Television 1
Production Edition | Zettl
Handbook

\‘




82W7522




Television
Production
Handbook

Third
Edition

Herbert Zett!

San Francisco State University

Wadsworth Publishing Company, Inc.
Belmont, California



To Erika

Communications Editor: Rebecca Hayden
Designer: Gary Head
Production Editor: Rebecca Hayden

Mlustrator: Steve Renick

© 1976 by Wadsworth Publishing Company, Inc.

© 1961, 1968 by Wadsworth Publishing Company,
Inc., Belmont, California 94002. All rights reserved.
No part of this book may be reproduced, stored in a
retrieval system, or transcribed, in any form or by
any means, electronic, mechanical, photocopying, re-
cording, or otherwise, without the prior written per-
mission of the publisher.

ISBN 0-534-00414-8
L. C. Cat. Card No. 75-35421
Printed in the United States of America

34567 8910—8079 78 77

Photo Credits

Akai America, Ltd.: pages 29, 224, 490
Albion Optical Co., Inc.: pages 52, 53

Ampex Corporation: pages 222, 223, 225, 228, 230,
284, 471, 473

Audio Designs and Manufacturing, Inc.: page 178
Berkey Colortran, Inc.: pages 100, 102, 105, 109, 115
CBS: page 320

Central Dynamics: page 207

EECO: page 287

Electro-Voice, Inc.: pages 158, 181, 182, 183, 184,
185

Jawad Esmaili: page 350

General Electric: page 17

Gotham Audio Corporation: page 182

Grass Valley Group, Inc.: pages 265, 305, 307
Houston-Fearless Corporation: pages 60, 62, 65
Stuart Hyde: page 49

International Video Corporation (IVC): pages 29, 225
Keep America Beautiful, Inc.: page 425

Kliegl Bros.: pages 101, 136

Stuart Lefkowitz: pages 45, 72, 73, 74, 75, 76, 192,
198, 270, 275, 308, 314, 331, 350, 493

Mole-Richardson Co.: pages 100, 102, 103, 104, 108,
112, 113

NBC: page 63

Orrox Co.: page 290

Philips Audio Video Systems Corp.: pages 11, 22, 28
Q-TV of Q-Co. Industries: page 368

RCA: pages 14, 17, 28, 29, 64, 178, 181, 184, 223,
228, 240, 241

Steve Renick: pages 12, 17, 20, 26, 38, 45, 51, 52, 53,
54, 59, 60, 61, 65, 77, 79, 82, 83, 91, 94, 95, 96, 98,
99, 105, 107, 108, 109, 110, 111, 112, 113, 114, 115,
116, 130, 138, 139, 172, 174, 175, 176, 177, 190, 196,
197, 199, 200, 201, 202, 203, 204, 205, 208, 246, 247,
264, 303, 304, 306, 307, 322, 323, 329, 337, 339, 363,
364, 365, 366, 369, 406, 490, 491

Sennheiser Electronic Corporation: page 181

Shure Brothers, Inc.: pages 156, 158, 182, 183, 184
Sony Corporation of America: pages 183, 224, 226,
229, 495

Swintek: pages 161, 185

Vega Electronics Corporation: pages 182, 185
Alexander Zettl: color plate IX

Herbert Zettl: pages 4, 5, 41, 45, 46, 47, 49, 73, 76,
78, 80, 81, 82, 83, 94, 95, 97, 101, 118, 124, 125, 126,
127, 128, 129, 135, 137, 152, 153, 157, 158, 159, 167,
168, 169, 170, 194, 195, 205, 229, 233, 242, 243, 271,
272, 273, 274, 280, 298, 301, 309, 324, 325, 327, 338,
342, 345, 346, 347, 407, 408, 414, 415, 422, 423, 450,
485, 486, 492, 494, 495, 497, 498



Television Third
Production Edition
Handbook




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 ferms 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.

[ 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 television production. It
describes briefly what the essential tools 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 chapters.



2 Chapler 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 » small optica'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 als  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 alsc 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 recordimg and play
back devices are as important to a su ‘essful
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 confrol. Together with its confrol room and mas-
fer confrol, 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 videofape 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-
fion generally refers to the assembly of a contin-
uous show from prerecorded video and audio se
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

1-2 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 flm island,
which contains at least one film projector, a slide
projector, and a mimur system that reflects the
filim wn slide image into its stationary television
camera, is still very much & 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 ito select pictures' from a
number of video input. (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 postproduction editing (in contrast
to the production, or instantaneous, editing with
the switcher). This involves a more or less sophis-
ticated electronic editor, 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 equipment, or whether the
development of the small equipment has led to
new communication approaches. In either case,
the small equipment (such as portapaki 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 video
revolution. Free from the pressures of large com-
mercial concerns, or equally institutionalized
noncommercial television stations, the video artist
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. Yox 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 equipment 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.



2

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 confrol
unif,

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 ftelevision
camera. The pictures that appear on your screen are determined by what the television
camera can see and how if sees it. For example, when you are out for a walk, a typical
night scene will look perfectly acceptable to 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 adequate for your eyes, may, however, prove utterly inade-
quate for the television camera. The scene will then appear muddy and unclear on the
screen, if it reproduces at all.

In fact, most other felevision production equipment and production technigues 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 2.7): (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 external optical sysiem; (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 (see 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 Burn-in, or Sticking Im-

Camera Chain The Camera Head The actual

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.

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.

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).

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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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. (See 2.5.) Specifically, the

light that is reflected off an object (a) is gathered
by the camera lens (b) and f  “used on the fromt
surface of the camera pickup tube (c). The pickup
tube is the principal camera element that trans-
forms the light into electrical energy, calied the

ideo (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
ver:

Externiial 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

chrome cameras.

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

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 undér 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 th
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 ia
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 (see 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 [-O; tube and (2) the vidicon tube. The
[-O tubes are further classified into the 4V -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
The relation of the
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.

Subtractive Primary Col-
1% . Magenta (bluish red),
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.

Video Signal Electrical
impulses (voltage) gener-
ated by the camera pickup
tube. The amplified video
signal provides the neces-
sary information for gener-
ating a picture.

Vidicon A type of pickup
tube, used extensively in
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-
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.

CAMERA

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.

! —_—

PoweR
SUPPLY

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

SYNC
GENERAIER

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.

cCv

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
CCUj; (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

OSCLIULOSCOPE  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. (See 2.6.)
Similarly, we speak of 4%-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 I-O cameras are not without serious
disadvantages over the vidicon cameras. In order
to show you the basic differences between I-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):
414 -inch image orthicon; 3-inch image orthicon;
25mm Plumbicon; 1-inch vidicon; 24-inch vidicon.

Size and Weight Because of the large tubes, the
[-O cameras are relatively large and heavy. The
414 -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
[-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 f(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
I-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 armount 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.



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

Y -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 1. .apab'e of reproducing extremely
fine object detail. The picture should also display
high contrast, 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 ovideo 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 usuall " and unfortunately
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-fo-noise rafio.
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 I-O camera does
well in most respects. Most importantly, it pro-
duces a higher resolution image than the vidicon.

oanarat

generates.

The contrast is adequate in the I-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 I-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. [-O



cameras, however, are more temperamental.
Often they need to be realigned even after a rela-
tively short telecast. I-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. [-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 [-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 (1Y% 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 falloff 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 [-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 1Y -inch (or 30mm) format (see 2.8). Many
lower quality color cameras use the standard vidi-
con tubes or smaller format Plumbicon tubes
(such as %4 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 f(see color plate Ii).
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 (see color plate III).
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 (R;, 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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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 coler 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—lost 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 2.71.)

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 friarial 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



Plate I When mixing
colored light, the addi-
tive primaries are red,
green, and blue. All
other colors 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)
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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.

g B
R it
i & Rz F2
Pl LEns (Rep)  [(BLWgz k3

- - -

Beam SPL\T'PR\sM//
Blok WITH
DicKRolc LAYERS

AND ColoR. FILTERS

Bwe

AT
X —

RE-U\Y LENSES Fl LTERS

Ble*cpmerA’



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 additive color mixing. 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 mixing. 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).

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 lighter
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 2.12.)

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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213 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.2)
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. (Se¢ 2.76.)

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 [-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 dpérated by one person, needs no
camera mount (you are the mount), and is highly

2 Herbert Zettl, Sipht-Sound-Motion (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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2:15 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 4¥;-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 %ms 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 at¢ reconverted by 4
television set into visible screen Wtages—the
television pictures.

There are black-and-white, or monochrome,
television cameras, and color cameras. Mono-
cthrome cameras use twy ttajol 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 tulses.
The pickup tube used in the camera head, and the
electronic accessories determine the basic électronic
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 internal
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
camesas



Lenses

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

This chapter is, therefore, devoted to fwo main aspects of lenses: (1) their optical 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 fo particular production
effects, and how fo work lenses, and the manual and automatic units that control their
operation.

31



32 Chapler 3

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 fxed-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) f-stop, (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 dépendent upon
focal length of the lens,
F-stop, and distance be-
tween object and camera.

Fast Lens A lens that
permits a relatively grest
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
sét 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 lems
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 marrow-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 f(see 3. 7).

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 oh
the lens indicating the ap-
erture, or diaphragm oper-
ing (and therefore the
amount of light transmit-
ted through the lens). The
larger the f~stop 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 piclup
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.

Normal Lens A lens with
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-
e,

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 ghal-
low depth of field through
focus, while keeping its
foreground and back-
ground out of focus.

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

Slow Lens A lens that
permits a relatively small
amount of light to pass
through (high f~stop 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.

Zoom Lens Variable
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 (widé 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
mches (in). There are 25mm to one inch. The
smaller the focal-lengtlh 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 foca
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, your 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 the lens 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, vou
can mmove 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 the lens, 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 counterclockwise,
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.

— > 1

OBTECT IN Focvus |F
Prikup TUBE CouLo
MoVE Back THIS FAR

OBJECT out ofF

FOoLLS, TYBE
IS Too cLosE”

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 f(se¢ 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, veiy much like focus-
ing a turret lens.

2. As soon as you are in focus, zoom all the way in
o0 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 control. 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 cameéra 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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LENS QPENING

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
maxifmum focal length, or, as it is frequently
called, maximum (felephofo 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
rarige of light intensity. If too little light falls on

! Herbert Zettl, Sight-Scund-Metion (Belmont, Calif.: Wads-
worth Publishing Co., 1973), pp. 187-188.
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3-6 [-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 outdaets. yomu
have recourse to a variety of nentral density filters
that admit a certain amount of light. Third, and
most importantly, the lens itself has a diaphragm,
or ris, 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 f-stops. The smaller the f-stoy number. such



as f/1.4, the larger the ‘iris vpeming. 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 fstop 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-lengtl (wide-angle) lenses are faster than
long-focal-length (narrow-angle or telephoto)
lenses.

Zoom lenses for color cameras (for the 1-inch
or 1Y -inch Plumbicon pickup tube formats) have
a maximum aperture (iris opening) of f/1.8 or
f/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 .(/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 objéct 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-Mbtion, pp. 188-191.
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3.7 Depth of Field.

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. Jn 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
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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
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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
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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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39 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
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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 (ee
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 e 3.98).
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.

Lenses 43

3-10 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 114-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 (14-in, wide-angle
lens on normal turret)
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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 f/2 of the
above zoom lens is reduced with the range ex-
tenders to f/3, f/4, and /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 effect asamagnifying
glass, sometimes impair the overall crispness of
the picture. Try, therefore, to move your camera
& close to the event as possible, so tha' 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 proporties, (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
—Ilook longer than they actually are. (See 3.72
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 f(see 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 3.17). 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 (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 len , 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 Zettl, Sight-Sound-Motion, pp. 211-213.

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

4 Zettl, Sight-Sound-Motion, pp. 194-197, 288.
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317 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 fstop rating of a zoom lens applies over the
entire zoom range. A maximum iris opening of
f/2, for example, does not decrease (to f/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 £stop) 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

318 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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3.19 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 [-O cameras: 75mm or 90mm

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

3-20 The most common narrow-angle, or telephoto,
zoom range positions for studio use are:

For color cameras:
extenders

50mm-200mm without range

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 chumges. (2) You will be far enough away
from the easel to avoid camera shadows, yet close
eriough so that the danger of someone’s walking
in front of your camera 1s minimal. (3) The floor-
person, by placing the easel at a standard distamce
from the camera, can help you frame up and focus
ort 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 telephotd 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 éasel 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



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 (e 3.21).
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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 6014 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 carmot 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 Variogon 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 I-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 SOmm or 2-inch lens, the 75mm or
3-inch lens, and the 127mm or 5-inch lens).

Some television stations include in their standard
lens complement the 8-inch or 84 -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 (% -inch) for the wide-angle
lens, a 25mm (1-inch) for the normal lens, and a
7Smm (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 kéep 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 confrol unit, which activates the
variable focal length of the lens (the zooming
mechanism), and (2) the focus ronfrol 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 control 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. (See 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-

WIDE -ANGIE
WON T2 &&m od’)

PRESET

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
erdinari'y 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. (See 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



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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SERVO Foous: 3“ -
CONTROL '§.

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 control 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 turret 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).

oW IN SHowrnG
SITIoN &N REA
BK -~60 cAMERA)

b Turret Handle




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 lews, 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 fo work a camera in a production situation, and (4)
some aspects of picture composition.
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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 studie crare.

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. (See 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. (Se¢ 4.2.)

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

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

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 fHead 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 Shott for psy- Crane 1. Camera dolly

chological closure:'Men-
tally filling in spaces of an
incomplete picture.

Crab Sideways motion of
the camera crane dolly
base.

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

Depth Staging
ment of objects on the

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

Arrange-

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 pertable field-
studio pedestals still allow easy up-and-down
movement, but not when the can.era is on the air.
This up-and-down movemer.* adds an important
dimension to the art of television photography.
Not only can you adjust the camcra to comforta-
ble working height, but you can aiso 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 pedés-
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.

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

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

Headroom The space left
between the top of the
head and the upper ‘reen
edge. Over-the-Shoulder Shot
Camera looks over a per-
son’s shoulder (shoulder
and back of head included

in shot) at another person.

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.

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 camer
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
twia people.
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4-2 Tripod Dolly Collapsed and Assembled.

R 8. ‘
/ |

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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COUNTERWEIGHTS

\ FArALEL
\ STEERING-
Butlon
TRICYULE
STEERNG-
Buton

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. (5ee 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
unoothly 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.

AR TANK
(ComPRESSED AR,

BALANCES WEKrNT

A OF CAMERA)

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 1nore 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).



COUNTERWEIGHT

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. (Se¢ 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 tamera 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 ¢radle 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 disadvan ages 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, fot balancing even the
aeaviest of cameras during tilting and pannin
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. (See 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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49 (a) Vinten Cam Head. (b) ITE Cam Head.
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PAR FRICTION
( DRN) -

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.)

Par: 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.

410 The most popular cam heads are the Houston
Fearless and the slightly more sophisticated and flex-
ible Vinten.

WEDGE
MounT
RELEPTACLE

(Awacied To

4-11 Wedge Mount.
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TRYUCK

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 mre 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,
ordolly 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 cousir, 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 1n 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 affer 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 f:.cus. 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 movemen'.

2. Preset your zoom &' 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 th
rehearsal. ‘A good camera operator has the next shot
lined up before the director calls for it. If you work
from a shot sheet, go to the next shot immediately after
your previous one. Don’t wait until the last minute.
The director may have to come to your camera ("’punch
it up” on the air) much sooner than you remember from
rehearsal.

15. Mark the critical camera positions on the studio
floor with some masking tape. If you don’t have a shot
sheet, make one up on your own. Mark particularly
your camera movements (dollies, trucks) so that you
can set your zoom in a wide-angle position. Be sure to
line up exactly on these marks during the actual show.

16. Try to avoid unnecessary chatter on the intercom.
Use your talkback system only in emergencies.

17. Listen carefully to what the director tells all the
camera operators, not inst you. This way, you will be
able to coordinate your shots with the shots of the
other cameras. Also, you can avoid wasteful duplica-
tion of shots by knowing approximately what the other
cameras are doing.
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4-13 If you work with a turret camera, make sure
that your tally light is out before changing lenses.
Change your lenses as quickly as possible, and as
quietly. Careless lens racking can be very noisy,
especially when your camera is close to a hot
(switched-on) microphone. Be very careful with
your racking if you have long lenses on your turret
because abrupt lens changes can easily damage the
mechanism. Be sure to have the lens positions
clearly marked on your turret so that you can rack
to the required lens without having to go through
the whole rotation.
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After

1. At the end of the show, wait for the “all clear”
signal before you lock your camera.

2. Ask the video engineer whether your camera may
be capped.

3. Now lock your camera mounting head and your
pedestal and push the camera into a safe place in the
studio. Don’t leave it in the middle of the studio; a
camera can be easily damaged by a piece of scenery
being moved or by other kinds of studio traffic.

4. Coil your cable again as neatly as possible in the
customary figure-eight loops.

Working the Portable Camera

In all major phases, the operation of the portable
camera is quite similar to that of the studio cam-
era. There are a few steps, however, that need
special attention. Again, we will discuss the prin-
cipal operational steps before, during, and after
the telecast or rehearsal.

Before

1. Before you pick up the portable camera head and
the camera control backpack, check all cable connec-
tions.

2. Check the main camera cable that leads from your
backpack to the remote truck. How much cable do you
have? Is this length within the permissible limit? If not,
your picture quality will suffer. Some cameras have
built-in compensators for a variety of cable lengths.
Are you compensating for the correct cable length?

3. Make sure that you know the action radius of your
camera cable. If your camera isn’t wireless (some back-
packs have a transmitter built in, or contain a videotape
recorder), where exactly can you walk with it? In the
heat of the show, you may forget just where you can
go until you are jerked to a stop by the camera cable.
Familiarize yourself with the action of the event and
your own action radius.

4. If a microphone is plugged into the mike outlet on
your camera, are the connections secure? Check
whether the announcer has enough cable to perform his
duties relatively independent of your position.

5. If you operate a backpack videotape recorder, make
sure that it is working satisfactorily. Test-record some
scenes.

6. If your camera is battery-powered, make sure that
the battery is fully charged before the show. Double-
check the battery just before you go on the air.

7. As always, make sure that your intercommunica-
tion system is working. Good intercommunications are
essential to successful remote operations.

8. Now, check your zoom lens. Does it zoom
smoothly and keep focus over the entire zoom range?
Familiarize yourself with the zoom range relative to the
event. (Since your viewfinder is relatively small on
your portable camera, make sure that it is in perfect
working condition. Adjust the viewfinder controls for
optimal picture quality.)

During

1. At all times, try to keep the camera as steady as
possible. Try to zoom as smoothly as possible. Unless
told otherwise, zoom slowly; after all, it is the event
you want to show the viewer, not your zooming tech-
nique. Try to keep in focus at all times. If you get out
of focus, try to focus up again smoothly. It is better to
take a little more time to get into focus than to rack
right through the focus into another out-of-focus posi-
tion.

2. If you walk while the camera is on the air, try to
keep the camera as steady as possible. Aim your camera
with the whole upper body; have your legs absorb all
the wiggles and bumps.

3. Make sure you have enough cable for your move,
and that the cable does not get tangled up along the
way.

4. Walk only in a wide-angle lens position. If you are
asked to move to another location while your camera
is on the air and in a narrow-angle lens position



zoomed in fairly close), you must zoom out to a fairly
wide-angle lens position before you can move. Other-
wise, the wobbles of your camera will be so exag-
gerated that the picture will be unusable.

5. Preset your zoom again from every new camera
position.

6. Don’t panic if you lose your subject temporarily in
the viewfinder. Keep your camera steady, look up out
of the viewfinder and see where the subject is, and aim
your camera smoothly into the new direction. Or, sim-
ply zoom out to a wide shot until you have reoriented
yourself to the new situation. With your zoom lens in
the extreme wide-angle position, you are often closer
to the object than your viewfinder image indicates.
Watch, therefore, that you don’t bump into something
or somebody with your zoom lens, especially if you
walk your camera into a crowd or other tightly spaced
group of people.

7. If the microphone of the announcer is plugged into
your camera, make sure that you don’t outrun the an-
nouncer.

8. Watch the tally light inside your viewfinder hood
at all times. Even when you are off the air, don’t go
through unnecessary wild maneuvers. It is very hard
to predict when the director will need to have your
camera punched up. With a portable camera, consider
yourself at all times in a "ready” position.

9. Some portable cameras have several warning sig-
nals built into the viewfinder hood, such as battery
charge, amount of videotape left, and so forth. Try not
to ignore them, even if the event you are covering
happens to be very exciting.

10. When shooting under low light level conditions,
watch your focus carefully. The low light level necessi-
tates a wide lens opening, which in turn reduces the
depth of field. Also, you will find that keeping in focus
while walking the camera is more difficult in dim light
than in bright light. Avoid any fast camera movement.
Under low light conditions, even the best Plumbicon
tubes are not entirely lag free. Any fast object or camera
motion will therefore produce the undesirable comet-
tailing.
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11. If you have a videotape recorder connected with
the portable camera, frequently check the amount of
tape left. Even the most beautiful camera work doesn’t
do any good if your tape has run out.

12. Finally, keep on top of the event. On a remote,
the director does not always know what is going on.
He has to rely on an alert crew. If you witness an action
that seems like a significant development, show it to
the director. He still has the choice of taking or not
taking the shot, depending on his view of the overall
event context.

After

1. Don’t just drop the camera and backpack on the
ground because you heard the “all clear” over the inter-
com. Walk back to the camera control position and
carefully put the camera down and take off the backpack.
Don’t unplug anything unless you are specifically told
by the technical director or video engineer to do so.
Since a warm camera is especially sensitive to shock,
be very gentle in moving it around.

2. Roll up or coil your camera cable. Don’t pull the
camera connectors through the dirt. Carry them, or
wrap them in a plastic bag for extra protection.

3. Don’t forget to have the camera batteries recharged
as soon as possible.

Picture Composition

Your basic purpose in framing a shot is to show
things as clearly as possible, and present them so
that they convey meaning and thought. What
you do essentially is to clarify and intensify the
event before you. Although it is the director who
is concerned with the overall clarification and in-
tensification of an event for the viewer, the cam-
era operator should nevertheless know how to
provide the director with optimally effective
shots.

Television pictures are, like any other pictures,
subject to the conventional aesthetic rules of pic-
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Framing

Step Symbol

Extreme XLS
Long or,

Shot ELS

Long
Shot L 5

Medium
Shot M

Closeup C u
Xco

Extreme or

Closeup ‘Ecu

4-14 Field-of-View Steps: Note that these shot
designations are relative and that several steps lie
between each designation. If you start with a rather
tight medium shot, which may be similar to our
closeup framing, your extreme closeup may end

up considerably tighter than the one shown here.

ture composition. But there are factors peculiar to
the television medium that influence your fram-
ing process to a certain extent.

1. The size of the television screen is small. To show
things clearly, you must show them relatively large
within the frame of the screen. In other words, you
have to operate more with closeups (CU) and medium
shots (MS) than with long shots (LS) and extreme long
shots (XLS). Since the home viewer cannot see the
whole event in its overall context, you must try to pick
those details that tell at least an important part of the
story. Shots that do not obviously relate to the event
context are usually meaningless to the viewer.

2. You must always work within a fixed frame, the-
television aspect ratio of 3:4. If you want to show
something extremely tall, you cannot change the aspect
ratio into a vertical framing.

3. The pictures on the television screen are two-
dimensional. You must create the impression of a third
dimension through special arrangement of objects
within the frame and the demonstration of relative size:
objects closer to you are bigger, objects farther away
seem smaller. Overlapping planes, a limited depth of
field, and special lighting effects can also contribute to
the illusion of a third dimension. A good three-dimen-
sional effect always needs a clear picture division into
foreground, middleground, and background.

