarly to the counterweighted
studio pedestal. In fact, some models look so
much alike that it is hard to tell at first glance
which kind it is. They both have a large steering
wheel that activates the synchronized or tricycle
steering mechanism, and a smaller ring for locking
the elevator column. But, because the pneumatic
pedestal uses a column of compressed air to coun-
terbalance the weight of the camera instead of
actual weights, it is much lighter than the coun-
terweighted pedestal. The advantage of the pneu-
matic pedestal is that you can maneuver it around
much more easily. The disadvantage is that you
need an air compressor to replenish the air that
inevitably escapes even when you don’t operate
the dolly for some time.

Some pneumatic pedestals have an air tank for
additional air and an electric brake that locks the
pedestal into place at a particular camera height
(see 4.6).



The Studio Crane

There are several types of studio cranes in use. All
of them work on similar principles. Although a
crane is desirable for creative camera work, it is
of little use in small studio operation. In most
cases, limited floor space and ceiling height pro-
hibit the use of a big one (3 x 13 feet, approxi-
mately 1 x 4 meters, base). Also, a crane needs at
least one dolly operator in addition to the camera
operator; if motor-driven, then it needs two ex-
tra—the driver and the boom operator. These are
sound reasons for its unpopularity in small sta-
tions. In colleges and universities, however,
where studio facilities and manpower may very
well accommodate the presence of a crane, impor-
tant research in production techniques may
necessitate its use.
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4.7 Studio Crane.

A studio crane permits fast and multiple camera
repositioning. The camera can be lowered to ap-
proximately two feet (61cm) off the studio floor
and raised to about ten feet (approximately 3m).
The crane boom can be panned a full 360 degrees,
still allowing the camera a panning radius of 180
degrees. All movements can be carried out simul-
taneously, allowing excellent opportunities for
creative camera work. (See 4.7.)

When a studio crane is used, it is desirable to
install a monitor directly on the crane for the
dolly operator to watch. The coordination of cam-
era operator and dolly operator is essential for
smooth and effective camera handling, and the
latter will be greatly aided in his job if, in addition
to listening to the director’s signals, he can actu-
ally see the pictures the camera is taking.
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4-8 (a) Cradle Head. (b) Cradle Head with Camera
Mounted.

Camera Mounting Heads

The camera mounting heads connect the camera
to the tripod or camera pedestal. The mounting
head allows the camera to be tilted vertically and
panned horizontally. Two types of mounting
heads have proved to be most useful: (1) the cra-
dle head, and (2) the cam head.

The cradle head assures fairly good camera bal-
ance, since the center of gravity of the camera is
evenly distributed for most tilting angles. If the
heavy camera tilts or pans too freely on the cradle
head, you can control the vertical tilting by ad-
justing the tilt drag, and the horizontal pan by
adjusting the pan brake. You can (and should)
lock the head for the tilt and the pan whenever
you leave the camera unattended.

The disadvantages of the cradle head include
a somewhat limited tilt range, and a certain dif-
ficulty in keeping the drag properly adjusted dur-
ing heavy use fsee 4.8).

The cam head uses two cams, one on either side

of the mounting head, for balancing even the
heaviest of cameras during tilting and panning.
The cam head is better than the cradle in that it
keeps the camera perfectly balanced during the
entire tilt and allows for a greater tilt angle. Like
the cradle head, the cam head has individual tilt
and pan drag and locking controls. (Ses 4.9,

Some cradle and cam heads use the wedge mount,
which simplifies the job of attaching the heavy
camera to the camera mounting head. A plate
with the male wedge is attached to the underside
of the camera, and then slid into the female wedge
plate, which has been bolted onto the cradle or
cam mounting head. Once you have adjusted the
wedge for proper camera balance, all you have to
do is slide it into the mounting-head wedge plate
and the camera will arrive at the properly bal-
anced position. You will find that the wedge plate
is especially helpful during remotes, where you
constantly mount and dismount cameras. (See
4.11)
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The Most Common Camera
Movements

Before learning to operate a camera, you should
become familiar with the most common camera
movements. “Left” and “right” always refer to
the camera’s point of view. (See 4.72.)

Pan: Turning the camera horizontally, from left to
right or from right to left. To “pan right,” which means
that you swivel the camera to the right (clockwise), you
must push the panning handles to the left. To “pan
left,” which means to swivel the camera to the left
(counterclockwise), you push the panning handles to
the right.