4. The object in front of the camera (which is a substi-
tute for the viewer’s eyes) generally moves about. This
means that you must consider motion as well as static
arrangement of objects within the frame. About 10 per-
cent of the picture area gets lost through the television
transmission and reception process (see discussion on
essential area in Chapter 12). You must compensate for
this loss by framing somewhat more loosely than what
you have visualized. Some camera operators draw black
lines on their monitors to indicate the essential framing
area.

Most likely you are already familiar with the
basic principles of picture composition. You can



probably tell, for example, whether a color photo-
graph is well or badly composed, whether it is
properly balanced, whether it contains aesthetic
tension, or whether it is dull. Learn to look at
pictures from a design point of view.

In the following discussion of television fram-
ing, no attempt is made to give you an exhaustive
treatment of media aesthetics;! nevertheless, un-
derstanding the few compositional principles and
conventions should aid you in framing optimally
effective shots with sureness and ease.

These principles include (1) field of view, (2)
organizing the screen area, (3) organizing screen
depth, and (4) organizing screen motion.

Field of View

The field of view of the camera is basically organ-
ized into five steps (see 4.74). There are five other
customary shot designations f(see 4.15).

Organizing the Screen Area

When shooting objects or people that do not
move, you organize your screen area very much
as the still photographer does with his camera, or
the painter with his canvas. What you are basi-
cally doing is sfructuring, composing, the fwo-dimen-
sional field of the television screen.?

The most important organizing principle is ba/-
ame. Balance implies that the objects within the
screen are arranged not in a completely stable way
but in such a way that we perceive their relation-
ship to one another and the borders of the screen
as stable (stable composition), neutral (neutral
composition), or unstable (labile composition).
(See 4.16 through 4.19.)

1For such a treatment, see Herbert Zettl, Sight-Sound-Motion
(Belmont, Calif.: Wadsworth Publishing Co., 1973).
2 Zettl, Sight-Sound-Mbtion, pp. 99-172.
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Symbol

Step Framing

Bust
Shot

Knee
Shot

Two-Shot

(two persons 2. M

in frame)

Three-Shot
(three persons @-

in frame)

Over-the-
Shoulder
Shot

6-5

4-15 Other Shot Designations.
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e f

416 The most stable picture area is screen-center
(a). If you want to convey stability, or show or em-
phasize a single object as directly as possible, put
the object into screen-center. Through this position,
the screen area is symmetrically balanced. Put a
speaker who is talking directly into the camera into
screen-center (b). To place her slightly off-center (c)
will not make her or her message any more interest-
ing than it is already; it will merely detract from
what she has to say.

If you show a commercial product, such as a sin-
gle object, place it screen-center (d). The message
about the product is direct; there is no need for
visual gimmickry.

Framing the product off-center (e) does not im-
prove the message; all it does is communicate an
aesthetic error.

Or, (f) you may want to stabilize your picture by
symmetrically balancing an object on one side of the
screen with a duplicate, or a similarly prominent ob-
ject, on the other side.

a

4-17 (a) When other forces enter the picture—
such as the force of someone’s looking into a par-
ticular direction (other than straight into the camera)
—you must compensate for them by placing the
person somewhat off-center. Your balance now
achieves a neutral state.

(b) The more profile the performer turns, the more
space you must leave in front of her. This space is
generally called “nose room.”

(c) If you keep the performer centered while she is
looking to the side, your picture will become annoy-
ingly unbalanced.



4-18 When framing landscapes or other large vistas
with distinct vertical objects—people, trees, tele-
phone poles, spires—you will find that by letting the
prominent horizontal and vertical lines divide the
picture nonsymmetrically (or asymmetrically), your
picture will look more interesting than with a sym-
metrical arrangement (a, b).

Division ratios of roughly % to ¥ or ¥ to % are
the most common asymmetrical neutral states of
balance (c).

Mbunting Equipment and Camera QOperations
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4-19 Any camera angle that is drastically different
from our ordinary visual experience will render an
otherwise balanced picture unstable. Tilting the usu-

Another important organizing principle is c/osure
(or psychological closure, as it is technically
called). In closure our mind fills in spaces that we
cannot actually see on the screen (see 4.20 through
4.27.) We constantly apply psychological closure
in our perceptual process. Take a look around
you. You actually see only parts of the objects
that lie in the field of your vision. There is no way
you can ever see an object in its entirety from a
single stationary position. Through experience we
have learned to supply in our minds the missing
parts. This procedure we call psychological clo-
sure, or closure for short. Since the television
screen is relatively small, we often show objects
and people in closeups, leaving many parts of the
scene to the imagination of the viewer. Thus, the
television viewer frequently is forced to apply
psychological closure.

ally level horizon line will create this effect. An un-
stable balance usually conveys heightened event
energy.

4-20 In this shot, we certainly perceive the whole
figure of a person although we actually see only a
relatively small part of him. But the shot is framed
in such a way that we can easily apply closure, that
is, fill in the missing parts with our imagination.
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4-21 (a) This shot is badly framed because we can
apply closure within the frame—that is, perceive the
detail as a complete picture. (b) We can see a com-
plete thing within the frame, and this prevents us
from continuing the figure beyond the frame. (c)
This tight closeup is more properly framed. We can
easily extend the parts of the head beyond the
screen.

4-22 In general, try not to have natural cutoff lines,
such as neck, shoulders, hemline, or feet, coincide
with the screen edge. Rather, try to have these cut-
off lines fall within or without the screen.




78  Chapler 4

4-23 Try to compensate for awkward differences in down to the child or the child should be put on a
height, even though you are applying the cutoff riser. Don’t just frame the child, chopping off the
principle. If, for example, you have a tall woman woman’s head and feet.

talk to a small child, either the woman should stoop

424 Because we usually have space above us, in- shots. Don’t have the top of a person’s head glued
doors as well as out, you should leave space above to the top part of the screen. You must leave some
people’s heads in normal closeup, medium, and long headroom.



4-25 We tend to see similar things together and to
put them into simple geometrical shapes. You can
use this organizing tendency to group similar objects
into easily recognizable patterns. This group of cups
forms an easily perceivable pattern: a triangle.

4-26 These objects crganize the screen space into a
prominent semicircle.

Mounting Equipment and Camera Operations
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4-27 This tendency for closure into simple patterns,
however, is not always positive. The desire to see
screen space organized into simple patterns fre-
quently works even against reason. Try to avoid odd
juxtapositions of performers with background ob-
jects, such as giving the appearance of plants grow-
ing out of people’s heads.

Organizing Screen Depth

Since the standard television screen is a flat,
two-dimensional piece of glass upon which the
images appear, we must create the i/lusion of a third
dimension. Fortunately, the principles for its crea-
tion have been amply explored and established by
painters and photographers for a long time.? Also,
we have already talked about the various lens
angles (wide, normal, narrow) and the depth of
field, and how they affect the illusion of a third
dimension on the television screen. We know that
a strong foreground, and distinctive middle- and
backgrounds contribute greatly to screen depth.
Here are a few examples of how to frame objects
so that the three grounds—foreground, middle-
ground, background—are especially clear and in-
tense. (See 4.28.)

3 Zettl, Sight-Sound—Motion, pp. 173-220.

How about this for a balancing act? A good cam-
era operator would have avoided such a distracting
juxtaposition simply by trucking a slight distance to
one side or the other, or by dollying in or out.

Organizing Screen Motion

Contrary to the painter or still photographer, who
deals with the organization of static images
within the picture frame, the television camera
operator must almost always cope with framing
images in mofion on the television screen. Compos-
ing moving images requires your quick reaction
and your full attention throughout the telecast.
Although the study of the moving image is an
important part of learning the fine art of televi-
sion and film production, we will at this point
merely point out some of its most basic princi-
ples.t (See also 4.29 through 4.32.)

Movements foward or away from the camera (down-
stage or upstage) are sfronger than any type of lat-
eral motior. Fortunately, they are the easiest to

4 For further information on the aesthetics of the moving im-
age, see Zettl, Sight-Sound-Motion, pp. 243-326.
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4-28 If you include a prominent foreground piece
in your shot, you will immediately distinguish more
clearly between foreground and middle- and back-
grounds than without the foreground piece (a, b, c).

With wide-angle lens distortion, you can exagger-
ate this type of depth staging to an extreme. Be
careful, however; don’t just depth stage for the sake
of depth staging. You should have proper motiva-
tion, whether it is for clarifying an event, or for in-
tensifying it. Compose your shots in such a way
that they tell most about the selected event detail,
and that they tell it in line with the overall event
context.

frame. You simply keep your camera as steady as
possible and watch so that the moving object will
not go out of focus as it approaches your camera.
Remember that a wide-angle zoom lens position
(or a wide-angle lens) gives the impression of ac-
celerated motion toward or away from the cam-
era, while the narrow-angle zoom lens position
(or the narrow-angle lens) slows the motion for
the viewer.

If you frame lateral movement—that is, motion
to screen left or screen right—you should /ead the
person or the moving object with your camera.
The viewer wants to know where the object is
going, not where it has been. Also, the forces of
an object moving toward the screen edge must be
absorbed by leaving some space ahead of the
moving object.

If you are on a closeup and the object moves
back and forth, don’t try to follow each minor
wiggle. You might run the risk of making the
viewer seasick; at least he will not be able to con-
centrate on this sort of motion for very long. Keep
your camera pointed at the major action area, and
let the subject move in and out of your frame. Or,
zoom out (or pull back) to a slightly wider shot.
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4-29 In following lateral movement, lead the mov-
ing object or subject. Don't trail it.

4-30 If you have a two-shot and one of the persons
moves out of the frame, stay with just one of them.
By zooming back in order to catch them both, you
may overshoot the set, or reveal the boom micro-
phone.



4-31 If two persons block each other in a two-shot,
correct the situation through a slight arc or truck to
the right or the left.

4-32 If you are to animate a static scene through
camera movement, such as a photo of a seagull in
flight, pan against the direction in which the object is
expected to move (and was actually moving when
the photo was taken). Otherwise, the object seems
to travel backwards.
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Whatever you have to do in organizing screen
motion, do it smoothly. Even when you move
your camera fairly fast, the viewer should not
become aware of its motion but simply perceive
the object motion within the intended context.
Most often, you are simply to report the object
motion as clearly as possible. Don’t create un-
necessary (and therefore distracting) motion with
your camera, unless you intend to achieve a spe-
cial effect.

Summary

Camera mounting equipment is necessary for ease
and fluidity of camera movement in the studio.
There are three basic mounting units: (1) the tripod
dolly, (2) the studio pedestal, and (3) the studio
crane.

The camera is attached to the camera mount
through a mounting head. The most useful and
widely used types are (1) the cradle head and (2)
the cam head

The camera mounting device and the mounting
head enable the camera to pan tilt, pedestal,
tongue, crane or boom, dolly, truck, arc,and, with
the aid of the zoom lens, zoom (although the cam
era does not need to move during the zooming).

When working the camera, the operator should
follow certain steps before, during, and after the
show or rehearsal.

Besides understanding the mechanical opera-
tion of the camera, the camera operator must be
familiar with the basic principles of picture composition
so that he or she can frame a scene or portions
thereof with sureness, and produce pictures that
have visual clarity and impact.

Some major points of picture composition are
(1) field of view, from XLS to XCU, (2) organizing
the screen area, which includes the structuring of
the two-dimensional field of the télevision screen,
(3) organizing screen depth -the creation of the
illusion of a third dimension on the two-dimen-
sional acrpen, and (4) organizing screen motion,
the way to make screen motion convincing and
continuous.



Lighting

We have two broad purposes for lighting: (1) fo provide the felevision camera with ade-
quate illumination so that it can see well—that is, produce fechnically acceptable pictures
—and (2) to convey to the viewer the space, time, and mood of the event Lighting helps
to tell us what the objects shown on the screen actually look like, where they are in rela-
tion fto one another and fo their immediate environment, and when the event is taking
place in respect to time of day, season, or weather condifions. Lighting also serves to es-
tablish illusion and/or the general mood of the event.

In this chapter, we will therefore consider:

1. The technical lighting objectives, which include baselight levels and fechniques, con-
trast, shadow densities, falloff, confrast ratios, and skin fones.

2. The nontechnical objectives, which include form and dimension through lighting, illu-
sion of reality and nonreality, and mood.

3. The two basic types of illumination, directional and diffused light.

4. The tools with which we can accomplish our objectives—the lighting instruments and
control equipment.

How to light, the actual lighting technigues, will be the subject of Chapter 6.
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Like the human eye, the television camera needs
light in order to see and function properly. Unlike
the human eye, the television camera is much
more demanding as to the amount of light, the
color of the light, and its relative harshness and
direction.

While, for example, we may see quite well with
only a flashlight as the illuminating source or un-
der extremely bright sunlight, the camera may be
allergic to both these types of light. The flashlight
may not radiate enough light for the pickup tube
to give off sufficient electricity. The resulting
television picture will lack signal strength and
consequentl  suffer from an excess of video noise,
called picture snow. Bright sunlight, on the other
hand, may be too much for the camera to handle.
At best, the picture will look washed out; at
worst, the superabundance of light will destroy
the camera pickup tube.

A lamp, which appears to the eye to give off

a perfectly white light, may look so red to the
camera that the resulting picture will have a red-
dish tint on the color monitor. Another lamp may
produce light that looks to the camera quite blu-
ish, although our eyes again perceive it as normal
white light.

A harsh light, or a light coming from an
unusual direction, may produce shadows that
conceal rather than reveal the actual shape of an
object.

The television camera demands, therefore, that
we control carefully the illumination of an object
or a scene. This control we achieve through /light-

ing.

Technical Lighting Objectives

The technical lighting objectives are to provide
enough light so that the camera can see well; to

Barn Doors Metal flaps Baselight Even, nondirec-

Bias Lighting An elec- Color Temperature Rela-

in front of lighting instru-
ments that control the
spread of the light beam.

tional (diffused) level of
studio lighting. Customary
baselight levels: for stand-
ard three-tube Plumbicon
color cameras, 200 ft-¢
(foot-candles)—400 ft-c; for
image-orthicon mono-
chrome cameras, 75 ft-c—
100 ft-¢; for portable
monochrome vidicon cam-
eras, 100 ft-c-300 ft-c,
with 200 ft-c-250 ft-c the
norm.

tronic boosting of low
light levels that enter the
camera s6 that the pickup
tubes can operate relatively
noise-free.

Broad = A floodlight with a
broadside, panlike reflector.

C-Clamp A metal clamp
with which lighting instru-
ments are attached to the
lighting battens.

tive reddishness or bluish-
ness of light, as mewssms
in degrees of Kelvin;
television lighting instru-
ments have a range of
3,000°K-3,400°K, with
3,200°K the norm. Color
temperature can be mea-
sured with a color-temper-
ature meter.

Cookie (A short form of
cucalorus, Greek for break-
ing up light, also spelled
kukaloris.) Any cutout pat
tern that, when placed in
front of a spotlight, pro-
duces a shadow pattern.
The cookie, usually made
from a thin, cutout metal
sheet, is inserted into a.
pattern projector.



limit the contrast between highlight and shadow
areas, or light and dark colors; and to produce
white light that will not discolor the scene when
it is lighted.

Hence, we will take a closer look at (1) operat-
ing light level: baselight; (2) contrast; and (3) color
temperature.

Operating Light Level: Baselight

To make the camera “see well” means to provide
enough overall light - called baselight, so that the
camera chain can produce pictures that are rela-
tively free of video noise and color distortion.

As mentioned in an earlier chapter, every
television picture has a certain amount of picture
noise, generated by the mere movement of elec-
trons. Most likely, you have seen the snowlike
effect on the screen when the set is not properly
tuned in on a particular station. When tuned care-

Lighting 87

fully, the strong signal will virtually drown out
the video noise and the picture will appear clear.

The same problem occurs in television lighting.
If the operating light level falls below the light
requirements of the pickup tubes and their as-
sociated electronic equipment, the noise will out-
weigh the picture signal; the picture will have an
abundance of snow. When the picture noise out-
weighs the picture signal, we speak of a low
(poor) signal-to-noise ratio. In a high (good) signal-
to-noise ratio, the operating light level is suffi-
ciently high so that the camera chain can produce
a signal strong enough to make the picture noise
no longer apparent. We measure the operating
ight level by the amount of baselight

Baselight Levels Many an argument has been
raised concerning adequate minimum baselight lev-
els for various cameras. The problem is that base-
light levels do not represent absolute values but

Diffused Light Light that  Ellipsoidal Spotlight

Gaffer Grip A strong Incandescent Light The

illuminates a relatively
large area with an indis-
tinct light beam. Diffused
light, created by flood-
lights, produces soft shad-
ows.

Dimmer A device that
controls the intensity of
the light by throttling the
electric current flowing to
the lamp

Directional Light Light
that illuminates a relatively
small area with a distinct
light beam. Directional
light, produced by spot-
lights, creates harsh,
clearly defined shadows.

Spotlight producing a very
defined beam, which can

be shaped further by metal
hutters

Floodlight Lighting in-
strument that produc s
diffused light.

Fluorescent Light Cold
light produced by large,
gas-filled glass tubes.

Fresnel Spotlight One of
the most common spot-
lights, named after the in-
ventor of its lens, which
has steplike concentric
rings.

clamp used to attach small

light produced by the hot

lighting instruments to
pieces of scenery, furni-
ture, doors, and other set
pieces. Sometimes called
gator clip.

filament of ordinary glass-
globe light bulbs. (In con-
trast to fluorescent or
quartz light.)

Gel | Short form for gel
tine, a colored material
that acts as color filter for
lighting instruments. A red
gel in front of a spotlight
will color its beam red.
Since gels are sensitive 't
moisture and extreme heat,
plastic gels, such as cine-
moid, are generally used in
television lighting:



88  Chapler 5

are dependent on other production factors, such
as lighting contrast, iris opening of the lens, and
the general reflectance of the scenery. Also, such
electronic developments as bias lighting boost low
light levels electronically so that the camera can
function in operating light levels that would or-
dinarily be too low for the pickup tubes.

Nevertheless, through experience, general
baselight levels have been established that prove
satisfactory for most ordinary television produc-
tions. These are:

200 ft-c—400 ft-c
(foot-candles), with 250
ft-c the norm

For the standard
three-tube Plumbicon
color camera:

For the I-O mono-

chrome camera: 75 ft-c-100 ft-c

For portable mono-
chrome vidicon cameras: 100 ft-c—300 ft-c, with 250

ft-c the norm

Generally, the video engineer will have less
trouble producing high-quality, crisp pictures
when the baselight level is fairly high and the
contrast somewhat limited than under a very low
baselight level with high contrast lighting.

Also, if the baselight levels are too low, the lens
iris must be wide open in order to allow as much
light as possible to strike the camera pickup tubes.
But, since the depth of field decreases as the lens
opening increases, a lens whose iris is set at its
maximum opening will give you a fairly shallow
depth of field. Consequently, focusing becomes a
noticeable problem when baselight levels are low.

If you need a large depth of field, high baselight
levels are prerequisite.

A set whose colors and texture absorb a great
amount of light obviously needs more illumina-
tion (higher baselight level) than one whose
brightly painted surface reflects a moderate
amount of light.

Incident Light Light that Pantograph Expandable

Preset Board A program
device into which several

Pattern Projector An el

strikes the object directly
from its source. Incident
light reading is the meas-
ure of light (in foot-can-
dles) from the object to
the light source. The foot-
candle meter is pointed di-
rectly into the light source.

hanging device for lighting
instruments.

Patchboard Also called
patchbay. A device
whereby light cables can
be routed to specific light
controls.

lipsoidal spotlight with a
cookie (cucalorus) insert,
which projects the cookie’s
pattern as shadow.

Pin. To sharpen (focus)
the light beam of a spot-
light, either by pulling the
light-bulb reflector unit
away from the lens or by
moving the lens away
from the light bulb: The
opposite of spread.

lighting setups (scenes) can
be stored, and from which
they can be retrieved
when needed.

Quartz Light A high-
intensity light whose lamp
consists of a quarts
silica housing (instead of
the customary glass and a
tungsten-halogen filament.
Produces a very bright
light of stable color tem-
perature.



Baselight Techniques You can achieve a suffi-
cient baselight level in two quite different ways.
First, you can establish a basic, highly diffused
illumination through floodlights, upon which you
then superimpose the spotlights for the specific
lighting of people and set areas.

Second, and this is generally done more often,
you light the people and specific set areas as care-
fully as you can with spotlights, and then add fill
light to reduce harsh shadows, without initially
worrying about the baselight level. Once you
have completed your lighting, you take a general
baselight reading of the set, hoping that the light
spill and reflection off the scenery and the studio
floor will have established quite incidentally a
sufficient baselight level. If not, you can then add
some floodlights in specific areas in order to raise
the operating light level. This technique seems to
create the most plastic, exciting, and expressive
television lighting so far achieved. Unfortunately,
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it demands a little more skill and time than the
baselight-first method. On remote locations,
where time and lighting facilities are limited, es-
tablishing the baselight first is definitely the more
practical method.

Contrast

The control of contrast is closely tied to (1)
shadow density, (2) falloff, (3) contrast ratio, and
(4) skin tones.

Shadow Density The color camera has some
trouble reproducing shadow areas. If the shadows
are dense, the camera may fail to reproduce all the
shadow detail, and the colors in these areas will
often look unnatural and distorted, especially on
color sets with high color intensity.

Contrary to lighting for monochrome televi-
sion, where deep shadows can be accommodated

Reflected Light Light
that is bounced off the il-
luminated object. Reflect-
ed-light reading is done
with a light meter (most of
them are calibrated for re-
flected light) that is held
close to the illuminated
object from the direction
of the camera.

Scoop A scooplike televi-
sion floodlight.

Scrim A spun-glass ma-
terial that is put in front
of a scoop as an additional
light diffuser.

Softlight A television
floodlight that produces
extremely diffused light. It
has a panlike reflector and
a light-diffusing material
over its opening.

Spotlight A light instru-
ment that produces direc-
tional, relatively undif-
fused light.

Spread To enlarge (dif
fuse) the light beam of a
spotlight by pushing the
light-bulb reflector unit to-
ward the lens, or the lens
closer to the light bulb; the
opposite of pin.

Tungsten-Halogen The
kind of lamp filament used
in quartz lights. The tung-
sten is the filament itself;
the halogen is a gaslike
substance surrounding the
filament.
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by the camera, lighting for color calls for less
dense (dark) shadows, especially if the viewer is
expected to make out reasonable detail within the
shadow area. You should, therefore, pay special
attention to making overly dense shadow areas
somewhat translucent through a generous
amount of diffused fill light. Such lighting is espe-
cially important on performer’s faces. Be careful,
however, not to eliminate the shadows altogether;
otherwise you may end up with a picture that
looks much too flat, especially on a black-and-
white receiver.

Falloff As defined earlier, falloff describes the
speed- with which a light area changes into the

darkest shadow area. In fasf falloff, the change from
light to dark shadow is very abrupt: in slow falloff
the change is more gradual. Sharp corners have a
fast falloff; a rounded surface has a slow falloff.
In color television, a slower falloff is desirable. A
lightening of the shadow areas results inevitably
in a slowing down of falloff.! Again, this does not
mean eliminating shadow areas. A good television
picture needs shadows, even fairly dark ones.
Slowing down simply means to lighten up the
very dense shadows to such an extent that detail
can still be seen in them, and that the colors in
the shadow area can be identified.

! Herbert Zettl, Sight-Sound-Motion (Belmont, Calif.: Wads-
worth Publishing Co., 1973), pp. 23-26.

51 The strict adherence to the 20:1 contrast ratio,
however, still does not guarantee a balanced color
picture. If you start out with a “black” (any color of
your darkest area) that is fairly bright, your “white”
(the brightest area in your picture) may be much too
bright for the system to handle adequately, although
this light color is only 20 times brighter than your
black. Or, conversely, you might have as your
brightest spot a rather dark color, which would
make any other color that is 20 times darker much
too “black.” When this happens, an inattentive or
insensitive video control operator might electroni-
cally “pull the whites” down to a manageable level,
thereby destroying the middle and lower brightness
ranges in your picture, or "stretch the blacks,”
thereby causing the lighter colors and picture areas
to lose detail and to bloom.

To achieve a balanced color picture, you need to
establish reference points for the darkest and lightest areas
in your scene. These are called reference black and refer-
ence white. You can establish them simply by finding
the colors that reflect the least light and the most
light. Theoretically, absolute black would reflect
nothing; you would have a reflectance of zero per-
cent. Pure white would reflect all the light; you

would have a reflectance of 100 percent. In practice,
of course, there is no color material that absorbs or
reflects all the light falling on it, nor is there any
camera system that would accurately respond to
these extreme values. The actual light reflectance lies
somewhere near them.

For color television, the reference black should not
go below 3 percent reflectance and the reference
white should not go beyond 60 percent (which is in
accordance with the contrast ratio: the white is 20
times lighter than the black).

An example may help to relate these concepts for
you. Let us assume that you are asked to establish
reference white and reference black in a scene in
which a performer wearing a yellow shirt and a
medium-gray suit stands in front of a dark blue
background. For convenience’ sake, let us also as-
sume that the key and fill lights falling on the per-
former total 400 ft-c. You measure this light inten-
sity by pointing a foot-candle meter into the lights
from the performer’s position. This way you are
reading the incident light, which in our example is at
a level of 400 ft-c. Most foot-candle meters are inci-
dent light meters (see a).

In order to measure the reflected light, you must use




Contrast Ratio Although the Plumbicon pickup
tube can tolerate a great contrast (you can shine
your camera into the studio lights on a long shot,
for example, without doing harm to the tube), a
somewhat limited contrast will nevertheless en-
hance your color pictures to a great extent. Apart
from a few sparkling highlights, such as the light
reflected off jewelry, the brightest area in your
picture should mot exceed a confrast ratio of 20:1
(the brightest area in the picture is twenty times
ighter than the darkest area). Some video engi-
neers like to stretch the acceptable contrast ratio
to 30:1. If you exceed this brightness spread, you
run the risk of severe color distortion.

There are two ways of achieving contrast rati .
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(1) You adjust your picture in such a way that you

an discern the dark colors (or the darker portion
of the grayscale), thereby making the whites, or
light colors, uniformly bright. The light, washed-
out colors will then tend to lose detail. In extreme
cases, or especially in black-and-white television,
the light areas will begin to “bloom,” to glow as
though they were actually emitting the light
themselves. (2) You adjust the picture for the
light areas, but then the dark colors tend to look
uniformly dark; if not muddy. But don’t be too
much of a slave to all these contrast ratios. If you
light sensibly for color, which means that you
lighten up somewhat the very deep shadows with
fill light, and if your overall baselight level is not

a reflected-light meter (most common photographic
light meters can measure reflected light) and point it
close to the lighted object, such as the performer’s
yellow shirt fsee b). If you have lighted the subject
properly, your meter might read 240 ft-c, the ideal
60 percent reflection of your original 400 ft-c falling
on the subject. You have now established your

a Incident Light Reading: Light meter is pointed
into the lights.

white reference point. You then measure the darkest
spot in your picture, probably the dark blue back-
ground. If this background happens to reflect

12 ft-c, which is the lower 3 percent limit of the
400 ft-c of main illumination, you have established
your black reference.

24 8 . ! d
b Reflected Light Reading: Light meter is pointed
close to the lighted object, thereby measuring the
light reflected by the object.
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5.2 The color camera reacts somewhat like color
film. If you use outdoor color film (daylight) and
shoot indoors with it (assuming that corrective de-
vices, such as filters or blue flash or blue indoor
lights, are not used), you will end up with extremely
reddish pictures. The reverse is true when using in-
door film (tungsten) for shooting outdoors; every-
thing will have a bluish tinge. This color distortion
occurs because outdoor film counteracts the very
high color temperature of outdoor light (quite blu-
ish) with slightly reddish colors. When used indoors,
where the light is reddish anyway, everything turns
orange. Indoor lights, on the other hand, are made to
counteract the reddish indoor lights with slightly
bluish colors. When used in the blue light outdoors,
everything takes on a slightly greenish-blue tinge.

too low, you should not have too much of a prob-
lem with contrast. In any case, check your moni-
tor.

Some people get so involved with contrast
ratios, color temperatures, and all sorts of num-
bers that they forget entirely the most important
final criteria for television lighting—criteria that
are aesthetic rather than technical. A critical look
at the color and monochrome monitors often tells
more about the quality of your lighting than read-
ings of a variety of meters and scopes do. If the
picture looks good—that is, if it looks as you in-
tended it to look—your lighting is correct. As in
all artistic endeavors, the technical aspects should
become an aid rather than a master to your crea-
tive expression. In television lighting, as in all
other aspects of television production, your major
guide is still your aesthetic sensitivity and, above
all, common sense.

Skin Tones The only standard reference we
have for adjusting the color scheme on the home
receiver is the performer’s skin tones, inaccurate
as it may be. Obviously, the skin tones should be
reproduced as faithfully and as naturally as possi-
ble. One of the chief ways of preserving the natu-
ral skin tone throtughout a scene is to light all
performers as evenly as possible. Even if the per-
former is to walk from a bright scene to a dark
one, such as from a brightly illuminated living
room to a moonlit balcony, her or his face should
not change drastically from light to dark. Indeed,
to achieve the difference between living room and
balcony lighting, you wouldn’t have to touch the
lighting on the face at all. All you would have to
do is to change the background lighting from light
to dark. Also, in maintaining skin tones, try to
avoid color reflections on the face from clothing
and scenery. In a normal scene, don’t use colored
lights (lights that have color gels, or cinemoid
filters) on a performer, as helpful as they may be



for special effects of background lighting, or you
will certainly destroy the very much needed color
reference for the viewer.

Color Temperature

Color temperature is a standard by which we
measure the relative reddishness or bluishness of
white light. You have certainly noticed that a
fluorescent tube gives off a “colder” light than a
candle. The fluorescent tube gives off a bluish
light; the candle a more reddish light. This differ-
ence can be precisely expressed in degrees of clor
femperature. You can also observe the change of
color temperature by carefully watching a light
being dimmed. When the lamp is on full, you see
a bright white light that looks something like the
sun at high noon. But when the lamp is greatly
dimmed down, the light begins to take on a red-
dish tinge, similar to the red sun at sunset.

Whereas the monochrome camera is relatively
insensitive to color temperature, the color camera
is greatly affected by it. What exactly is color
temperature? What does it have to do with tem-
perature if it is a measure of the relative reddish-
ness or bluishness of light?

Color temperature is measured in degrees Kel-
vin (K), which stand for actual tempera ures. As
you know, the hotter a flame gets, the bluer it
becomes. The same is true of light. The hotter the
filament of a lamp (such as a quartz lamp) gets,
the whiter, and even bluer, the emitted light
becomes. The Kelvin scale has been devised by
heating a theoretically totally light-absorbing
filament, called “black body,” from absolute zero
to various degrees centigrade. If the black body
is heated to 3,200°K (3,200 degrees from absolute
zero), it radiates a fairly white light, with just a
little reddish (warm) tinge. If you now take a
quartz lamp and adjust it in such a way that its
light approximates as closely as possible that of
the black body with a color temperature of
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3,200°K, you can rate the quartz lamp as having
a color temperature of 3,200°K—assuming that it
receives its full voltage (not dimmed in any way).
As soon as you begin to dim this quartz lamp,
however, its color temperature begins to decrease,
causing the color of the light to get redder. If you
boost the voltage beyond the one for which the
instrument is rated, the lamp will get hotter, the
color temperature will increase, and the light will
get bluer.

While this change of color can hardly be no-
ticed in direct observation, the color camera re-
ports it quite readily by producing a distinct color
tint (reddish or bluish) over the entire picture.
Especially in the lower ranges of light intensity
(when the light is dimmed down extensively), the
orange glow of the lower color temperature shows
up quite prominently. This suffusion is especially
distracting when it occurs on performers’ faces.

Generally, the illumination for color television
is kept within a 3,000°K to 3,400°K range; with
3,000°K and 3,200°%K the preferred color tempera-
tures. Almost all quartz lighting instruments are
rated at 3,200°K.

Some lighting experts warn against any dim-
ming on performers and performing areas, since
the lowering of the color temperature will dis-
color the skin tones. However, practice has shown
that you can dim these lights by a good 200°K,
especially in the upper intensity ranges, before
the color change becomes too noticeable on the
monitor. Even so, dim the performing area lights
only when you have to balance your overall light-
ing, and refrain from dimming the lights on per-
formers while the show is in progress.

Nontechnical Lighting Objectives

The nontechnical, or aesthetic lighting objectives
are (1) to indicate form and dimension, (2) to cre-
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a

5-3 Indication of Form and Dimension through
Shadows: (a) It is often the shadow that reveals the
true shape of the object. In this picture it is difficult

ate an illusion of reality or nonreality, and (3) to
indicate mood.

Form and Dimension

Since the television screen has only two dimen-
sions, height and width, the third dimension,
depth, must be created by illusion. A proper con-
trol of light and shadow is essential for the clear
revelation of the actual shape and form of three-
dimensional objects, their position in space and
time, and their relation to one another and to their
environment. In fact, it is often the shadows that
indicate the form and dimension of an object rather than
the light. You will find, therefore, that the pur-
pose of lighting is more frequently the control of
the placement and the relative density of the
shadow than the creation of bright picture areas.
(See 5.3 and 5.4.)

b

to tell whether the object is a flat figure or a cube.
(b) Daskening of the shadow area makes it immedi-
ately apparent that the object is a cube.

The emphasis or de-emphasis of shadows on
a surface of an object will also help to sharpen,
or reduce, the textural characteristics of the ob-
ject. Lighting that emphasizes shadows can make
a relatively smooth surface look richly textured,
or a relatively rough surface rather smooth.

Reality and Nonreality

Lighting helps to achieve an illusion of reality or
nonreality. It aids in setting a sperific time and
place. For example, long shadows suggest late af-
ternoon or early morning; harsh, bright light
helps to establish a sun-flooded outdoor scene.
The periodically flashing light as seen through the
closed Venetian blinds from the inside of a motel
room will give us a quick clue as the the kind of
establishment, if not the whole neighborhood. A
windowless interior rather brightly lighted can
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a

5-4 Spatial Articulation through Shadows: (a) How
far is this person away from the background? With-
out a separation of her shadow from the dark back-
ground (background shadow), it is difficult to judge
her position accurately in relation to her environ-

give the impression that it is still daylight outside.
But the same interior with rather low-key light-
ing (high-contrast and low overall light level)
suggests nighttime.

Special lighting techniques can also help to cre-
ate the illusion of a specific source of illumination.
For example, many lighting instruments may be
needed to give the impression that a scene is lit
by a single candle.

Illogical or special effects lighting can create the
illusion of nonreality. For example, an extremely
low-contrast scene that is purposely washed out
may provide us with an environment as unreal as
one in which the contrast is purposely pushed
beyond the acceptable limits. We are greatly
aided in special effects lighting by electronic
manipulation, such as polarity reversal, for exam-
ple, where all the dark areas turn light and the
light areas turn dark. You will find more informa-
tion on special effects in Chapter 11.

b

ment. (b) With a special light separating the shad-
ows, and another light giving some definition to the
background, we have now a clearer idea as to her
spatial position.

Mood

Next to sound, lighting is one of the chief means
of creating a desired mood. Various psychological
effects, such as gaiety, mystery, or gloom, can be
achieved through lighting techniques. [See 5.5.)

The long shadows looming in the deserted
street suggest danger; the reflection of water and
the shadows of leaves dancing on a face or a wall
suggest happiness and calm. Intense lighting from
the back tends to glamorize the fashion model.

Lighting from below eye level can create a mys-
terious mood. Since under normal conditions we
experience the principal illumination as coming
from above, we expect the shadows to fall below
the object. A reversal of the shadows immediately
suggests something unusual. If all the other pro-
duction elements—set design, color, sound, ac-
tions—are in harmony with the special lighting
effect, the mysterious mood is firmly established.
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a
5:-5 Mood through Shadows: (a) Lighting from

above, whereby the shadows fall in the customary
below-the-object position, gives the scene a normal

Note that one production technique, such as
lighting, is usually not strong enough alone to
establish a feeling of nonreality or mystery, for
example. We usually need to have a// other produc-
tion elements work in unison to achieve the desired
effect.

Types of Illumination

In all photographic lighting, including television,
we use two types of illumination, (1) directional
and (2) diffused.

Directional “/ight illuminates only a relatively
small area with a distinct light beam. It produces
well-defined shadows and causes fast falloff, which
means that the light area changes rather abruptly
into the dense shadow areas. Thus we use spof-
lights, which emit a directional beam.?

Diffused light illuminates a relatively large area
with a wide, indistinct light beam. It produces

2 Zettl, Sight-Sound-Motion, pp. 23-24.

b

appearance. (b) Lighting from below creates an un-
real, mysterious mood. We perceive the shadows in
what seems to be an unnatural position.

soft, rather undefined, shadows and causes sbw
falloff. which means that there is a low contrast
between light and dark, and that the light changes
gradually into soft, transparent shadow areas.
Thus, we use foodlights, which emit a diffused
beam.

Before you can immerse yourself in lighting for
form and dimension, reality and nonreality, or
mood, you should acquaint yourself first with the
necessary tools of lighting. They include (1) stu-
dio lighting instruments, (2) portable lighting in-
struments, and (3) lighting control equipment. As
with any other piece of equipment, your learning
of the lighting tools will be facilitated greatly if
you use them right away in simple lighting exer-
cises.

Studio Lighti;g Instruments

All studio lighting is accomplished with a variety
of spotlights and floodlights. These instruments
(sometimes called luminaires) are designed to op-



5-6 Most lighting instruments used in television
studios have guarfz, or fungsten-halogen, lamps. The
more common, though less accurate, name “quartz”
refers to the lamp itself, which is made out of quartz
or a silica, glasslike material. Tungsten-halogen re-
fers to the lamp filament. But you will also find in-
struments with the older, familiar incandescent light
bulbs, very much like the bulb you use in your
home.

There are, however, some distinct advantages in
using quartz lights in television production over the
traditional incandescent lights.

The illumination efficiency of quartz lamps is ex-
tremely high. Under ideal conditions, a quartz lamp
may produce twice the illumination of an incandes-
cent bulb of the same wattage. You need, therefore,
fewer quartz instruments, or instruments of a lower
wattage, than you would incandescent lights for the
same amount of illumination. Also, because of the
superior light output of the quartz instruments, their
size and weight are less than those of equivalent in-
candescent instruments. Since the quartz lamp itself
is quite small, the housing for the lamp is smaller
than that of incandescent instruments of equal watt-
age.

The light output of the quartz lamp does not de-
crease with age. Incandescent bulbs, however, gradu-
ally blacken with carbon and thus decrease in light
efficiency. Also, the color temperature of the quartz
lamp remains unchanged during the entire life of the
bulb, while the incandescent bulbs, because of car-
bon blackening, may change color temperature con-
siderably during their life.

Unfortunately, the quartz instrument is not with-
out disadvantages: (1) The life of the quartz lamp is
about half that of the incandescent bulb: It is rated
for a maximum of 150 to 500 hours, depending on
the size and type of instrument used. (2) The quartz
instruments get extremely hot and also radiate more
heat than incandescent lights. This characteristic can
become rather annoying to studio crews and per-
formers, and it is fairly destructive to such standard
light attachments as barn doors, scrims, and color
gels. Often a scrim, which lasts for months on an

Comparison of Incandescent and Quartz Lamps:
Quartz lamps are smaller and more efficient than in-
andescent lamps.

incandescent instrument, will be burned up by a
quartz lamp within weeks.

In some of the older quartz instruments, especially
the ones that do not use the relatively large quartz
globe, the light beam is still rather difficult to con-
trol. Although the narrowing and spreading of the
beam is possible, it cannot be shaped as precisely as
the incandescent light beam. When the spotlight
with a horizontal lamp is pinned to a narrow beam,
the light tends to concentrate on the rim of the
beam, leaving a "’blind”’ or dark spot in the middle
of whatever happens to be lighted. Also, it produces
an abundance of spill. The blind spot is especially
noticeable and vexing when the light is concentrated
on a face, for example, and the spill makes precise
light control difficult.

You will probably find that quite a few stations
still use both types of lights, quartz and incandes-
cent, in some combination. The reason for using
both lights is most often economical; as long as the
old incandescent lights still do the job, nobody is
going to throw them away. Some lighting experts,
however, combine the two lights for aesthetic rea-
sons. They like to use the incandescent instruments
in areas where high control is imperative and where
a slightly less brilliant light is desirable, and the
quartz instruments in areas that reed more general,
but intense, illumination.
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57 Fresnel Spotlight.

erate from the studio ceiling. Although they are
seldom moved from one studio location to an-
other, their size and weight are still important
production factors. The lighter and smaller guartz
instruments are, therefore, preferred in most studio
productions to the rather bulky incandescent
lighting instruments.

Since the types, application, and basic opera-
tion of the quartz lights are quite similar to those
of the incandescent, we will not make any dif-
ferentiation in our discussion of the instruments
themselves. Just realize that in general the in-
candescent instruments are heavier, larger, and
bulkier than the quartz instruments of equal
wattage, and that the mechanisms for adjusting
the light beams differ slightly.

Spotlights

You will find that most studio lightirig can be
accomplished with two basic types of spotlights
(1) the Fresnel spotlight and (2) the ellipsoidal
spotlight.

The Fresnel Spotlight Named for Augustin
Fresnel, who invented the lens used in it, the Fres-
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5-8 Beam Control of Fresnel Spotlight: (a) In order
to spread the beam, turn the focus spindle or focus-
ing loop so that the bulb-reflector unit moves to-
ward the lens. If the lighting instrument has an out-
side indicator, the indicator should move toward F
(for “flood” position). (b) In order to pin, or focus,
the beam, turn the focus spindle or focusing loop so
that the bulb-reflector unit moves away from the
lens. The focus indicator should move toward S (for
“spot” position).

nel spotlight is the most widely used in television
studio production  (See 5.7). The Fresnel spotlight
is relatively light and flexible. It has a high light
output, and its light beam can be made narrow

‘or wide by a spot-focusing device. The spotlight

can be adjusted to a ‘spread” beam position,
which then gives off a rather wide, flooded beam;



or it can be “pinned” to a sharp, clearly defined
light beam. There are several ways of spreading
(adjust to a wide, flooded beam), or pinning, or
focusing (adjust to a narrow, clearly defined beam)
a Fresnel spotlight.

The most common method is to push or pull
the bulb-reflector unit inside the light instrument
toward or away from the lens. To spread a spotlight
beam, turn the focusing spindle or focusing loop
in such a way that the bulb-reflector unit moves
foward the lens. To pin, or focus, the beam, turn the
spindle or focusing loop so that the bulb-reflector
unit moves away from the lens. (See 5.8.)

Whenever you adjust the beam, do it gently.
You can’t very well adjust a light beam with the
instrument turned off. But when the bulb is
turned on, it is highly sensitive to shock. In order
to protect the hot lamp as much as possible from
any damaging jolt, two further focusing devices
have been developed.

On the back of some smaller quartz fixtures,
you will find a lever that can be moved horizon-
tally—or, in other models, turned clockwise or
counterclockwise—for quick spreading or pin-
ning of the beam. This device is called a sweep focus
(see 5.9).

In order not to move the hot lamp at all, some
lighting instruments focus by having the lens
move toward or away from the fixed (and spring-
mounted) lamp. In this way, called the ' ring-
focus' method, you can adjust the drag of the
focus ring so that you can focus the instrument
with a lighting pole from the studio floor, even
after the lamp has been on for several hours. (See
511.)

Fresnel spotlights come in different sizes, de-
pending on how much light they are to produce.
Obviously, the larger instruments produce more
light than the smaller ones. The size of Fresnel
spotlights is given in the wattage of the lamp, or the
diameter of the lens.

What size of lighting instruments you should

59 Sweep Focus: The beam can be spread or
pinned by moving the sweep knob horizontally to
flood {spreading) or spot (pinning) position.

5-10 The most prominent manufacturers of profes-
sional television lighting equipment are Berkey
ColorTran, Century Strand, Kliegl, and the Mole-
Richardson Company. Their various instruments all
have trade names. A 1,000-watt Molequartz Baby-
Baby Solarspot may be quite similar to the Color-
Tran Quartz King dual 1000, for example. It makes
more sense, therefore, to label lighting tools accord-
ing to their function rather than name of manufac-
turer. Each manufacturer issues periodically a rather
complete catalog of its latest lighting equipment.
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5-11 Ring-Focus Mechanism: By turning the ring
(often with a lighting pole from the floor), you can
either spread or pin the light beam.

5-12 The range of spotlights is from 150 watts to
10,000 watts (10 kilowatts). In motion pictures,
where you might have to boost even the superpower
of the sun with artificial light sources, even larger
instruments, such as the high-intensity “brutes’” are
used. These brutes generate light by an intensely hot
carbon arc.

When classified by lens diameter, you will find
3-inch Fresnels (150 to 250 watts), 6-inch Fresnels
(500 to 1,000 watts), 8-inch Fresnels (1,000 to 2,000
watts), 10-inch Fresnels (2,000 to 2,500 watts), and
12-inch Fresnels (2,500 to 5,000 watts).

COOUING-
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5-13 Ellipsoidal Spotlight.

use depends on several factors: (1) the type of
camera used and the sensitivity of the pickup
tubes, (2) the height at which the instruments are
suspended, and (3) the reflectance of the scenery,
costumes, and studio floor.

Color cameras generally need 'more light than
monochrome I-O cameras. The lower the lights
are relative to the scenery and action areas, the
less light you need. And highly reflecting scenery,
costumes, and studio floor need less light than if
they were dark and absorbent.

In most television studios, the largest Fresnel
spotlights rarely exceed 5,000 watts. Generally,
the most commonly used Fresnels are of the
1,000-watt and 2,000-watt variety. For maximum
lighting control, most lighting technicians prefer
to operate with as few as possible, yet adequately
powerful, lighting instruments.



5-14 ""Cookie” Pattern on Cyclorama.

The Ellipsoidal Spotlight This kind of spot-
light can produce an intense, sharply defined light
beam. For example, if you want to create pools
of light reflecting off the studio floor, the ellipsoi-
dal spot is the instrument to use. Even in their
pinned, or focused, position, the Fresnels would
not give you that sharp an outline.

As with the Fresnel, you can pin and spread the
light beam of the ellipsoidal. Similar to the ring-
focus Fresnel, you push or pull the lens away
from the lamp, rather than moving the lamp. Be-
cause of the peculiarity of the ellipsoidal reflector
(which has two focal points), you can even shape
the light beam into a triangle or a rectangle, for
example, by adjusting four metal shutfers that stick
out of the instrument (see 5.73).

Some ellipsoidal spotlights can also be used as
pattern projectors. In this case, the lighting instru-
ment has a special slot right next to the beam-
shaping shutters, which can hold a metal pattern
called a cucalorus or, for short, cookie. The ellipsoi-
dal spot projects the cookie as a clear shadow
pattern on any surface. Most often, it is used to
break up flat surfaces, such as the cyclorama or
the studio floor. (See 5.14.)

Lighting 101

5.15 Sometimes you may find that a television
show requires the use of a follow spof, a powerful spe-
cial effects spotlight that is used primarily to simu-
late theater stage effects. The follow spot generally
follows action, such as dancers, ice skaters, or single
performers moving about in front of a stage curtain.

The follow spot has controls through which you
can simultaneously pan and tilt the instrument,
spread or pin, and shape the light beam, all while
following the action.
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5-16 Scoop.