Tilt:  Making the camera point down or up. A “tilt up”
means that the camera is made to point up gradually.
A “tilt down’’ means that the camera is made to point
down gradually.

Pedestal:  Elevating or lowering the camera on a studio
pedestal. To “pedestal up,” you raise the pedestal; to
“pedestal down,” you lower the pedestal.

4-10 The most popular cam heads are the Houston
Fearless and the slightly more sophisticated and flex-
ible Vinten.
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4-12 Principal Camera Movements.

Tongue: Moving the whole camera from left to right
or from right to left with the boom of a camera crane.
When you tongue left or right, the camera usually
points into the same general direction, with only the
boom moving left (counterclockwise) or right (clock-
wise).

Crane or Boom: Moving the whole camera up or down
on a camera crane. The effect is somewhat similar to
pedestaling up or down, except that the camera swoops
over a much greater vertical distance. You either
“crane, or boom, up” or crane, or boom, down.”

Dolly: Moving the camera toward or away from an
object in more or less a straight line by means of a
mobile camera mount. When you “dolly in,” you move
the camera closer to the object; when you “dolly out,
or dolly back,” you move the camera farther away from
the object.

Truck: Moving the camera laterally by means of a mo-
bile camera mount. To “truck left”” means to move the
camera mount to the left with the camera pointing at
a right angle to the direction of the travel. To “truck
right” means to move the camera mount to the right



with the camera pointing at a right angle to the direc-
tion of the travel.

Crab: Any sideways motion of the crane dolly base or
its smaller cousin, the crab dolly. A crab is similar to
a truck, except that the camera mount does not have
to stay lateral to the action all the time; it can move
toward or away from the action at the same time.
““Crabbing” is used more in film than in television.

Arc: Moving the camera in a slightly curved dolly or
truck movement with a mobile camera mount. To “arc
left” means to dolly in or out in a camera-left curve or
to truck left in a curve around the object; to “arc right”
means to dolly in or out in a camera-right curve or to
truck right in a curve around the object.

Zoom: Changing the focal length of the lens through
the use of a zoom control while the camera remains
stationary. To “zoom in” means to change the lens
gradually to a narrow-angle position, thereby making
the scene appear to move closer to the viewer; to ““zoom
out” means to change the lens gradually to a wide-
angle lens position, thereby making the scene appear
to move farther away from the viewer.

How to Work a Camera

In this section, we will concentrate on some of the
basic steps of how to work (1) a studio camera and
(2) a portable camera. Like bicycling, you learn
how to work a camera by doing it. There is no
substitute for practice. The following guidelines
are intended only to facilitate the learning proc-
ess.

Working the Studio Camera

When operating a camera, you must go through
some basic steps before, during, and after the show
or the rehearsal.
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Before

1. Put on your earphones and check whether the
intercommunication system is functioning.

2. Unlock the pan and tilt mechanism on your camera
mounting head and adjust the drag, if necessary. Check
whether the camera is balanced on the mounting head.
Unlock your pedestal, and pedestal up and down.
Check whether the pedestal is correctly counter-
weighted. A properly balanced camera remains put in
any given vertical position. If it drops down or moves
up by itself, the pedestal is not sufficiently counter-
weighted.

3. See how much camera cable you have, and whether
it is tightly plugged in at the wall outlet and the camera
head. Is the cable coiled so that it will uncoil easily
when you move the camera? If not, recoil it.

4. If your camera is already warmed up and correctly
aligned by the video engineer, ask to have your camera
uncapped, or whether you can uncap it. You will now
see in your viewfinder the pictures your camera actu-
ally takes. Is the viewfinder properly adjusted?

5. Check your zoom lens. Zoom in and out. Does your
zoom lens “stick,” that is, does it have problems mov-
ing smoothly throughout the zoom range? What ex-
actly is your range? Get a feel of how close you can get
to the set from a certain position. Does the shot box
work? Preset for a few zoom positions and see whether
the zoom lens actually moves to the preset position. Is
the lens clean? If it is unusually dusty, use a fine camel’s
hair brush and carefully clean off the larger dust parti-
cles. With a small rubber syringe or a can of compressed
air, blow off the finer dust. Don't just blow on it with
your mouth. You will fog up the lens and get it dirtier
than it was.

6. Rack through your focus. Can you move easily and
smoothly into and out of focus?

7. If you have a teleprompter attached to your cam-
era, check all the connections. Since this mechanism is
usually operated by a member of the floor crew, ask
him or her to check it out.