Ellipsoidal spotlights come in sizes from 500
watts to 2,000 watts, but the most commonly
used is the 1,000-watt. The ellipsoidal spot is gen-
erally used, not for the standard television light-
ing, but only when specific, precise lighting tasks
have to be performed.

Floodlights

Floodlights are designed o produce a great
amount of highly diffused light. They are princi-
pally used to slow down falloff (reduce contrast
between light and shadow areas) and to provide
baselight.

Since even in floodlights the spread of the beam
should be somewhat controllable so that undue
spill into other set areas can be minimized, some
floodlights, like spotlights, have adjustable
beams.

5-17 Ring-Focus Quartz Scoop.

There are four basic types of floodlights: (1) the
scoop, (2) the broad and softlight, (3) the flood-
light bank, and (4) the strip, or tyc, light

The Scoop Named for its peculiar scooplike re-
flector, this floodlight is one of the most versatile
and popular. Like most other floodlights, the
scoop has no lens.

There are fired-focus and adjustable-focus scoops.
The fixed-focus scoop permits no simple adjust-

5-18 Most scoops range from 1,000 watts to 2,000
watts. Scoops are also classified by the diameter of
the scoop reflector. Thus, we have 14-inch, 16-inch,
and 18-inch scoops. The 14-inch and 16-inch scoops
with 1,000-watt lamps are most often used in televi-
sion lighting.
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5-19 (a) Small Broad. (b) Large Broad.
ment of its light beam. Pinning the beam is not Some of the quartz scoops have adjustable

possible at all. You can, however, increase the beams, from medium-spread positions to full
diffusion of the light beam by attaching a scrimin ~ flood. The adjustable scoops are especially handy
front of the scoop. A scrim is a spun-glass mate-  for filling in shadows in precisely defined areas.
rial held in a metal frame. Although the light (S 5.77.)

output is considerably reduced through their use,

some lighting people put scrims on all scoops, not

only to produce highly diffused light but to pro- The Broad and the Softlight The road (from
tect the studio personnel in case the hot lamp  broadside) and soff/ight instruments are wsed to
inside the scoop shatters. (See 5.76.) provide extremely diffused, even lighting.
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5-20 The most widely used broads in television
lighting range from 600 watts to 1,000 watts. Soft-
lights range from 1,000 watts to large 8,000-watt
units; the 1,000-watt—2,000-watt units are generally
used in television lighting and the larger ones for
motion picture work.

The high-efficiency quartz lamps are, of course,
the ideal light source for all floodlights, especially
the broads and softlights. All softlights have a per-
manently attached scrim, sometimes called ”silk-dif-
fuser.”

Some softlights have fluorescent tubes instead of
quartz lamps. However, these can be used only in
location shooting, where the general lighting comes
from overhead fluorescent tubes. Thus, the softlights
match the overall lighting in color temperature.

5-21 Softlight.



Broads act like a series of scoops. They illumi-
nate evenly a rather large area with diffused light,
with some provision for beam control: (See 5.19.)

Some broads have barn doors (see page 115) to
block gross light spill into other set areas; others
have even an adjustable beam, similar to the ad-
justable scoops. They are sometimes called “mul-
tiple broads.”

Softlights, on the other hand, are used for ex-
tremely diffused, even lighting: If, for example,
you want to increase the baselight level without
in the least affecting your specific lighting (high-
lights and shadow areas carefully controlled), you
can turn on a few softlights. They act like fluores-
cent tubes, except that they burn with a lower
(3,200°K) color temperature. (See 5.21.)

The Floodlight Bank This consists of a series
of high-intensity internal reflector bulbs arranged
in banks of six, nine, twelve, or more spots. The
floodlight bank is mostly used on remotes as day-
light booster. Because they are large and awkward
to handle, you will not often find them in studios.
For studio lighting, the softlight outperforms the
floodlight bank, at least in operational ease. (See
522.)

The Strip, or Cyc, Light This is commonly used
to achieve even illumination of large set areas,
such as the cyc (cyclorama) or some other unin-
terrupted background area. Very similar to the
border or cyc lights of the theater, television strip
lights consist of rows of from three to twelve
incandescent or quartz lamps mounted in long,
boxlike reflectors. The more sophisticated strip
lights have, like theater border lights, glass color
frames for each of the reflector units, so that the
cyc can be illuminated in different colors. (See
5.23)
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5-22 Floodlight Bank: The floodlight bank consists
of at least six individual internal reflector lamps,
stacked as two three-lamp strips. Larger banks stack
three, four, or even five three-lamp strips for a total
of nine, twelve, or fifteen internal reflector bulbs.

5-23 Strip, or Cyc, Light.
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5-24 Simple Striplight.

Homemade versions of the strip light are often
quite adequate for routine cyc lighting. The re-
flector is a simple wooden box (made of 1X38
boards), and illumination is provided by a series
of simple (40-watt or 60-watt) frosted household
bulbs. (See 5.24.)

You can use strip lights also as general flood-
lights by suspending them from the studio ceil-
ing, or you can place them on the studio floor to
separate ground rows from the cyclorama, or pil-
lar and other set pieces from the lighted back-
ground. Strip lights are ideal instruments for sil-
houette lighting (where the background must be
evenly illuminated, with the foreground pieces
remaining unlit).

Portable Lighting Instruments

Obviously, you can use studio lighting instru-
ments on remote location. However, you may
find that they are too bulky to move around
easily, that their large three-pronged plugs or
twist-lock plugs do not fit the household recepta-
cles, and that, once in place and operating, they
do not provide the amount or type of illumination
you need for good remote lighting. Besides, most
studio lights are suspended on the overhead light-
ing grid. To take them down each time you have

to light a remote telecast not only wastes valuable
production time, but more important, robs the
studio of valuable lighting instruments.

Special portable lighting packages have, therefore,
been developed that can fulfill the basic lighting
requirements for simple productions away from
the studio. You will find that the basic require-
ments for remote lighting are (1) a great amount
of illumination with as few instruments as possi-
ble; (2) compact instruments that take up wery
little room, and-that can be set up and struck
(taken down) with minimal time and effort; and
(3) instruments that can be operated with
household current without danger of overloading
circuits.

Even in studio lighting, such portable units can
prove extremely helpful, especially if your studio
is rather small or if your studio ceiling is too low
for overhead suspension of lighting instruments
—as in a converted classroom, for example. As
with the studio lighting package, the portable
lights are grouped into (1) spotlights iand (2)
floodlights.

Spotlights

Portable spotlights are designed to be light,
rugged; efficient (which means that the light out-
put is great relative to the size of the instrument),
easy to set up and transport, and small enough so
that they can be hidden rather effectively even in
cramped interiors.
The two most frequently used are (1) the exter

nal reflector spotlight and (2) the internal reflector
spotlight.

The External Reflector Spotlight Mainly be-
cause of weight consideration and light efficiency,
this spotlight has no lens. We use the term ““exter-
nal reflector”” so as to distinguish it from the small
Fresnel studio spot (which, of course, can also be



5-25 External Reflector Spots.

used on remote location) and the internal reflector
spotlight, which we will discuss below.

The lack of a good lens makes the beam of the
external reflector spot less precise than that of the
Fresnel spot. But in most remote lighting tasks,
a highly defined beam would offer no particular
advantage. Since you will usually have to work
with a minimum of lighting instruments on
remote location, a fairly flat, yet ezen, illumination
is often better than a dramatic, yet extremely
spotty, one. Still, even on remote location, you
should try to light as precisely as possible without
sacrificing a sufficient operating light level.

The external reflector spot makes fairly precise
lighting possible. You can pin or spread the beam
of the high-efficiency quartz lamp through a
sweep-focus control lever or knob in the back of
the instrument. (See 5.25.)

Unfortunately, the pinned beam is not always
even. When you have to place the lighting instru-
ment rather close to the object, you may notice
(and the camera will surely notice) that the rim
of the beam is quite intense and “‘hot,” while the
center of the beam has a hole, a low-intensity
dark spot. In extreme cases, especially when
lighting a face, this uneven beam may look as
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5:26 (a) External Reflector Spot on Stand. (b) Exter-
nal Reflector Spot with Gaffer Grip.
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5.27 Clip Light.

though you had forgotten to turn on one of the
instruments. By spreading the beam a little, how-
ever, you can correct this problem rather easily.

All external reflector spotlights have a special
bracket for floor mounting on a lightweight stand
(see 5.26a) or on a heavy clip, called a gaffer grip,
or gator clip (see 5.265).

Most external reflector spotlights can be
plugged into a regular household receptacle. Be
careful, however, not to overload the circuit; that
is, don’t exceed the circuit’s amperage.

The smaller Fresnel spotlights are, of course,
also used in remote lighting. Make sure in such
instances that they are equipped with special
mounting devices for fastening them onto light-
weight mounting stands, and that you have light-
plug adapters for plugging the instruments into
the household receptacles.

Internal Reflector Spotlight This spotlight
looks like an overgrown, slightly squashed
household bulb. You have probably used it al-
ready in your still photography. The reflector for
the bulb is inside the lamp. All you need for using
this kind of spot is a light socket and a clamp with

METAL HousiNG-

5-28 Clip Light with Metal Housing and Barn
Doors.

which to fasten the bulb onto a chair, a door, a
windowsill, or a small pole. Because internal re-
flector spotlights are usually clipped onto things,
they are often called clip lights.

You can use clip lights to light small areas easily
and also to fill in areas that cannot be illuminated
with the other portable instruments. The clip
light is an excellent device to provide additional
highlights and accents in areas whose lighting
looks too flat. (See 5.27.)

Internal reflector spots come in a variety of beam
spreads, from a soft, diffused beam to a hard, rather
precisely shaped beam. For even better beam con-
trol, as well as for the protection of the internal
reflector bulb, the lamp can be used in a metal
housing with barn doors attached (see 5.28).

While most internal reflector spotlights are in-
candescent lights, there are also a number of
high-intensity quartz lamps on the market, one
of the most popular being the "sun gun” f(see 5.29).

Floodlights

Since the principal objective in most remote light-
ing is adequate, even illumination, floodlights are
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529 Sun Gun with Barn Doors.

often the more efficient, though not necessarily
the more versatile, of the portable lighting instru-
ments.

Unless you work in a large room, such as a
gymnasium or the town hall, the studio scoops
usually prove too heavy and bulky for remote
use. The relatively light and highly efficient
broads and softlights are, therefore, preferred for
this kind of work (see page 103). Most of these
instruments have a two-way switch for low and
high intensity, and can be mounted easily on
lightweight, collapsible tripods. If you need to
light a very small area, you can use a nook light,
which is a very small floodlight. Like the internal
reflector spot, the nook light can be attached to
a piece of scenery or furniture. However, since it
gives off a relatively great amount of diffused
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5:30 Nook Light.

light, it is an ideal instrument for filling in small
shadow areas. (See 5.30.)

Portable floodlights, like spotlights, usually
come with three-wire extension cables that fit or-
dinary household receptacles. Some of the exten-
sion cables have on-off switches next to the in-
struments, making it unnecessary to unplug the
instrument each time you want to turn it off. By
the way, there are three good reasons why you
should keep portable lighting instruments turned
off as much as possible: (1) You will prolong the
life of the bulb. (2) You will keep the performance
areas as cool as possible; the excessive heat radia-
tion of the quartz instruments makes working in
cramped quarters especially uncomfortable. (3)
You will conserve energy. (Nofe: Wear gloves
when handling instruments that are turned on.)
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Lighting Control Equipment

Television operation, especially in small stations,
necessitates extremely flexible lighting equip-
ment for several reasons: (1) Constantly moving
television cameras and microphone booms make
any permanent lighting setup on the studio floor
impossible. (2) When only a small amount of
lighting equipment is available, what there is
must be flexible enough to provide adequate light
for every corner of the studio. (3) There is rarely
enough time or manpower to design and execute
a proper lighting plan for each television produc-
tion. The lighting setup must be flexible enough
to allow one person to change the studio lighting
with speed and the least effort.

The necessary control and flexibility of light is
achieved primarily by three methods: (1) direc-
tional control, (2) intensity control, and (3) color
control

Directional Controls

Directional controls for lighting instruments help
you to mount the instrument in a given position,
point the lighting beam in a given direction, and
keep the beam from spilling into unwanted areas.

Thus, we have four basic directional controls:
(1) basic mounting devices, (2) basic hanging de-
vices, (3) mounting devices for floor or portable
lights, and (4) barn doors.

Basic Mounting Devices Studio lights are hung
from either fixed pipe grids or counterweight battens,
which can be lowered and raised to a specific ver-
tical position. (Se¢e 5.371 and 5.32.)

Basic' Hanging Devices The lighting instru-
ments are either directly attached to the light bat-
ten by a C-clamp, or hung from the batten by hang-
ing devices that enable you to vary the verfical posi-

5-31 Pipe Grid: The pipe grid consists of rather
heavy pipe strung either crosswise or parallel and
mounted from 12 to 18 feet above the studio floor.
The height of the grid is, of course, determined by
the studio ceiling height, but even in rooms with
low ceilings, the pipe should be mounted approxi-
mately two feet below the ceiling so that the light-
ing instruments or the hanging devices can be easily
mounted onto the pipe.

fion of the instrument without raising or lowering
the battens. If you have a fixed pipe grid rather
than the movable counterweight system, these
hanging devices are especially important. The
most common are the panfograph, the sliding rod, and
the ‘elescope hanger. (See 5.34 through 5.39.)

Mounting of Floor Lights While in motion
picture production a large part of the lighting is
done from the studio floor, television resorts to
such lighting only occasionally. As pointed out
before, the moving television cameras require
that the studio floor be kept uncluttered. Also, the
danger of having the lights picked up by one of
the cameras is much too great to make lighting
from the floor a viable production technique. But



5:32 Counterweight Battens: The counterweight battens
can be lowered and raised to any desired position
and locked firmly into place. The battens and the in-
struments are counterweighted by heavy steel
weights and moved by means of a rope-and-pulley
system or individual motors. The advantage of coun-
terweight battens over the pipe grid system is that
the instruments can be hung, maintained, and ad-
justed to a rough operating position directly from
the studio floor. However, even this arrangement

you may find that you will need to supplement
the overhead lighting with some floor lights.
Floor lights are usually mounted on vertical
roller-caster stands that can be vertically adjusted up
to eight feet. Such stands can hold any type of
lighting instrument—scoops, broads, spots, and
even strip lights. The more elaborate ones have
a light switch attached to them so that you can
regulate the floor instrument without having to
go through the dimmer control. (See 5.40 and 5.41.)

Barn Doors These are movable metal flaps that
car be inserted into a special slot in front of any
spotlight. They are intended to block the light very
much the same way as you shield your eyes from
the sun with your hand.

does not altogether eliminate the use of a ladder.
Especially in small studios, the studio floor is rarely
sufficiently clear of cameras, microphone booms, or
scenery for the battens to be lowered all the way to
comfortable working height. You will find that after
having adjusted the lighting instruments as to direc-
tion and beam focus, you will still need a ladder or
the lighting pole for the accurate final trimming once
the battens have been raised to the proper position.

5:33 There are further rail-type mounting devices
for lighting instruments, which are highly specific in
their application. Generally, a sliding track (which
can even carry the electric current) is attached di-
rectly to the ceiling, and the lighting fixtures slide
along the rail into limited horizontal positions. The
principle of the rail-type mounting is quite similar to
the traverse rod on which household curtains are
hung and moved along. The double disadvantages of
such mountings are the high installation cost and
limited positions of the lighting instruments. How-
ever, in the conversion of low-ceilinged classrooms
into small television studios, rail-type mountings
sometimes prove to be the most effective lighting ar-
rangement.
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53¢ C-Clamp: With
the C-clamp, you can
securely attach even the
heaviest lighting instru-
ment to the mounting
pipe. A bolt at the bot-
tom of the C-clamp en-
ables you to swivel the
instrument into the
desired position. For in-
creased safety, secure
each instrument directly
to the grid by a small
chain or cable.

5-35 C-Clamp with
Extension: Some C-
clamps have a small ex-
tension hanger attached,
which makes the turn-
ing of the lighting in-
struments a little easier
than with the standard
C-clamp.

5-36 Pantograph: The most versatile and most fre-
quently used hanging device is the panfograph. This is
a spring-counterbalanced hanger that can be ad-
justed quickly and easily from the studio floor to
any height within its more than sufficient 12-foot
range. Depending on the lighting instrument at-
tached to it, you need one or two sets of springs for
counterbalancing. Heavier springs permit the mount-
ing and counterbalancing of other equipment, such
as a studio monitor. In most studios, where the grid
height rarely exceeds 18 feet, you can pull the light-
ing instrument down to almost floor level, make the
necessary lighting adjustment, and push the instru-
ment back into the desired position, all in a matter
of seconds. Even if you have counterweight battens,
you can still use pantographs to make some of your
lighting instruments even more flexible.
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5-37 Sliding Rod: The
sliding rod is another
hanging device that al-
lows vertical positioning
of lighting instruments.
However, in the up-
position, the sliding rod
needs a considerable
clearance between grid
and ceiling; otherwise it
cannot be pushed up
high enough. An addi-
tional problem is that
any adjustment has to
be made from the grid,
which requires a bulky
ladder and much time.

5-39 The ideal hanging devices are, of course, mo-
torized telescope hangers or winches for each instru-
ment. Occasionally you will find such an extrava-
gant hanging system in large television production
centers. For small station operation, such devices are
much too costly and really not necessary.

540 Floorstand: The floorstand can support any
type of lighting instrument, and can even be adapted

for an easel stand.
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5-38 Telescope Hanger:
The telescope hanger is
similar to the sliding
rod, except that the rod
telescopes into itself
when the hanger is
pushed up. Thus the
telescope hanger needs
little clearance between
grid and ceiling.
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5-41 Collapsible Floorstand: Portable lights do not
require as heavy a floorstand as studio lights. For all
portable lighting instruments, special collapsible
stands have been developed that telescope from a 2-
foot minimum to an over 8-foot maximum height.
On some models the legs can be extended individu-
ally so that the light remains level even if standing
on steps or uneven ground.

This admittedly crude beam control method is
extremely effective if you want to block certain
set areas partially or totally from illumination. For
example, if you want to keep the upper part of
some scenery dark, without sacrificing illumina-
tion of the lower part, you simply "‘barn-door”
off the upper part of the beam. Or, if you want

to eliminate a boom shadow, you may be able to
do so by partially closing a barn door. (See 5.42 and
543.)

Since the barn doors slide into their holders
rather easily, they have a tendency to slide out
of them just as readily. Make sure, therefore, that
they are chained to the instrument so that they
can’t drop on you, especially when you are ad-
justing them from the studio floor with a light
pole. Also, barn doors get very hot. Wear asbestos
gloves if you handle them while the instrument
is turned on.

We have already mentioned the spun-glass diffus-
ers, or scrims, which you may put in front of the
floodlights in order to diffuse the beam even more
than in its extreme flood (spread) position.

Intensity Controls

The simplest way of controlling light intensity is
obviously to turn on only a certain number of
lighting instruments of a specific size (wattage).
Unfortunately, since television lighting tech-
niques and the delicate control of shadows call for
light to come from very specific directions, it is
not always possible to turn a light either on or off
simply because the camera receives too little or
too much light. With a dimmer, you can easily
manipulate each lighting instrument, or groups of
instruments, to burn at any given intensity, from
zero (off position) to full strength.

Although dimmers are technically quite com-
plex, their basic operational principle is simple: &y
allowing more or less current to flow to the lamp, the lamp
burns with a higher or lower intensity. If you want the
lighting instrument to burn at full inteasity, the
dimmer lets all the current flow to the lamp. If
you want it to burn at a lesser intensity, the dim-
mer reduces somewhat the voltage that flows to
the lamp. If you want to dim the light completely,
called a blackout, no current—or at least an inade-
quate current—reaches the lamp.



5-42 Two-Way Barn Door: The two-way barn door
has two movable metal flaps. They can be attached
to the lighting instrument so that they block either
the top and bottom part of the light beam or its
right and left spread.

All dimmers, regardless of make and relative
complexity, are designed to fulfill these principal
functions: (1) Confrast confrol: Through dimmers,
we can control even the most subtle differences
between light and shadow areas. The subtle
manipulation of falloff requires their use. (2) Light
changes: Dimmers enable you to change quickly
and easily from one type of lighting in a particular
area to another. Also, with the use of a dimmer
board and its related equipment, you can light sev-
ieral stu: 10 areas at once, store the lighting setup
in the preset board, and activate any part or all
of the stored lighting information whenever
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5-43 Four-Way Barn Door: With the four-way
barn door, all four sides—top and bottom, and left
and right sides—of the beam spread can be blocked
simultaneously.

necessary. (3) Special effects lighting: With the help
of the dimmer board, you can achieve a variety
of special effects lighting (such as silhouette, or
a series of pools of light) without affecting the
standard lighting setup in any way.

Three features of a good dimmer system are
especially important in the context of the major
functions just mentioned: (1) the calibration of
the individual dimmer, {2) the patchboard, and
(3) the preset board.

Calibration Each individual dimmer has a cali-
bration from 0 to 10 At the zero position, the
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5-44 Dimmer Calibration: At a dimmer setting of 0,
no current flows to the lamp; at a setting of 10, the
full current flows to the lamp, and the lamp burns at
full intensity.

lighting instrument is dimmed down completely;
consequently, it emits no light. At the 10 position,
the lighting instrument receives its full current
and burns 'with maximum intensity. The dim-
ming steps between O and 10 are generally large
enough to be detected readily by the camera. /See
5.44.)

This calibration is particularly useful in the ini-
tial setting of light intensities, and in recording
and repeating the rehearsal lighting intensities for
the final telecast.

The Patchboard Sometimes called a patchbay,
this device connects lighting instruments to dim-
mer control. Regardless of make and design, all
patchboards work on the same principle: fo connect
widely scattered instruments fo a specific dimmer, or sepa-
rate dimmers, on the dimmer control board. Most
of the important lighting instruments in the stu-
dio terminate at the patchboard. Let’s assume that
you have fifty overhead lighting instruments in

PATcHES COMING FROM ,_-\\A';

LIGHTING INSTURMENT S
(SAND 27 PLgrER
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5-45 Patching: As you can see, the patches for the
lighting instruments No. 5 (spot) and No. 27 (scoop)
are both patched into dimmer No. 1. Consequently,
both lighting instruments respond identically to any
No. 1 dimmer setting.



your studio. Let’s further assume that each one
of these has its corresponding patch. Each of the
fifty outlets on the light battens is numbered, and
the patchcords for each light have corresponding
numbers. (Don’t number the instrument itself,
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since, if you were to shift the instrument into a
different position, your patchcord number would
no longer correspond with the lighting instru-
ment.)

Now, for example, if you want to patch instru-

546 Let’s try to patch some instruments so that
you can effect a simple lighting change for a specific
studio area. First, you light the designated studio
area A with three spotlights. These happen to be
plugged into the batten outlets Nos. 5, 12, and 18.
Since all the spotlights should turn on and off at the
same time and burn at the same intensity, you can
patch them into the same dimmer, dimmer No. 1.
Now, let’s assume that you want to change from
this rather harsh spotlighting to a softer floodlight-
ing of the same area. You will now pick three
scoops that will illuminate area A from the direction
of the spotlights. These scoops happen to be plugged
into the batten outlets Nos. 6, 13, and 19. You look
for the patchcords Nos. 6, 13, and 19 at the patch-
board and plug all three patches into the dimmer
No. 2 receptacles.

If you bring up dimmer No. 1, area A is il-
luminated with three spotlights. If you now want to
change to the diffused lighting of the scoops, you
simply bring down dimmer No. 1 (which turns off
the spotlights) and bring up dimmer No. 2 (which
turns on the scoops). If you bring up dimmer No. 2
while bringing down dimmer No. 1, your light
change will be very gradual, very much like a pic-
ture dissolve.

If you want to control each light separately, so
that you can balance the intensity of each of the six
lighting instruments (the three spots and the three
scoops), you will have to assign a separate dimmer
to each instrument. Therefore, spot No. 5 will be
patched into dimmer No. 1; spot No. 12 into dimmer
No. 2; spot No. 18 into dimmer No. 3; scoop No. 6
into dimmer No. 4; scoop No. 13. into dimmer No.
5; and scoop No. 19 into dimmer No. 6. (See a.) Un-
less you have further sophisticated grouping or pre-
set facilities, you will now have to work all six dim-

mers simultaneously to effect the simple lighting
change in area A. As you can see, without a preset
board, it is often more practical to patch several
lighting instruments into a single dimmer than to
use a separate dimmer for each one. (See 5.)
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5.-47 Five-Scene Preset Board.

ment No. 5 (a spotlight plugged into the No. 5
batten outlet) and instrument No. 27 (a scoop
plugged into the No. 27 batten outlet at the other
end of the studio) into dimmer No. 1, you simply
take the patchcords No. 5 and No. 27 and plug
them into the receptacles for dimmer No. 1. De-
pending on the rated power of the dimmer, you
may plug several lighting instruments into a sin-
gle dimmer. If you now bring up dimmer No. 1
at your dimmer board, both instruments, spot-
light No. 5 and scoop No. 27, will light up simul-
taneously (see 5.45).

The patchboard thus allows many combina-
tions of specific lighting instruments from differ-
ent studio areas so that they can be controlled

individually or in groups as to their intensity.

The Preset Board This is a storage device for
several different lighting setups. Whether me-
chanical or computer assisted, the preset board
can memonze the lighting setups for several
scenes. You can, for example, use one instrument,
such as our spotlight No. 5, and preset it so that
it will operate at full intensity in scene 1, at one-

half intensity in scene 2, at three-quarters inten-
sity in scene 3, and at full intensity again in scene
4, even though it is patched into only one dim-
mer. The preset board stores the different settings
of dimmer No. 1 (full, 14, %, full) and relates this
information to the lighting instrument according
to whichever scene (1, 2, 3, or 4) is activated.

Most sophisticated preset boards have further
grouping devices, which make your light combina-
tions even more flexible. For example, the group-
ing buttons allow you to preset within each scene
special lighting effects, such as silhouette lighting.
All you do in this case is group all the floodlights
together that illuminate the background while
keeping the other lights completely dimmed
down. (See 5.47.)

Highly sophisticated dimmer systems are com-
puter assisted. Special punch cards (similar to the
familiar IBM cards) contain the necessary dimmer
information (as gained during rehearsal) and acti-
vate even the most complicated dimmer opera-
tions with ease and reliability.

Color Controls

Color control in lighting includes (1) color tem-
perature control, and (2) actual production and
manipulation of colored light.

Color Temperature Control We have already
discussed how different lamps may burn at var-
ious color temperatures, and how dimming affects
color temperature. To repeat: the most common
methods of controlling color temperature are (1)
to use lamps in your lighting instruments with a
uniform Kelvin rating, such as 3,200°K; (2) to dim
not at all, or only slightly, the lights that are used
for the principal performance areas; (3) to use
color correction filters, and color temperature cor-
rection circuits in your camera chain, if available.

An additional color control, which is frequently



used in motion picture lighting but only occasion-
ally in television, is to put a variety of color tem-
perature correction filters directly in front of the
lighting instruments. If the color temperature is
too high (light too bluish), you use an orange filter
in front of the lighting instrument to lower the
color temperature. If the color temperature has to
be boosted (to bring indoor light sources to match
the cool outdoor light, for example), you need a
blue filter.?

Colored Light Control  You can produce a great
variety of colored lights simply by putting a colored
filter—colored gelatin or the more durable plastic,
such as cinemoid—in front of the lighting instru-
ment. Again, do not use colored light in perform-
ance areas, at least not if you intend the scene to
look normal. Limit it to background lighting, or
use it for special effects.

As you remember from our discussion of how
the camera works, colored light mixes additively, not
subtractively as paints do. In a colored light mix-
ture, red and green gives off a rich yellow, not a
muddy brown as paints would produce.?

Summary

Like the human eye, the television camera needs
light in order to function effectively. The control
of light is called /ighting.

Obijectives for lighting may be either technical
or nontechnical.

3 For precise color temperature filter values, see Eli L. Levitan,
An Alphabetical Guide to Motion Picture, Television, and Videotape Pro-
duction (New York: McGraw-Hill Book Co., 1970), p. 131.

4 You will find more information on how to use color “gels”
in any good book on theater lighting.
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The fechnical Tighting objectives are (1) to achieve
the proper baselight level, which means to pro-
vide enough light so that the pickup tube or tubes
and the electronic accessories can function with
some degree of efficiency, (2) conirast, which re-
fers to a basic limit between highlight and
shadow areas, or light and dark colors, and (3)
color. temperature, which refers to the relative
reddishness or bluishness of white light as pro-
duced by the lighting instruments.

The nontechnical lighting ob ectives are (1) to indicate
form and dimension, (2) to create the illusion of
reality or nonreality, and (3) to indicate mood.
These three objectives require the careful control
of shadows.

There are two types of sfudio lighting instruments:
(1) spotlights and (2) floodlights. Both can have
either quartz (tungsten-halogen) or incandescent
lamps. The most prevalent spotlights are (1) the
Fresnel spo’, and (2) the ellipsoidal spot. The most
common foodlights are (1) the scoop, (2) the broad
or softlight, (3) the floodlight bank, and (4) the
strip, or cyc, light.

Portable lighting instruments include small exter-
nal and internal reflector spotlights, and flood-
lights.

Lighting confrol equipment consists of directional
controls, intensity controls, and color controls.
The directional confrols include (1) basi¢ mounting
devices, (2) basic hanging devices; (3) mounting
devices for floor or portable lights, and (4) barn
doors. The most common infensity confrol is the
dimmer. Color confrol includes the control of the
color temperature through the use of variously
rated (in degrees Kelvin) lamps and correctional °
filters, and the actual production and manipula-
tion of colored light through color filters.






Techniques of Television
Lighting

The techniques of television lighting tell you what instrument fo use in what particular
position and with what infensity to achieve a desired lighting effect. Since light impres-
sions (in the form of brightness and color) are primarily what the viewer perceives on the
television screen, the technigue of lighting—or the art of controlling light—is obviously
an essential and powerful aspect of production.

A knowledge of these five areas is especially important for mastering the technigues of
television lighting: (1) definitions of lighting terms, (2) the photographic, or triangle,
lighting principle, (3) additional light sources, (4) special lighting technigues, and (5) op-
eration of lights.

The section on key terms will confain only such definitions that are not already in-
cluded in the first part of this chapter.

121



122 Chapter 6

Since you now know the most important aspects
of the lighting tools, let’s put them to work.

In small stations, lack of proper equipment,
space, time, and manpower influences lighting
techniques and usually limits lighting possibili-
ties to a considerable extent. These limitations,
however, do not mean that good and creative
television lighting is impossible; they simply call
for greater ingenuity on the part of the lighting
technician.

There are usually many solutions to one prob-
lem; therefore, a universal lighting recipe that
works for every possible lighting situation cannot
and should not be given here. An attempt is made,
however, to list some basic lighting principles,
which can be easily adapted to specific television
lighting problems. You can then adapt these prin-
ciples to your specific requirements, but do not
start with the anticipated limitations. Start with
how you would like the lighting to look and then
adapt to the existing technical facilities.

Definition of Lighting Terms

You can apply the techniques of television light-
ing only if you are, first of all, thoroughly familiar
with the basic terminology. In lighting for televi-
sion (as well as for film and still photography) the
instruments are labeled according to function, that
is, their particular role in the lighting process.

Baselight is an extremely diffused,; overall illumination
in the studio, coming from no one particular source. A
certain amount of baselight is necessary for the techni-
cal acceptability of a television picture.

Key light is the apparent principal source of directional
illumination falling upon a subject or an area.

Back light is directional illumination coming substan-
tially from behind the subject.

Fill light is a generally diffused light to reduce shadow
or contrast range. It can be directional if the area to be
“filled in” is rather limited.

Cameo Lighting Fore Light Angle The vertical

Light Ratio The relative Photographic Principle

ground figures are lighted
with highly directional
light, with the background

angle of the suspended
lighting instrument. A 45-
degree angle is considered

remaining dark. normal.

intensities of key, back,
and fill. A 1:1 ratio be
tween key and back lights
means that both light
sources burn with equal
intensities. A 1:15 ratio be-
tween key and fill lights
means that the fill light
burns with half the inten-
sity of the key light. Be-
cause light ratios depend
on many other production
variables, they cannot be
fixed. A key:back:fill ratio
of 1:1:1% is often used for
normal triangle lighting.

Lighting Triangle Same
as Photographic Principle:

‘the triangular arrangement

of key, back, and fill

lights.

The triangular arrangement
of key, back, and fill
lights, with the back light
opposite the camera and
directly behind the object,
and the key and fil lights
opposite each other to the
front and side of the ob-
ject. Also called triangle
lighting,.

Vertical Key Light Posi
tion The relative distance
of the key light from the
studio floor, specifically
with respect to whether it
is above or below the eye
level of the performer. Not
to be confused with high-
and low-key lighting,
which refers to the relative
brightness and contrast of
the overall scene.



Background light or set lightis an illumination of the back-
ground or set separate from the lights provided for the
performers or performing areas.

Side light is a directional light that illuminates the front
side of a subject, usually opposite the key light.

Kicker light is a directional illumination from the back,
off to one side of the subject, usually from a low angle.

Camera light is a small spotlight mounted on top of the
television camrera. It is used for additional fill or eye
sparkle, as principal light source for objects located in
dark corners of the studio, or to provide illumination
when another instrument causes the camera to cast an
unwanted shadow.

You should realize that there are several varia-
tions for these terms; however, most television
operations use this terminology as their standard.

The Photographic Principle, or
Basic Triangle Lighting

As one of the photographic arts, television is sub-
ject to photographic lighting principles.

The most basic photographic lighting principle
—or, as it is frequently called, basic triangle light-
ing—consists of three main light sources: (1) key
light, (2) back light, and (3) fill light.

Each of the three main instruments is
positioned in such a way that it can optimally
fulfill its assigned function. This arrangement is
the lighting triangle (see 6.1 and 6.2). But what exactly
are the functions each instrument is to fulfill?
Let’s find out.

Functions of Main Light Sources

Each of the three main light sources, key, back,
and fill, has to fulfill a very specific function so
that the major objective can be reached: the reve-
lation of form and dimension—or, in lighting
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6:1 Basic Photographic Principle: As you can
readily see, the three principal lights, key (spot),
back (spot), and fill (flood), form a triangle, with the
back light as its apex, opposite the camera.

terms, the manipulation of light and shadow in
order to produce the impression of a three-
dimensional object on the two-dimensional
television screen.

Key Light As the principal source of illumina-
tion, the major function of the key light is to
reveal the basic shape of the object f(see 6.3). In
order to reveal the basic shape, the key light
must produce distinct shadows. Fresnel spotlights,

medium spread, are normally used for key llumi-
nation.

In order to reveal as much of the object as pos-
sible, and to conform with our expectancy for the
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6-2 Basic Triangle Lighting: This is how the photo-
graphic principle lighting appears on the television
screen. All three main light sources contribute to the

revelation of the three-dimensional object on a two-
dimensional screen.

principal light source to come from above, the key
light is placed above and to the right or left front
side of the object, from the camera’s point of
view,

If you look at figure 6.3a, which shows the cube
illuminated with the key light only, you will no-
tice that the falloff is very fast and that the shad-
ows of the cube blend in with the background,
making its true dimension rather ambiguous. To
help make the object appear more distinct, we
obviously need light sources other than the single
key light.

Back Light. The back light has several important
functions. As you see in figure 6.4a it helps to
di inguish between the shadow of the cube and
the dark background; it emphasizes the outline,
the confour of the object, separating it from its
background. We can now perceive not only what
the object itself looks like but also where it is

situated in relation to its environment, at least
relative to its background. The back light has
added a new spatial dimension. It also adds life
and sparkle to the scene.

Generally, try to position the back light as
directly behind the object (opposite the camera)
as possible; there is no inherent virtue in placing
it somewhat to one side or the other. A more
critical problem is controlling the angle at which
the back light strikes the object. If it is too close,
or if the object moves too much under the back
light, you will get undesirable top light instead of
good back light. Top light is less effective since,
instead of revealing the contour of the object, it
simply overbrightens its top.

In general, lighting angles of 45 degrees are
considered ideal for normal lighting situations.

In order to get good back lighting in a set, make
sufe that the performance areas (the areas in which
performers will move) are nof foo close to the sce-
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nery. Furniture used by the performers, such as
chairs, tables, sofas, beds, should always be
moved away from the walls as far into the center
of the set as possible. Otherwise you will have to
place the back lights at so steep an angle that
undesirable top light will result. From a purely
technical standpoint, it is better not to tilt the
lighting instrument down too steeply, since in
some instruments an extreme downward position
prevents the heat from ventilating properly and
causes the lamp to explode.
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63 The key light represents the principal light
source and reveals the basic shape of the object.

Fill Light Now take another look at figures 6.3a
and 6.4a. The falloff from light to dark is ex-
tremely fast, and the shadow side of the cube is
so dense that the camera sees no object detail. If
the cube were rendered in color, the color would
be either lost entirely in the dense shadow area
or, at best, grossly distorted. We must now try to
slow down this falloff and lighten up the dark
side of the cube without erasing the shadow effect
altogether, which would eliminate the modeling
effect of the key light.
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6-4 The back light helps to separate the object
from its background and to reveal more of the ob-
ject’s true form and dimension.

You can fll in some of the shadows by placing
a floodlight, generally a scoop, in front and a little
to the side of the cube, on the opposite sid- f the camera
from the key light. If you have a dimmer, put the fill
light on a dimmer and see how you can render the
shadow progressively translucent by supplying
an increasing amount of fill light. (See 6.5 through
6.7.)

Since you simply want to lighten up a shadow
area rather than produce new, harsh shadows on
the other side of the cube, your fill light should
be reasonably diffused.

Key
(sPor)

Sometimes you may find that the fill light spills
into other set areas. If your scoops have a focus
control, focus the beam to its narrowest spread.
Or, if you want even more beam control, you can
use a Fresnel spotlight as fill light by spreading
the beam as much as possible. With barn doors,
you can then prevent part of the spread beam
from hitting the other set areas.

For very soft fill, use softlights or broads with
a light-diffusing scrim attached to them.

With the three main light sources in the trian-
gle position, you have now established the basic



Bhek
(sPeT)

(FloaD)

photographic principle of television lighting. But
you are not through just yet. You should now
take a good hard look at the lighted object or, if
possible, the studio monitor, to see whether or
not the scene (in our case, the cube) needs some
further adjustment for optimal lighting. Are there
any undesirable shadows, or shadows that dis-
tort, rather than reveal, the object? How is the
light balance? Does the fill light wash out all the
necessary shadows? Or are the shadows still too
dense? Is the key-fill combination too strong for
the back light?
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6-5 The fill light is placed opposite the key light to

slow down falloff and to make the shadow areas
more translucent.

We are obviously still concerned with the finer
points of directional and intensity controls.

Let’s replace the cube with a person, or, if you
can’t find anybody who wants to sit still for that
long, with a plaster bust, and see what final ad-
justments might have to be made to the direction
and intensity of the light beams.

Directional Adjustments

Assuming that you have hung all three light in-
struments—the key, the back, and the fill lights
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6:6 With too little fill, the shadow detail remains
ambiguous.

—into approximately the right triangular position
and that you have pointed them reasonably well
toward the subject, there are usually two major
areas that need further attention: (1) vertical key
light position and eye shadows, and (2) twws
shadows.

Key Light and Eye Shadows A fairly Aigh key-
light position, which means that the key light
strikes the object from a steep angle, will cause large
dark shadows under any protrusion or in any in-
dentation, such as in the eye sockets, under the
nose, and under the chin. If the subject wears
glasses, you may find that the shadow of the up-
per rim of the glasses falls right across her or his
eyes, thus preventing the camera (and the viewer)
from seeing them clearly. (See 6.8a)

There are several ways of reducing these un-
desirable shadows. First, try to widen the angle
of the key light by either lowering the light itself
or using a key light farther away from the subject
(see 6.8b).

If you lower it (with a movable batten or a

pantograph), you will notice that the eye shadows
seem to move farther up on the face, or at least
get smaller, the lower the key light moves and the
nearer it approaches the subject’s eye level. When
the key light reaches eye level, the eye shadows
will have disappeared altogether. If you move it
below the eye level of the subject, however, the shad-
ows will now reverse themselves, producing a
ghostly and  mysterious effect. You have seen these
“lighting from below” effects many times in mys-
tery movies f(see 5.5).

Unfortunately, in television, where the cameras
must move freely about the studio floor, lighting
instruments that hang so low are a definite pro-
duction hazard. Not only will they create a seri-
ous traffic problem, but they will also make it
almost impossible for the other cameras to get a
clear view of the scene, or for the boom to move
about.

But since the vertical positioning of the key
light is so important to lighting aesthetics (illu-
sion of reality and nonreality, and mood), you
should nevertheless try to make the Fresnel spots,
which are used mostly for key lighting, as verti-



67 With too much fill, important form-revealing
shadows are eliminated.

a

6-8 (a) The angle of the key light causes the upper
rim of this woman’s glasses to fall right across her

cally flexible as possible. Perhaps you might try
to suspend them on pantographs, although such
practice hasn’t found much acceptance so far.

If you can’t move the key light down closer to
the eye level of the subject, try to use a Fresnel
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b

eyes. (b) By lowering the key light instrument some-
what, you can eliminate the shadows.

spot that is farther away. The light beam coming
from a greater distance will necessarily strike the
subject from a flatter angle and cause less promi-
nent eye shadows.

The second method i to use a fill light that
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69 Camera Light: A small spotlight is sometimes
mounted on the camera to provide additional fill
light, highlights (to add sparkle to eyes, for exam-
ple), or general illumination for easel cards.

strikes the subject from a low angle. This is the
preferred method of filling in eye shadows, since
the fill lights will at the same time produce the
necessary illumination for the baselight. Most
scoops are, therefore, mounted on pantographs,
or telescope poles, so that they can be pulled
down into the desired low-angle fill position.
Some lighting experts prefer to point some of the
scoops toward the light-reflecting studio floor.
This reflected, highly diffused, light will strike the
subject from below eye level, filling in shadows
without causing the ghostly from-below key light
effect.

The third solution is to use a camera light, some-
times called inky-dinky, which is a small 150-
watt baby spotlight mounted on the camera (see
6.9). This can be controlled by the camera opera-
tor through a small dimmer. Be careful not to dim
the camera light too severely, especially on a
closeup, or you will lower the color temperature
of the lamp so much that the reddish light will
cause color distortion.

Boom Shadows Now if we move a boom
microphone in front of the lighted scene—in this
case a single person—and move the boom around
a little, you may notice boom shadows whenever
your microphone or the boom passes through a
spotlight beam. (You can easily substitute a
broomstick or the lighting pole for the boom.)
The more diffused light of the scoop will cast a
soft, less-defined shadow. One obvious solution
to this problem is to light everything with dif-
fused light, so that the shadows are barely notice-
able. Or, you may want to “wash out” the boom
shadow with additional fill light. Both of these
methods are unacceptable, since they cause also
the elimination of needed shadows, making the
lighting too flat.

What we must do instead is to light in such a
way that the boom shadows are cast into places
where the camera will not see them. Whenever
a boom is used, try to position the boom or the
key light in such a way that the boom will rof
have to fravel through the key light. Or, you may have
to light steeper than usual (use a spotlight that
hangs overhead, yet fairly close to the subject, so
that it has to be pointed down at a steep angle)
in order to throw the boom shadows onto floor
areas that are hidden from the camera’s view.

Barn-dooring off part of the key light is another
useful method of avoiding some of the boom
shadows

The easy way out, of course, is not to use the
boom microphone but to rely on hand, desk, or
lavaliere microphones (see Chapter 7). The nature
of the show, however, may make their use not
always possible or desirable.

Intensity Adjustments

Even if you have carefully adjusted the position
and beam of the key, back, and fill lights, you will
still need to balance their relative infensities. In fact,
it is not only the direction of the lights that will



orient the viewer in time, for example, but also
their relative intensities. A strong key and back,
and a low-intensity fill light can create the illu-
sion of sunlight, while a strong back light, ex-
tremely low key, and medium-intensity fill can
suggest moonlight.!

There is some argument about whether to bal-
ance the key and back lights first, or the key and
fill lights. Actually, it matters little what you do
first, as long as the end effect is a well-balanced
picture.

We will, therefore, briefly talk about relafive in-
fensities, rather than priority. Again, you should
realize that the proper balance depends on so
many other production factors that it is impossi-
ble to give universally valid ratios. All we can do
here is give you some basic clues.

Key-to-Back-Light Ratio Generally, in normal
conditions, back lights have approximately the
same intensity as key lights. An unusually intense
back light tends to glamorize the subject; a back
light with an intensity much lower than that of
the key will tend to get lost on the monitor. With-
out a strong back light, hair will look lifeless. A
television performer with blond hair and a light
dress or suit will need less back light than a dark-
haired performer in a dark dress or suit.

The 1:1 key-to-back-light ratio (key and back
lights have equal intensities) can go as high as
1:1% (the back light has 1%, times the intensity
of the key) if you need a fair amount of sparkle.

Key-to-Fill-Light Ratio The fill-light intensity
depends on how dense the shadows are that need
to be filled and on the desired speed of falloff. If
you want fast falloff, little ill will be needed. If you
want very slow fallof, higher-intensity fill will be
needed. It is, therefore, futile to state a standard

! Herbert Zettl, Sight-Sound-Motion (Belmont, Calif.: Wads-
worth Publishing Co., 1973), pp. 44-45.
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key-to-fill-light ratio. Just for starters, you may
want to try a fill-light intensity that is one-half
that of the key light, and go from there. Just
remember that the more fill light you use, the less
modeling the key light is doing, since the form-
revealing shadows are all but eliminated. If you
use almost no fill light, the dense shadows reveal
no picture detail, and you run the risk of serious
color distortion in the shadow areas. If, for exam-
ple, the detective refers to the small scar on the
left side of a woman'’s face, and your closeup of
her face shows nothing but a dense shadow where
the scar should be, your key-to-fill-light ratio is
obviously wrong.

Again, as helpful as light meters are to establish
rough lighting ratios, don’t rely solely on them.
Your final criterion is how the picture looks on the monitor.

Since you are now aware of the range of light-
ing ratios, you can try to light a person with the
following intensities: key light, 200 ft-c; back
light, 200 ft-c or slightly more; fill light, 100 ft-c,
and background illumination of approximately
100 ft-c. (See 6.10.)

Your ratios in this setup are: key to back 1:1,
and key to fill 1:%. The combination of these
light intensities should give you a baselight il-
lumination of approximately 200 ft-c to 230 ft-c.
If this level is too high for you, simply dim the
whole setup down a little. Be careful not to dim
too heavily; otherwise the color-temperature
change will become noticeable on the monitor.

The Photographic Principle and
Continuous Action

One added problem in television lighting is
movement—movement of the performer or per-
formers, and movement of the camera or cameras.
Fortunately, the basic photographic principle of
key, back, and fill lights can be multiplied and
used for each performing or set area. Even if you
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have only two people sitting at a table (see 6.77),
you will have to use a multiple application of the
photographic principle.