8. Lock your camera again (pedestal, and panning and
tilt mechanism) before leaving it. Don’t ever leave a
camera unlocked even if it is for only a short while.
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During

1. Put on earphones and establish contact with the
director, technical director, and video control. Unlock
your camera and recheck tilt and pan drag, and the
pedestal movement.

2. Preset your zoom at each new camera position.
Make sure that you can focus over the entire zoom
range.

3. Preset your zoom positions if operating with a shot
box. Preset your focus if working with automatic focus
control. Don’t move your camera after you have preset
your shot box; if you must move, preset your zoom
positions again.

4. When checking your focus between shots, rack
through your focus a few times so that you can deter-
mine at which position the picture is the sharpest.

5. If you anticipate a dolly with your zoom lens, make
sure that the lens is set at a wide-angle position. With
a turret camera, use a wide-angle lens for your dolly.
When dollying with a zoom lens, preset your focus
approximately at the midpoint of the dolly distance.
With the zoom lens at the wide-angle position, your
depth of field should be large enough so that you need
to adjust focus only when you get close to the object
or event.

6. You will find that a heavy camera pedestal allows
you to dolly extremely smoothly. However, you may
have some difficulty getting it to move, or stopping it
without jerking the camera. Start slowly to overcome
the inertia, and try to slow down just before the end
of your dolly or truck. If you have a difficult truck or
arc to perform, have a floorperson help you steer the
camera. You can then concentrate on the camera opera-
tion. In a straight dolly, you can keep both hands on
the panning handles. If you have to steer the camera,
steer with your right hand. Keep your left hand on the
focus device. With a turret camera, keep your left hand
on the panning handle and steer the camera with the
right hand. If the focus gets critical (when the camera
begins to move close to the object or event), put your
right hand back to the focus knob and move the camera
with the panning handle.

7. If you pedestal up or down, make sure that you
brake the camera before it hits the stops at the extreme
pedestal positions.

8. When you operate a freewheel dolly, always have
the wheels preset in the direction of the intended cam-
era movement. This will prevent the camera dolly from
starting off in the wrong direction. Make sure that the
cable guards are down far enough so that you don’t hit
the camera cable with the casters.

9. Be sure you know the approximate reach of your
camera cable. Know how much you have before you
start a dolly in or a truck. Cable drag on the camera can
be irritating when it prevents you from achieving a
smooth dolly. Although the minicables (such as the
triaxial cables) have reduced drag to a minimum, you
may still find that in a long dolly the cable tugs annoy-
ingly at the camera. Don’t try to pull the cable along
with your hand. To ease the tension, you may want to
carry it over your shoulder, or tie it to the pedestal base,
leaving enough slack so that you can freely pan, tilt,
and pedestal. On complicated camera movements, have
a floorperson help you with the cable; otherwise, the
dragging sound may be picked up quite clearly by the
microphone. If your cable gets twisted during a dolly,
don’t just drag the whole mess along. Have a floor-
person untangle it for you.

10. At all times during the show, be aware of all other
activities around you. Where are the other cameras?
The microphone boom? The floor monitor? It is your
responsibility to keep out of the view of the other
cameras, and not to hit anything (including floor per-
sonnel or talent) during your moves. Watch especially
for obstacles in your dolly path, such as scenery, prop-
erties, floor lights. Be particularly careful when dolly-
ing back. A good floor manager will help to clear the
way and will also tap you on the shoulder to prevent
you from backing into something.

11. In general, keep your eyes on your viewfinder. If
the format allows, you can look around for something
interesting to shoot between shots. Your director will
appreciate good visuals in an ad lib show (in which the
shots have not been previously rehearsed). But don’t
try to outdirect the director from your position. He is



the only one who knows at any given point what the
other cameras are doing.

12. Watch for your tally light to go out before moving
your camera into a new shooting position, presetting
your zoom, or racking lenses.

13. During rehearsal, inform the floor manager or the
director of unusual production problems. If you simply
can’t prevent a camera shadow, the lighting must be
changed. Your camera may be too close to the object
to keep it in focus. Or the director may not give you
enough time to preset your zoom again after your move
into a new shooting position. Alert him if your zoom
is in a narrow-angle position (zoomed in fairly close)
and he has you move the camera while on the air.
Sometimes it is hard for the director to tell from his
preview monitor at exactly what zoom position your
lens is.

14. If you work without shot sheets, which give you
the exact sequence of shots for your camera, try to
remember the type and sequence of shots during the
rehearsal. A good