In order to compensate for the movement of the
performers, you should illuminate all adjacent
performance areas in such a way that the basic
triangle-lighted areas overlap. The basic purpose of
overlapping is to give the performer continuous
lighting as she moves from one area to another.
It is all too easy to concentrate only on the major
performance areas and to neglect the small, seem-
ingly insignificant, areas in between. You may not
even notice the unevenness of such lighting until
‘the performer moves across the set. All of a sud-
den she seems to be playing a “now you see me,
now you don’t” game, popping alternately from
a well-lighted area into dense shadow. This is the
time when a light meter might come in handy. To
spot such lighting “holes” before the cameras are

on, take a foot-candle meter and pan it smoothly
along the set area, as the camera would in follow-
ing the performer. Watch the needle. If it doesn’t
fluctuate too much during the pan, your lighting
is fairly even. If, however, your intensities change
from 200 ft-c to 10 ft-c, and back to 185 ft-c, you
will have to add more lights to even out the over-
all illumination.

In lighting several set areas at once for contin-
uous action, you may find that you don’t have
enough instruments to apply the overlapping tri-
angle lighting. You may then have to place the
lighting instruments in such a way that each one
can serve two or even more different functions (see
6.12).

In reverse-angle shooting, for instance, the key
light for one performer may become the back
light for another, and vice versa. Or, you may
have to use a key light to serve as directional fill
in another area. Because of their diffused light
beam, fill lights are often used to serve more than
one area simultaneously.

Of course, the application of lighting instru-
ments for multiple functions requires exacf position
of set pieces, such as tables and chairs, and clearly
defined performing areas and blocking (movements
of performers). Directors who decide to change
blocking or move set pieces after the set has been
lighted are not very popular with the lighting
technicians.

Accurate lighting is always done with a basic
camera position and viewpoint in mind. It helps
greatly, therefore, if the lighting technician
knows at least the basic parameters of the camera
movement. For example, an object that appears
perfectly well lighted from a six o’clock camera
position may look woefully unlit from a ten
o’clock camera position. Sometimes, as in variety
shows, for example, “unlighted” shots from
shooting angles that lie outside the lighted pa-
rameters may look quite dramatic; in most other
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6:11 Multiple Application of Lighting Triangle: In
the multiple application of the basic photographic
principle, separate key and back lights are used for
each person (performance area). Note, however, that
the same fill light is used for both areas. Make sure
that if person No. 1 is keyed from his left, person
No. 2 must be keyed from the left also. A key-light
reversal (person No.1 from left, person No. 2 from
right) and the resulting shadow reversal would be
very confusing to the viewer, especially when per-
sons No. 1 and No. 2 are separated by closeups.

6:12 Multiple Function Lighting: In this multiple-
function lighting, key light No. 1 also functions

as back light No. 2, and key light No. 2 as back
light No. 1.
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6-13 Large Area Light-
ing: Large area lighting
usually employs cross-
keying, whereby the
Fresnel spotlights as-
sume multiple func-
tions. From one side
they serve as key lights;
from the other, as di-
rectional fill; and from a
side camera position,
they may even act as
back lights. The regular
back lights are strung

M

major camera positions. CAMERA
If any fll is necessary, A

it usually comes directly

from the front. In ef-

fect, we have simply

partially overlapped the

triangles of the basic

photographic principle.

shows of less flexible lighting formats—news
shows, interviews—these shots simply look bad.

For lighting a large area, such as an audience
area or an orchestra, the basic photographic prin-
ciple still holds. All you do is partially overlap one
triangle over another, until you have adequately
covered the entire area. However, instead of key-
lighting just from one side of the camera and fill
lighting from the other, you key-light from both
sidés of the camera. This tethod‘is generally
called cross-keying (see 6.13). The key lights from one
side act as fill for the key lights from the other
side. The back lights are strung out in a row or
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out behind the main ac- G:I::D
tion area, opposite the .
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CAMERA

a semicircle opposite the main camera position.
The fill lights, if necessary, come directly from the
front. If the cameras move to the side, some of the
key lights also function as back lights.

Additional Light Sources

Several additional light sources are often used in
connection with the basic photographic lighting
setup. They include (1) the background or set
light; (2] the side light, (3) the kicker light; and
(4) the camera light (described on page 130).



6-14 Background Lighting: Through a change in
background lighting, you can easily effect a change
in locale, with no rearrangement of the actual light-
ing of the performance area. As you can see here,
we can transform a scene from a prison to a church
by a mere change of cookies (background projec-
tion). Together with appropriate music, such a
change is entirely convincing to the viewer.

The basic functions of the additional light
sources are to sharpen the viewer’s orientation in
space and time, to add sparkle and snap to the
picture, and to help establish a general mood. In
short, they help in clarifying and intensifying the
screen event for the viewer.

Background or Set Light

The most important additional light source is the
background light or, as it is frequently called, the
set light. Its function is to illuminate the background
(walls, cyclorama) of the set, or portions of the
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set that are not a direct part of the principal per-
forming areas (see 6.74). This light frequently goes
beyond its mere supporting role to become a ma-
jor production element. Besides accentuating an
otherwise dull, monotonous background with a
slice of light or an interesting cookie, the back-
ground light can be a major indicator of the show’s
locale, time of day, and mood. For example, a cookie
projection of prison bars on the cyc, in connection
with the clanging sounds of cell doors closing,
will immediately set the scene. Simply by replac-
ing the prison bar cookie with that of a cathedral
window or silhouette of a cross, and the clanging
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6:15 Don’t confuse low-key and high-key with low
and high vertical positions of the key light. They re-
er to the general mood of the lighting. Low-key
means dark background, low overall light level ~and
fast falloff lighting, usually with strong back lights.
High-key means generally a light background, bright
overall illumination. The falloff may be fast (for
sunshine) or slow (for bright, overcast outdoor
scenes, or evenly lighted indoor scenes).

sounds with organ music, we will have trans-
ferred the prisoner instantaneously into a differ-
ent environment, without ever touching the
lighting on the actor himself.

A long slice of light, or long shadows, falling
across the the back wall of an interior set will
suggest, in connection with other congruent pro-
duction clues, late afternoon or evening.

Dark backgrounds suggest, of course, a down-
ward, low-key mood; light backgrounds an up-
beat, happy mood. (Se¢ 6.15.)

Colored background lighting plays an especially
prominent role in the production of musical
shows and dance performances. You can achieve
a variety of moods, or pure visual excitement,
through certain combinations and changes of
background colors. In certain instances, where
you light more for the expressive intensification
than for the clarification of the event, such as a
rock concert, you may even use colored lights in
the performance areas. Be very judicious here,
however, as the undistorted skin tones are the
principal color reference for the viewer, who has
no way of knowing just what colors you are
broadcasting. Colored lights in performance areas
obviously render this common reference worth-
less.

In normal background lighting of an interior
setting, for example, try to keep the upper portions
of the set rather dark, with only the middle and
lower portions (such as the walls) illuminated.
The reasons for this common lighting practice are
quite apparent: First, most indoor lighting is de-
signed to illuminate low working areas rather
than the upper portions of the walls. Second, the
performer’s head will be more pleasingly con-
trasted against a sightly darker background. Too
much light at that height might cause a silhouette
effect, rendering the face unusually dark. On the
other hand, furniture and medium- and dark-col-
ored clothing are nicely set off from the lighter
lower portions of the set. Third, the dark upper



616 Direction of Background Light: When using a
background light, make sure that the background
light and the key light come from the same direc-

portions hide the lack of a ceiling and help to
eliminate undesirable boom shadows.

You can darken the upper portions of the set
rather easily by barn-dooring off any spotlight
(including the background lights) that would hit
those areas.

Make sure that the background lights strike the
background from the same side as the key strikes
the subject. Otherwise we may assume that there
are two separate light sources illuminating the
scene or, worse, that there are two suns in our
solar system. (Se¢ 6.76.)

The Side Light

Generally placed directly to the side of the subject,
the side light is used in place of or, more fre-
quently, in addition to the fill light. It helps to
reduce dense shadows that are not reached by the
front fill light, and accentuates the contour of the
subject. It becomes an essertial light source if the
camera’s shooting parameter is exceptionally
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tion. Otherwise, the viewer experiences a shadow
reversal in the same shot.

wide. If, for instance, the camera arcs around the
subject from a six o’clock position to a ten o’clock
position, the side light will take on the function
of the key light and provide essential modeling
(lighting for three-dimensional effect). (See 6.17.)

Fresnel spotlights, with a wide beam, are
generally used for side lighting.

For brilliant high-key lighting, you may find it
helpful to support the key light with side fill light.
This gives the “key” side of the subject basic
illumination, with the key light providing the
necessary sparkle and accent. For such side light-
ing you use, of course, a floodlight rather than a
spotlight. (See 6.18.)

The Kicker Light

The kicker light, generally a sharply pinned Fres-
nel spot, strikes the subject from behind and of to o
side. Its main purpose is to highlight the confour of the
subject at a place where key-light falloff is the
densest, where the dense shadow of the subject
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6:17 Side Light: The side light, striking the subject
from the side, acts as additional fill light and pro-
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618 Side Fill Light.

Flul

vides contour accents. It can also act as a key light
for extreme camera position.

opposite the key-lighted side tends to merge with
the dark background. The function of the kicker
is quite similar to that of the back light, except
that the kicker light “rims’” the subject not at the
top-back, but at the lower side-back. It usually
strikes the subject from below eye level. (Se¢ 6.79.)

Kicker lights are especially useful for creating
the illusion of moonlight.2

%(Eal Lighting Techniques

Four special lighting techniques deserve our
further attention: (1) cameo lighting, (2) rear
screen lighting, (3) chroma key lighting, and (4)
remote lighting.

Cameos

Certain television shows, especially those of a
dramatic nature, are staged in the middle of an
empty studio against an unlighted background.

2 Zettl, Sight-Sound-Motion, p. 43.



6:19 Kicker Light: The kicker light rims the object
opposite the key and thus emphasizes contour. Like

This technique, where only the performers are
highlighted againsta dark background, is com-
monly known as. ‘ameo lighting (from the cameo
stone in which a light relief figure is set against
a darker background stone).

All cameo lighting is highly directional and is
achieved entirely with spotlights. In small stu-
dios, the background areas are carefully shielded
with black, light-absorbing draperies from any
kind of distracting spill light.

While cameo lighting is a highly effective tech-
riique in monochrome television, it is rather dif-
ficult t6 handle in color. The major problems are
the high contrast, dense shadows, and the low
baselight levels, all adverse factors to good color
lighting. However, in certain circumstances,
cameo lighting can, even in color, be highly effec-
tive.

Rear Screen Performance Area

For some kinds of shows, a picture of a scene is
thrown onto the rear screen from the reverse side.
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the back light, the kicker helps to separate the ob-
ject from the background.

The translucent screen allows the camera to pick
up the projected image from the front.

The intensity of such a rear screen projection
depends, like any ordinary slide projector, on the
power of the projector. But even the most power-
ful home slide projector will produce pictures of
poor quality if you turn on the lights or open the
curtains and allow sunlight to flood the room.
Similarly, any light that falls on the rear screen
projection damages the picture partially or fully.
Lighting in its close vicinity, therefore, must be
highly directional. You can use only spotlights
with barn doors carefully adjusted so that no spill
light will hit the screen. You must also move per-
formers and lighted set pieces at least six feet
away from it. Since the lighting area in front of
the rear screen is confined, the performers are
restricted in their movements. In general, only
stationary action is possible. Should the per-
former walk back to the rear screen, he or she
would move beyond the performance area lights
and would change immediately into a dark sil-
houette against the bright rear screen.
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6:20 Lighting for the Rear Screen: Lighting for the
rear screen requires highly directional light sources
that do not produce any light spill on the projection.
The performer must be some distance away from the
screen in order to avoid spill and silhouette effects.

When the rear screen slide is exceptionally
bright, you may get a silhouette effect, since your
performance area lighting may not be enough to
offset the brightness of the slide. You may try to
use additional lights (directional fill) to brighten
up the performer’s face. But each additional light
source, in turn, increases the light spill on the rear
screen. As you can see, rear screen lighting is any-
thing but easy. (See 6.20.)

When you have to light several sets besides the
rear screen area, the inevitable spill light and the
high amount of baselight may cloud the rear
screen projection. This cloudiness occurs most
often in small studios, where the sets are neces-
sarily close together. The only solution is to sepa-
rate the performing areas as much as possible and

to keep them on opposite sides of the studio so
that the lighting is directed away from the rear
screen. If the spill-light problem becomes too
great, a photo mural may have to be substituted
for the light-sensitive rear projection.

Careful pinning of the Fresnel spots, and
equally careful barn-dooring, will help you to
achieve the necessary directional control for rear
screen lighting. Also, you may have to key-light
and fill-light from steeper than normal lighting
angles in order to avoid hitting portions of the
rear screen with the light beam.

Chroma Key Set Area

The chroma key set area consists of a blue back-
ground and the foreground area, such as a news-
caster’s desk or interview chairs and table. The
blue background 1s used for chroma key matting
(see page 303).

The most important aspect of lighting the
chroma key set area is even background illumination.
In order to achieve an optimally effective chroma
key matte, the blue background must be lighted
with highly diffused instruments such as soft-
lights or scoops with scrim attachments. If there
are hotspots on the blue background, or unusu-
ally dark areas, the matte (electronically supplied
background image) will look discolored, or,
worse, will have a tendency to break up. When
lighting the foreground set, make sure that there
are no spotlight beams hitting the background
area so that you can preserve the evenness of the
chroma key background illumination.

Sometimes you may have noticed that the out-
line of the newscaster vibrates with a variety of
colors, or that the contour is not sharp during a
chroma key matte. One of the major reasons for
such moiré effects (vibrating color patterns) is
that especially dark colors or shadows at the con-
tour line take on a blue tinge, similar to the blue
of the background. During the chroma key proc-



ess, these blue spots become transparent and let
the background picture show through. In order to
counteract the bluishness of the shadows, you
might try putting yellow or light orange gels
(color filters) in all of the back lights or kicker
lights. Thus, the back lights not only separate the
foreground subject from the background picture
through contour illumination, but also neutralize
the blue shadows through the complementary
yellow color. Be careful, however, not to let any
of the yellow light hit the face, arms, or hands of
the newscaster.

Remote Telecasts

Because of severe limitations in time, space, man-
power, and facilities, precise studio lighting can
rarely be duplicated on remote locations. Fortu-
nately, remote telecasts rarely demand subtle aes-
thetic lighting effects; they need mostly a basic
functional light level so that the camera can see
well, or at least adequately. Therefore, the major
objective in remote lighting is, as already men-
tioned, to provide a fairly even, operational light leue!
with a minimum of lighting instruments.

Almost more than in the studio, the lighting
technician should consult with the director as to
where the performance areas are, what the cam-
eras are supposed to see, and what the nature of
the event is.

Low ceiling heights are generally the most serious
problem, especially for setting back lights. Try to
suspend the back lights from small wooden bat-
tens that you have positioned close to the ceiling
by lightweight stands or polecats (springloaded
aluminum poles that can be wedged between
floor and ceiling). If you find that all you can do
is hide one back light in one corner of the room,
spread the light beam so that it covers as large a
back light area as possible. In some instances, you
may have to work only with top light, or without
back lights altogether. Yet, try to get some back
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lights into the location, even if it takes an extra
effort. Hurried remote lighting looks characteris-
tically flat and dull, not because of the diffused
light used for key and fill lighting, but because of
a lack of back lighting.

As mentioned before, floodlights, or combina-
tion lights, such as focusing broads, are more ef-
fective in remote lighting than highly directional
spotlights.

You will find that on most remote telecasts the
cameras will inevitably have to look through a
door toward one or several windows. Don’t try
to use the outdoor light for your indoor shooting.
In order to avoid a silhouette effect, you must
block, at least partially, the excessive window
light by drawing curtains or shutters. There are
also large sheets of plastic filters available which,
when placed over the windows, reduce the in-
coming light and lower the color temperature to
that of the indoor lights (3,200° K).

Operation of Lights

When initially hanging the lights, divide the stu-
dio into major performance areas and hang the
appropriate instruments (spotlights and flood-
lights) in the triangular arrangements of the basic
photographic principle. Try to position the in-
struments so that they can serve mulfiple functions.
This procedure will help you to illuminate all ma-
jor performance areas adequately with the least
number of instruments and effort.

In the actual operation of lighting instruments
and the associated control equipment, you should
heed the rule for all production activities: safefy
first. Secure the lighting instruments to the battens
by safety ichains. If you have pantographs, make
sure that they are securely fastened to the battens,
and the light instruments safety-chained to the
pantographs. Chain all barn doors to the instru-
ments. If you have diffusers in front of the scoops,
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621 Table of Lighting Instruments.

Light Size (Watts)
Source Type Monochrome Color Position Effect
Key Fresnel spot 1,000-1,500 2,000 (45 degrees) Principal source
Quartz Fresnel 1,000 1,000-2,000 Side and above Reveals basic form
Below eye level Creates a mood of mystery
Far above eye level Emphasizes eye shadows
and features
Back Fresnel spot 750-1,000 1,000-2,000 (45 degrees) behind Separates figure from
Quartz Fresnel ~ 400-1,000  1,000-2,000 2nd above background, highlights
hair and shoulders
Fill 18-inch scoop 1,500 1,500 Low front or front side Softens shadows
Quartz scoop 500 1,000
Quartz broad 500 1,000
Fresnel spot 1,000 1,000-2,000 Low front or side Softens shadows in a
(spread) specific area
Quartz Fresnel 500 1,000
Back- Fresnel spot 1,000 1,000-2,000 Varies with Livens background,
ground scenery sets mood, indicates
or set locale and time
Quartz Fresnel 500 1,000 Along cyclorama Even illumination of cy-
clorama
Cyc lights 300 500
incandescent
or quartz with
glass color
frames
Side Fresnel spot 1,000 1,000 Side of subject Supplies directional
opposite key fill, additional
deli
Quartz Fresnel 500 1,000 modehing
Kicker  Fresnel spot 1,000 1,000-2,000  Side back Supplies modeling
highlights
Quartz Fresnel 500 1,000
Camera Fresnel spot 150 150 On camera Serves as additional

or R-40

fill and modeling;
principal source for
easel cards, etc.



make sure that they are securely fastened in place.
Check all C-clamps periodically, especially the
bolts that connect the lighting instruments to the
hanging device.

When the lights are on, be very careful when
moving the instrument. Since the hof lamps are
especially oulnerable to physical shock, try not to
jolt the lighting instrument. Move it gently.

Whenever you adjust the beam, such as the
focus device or the barn doors, without the use
of a light pole, make sure that you wear gloves. The
quartz lights especially get extremely hot.

When moving ladders for fine trimming (fine
beam adjustment), watch for obstacles below and
above. Don’t take any chances by leaning way out
to reach an instrument. Move the ladder.

When adjusting a light, try nofto look directly into
it. Rather, look at the object to be lighted and see
how the beam strikes it. If you have to look into
the light, wear dark glasses.

When patching lights at the patchboard, have
all dimmers in the “off” position. Do not "hot-
patch”; otherwise, the patches themselves will
become so pitted that they no longer make the
proper connection.

Try to “warm up” large instruments through
reduced power. You will not only prolong the
lamp life but also prevent the Fresnel lenses from
cracking.

Don’t overload a circuit. It may hold during
rehearsal but then go out just at the wrong time
during the actual show.

Don 't waste energy. Bring the lights up full only
when necessary. Dry runs (without cameras) can
be done just as efficiently when illuminated by
work lights as with full studio lighting.

Summary

In all television lighting, the basic photographic, or
triangle, lighting principle of key, back, and fill light
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6-22 A word about checking your lighting on the
studio monitor. As we have said before, your light-
ing is correct if the studio monitor shows what you
want the viewer to perceive. In order to get to this
point, you should use the monitor as a guide to your
lighting, rather than the less direct light meter. But
you may run into difficulties. Your video engineer
will tell you that he cannot align the cameras before
you have finished the lighting. And your argument
may be that you cannot finish the lighting without
checking it on the monitor.

Let’s approach this argument with a readiness for
compromise, since both parties have a valid point.

You can do the basic lighting without the camera.
A foot-candle meter will help you in detecting gross
inadequacies, such as insufficient baselight levels, or
extremely uneven illumination. With some experi-
ence, you will also be able to tell whether or not a
shadow is too dense for adequate reproduction of
color and detail. But then, for the fine trimming, you
will need at least one camera. Ask the video engi-
neer to work with you. After all, it is his or her
responsibility, too, to deliver technically acceptable
pictures. This single camera can be roughly aligned
to the existing illumination and pointed into the set.
With the direct feedback of the picture on the stu-
dio monitor, you can now proceed to correct glaring
discrepancies, or simply touch up some of the light-
ing as to beam direction and intensity.

After this fine trimming, a// cameras can then be
aligned and balanced for optimal performance.
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is used. The key light is the principal source of
illumination, which reveals the basic shape of the
object. The back light distinguishes the shadow of
the object from the dark background and empha-
sizes its outline. The fill light makes the shadows
less dense.

In lighting for confinuous action, we can use multi-
ple lighting triangles (each one consisting of key,
back, and fill) that overlap.

Additional light sources are often used in connec-
tion with the basic photographic lighting setup.
These are (1) the background, or set, light, which
illuminates the background of the scene; (2) the
side light, which acts as a directional fill, generally

opposite the key light; (3) the kicker light, which
is used to highlight the contour of an object that
would otherwise blend in with the background;
and (4) the camera light, which acts as an occa-
sional additional fill light.

Special lighting techniques include (1) cameo light-
ing, (2) rear screen lighting, (3) chroma key light-
ing, and (4) remote lighting.

In the operation of lights, safety is the first princi-
ple, as it should be in any other television opera-
tion

The table of lighting instruments (page 142) ap-
plies to a small- to medium-size studio in which
monochrome or color cameras are used.



Audio

In the preceding chaplers, we have been concerned primarily with the video, the picture
portion of television. In this chapter we will discuss another essential part of production
—audio, the sound portion of television.

To keep this vast topic within manageable limits, three major factors will be empha-
sized. They are:

1. Sound pickup, including the kinds of microphones and their electronic and operational
characteristics,

2. Recorded sound, covering the various types of sound-recording and playback equipment
for television, and the technigues for using them.

3. Sound control, dealing with the principal equipment and the techniques of creative
sound mizing.

You should realize that sound control is an important production field in its own
right, and that it requires specific and unique skills. If you are especially interested in
television audio, you should make a concerted effort to learn as much as possible about
radio lechniques, sound recording technigues, and the finer points of television and film
audio production.
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Audio (from the Latin verb audire, to hear) stands
for the sound portion of television and its
production. Although the term fele-vision (far-see-
ing) ignores audio entirely, the sound part of
television plays a vital part in the television com-
munication process. Frequently, it is the sound
that gives us more precise information than the pic-
tures. At one time or another, you have surely
experienced a temporary interruption of the pic-
ture transmission right in the middle of a fas-
cinating program. As long as you could hear the
audio portion, you were probably still able to fol-
low the story more or less accurately. But have
you noticed how difficult it is to keep up when
the sound portion fails? Besides giving informa-
tion, audio can help to establish a specific Jocale,
such as a downtown location through traffic
noises, or a specific fime, through typical day or
night sounds. Sound is essential for the establish-
ing of mood, or for the infensification of action. There

is hardly a good chase sequence that does not
have a whole barrage of intensified sounds ac-
companying the natural ones. Sound also helps us
to connect the visual pieces and fragments of the
relatively small, low-definition television image
into a meaningful whole.

If sound is, indeed, such an important produc-
tion element, why do we have such a preponder-
ance of bad sound on television? Even when you
produce a short little scene as an exercise in your
studio, you will probably notice that, while the
pictures may look acceptable, the sound portion
certainly could stand some improvement.

Unless you show a film on television, where a
large part of the audio portion is produced in-
dependently of the action and then carefully
matched at a later time with the picture portion,
good television sound is difficult to achieve. In
most television productions, even when video-
taped, the sound is picked up, mixed (balanced),

Audio- The sound portion
of television and its pro-
duction. Technically, the
electronic reproduction of
audible sound.

Blast, or Pop Filter A
bulblike attachment (either
permanent or detachable)
to the front of the micro-
phone that filters out sud-
den air blasts, such as plo-
sive consonants (p’s, £’s,
k’s) delivered directly into
the mike.

Cassette A video- or
audiotape recording or
playback device that uses
tape cassettes. A cassette is
a plastic case containing
two reels, a supply reel
and a takeup reel. Many
cassettes cue and rewind
themselves automatically.

Cardioid The heart-
shaped (cardioid) pickup
pattern of a unidirectional
microphone.

Cart See Cartridge.

Cartridge, or Tape Car-
tridge  Also called “cart”
for short. A video- or

audiotape recording or Condenser Microphone

playback device that uses
tape cartridges. A cartridge
is a plastic case containing
an endless tape loop that
rewinds as it is played
back, and cues itself au-
tomatically.

A microphone whose dia-
phragm consists of a con-
denser plate that vibrates
with the sound pressure
against another fixed con-
denser plate, called the
backplate.

Diaphragm The vibrating
element inside a micro-
phone that moves with the
air pressure from the
sound.



and telecast or recorded on videotape simulta-
neously with the actual event. Because of the de-
manding complexity of good video, the sound
portion, unfortunately, takes a back seat in most
television productions. It is frequently assumed
that by sticking a microphone into the scene in
the last minute we have taken care of the audio
requirements. Television audio, like any other
production element, should not be “added”; it
should be integrated into the production planning
from the very beginning.

Sound Pickup

The pickup of live sounds is done through a vari-
ety of microphones. How good or how bad a par-
ticular microphone is depends not only on how
it is built, its electronic characteristics, but espe-
cially on how it is used. We will, therefore, talk
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briefly about the basic electronic characteristics of
microphones, and then concentrate on their use,
or operational characteristics.

Electronic Characteristics

All microphones conver sound waves into electrical
energy, which is amplified and reconverted into
sound waves by the loudspeaker. Microphones
are often classified primarily according to how
they convert sound into electrical energy, or by
their sound-generafing element. Another way of clas-
sifying them is by their pickup pattern.

Generating FElement Microphones classified
according to their generating element are (1) dy-
namic, (2) ribbon, and (3) condenser. Generally,
dynamic mikes are the most rugged. They can toler-
ate reasonably well the rough handling television
microphones frequently (though unintentionally)

Dual Redundancy The
use of two identical micro-
phones for the pickup of «
sound source, whereby
only one of them is turned
on at any given time. A
safety device that permits
switching over to the sec-
ond microphone in case
the active one becomes de-
fective

Dynamic Microphone A
microphone whose sound-
pickup device consists of a
diaphragm that is attached
to a movable coil. As the
diaphragm vibrates with
the air pressure from the
sound, the coil moves
within a magnetic field,
generating an electric cur-
rent.

E.T. Electrical Transcrip-
tions; a somewhat out-
dated designation for
phonograph records used
exclusively for on-the-air
broadcasts.

Fader A sound-volume
control that works by
means of a button sliding
vertically or horizontally
along a specific scale. Simi-
lar to pot.

Fishpole A suspension
device for a microphone;
the microphone is attached
to a pole and held over the
scene for brief periods.

FM Microphone A wire-
less microphone that con-
tains not only the sound
pickup and generating ele-
ments but also a tiny FM
transmitter.

Full Track An audiotape
recorder, or recording, that
uses the full width of the

tape for recording an audio

signal.

Generating Element The
major part of a micro-
phone. It converts sound
waves into electrical

energy

Giraffe A medium-sized
microphone boom that can
be operated by one person:

Half-Track An audiotape
recorder, or recording, that
uses half the width of the
tape for an audio signal.
The other half can then be
used for additional re-
corded material.



148 Chapter 7

71 All microphones have (1) a diaphragm, which vi-
brates with the sound pressures, and (2) a generating

element, which changes the physical vibrations of the
diaphragm into electrical energy.

In the dynamic microphone, the diaphragm is at-
tached to a coil, the voice coil. When somebody
speaks into the mike, the diaphragm vibrates with
the air pressure from the sound and makes the voice
coil move back and forth within a magnetic field.
This produces a fluctuating electric current, which,
when amplified, transmits these vibrations to the
cone of a speaker, making the sound audible again.

Because the diaphragm-voice coil element is

physically quite rugged, the microphone can with-
stand and accurately translate high sound levels or
other air blasts close to the microphone.

In the ribbon or velocity mike, a very thin metal rib-
bon vibrates within a magnetic field serving the
function of the diaphragm and the voice coil. The
ribbon is so fragile, however, that even moderate
physical shocks to the microphone, or sharp air
blasts close to it, can damage and even destroy the
instrument. When it is used outdoors, even the wind
will move the ribbon and thus introduce a great
amount of noise. You should, therefore, not use this
kind of microphone outdoors, or in production situa-

receive. They can be worked very close to the
sound source and can withstand extremely high
sound levels without damage to the microphone
or even excessive distortion of the incoming
sound. Ribbon and ‘condenser mikes are much
more sensitive to physical shock or input over-

load than the dynamic mikes, and are therefore
used primarily for stable, highly controlled re-
cording tasks. Although the dynamic mike does
not respond as well to extreme frequencies and
subtle tone characteristics (such as timbre and
presence) as the others, it is nevertheless pre-

Input Overload Distortion
A distortion caused by a
microphone when sub-
jected to an exceptionally
high-volume incoming
sound. Condenser micro-
phones are especially prone
to this kind of distortion.

ips An abbreviation for
inches-per-second, indicat-
ing tape speed.

Key-In To switch to a
sound source via an on-off
(or channel) key.

Lavaliere An extremely
small microphone that can
be clipped onto the revers
of a jacket, a tie, a blouse,
or other piece of clothing.
A larger variety is sus-
pended from a neckcord
and worn in front of the
chest. Also called neck or
chest mike.

Microphone Also called
mike. A small, portable as-
sembly for the pickup and
conversion of sound into
electrical energy.

Mixing - The combining of
two or more sounds in
specific proportions
(volume variations) as de-
termined by the event
(show) context.

Multiple-Microphone In-
terference The canceling
out of certain sound fre-
quencies when two identi-
cal microphones in close
proximity are used for the
same sound source.

Omnidirectional A type
of pickup pattern in which
the microphone can pick
up sounds equally well
from all directions.

Pickup Pattern The terri-
tory around the micro-
phone within which the
microphone can “hear
well,” that is, has optimal
sound pickup.

Polar Pattern The two-
dimensional representation
of a microphone pickup
pattern.

Post-Dubbing, The add-
ing of a sound track to an
already recorded (and usu-
ally fully edited) picture
portion,
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tions that require its frequent movement. A good
ribbon mike, such as the classic RCA 77-DX, is nev-
ertheless an excellent recording mike, even in televi-
sion productions. Although it has a low tolerance to
high sound levels, the delicate ribbon responds well
to a wide frequency range and reproduces with great
fidelity the subtle nuances of tone color, especially
in the bass range.

Int the condenser microphone, the diaphragm consti-
tutes one of the two plates necessary for a condenser
to function. The other, called the backplate, is fixed.
Since the diaphragm moves with the air vibrations
against the fixed backplate, the capacitance of this

condenser is continuously changed, thus modulating
the electrical current. The major advantage of the
condenser microphone over the other types is its ex-
tremely wide frequency response and pickup sen-
sitivity. But this sensitivity is also one of its disad-
vantages. If placed close to high-intensity sound
sources, such as the high-output speakers of a rock
band, it will overload and distort the incoming
sound—a condition known as input overload distortion.
However, if properly placed, the condenser mike is a
superior recording mike, especially when used under
highly controlled conditions of studio recording.

ferred in television production because of its sta
ble performance characteristics even in adverse
conditions (such as extreme temperature change
or high humidity) and its general ruggedness. Best
of all, its relatively simple electronics permits the
construction of extremely small instruments.

Microphone Pickup Patterns Like our ears, any
type of microphone can hear sounds from all
directions as long as the sounds are within its
hearing range. But while some microphones hear
sounds from all directions equally well, others
hear better in a specific direction. The pickup pat-

Pot Abbreviation for po-
tentiometer. a sound-
volume control.

Pot-In To fade in a
sound source gradually
with a pot or fader.

Quarter-Track An audio-
tape recorder, or recording,
that uses one-fourth of the
width of the tape for re-
cording an audio signal.
Generally used by stereo
recorders. The first and
third tracks are taken up
by the first pass of the
tape through the recording
heads; the second and
fourth tracks by the sec-
ond pass, when the tape
has been “reversed” (that
is, the full takeup reel
becomes the supply reel
for the second recording).

Reel-to-Reel A tape re-
corder that transports the
tape past the heads from
one reel, the supply reel,
to the other reel, the
takeup reel. Used in con-
trast to cassettes or car-
tridge recorders.

Ribbon Microphone A
microphone whose sound-
pickup device consists of a
ribbon that vibrates with
the sound pressures within
a magnetic field. Also
called velocity mike.

Shotgun Microphone A
highly directional micro-
phone with a shotgun-like
barrel for picking up
sounds over a great dis-

tance.

Sound Effects Special
sounds—such as wind,
thunder, car traffic, jet air-
planes—recorded in ad-
vance for multiple use in a
variety of productions.

Volume The relative in-
tensity of the sound, its
relative loudness.

VU Meter A volume-unit
meter; measures volume
units, the relative loudness

Unidirectional A type of of amplified sound.

pickup pattern in which
the microphone can pick
up sounds better from one
direction, the front, than
from the sides or back.
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7-2 Omnidirectional Pickup Pattern: You can think
of the omnidirectional pickup pattern as a large rub-
ber ball with the mike in its center. All sounds that
originate within the confines of the rubber ball (the
pickup pattern) will be picked up by the microphone
without any marked quality difference.

The two-dimensional representation of its pickup
pattern is called the polar pattern, which for an omni-
directional mike is roughly circular.

tern shows the territory within which the micro-
phone can hear well.

Generally, in television production, we have
omnidirectional, or nondirectional, microphones and
unidirectional microphones.

The omnidirechon. microphone hears sounds
from all (omnis in Latin) directions equally well: The
unidirecfional microphone hears better in one (unus
in Latin) direction, the front of the microphone,
than from its sides or back. (See 7.2 and 7.3.)

Operational Characteristics

When classifying microphones according to their
use, we have those that are designed for picking
up moving sound sources, and others that are
designed for picking up stationary sound sources.

Lo

7-3 Cardioid Pickup Pattern: The most common
unidirectional pickup pattern is called cardioid, heart-
shaped. If you think of an apple with the mike
sticking into it where the stem should be, you will
have an idea of the three-dimensional pickup pat-
tern of most unidirectional television microphones.!

As you can see, the pickup at the side of the mi-
crophone is considerably reduced with the cardioid
microphone, and almost eliminated at its rear. The
polar pattern of the cardioid microphone clearly
shows the heart-shaped pickup area.

The former we simply call mobile microphones, the
latter stafionary microphones. (See 7.48.)

Mobile Microphones The mobile microphones
include (1) boom microphwrtes, (2) hand micro-
phones, (3) lavaliere microphones, and (4) wire-
less, ‘or FM, microphones.

If the scene requires that you keep the micro-
phone out of the picture, the most practical in-
strument you can use is a boom microphone—that is,
one that is suspended from a microphone boom.
The choice is usually a high-quality dynamic, card;-
oid mike (dynamic, because it is relatively insensi-
tive to the inevitable shocks and wind noises gen-
erated by the moving boom; cardioid, because it

1 Electro-Voice, Microphone  Primer Mich.:

Electro-Voice, Inc., n.d.).

(Buchanan,



must pick up sounds that originate a considerable
distance from the microphone without undue loss
of presence) or a condenser, cardioid microphone
(because of its superior quality). The boom
facilitates rapid and smooth movement of the
microphone above and in front of the sound
sources from one spot to another anywhere in
the studio within its extended range. In order
to keep the microphone out of the picture while
following a moving sound source, you can extend
or retract the microphone with the boom, simul-
taneously pan the boom horizontally, move it up
and down vertically, and rotate the mike at the
end of it to allow for directional sound pickup.
During all these operations, you can have the
whole boom assembly moved to various loca-
tions, in case it cannot reach them when fully
extended. (See 7.5.)

But there are some major disadvantages in
using the “big boom” in a small studio or in small
station operations: (1) For proper manipulation it
needs’ two uperators: the boom operator, who
works the microphone boom, and the boom dolly
operator, who helps to reposition the whole as-
sembly whenever necessary. (2) The floor space
that the boom takes up may, in a small studio, cut
down the maneuverability of the cameras consid-
erably. (3) The boom requires special lighting so
that its shadow falls outside camera range. Even
in larger studios, the lighting problems often pre-
clude the use of a boom, available manpower and
space notwithstanding. Often, when the use of
the boom has not been carefully preplanned in
conjunction with lighting and camera move-
ments, you will find that the boom operator
“rides” the boom much too high for good sound
pickup, merely to keep the mike and the boom,
or their shadows, out of the camera shots.

The smaller boom, called a giraff, is often pre-
ferred in small studios. It can do almost anything
the big boom can do with the exception of exten-
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7-4 Microphones with both omnidirectional and
cardioid pickup patterns are used extensively in
television production. Why both types? Whenever a
mike can, or must, be worked close to the sound
source, such as the performer’s hand mike on a
windy outdoor location, the omnidirectional mike is
to be preferred. It is less subject to breath pops—the
loud popping noises that might occur when held
close to the mouth—than the cardioid mike.

If, however, you must use the microphone rela-
tively far away from the sound source, such as a
boom mike, the cardioid pattern is far superior. It
will be able to pick up the sound over a relatively
large distance without loss of presence or quality.
Also, random noise, which is always present in a
busy television studio, will be largely ignored by the
cardioid mike, while the omnidirectional mike would
pick up sounds from all directions.
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7-5 Big Boom: The big
microphone boom is
mounted on a special
dolly, called a peram-
bulator, that permits
rapid relocation any-
where in the studio.
The operator’s platform
can be cranked up or
down to the necessary
operating height. Usu-
ally, a line monitor is
mounted on the boom
for the operator. The
counterweighted boom
can be extended, tilted
up and down, and the
microphone itself can
be rotated by about 300
degrees.

sion and retraction of the boom itself. However,
since the giraffe is on casters, the boom operator
alone can move the whole boom assembly quite
easily toward or away from the sound source.
There are some more advantages of ‘the giraffe
over the big boom: (1) it takes up much less studio
space; (2) because of its low height and narrow
wheelbase, it can be easily moved from one studio
to another through narrow doorways or hallways;
and (3) it can be disassembled quickly and taken
to remote locations if necessary.

Unfortunately, even the giraffe is not without
serious operational disadvantages: (1) The light-
ing is at least as critical for the giraffe as for the
big boom and, in fact, becomes more of a problem
since the giraffe usually works at a lower height
and closer to the sound source. (2) Because of the
considerable weight of a good dynamic, cardioid
boom microphone, the éxtension of the relatively
light giraffe boom is limited. This requires the

boom operator to stand closer to the sound
source, a position that not only tends to increase
the general noise level but may also prevent
the camera from getting wide cover shots of the
scene. (3) Even with vertical extensions for the
rotating device and the mike suspension, the
boom has to remain relatively low, another dan-
ger of getting the microphone into the picture or
causing unwanted mike shadows. (4) Because of
its lightness, the boom is subject to $hock and
vibrations. Therefore, the microphone attached to
the giraffe (figure 7.6) is more exposed to physical
shock than that on the smoothly operating big
boom.

In certain production situations, even the small
giraffe boom is not flexible enough for a quick
and accurate audio pickup. What you can use
then is an extremely simple yet very effective de-
vice: a hand-held aluminum or bamboo pole to
which a microphone is attached. As “boom opera-



tor,” you hold this fishpole device into the scene for
brief periods of audio pickup. One of the best
ways to hold it is to anchor it in your belt. Then
you can drop the microphone close to the audio
source, as though you were “fishing” for the ap-
propriate sound. When you work a fishpole, you
usually stand behind some piece of scenery or you
walk into the scene alongside the camera.

The advantages of the fishpole technique are
obvious: (1) the microphone is extremely flexible;
it can swing easily up and down and sideways;
(2) the fishpole is easy to operate and needs only
one person per microphone; (3) it takes up very
little space; and (4) it can be worked around the
existing lighting so that the mike shadow falls
outside the picture.

The various disadvantages of using a boom mi-
crophone have proved serious enough in small
station operation that, especially since the dra-
matic development of high-quality, extremely
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7-6 Giraffe, or
Medium Boom.

small lavaliere microphones (see pages 158-159),
it is used only for special productions, such as
dramas, certain commercials, or in scenes with
many rapidly changing sound sources that do not
allow the microphone to be seen.

Nevertheless, the combination of a high-qual-
ity boom mike and a good boom operator pro-
duces a high-quality sound that is hard to beat
with other mobile microphone techniques. You
should, therefore, acquaint yourself with the basic
operational techniques of boom microphones.

As a television boom operator, you are respon-
sible for keeping the microphone as close as pos-
sible to the sound source without getting it or the
boom into the picture, or causing undesirable
shadows in the scene. Doing this involves a great
amount of coordination and anticipation. Simul-
taneously you must (1) keep the microphone
above and in front of the sound source, (2) watch
the audio balance in case there is more than one
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sound source, (3) listen to the director’s signals,
(4) watch the movements of cameras and their
relative zoom positions, or lenses used, (5) watch
for undesirable boom shadows, and (6) anticipate
as much as possible the movements of the per-
formers.

Here are some of the major operational techniques
you should remember when working a boom mi-
crophone:

1. Try to keep the microphone as low as possible with-
out getting it into the picture, and in fronf of the sound
source. Don’t ride the mike directly above the perfor-
mer’s head; after all, he speaks with his mouth, not
with the top of his head.

2. If you have a line monitor (which shows the picture
that goes on the air or is videotaped) on your boom
dolly, try to ascertain during rehearsal how far you can
dip the microphone toward the sound source without
getting the mike or the boom into the picture. The
closer you are with the mike, the better the sound will
be. (In boom-mike operation, you will never get close
enough to violate the minimum distance required of
cardioid mikes in order to avoid breath pops or similar
sound distortions.)

3. If the boom gets into the picture, it is better for you
to refract it than to raise it. By retracting, you will pull
the microphone out of the camera’s view and at the
same time keep the mike in front rather than on top
of the sound source.

4. Watch shadows. Even the best lighting engineer
cannot avoid shadows but can only redirect them into
areas that are hopefully not picked up by the camera.
If your boom positions are known before the show,
work with the lighting engineer so he can light around
the major moves of your boom. Sometimes you may
have to sacrifice audio quality in order to avoid boom
shadows.

If you discover a boom shadow when the camera is
already on the air, do not try to move the microphone
too quickly. Everybody will then be sure to see the
shadow travel across the screen. Rather, try to sneak
it out of the picture very slowly, or, better, just keep
the mike and the shadow as steady as possible until a relief

shot permits you to move the mike into a more advan-
tageous position.

5. Anticipate the movements of performers so that
you can /ead them, rather than frantically follow them,
with your microphone. Unless the show is very well
rehearsed, don’t lock the pan and tilt devices on your
boom. If the performer rises unexpectedly, she may
bump her head on the locked microphone. Not even
dynamic mikes are that shockproof.

6. Watch for good audio balance. If you have to cover
more than one sound source, place the microphone be-
tween the two. In general, favor the weaker source by
pointing the microphone more toward it than the
stronger source. Once you have found an acceptable
balance, try to keep the microphone as steady as possi-
ble. Unless you are very experienced, rotating the mike
rapidly between the two sources will rarely produce
good balance, especially if both sound sources are
within the mike’s pickup pattern anyway.

7. When moving the perambulator, make sure that
you warn the boom operator of this move, and that you
do it extremely smoothly. Watch for cables on the floor
and especially for low lighting instruments.

A slight movement of the performer can mean
a complicated boom operation. Even though the
performer merely turns her head from left to right
while talking, for instance, you will have to pan
the boom horizontally several feet and rotate the
microphone in order to keep it in front of the
sound source. If the performer simply stoops
down while talking, a great vertical drop of the
boom is required. Vertical movements are usually
difficult to manipulate quickly, especially when
the boom is racked out as far as it will go.

If the performer turns to a blackboard while
talking, you will have to rack the boom out in
front of her and rotate the microphone around so
that its live side is pointing toward the sound
source. This procedure requires smooth, fast
coordination. Usually, by the time you have
racked the boom into its correct position, the per-
former will have turned around again to speak to



the camera, and the same fast boom movement
becomes necessary in reverse. In the above-men-
tioned example, it would be more practical to
place the microphone to the side and compromise
pickup quality. Much better results can, of
course, be achieved if the performer talks only
when she faces the camera and not while her back
is turned.

As the name implies, the hand microphone is han-
dled by the performer. It is used in all production
situations in which it is most practical, if not im-
perative, for the performer to control the sound
pickup.

Such production situations include, most obvi-
ously, remotes, where you often work in the
midst of much surrounding commotion and noise.
With the hand mike, you can still achieve good
audio by holding the instrument close to the
mouth of the speaker. Since hand mikes are al-
ways seen on camera and need no special precau-
tions for concealment, you can hold the mike as
close to the sound source as necessary. On a
windy day, or in the middle of a cheering crowd,
that will probably be very close in order to shut
out as much of the surrounding noise as possible.
If you interview someone under such adverse
conditions, you will have to hold the microphone
close to yourself when asking the questions, and
close to the other person whenever he or she an-
swers.

In the studio, the hand microphone is used ex-
tensively by singers and in audience participation
shows. In the latter case, the performer can talk
at random to anyone in the audience simply by
walking up to a person with the hand mike and
picking up his or her comments. Such random
interviews would be extremely difficult to cover
with boom mikes. You would probably need at
least three booms to cover a good-sized audience,
and you would still not get as precise an audio as
when you walk up to the various people with the
hand mike.
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77 When there are three or more sound sources,
you may have to move the microphone to the per-
son who is talking; this is not an easy job, especially
if the sequence of the persons speaking has not been
predetermined. Again the talent can help by cooper-
ating closely. A practical example might help to ex-
plain this problem.

Situation: There are two major audio areas: {1) a
group of seven high school students covered by a mo-
bile big-boom microphone and (2) a political person-
ality who wears a lavaliere mike. The students direct
random questions at the politician.

L CoesT

(LAVALERE

Boom Mike
(MomiLy)

Problem: You must anticipate which student will ask
the next question so that you can place the boom
microphone before the question is asked.

Two Possible Solutions: The sequence of students asking
questions is predetermined, or the students asking
questions identify themselves by raising their arms.
The person being interviewed can then point out the
particular student he wishes to hear. This gives you
a little time to position the boom before the student
speaks.
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7-8 Shure SM61 Hand N
Microphone.

Although technically the use of a boom would
be quite feasible for the performance of singers,
most of them prefer to work with a hand micro-
phone. One of the reasons for this preference is
that with a hand mike the singer retains some
control over the production of the sound. You
may have noticed how a singer may hold the mike
extremely close to her mouth in order to empha-
size a soft, intimate passage of a song. The close-
ness of the mike increases the sound presence,
which, especially when coupled with a closeup
picture, lets the audience perceive a psychological
and physical closeness to the singer. In louder,
more external passages, the skilled singer will
hold the microphone farther away, thus helping
the engineer keep the volume within tolerable
limits, but she also does it so as to externalize the
sound, to pull back a little from the viewer. An-
other reason is that, through the hand mike, the
sound of the singer and the sound of the band or
orchestra can be fairly well separated. This dis-
tinctness is essential for the audio engineer to
balance a small or very soft voice with a rather
loud instrumental group.

The wide variety of usage makes heavy de-
mands on the performance characteristics of a
hand mike. Since it is handled so much, it must
be rugged and rather insensitive to physical
shock. Since it is often used extremely close to the

sound source, it must be insensitive to plosive
breath pops and input overload distortion. Since
it is often used outdoors on remote locations, it
must be able to withstand rain, snow, humidity,
summer heat, and extreme temperature changes.
And yet, it must be sensitive enough to pick up
the full range and subtle tone qualities of a sin-
ger’s voice. Finally, it must be small and slim
enough to look unobtrusive and to be handled
comfortably by the performer.

Most hand mikes are, therefore, dynamic and om-
nidirectional. The dynamic generating element gives
them the necessary ruggedness without undue
loss of quality, and the omnidirectional pickup
pattern allows the close working range that is
essential for reducing interference from sur-
rounding noise. (See 7.8.)

Again, hand mikes are not without some seri-
ous disadvantages: (1) The quality of a hand mi-
crophone is simply not as good as that of a good
boom mike. (2) When using a hand microphone,
the performer is tied to a limited operation radius
by the microphone cable. Qutside and inside the
studio, these cables become a menace to the freely
traveling cameras. (3) In addition to everything
else, the performer will have to learn how to han-
dle the microphone—that is, to hold it in the opti-
mal pickup area, so as not to impair the audio
portion, and to refrain from using it as a prop,
swinging it widely through the air in order to
make a point or twirling it by its cord like a pro-
pellor. Neither the mike nor the audio engineer
can stand such rough treatment for very long.

Operation of the hand microphone requires dexterity
and foresight. Here are some considerations for
working with it.

1. Although the hand mike is fairly rugged, treat it
gently. If you need both hands during your perform-
ance, don't just drop the mike; put it down gently, or
wedge it under your arm.



2. Before the telecast, check your action radius and
see whether the mike cable is long enough for your
actions, and laid out for maximum mike mobility.

3. If you happen to run out of mike cable, don’t yank
on it. Stop and try to get the attention of the floor
manager.

4. When walking a considerable distance, don’t pull
the cable with the mike. Tug the cable gently with one
hand, while holding the microphone with the other.
5. Under normal, controlled sound conditions, such
as the studio or a quiet outdoor location, hold the hand
mike about a foot below and slightly in front of your
mouth and speak across the screen (which acts as a wind
screen and breath pop filter). Don’t speak into the mike
In very noisy surroundings, put the mike closer to your
mouth, but still try to speak across, rather than into,
it. (See 7.9.)

6. In interviewing someone, hold the microphone to
your mouth whenever you are speaking and to the
guest’s whenever he or she is answering. This obvious
procedure has been unfortunately reversed by many a
beginning performer.

7. Check out the microphone before the show by
speaking into it. But do not blow into it.

The development of extremely small, high-
quality /avaliere microphones has helped to improve
television audio considerably, while at the same
time simplifying production procedures.

The larger lavaliere microphones (about as big
as your little finger) are hung on a neckcord close
to the chest of the performer; the small ones
(about the size of a small thimble) are clipped to
the dress or the tie. (See 7.12 through 7.14.)

The omnidirectional lavaliere microphone,
witha dynamic or condenser generatingelement, is
designed primarily- for voice pickup. The quality
of even the smallest one is amazingly good. It
reproduces equally well the high-frequency
overtones that giveeachvoice its distinct character,
and the deep bass resonance that some voices
possess. The small lavaliere is quite immune to
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7.9 Correct Hand-Microphone Position: As you can
see, the reporter holds the mike in the correct posi-
tion: fairly close to her mouth in order to avoid
picking up the surrounding noise, yet low enough so
that she can speak across rather than into it. Note the
blast filter on top.

710 If you want to impress on the performer the
sensitivity of a microphone, especially that of the
hand mike, turn it on to a high volume level and
feed the clanks and bangs back out into the studio
for the performer to hear. Even a gentle handling of
the microphone will produce awesome noises.

711 Some of the more commonly used hand mi-
crophones are: the Electro-Voice 635A, the Shure
SM61, the Shure SM57 (Unidyne), the Shure SM58
(same as the SM57, plus a blast filter) the Shure
SM82, the Electro-Voice RE-55, the Shure SM53.
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7-12 Lavaliere Microphones: (a) Shure SM51 lava-
liere with neckcord; (b) Electro-Voice 649B; (c) Sony
ECM-50.

physical shock and to other noise-generating
factors, such as the rubbing of clothes.

Once the lavaliere microphone is properly
attached to the performer (approximately six in-
ches below the chin, on fop of the clothes, and
away from anything that could rub or bang
against it), he or she needs no longer worry about
the sound pickup. The audio engineer, too, has
less difficulty “riding the gain” (adjusting the
volume) of the lavaliere than the boom or hand

mike. Since the distance between it and the sound
source does not change during the performance,
an even sound level can be achieved more easily
than with other mobile microphones.

The use of lavaliere microphones frees the
lighting people from “lighting around the boom”
in order to avoid shadows; they can now concen-
trate more on the aesthetic subtleties of lighting
as required by the scene.

Although the action radius of the performer is



7-13 Correct Lavaliere-Microphone Position: This
lavaliere mike is properly attached for maximum
sound pickup. It is securely fastened on fop of the
clothing, minimizing the danger of causing highly
distracting rubbing noises. The mike cord is con-
cealed. In spite of its small size and its distance from
the sound source, the quality of sound pickup in
this small microphone is excellent.

still limited by the lavaliere microphone cable, the
cable nevertheless is so light and flexible that she
can move quickly and quite unrestrictedly in a
limited studio area without having to hold a mi-
crophone in her hand, or worry about being fol-
lowed by the boom mike. The attached mike per-
mits the performer to work even in cramped
quarters without the need for special operators or
special booms or stands.

Again, there are some disadvantages to the
lavaliere microphone: (1) The wearer cannot
move the mike any closer to his or her mouth;
consequently, if there is extraneous noise, it will
be easily picked up by this omnidirectional mike.
(2) The lavaliere can be used for only one sound
source at a time, that of the particular wearer.
Even for a simple interview, the interviewer and
the guest will each have to wear his or her own
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7-14 Dual-Redundancy System: A special clip per-
mits the use of two lavalieres for dual-redundancy
pickup. In case one microphone goes out, the audio
engineer simply switches over to the other without
losing audio. Two single clips will work in an emer-

gency.

microphone. For a small discussion group you will
need several. (3) Although the lavaliere mike al-
lows considerable mobility, it limits the perfor-
mer’s activity to some extent. When two or more
performers are “wired” in this fashion, their
movements are even more restricted. (4) Unless
you can hide the lavaliere completely while main-
taining its sound quality, you cannot use it for
dramatic scenes in which the visible mike would
be inappropriate.

Obperation of the lavaliere microphone is fairly simple
once it is properly installed.

1. Make sure to put it on. You wouldn’t be the first
performer to be discovered sitting on, rather than wear-
ing, his microphone by air time.

2. Clip the mike firmly to a piece of clothing so that
it will not rub on anything, such as a jacket or jewelry.
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7:15 The high quality of the lavaliere microphone
has extended its production use considerably. Here
are come examples:

Panel shows: Rather than using desk mikes, which are
apt to pick up the unavoidable banging on the table,
you can achieve excellent audio by using individual

lavaliere microphones.

Interview: As long as the interview takes place in one
location, the wearing of lavaliere microphones by
the interviewer and each of the guests assures excel-
lent audio.

News: The lavaliere mike is the most efficacious
sound pickup device for all types of news shows.

Instructional Shows (with a principal performer, or
television teacher): The lavaliere works beautifully
as long as the instructor moves within a limited per-
formance area (from desk to blackboard, for exam-
ple).

Music: The lavaliere mike has been successfully used
on singers (even when accompanying themselves
with a guitar, for example), and for the pickup of
certain instruments, such as a string bass, where it is
taped below the fingering board. In this area, there
is still room for experimentation. Don’t be too awed
by convention. If the lavaliere sounds as good as or
better than a larger, more expensive mike, stick to
the lavaliere.

The most commonly used lavaliere microphones are:
the Sony ECM-50, the E-V 649B, the E-V RE-85,
the Shure SM51, the E-V CO-8s5.

Do not cover it with anything. Make sure to fasten the
microphone cable to your belt or clothing so that it
cannot pull the microphone sideways.

3. If you use the dual-redundancy microphone sys-
tem (which uses two microphones for each sound
source in case one of the mikes becomes inoperative),
have both mikes fastened securely so that they don't
touch each other. There is a special clip that holds two
lavaliere microphones. (See 7.14.)

4. Avoid hitting the microphone with any object you
may be demonstrating on camera.

5. After the show, put the microphone down gently.

Wireless, or FM, microphones would be ideal for
television, such as a lavaliere microphone without
its cable. Some efforts have been made to produce
such an instrument with varying degrees of suc-
cess. Some wireless microphones are rather large
lavaliere mikes with the transmitter built directly
into the microphone. A small sending antenna
either sticks out of the mike or is part of the
neckcord. Other wireless microphones use a very
small lavaliere, with a cord leading to a small
pocket transmitter. A special receiving station can
pick up the microphone signal from as far away
as 1,000 feet (approximately 350 meters), amplify
the signal, and send it to the master audio mixer.
Since the signal transmission from the micro-
phone to the receiving station represents, in fact,
a miniature FM broadcast, you will need an FCC
license for operating wireless microphone.

Despite the obvious advantages of wireless mi-
crophones, such as the great mobility of the
wearer, their operation has been restricted to
some highly specific production tasks. Most
often, they are used in remote locations where
microphone cables cannot be strung for one rea-
son or another. They are less frequently seen in
the studio, though they have been tried success-
fully for dramatic shows, and are occasionally
used by singers. The major problems of using
wireless mikes in small station operation are (1)
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7-16 Wireless Microphones: (a) The wireless micro-
phone has as its sound-pickup device a small lava-

liere mike which is attached to a transmitter. A spe-
cial receiving station receives the signal and sends it

the relative expense of their operation requiring
one mike per sound source, and engineers who
operate the receiving station; (2) the rather high
probability of transmission interference; and (3)
the slight inferiority of sound quality compared
to the regular lavaliere or, especially, the boom
microphones. (See. 7.16.)

Stationary Microphones The stationary micro-
phones include (1) desk, (2) stand, (3) hanging,
and (4) hidden microphones.

Desk microphones, as the name implies, are usually
put on tables or desks. They are widely used in
panel shows, public hearings, news shows, and all
other programs where the performer is working
from behind a desk, table, or lectern. These m.i-
crophones are used for wice pickup only. Since the
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on to the master mixer. (b) Wireless hand mikes and
some large lavalieres comprise a single unit, with the
transmitter built into the microphone itself.

performer behind the desk is usually doing some-
thing—shuffling papers, putting things on the
desk, accidentally bumping the desk with feet or
knees—desk microphones must be rugged and
quite insensitive to physical shock. Dynamic, om-
nidirectional microphones are generally used. If,
however, the mike is employed primarily for off-
camera announcements—as in a television an-
nouncement booth, for example—higher quality,
cardioid microphones such as ribbon or even con-
denser mikes may well be preferred.

Generally, most hand mikes can be put into a
desk stand and used as desk microphones.

As with the hand mike, no attempt is made to
conceal the instrument from the viewer. Never-
theless, when placing it on the desk or table, you
should consider the camera picture as well as op-
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7:17 The basic problem in television audio is to
pick up sound adequately over a comparatively great
distance. This becomes especially apparent in televis-
ing remote events. In sports telecasts, for example, it
is fairly easy to get a close look at faraway action
through long lenses, but it is quite difficult to ac-
company such pictures with adequate sound.

Two basic long-distance microphone techniques have,
therefore, been developed: (1) the strategic place-
ment of microphones in the field and (2) the opera-
tion of ultradirectional microphones.

Whenever the sound occurs in stable and fairly
predictable areas, rugged dynamic microphones are
placed directly in the field and aimed in the general
direction of the anticipated sound source. We call
these microphones field microphones. The cables for
them are strung back to the remote-control center,
which is usually located in the remote truck some
distance away.

This method sounds simple, but it is difficult to
execute. First, you need several microphones to
cover even a fairly restricted area. Second, the many
cables that have to be strung over a wide area and
long distances not only cause traffic problems, but

increase the vulnerability of the whole audio system.
Third, people in the field might accidentally hit the
microphones or use embarrassing expletives near the
live mikes.

In large network news conferences, you may have
noticed the use of long, machine-gun-like micro-
phones that are aimed at whoever is speaking. These
ultradirectional, sholgun or machine-gun microphones are
so heavy that they have to be operated with a spe-
cial pedestal that permits simultaneous tilting and
panning. Despite its ultradirectional pickup pattern
(created by a series of long tubes in front of an om-
nidirectional microphone), the shotgun mike picks
up much extraneous noise, and should therefore be
used only when sound quality is the least important
factor in the sound pickup and transmission.

Sometimes, if the camera is not too far away from
the sound source, you may achieve similar results by
attaching a cardioid unidirectional boom mike di-
rectly to the camera. The microphone will thus be
aimed with the camera at the person speaking, or
whatever the sound source may be.

Generally, long-distance microphones are not used
in small station operation.

timal sound pickup. The camera-conscious per-
former will appreciate it if the camera shows more
of him than of the microphone. If possible, you
should therefore place the desk mike somewhat
to the side of the performer, and point it toward
his collarbone so that he can speak across rather
than into it. A good working distance for desk mikes
is 10 inches to one foot for omnidirectional, and
approximately 17 inches to two feet for cardioid
microphones. (See 7.18.)

If you employ the dual-redundancy system, use
identical desk mikes and put them side by side
(see 7.19). But do not activate them both at the
same time. Keep one turned off or you may get
what is called mulfiple-microphone interference. When
the mikes are close to each other and fed the same

audio material, they sometimes cancel out certain
frequencies, occasionally giving the voice a very
odd sound quality. Multiple-microphone inter-
ference does not occur, however, when you feed
each microphone into a separate channel for
stereo sound pickup. You can, therefore, have
many mikes close together as long as each micro-
phone is feeding a separate receiving channel.
You have probably seen microphones bunched
together like grapes at the lectern of a famous
politician. Since each one of these feeds a separate
source, such as various radio and television sta-
tions, or film cameras, multiple-microphone in-
terference does not occur.

When desk mikes are used in a panel discus-
sion, you don’t need to give each panel member
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7-18 Desk Microphone for Single Performer: When
using a desk mike, put it to the side of the per-
former (if he uses a floor monitor, put it to the
monitor side, since a person will be more apt to
speak toward the monitor than the opposite side) so
as to maximize the camera view, and pointed up to-
ward his collarbone so that he will speak across the
mike rather than directly into it. If the talent uses
his desk a great deal, put the microphone on a soft
pad to absorb at least some of the shocks.

a separate microphone. If you use one for each
two members, you will not only save on micro-
phones, setup time, and control activity at the
audio board, but you will also avoid multiple-
microphone interference. When you use a multi-
ple-microphone setup, try to keep the desk mikes
at least three times as far apart as any microphone
is away from its user. When two people are sitting
opposite each other, mike each one separately. (See
7.20.)

Another problem—not too serious but never-
theless demanding attention—is the proper con-
cealment of microphone cables. Don’t just drop them
in front of the desk; rather, try to string them as
neatly as possible along the side of the desk to
their respective microphone plugs. You can use
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719 Dual-Redundancy Microphones: Two identical
microphones can be used side by side, as long as
only one is turned on; otherwise, multiple micro-
phone interference will cancel out certain frequen-
cies. The dual-redundancy system is used as a
backup system, in case one of the two microphones
fails during the telecast.

7-20 Multiple Desk Microphone Setup: When using
a multiple-microphone setup, you should keep the
individual microphones at least three times as far
apart as any microphone is away from its user.
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masking tape to cover exposed microphone cables
on the studio floor. Special news or panel desks
sometimes have holes through which the cables
can be dropped and concealed from the cameras.

Stand microphones are used whenever the sound
source is fixed and the type of programming per-
mits them to be seen. For example, there is no
need to conceal the microphones in a rock group.
On the contrary, they are an important show ele-
ment. Since no attempt is made to conceal stand
microphones, high-quality instruments are gen-
erally used.

The sound pickup of an insfrumental group, such
as a rock group, is normally accomplished with
several stand microphones. These are placed in
front of each speaker that emits the amplified
sound of a particular instrument, or in front of the
unamplified sound source, such as the drums. The
use of multiple microphones is essential when
multiple track recordings are made (each micro-
phone, or group of microphones, is recorded on
a separate tape track), and extremely helpful even
in single-track recordings (as in television) for
maximum audio control during the sound mixing.

The type of microphone used depends on such
a variety of factors that specific suggestions
would probably be more confusing than helpful
at this stage. For example, studio acoustics, the
type and combination of instruments used, and
the aesthetic quality of the "sound” finally
desired—all play an important part in the choice
and placement of microphones. Quite generally,
rugged, dynamic, omnidirectional or cardioid
mikes are used for the singers and in front of
extremely high-volume sound sources, such as
drums and electric guitar speakers, while ribbon
or condenser mikes are used for the more gentle”
sound sources, such as strings and acoustical gui-
tars.

Realizing that there are many factors that influ-
ence the type of microphone used and its place-
ment, figures 7.21, 7.22, and 7.23 may give you
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7-21 Microphone Setup for Singer and Acoustic
Guitar: The customary way to mike a singer who is
accompanying himself or herself on an acoustic gui-
tar is to have two microphones on a single mike-
stand, such as an Electro-Voice RE-15 pointing at
the guitar and a Shure SM61 pointing at just below
the singer’s mouth.

some idea of how three different, yet typical,
musical groups might be “miked.”

Hanging microphones are used whenever any other
concealed-microphone method (boom or fish-
pole) is impractical.

You can hang the microphones (high-quality
cardioid) by their cables over any fairly stationary
sound source. Most often, hanging mikes are used
in dramatic presentations, where the action is
fully blocked so that the actors are in a precise
location for each delivery of lines. The actor will
have to make sure to speak only within the "au-
dio pool” of the hanging microphone. Similar to
the spotlight pool, where he is visible only as long
as he moves within the limited area of the light,
the actor is heard only when he speaks within the
limited range of the audio pool. (e 7.24.)

In general, the audio quality of the hanging
microphone is not the best. The sound source is
always relatively far away from the microphone
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7-22 Microphone
Setup for Singer and
Piano: A singer who is
accompanied by a piano
might be miked with a
Sennheiser MKH-415
(or even an 815) sus-
pended from a boom.
There could be an RCA
77-DX for the piano,
placed just above the
strings on the high-
string side, with the lid
in the low-peg position
SENNHEISER. MKH W15 (half open). The formal-
(onN Boom) ity of the recital proba-
bly forbids the use of a

/ @ hand microphone.
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7-23 Microphone Setup for a Small Rock Group: When miking a rock group,
you need microphones for the singers, drums, and other direct sound-emitting in-
struments, such as flutes and pianos, as well as for the speakers that carry the
sound of the amplified instruments, such as electric guitars and organs. The mi-
crophones must be placed so that they do not cause audio feedback or multiple
audio interference.
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7-24 Hanging Microphone: A high-quality micro-
phone is suspended from the lighting grid to the
lowest position that the camera’s view can tolerate
over the designated performance area. The maximum
audio pickup limits are within the “audio pool,” a
pickup configuration very much like a wide pool of
light. Be sure to separate the microphone cables
from the AC cables of the lighting instruments; oth-
erwise you may experience electronic interference.

and the sound never quite reaches it directly;
most of the time the sound is picked up as rever-
berations. Hang the microphone as low as possi-
ble and, if necessary, mark the studio floor for the
actor at the spot of the best sound pickup.

Try to stay away from hidden microphones, if at all
possible. If, however, you must use them, don’t
place them too close to hardwall scenery. The set
may act as an echo chamber and distort the sound
considerably.

In well-blocked dramatic scenes, however,
where the position of the actors can be precisely
predetermined, hidden microphones can relieve
the boom operator from precarious and difficult
boom swings. As with all other methods of sound

pickup, if it sounds right and if you have the time,
use the hidden microphone by all means. How-
ever, the sound achieved rarely justifies the effort
of setting it up. (See 7.25 and 7.26.)

Recorded Sound

Recorded sound includes the recording of sound
and the playback of the recorded sound with the
television video. You will find that during a nor-
mal production day in a small or medium-sized
station, you will use your audio facilities more for
the playback of recorded sound than the produc-
tion of it. Nevertheless, most audio facilities are
used for both.

Sound Recording

In television, the sound is most often recorded on
videotape concurrently with the video. Some-
times you may be engaged in post-dubbing, which
means that the sound is added later to the in-
dependently edited videotape (see Chapter 9). In
news and documentary film production, too, the
sound portion is often recorded simultaneously
with the picture either directly on the optical or
magnetic sound track of the film (see Chapter 9),
or on a 14 -inch audiotape recorder that runs syn-
chronously with the film. Except for news foot-
age, most sound tracks for films are produced
through post-dubbing.

Sometimes you may be engaged in recording
station breaks or short promotional and public
service announcements on audiotape for later
playback over slides, short videotape inserts, or
film clips. In the absence of a video feed, you may
have to record news stories, which are telephoned
in by the field reporter, on audiotape.

Most stations do not have the resources to
video record each of their newscasts or news com-
mentaries for archival purposes. In this case, you



7-25 Hidden Microphone: Sometimes a small lava-
liere microphone can be concealed rather easily. For
this telephone conversation, a Sony ECM-50 was

may do well to audiotape the sound portion so
that you have a record of what has been said. If
the newscaster does not tell the day and the year
of the newscast as a regular feature of the show,
make sure the date is recorded at the beginning
or end of the newscast. Telephone talk shows,
even when on television, are audio-recorded as a
matter of routine.

We will talk more about the recording tech-
niques on videotape and film in Chapter 9.

Playback

Recorded sound can be played back from four
major sources: (1) videotape, (2) filmy, (3) records,
and (4) audiotape, With the playback of video-
tape and films, their respective sound tracks are
mechanically synchronized with the video. Re-
cords and audiotape, however, are only indirectly
coupled with the picture portion. They are in-
dependent of the video and can be played back
either synchronously or nonsynchronously with
it.

simply taped to the lower (transmitter) part of the
phone.

7-26 In the early days of television, it was quite
popular to conceal microphones in such ingenious
places as tufts of flowers, telephone dials, desk
drawers, behind name plates, curtains, or commercial
props. But with the increasing demand for better au-
dio quality, and the development of high-quality
microphones, this practice is no longer feasible. The
major difficulty with the hidden microphone is, as
with the hanging microphone, that the sound source
is rarely in a position for optimal sound pickup.
Also, the close proximity of the microphone to
sound-reflecting or sound-absorbing objects (hard-
wall scenery, props, or curtains) makes clear sound
pickup extremely difficult, if not impossible. Micro-
phone cables always present-a problem. You will
have to hide not only the microphone but its cable
as well.

7-:27 Although microphone cables are shielded
against electronic interference from outside sources,
try not to string them along light cables or any other
AC-power cables. If you have to cross a power cable
with a mike cable, do so at right angles in order to
minimize electronic interference.
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7-28 Turntable.

The most basic audio recording and/or play-
back ‘equipment includes (1) records, (2) audio-
tape recorders, and (3) audiotape cartridge sys-
tems.

Records Records—or electrical transcriptions
(E.T.’s), as they are sometimes called if they have
been made exclusively for broadcasting—are used
most frequently as background music and sound
effects. On occasion, rather than singing a num-
ber live in the studio, a singer may prefer to
“mouth the song” on camera, meaning that he or
she pretends to sing while in reality the sound
portion is supplied by a record. The advantages
of this method are obvious: (1) The audio quality
is always excellent. (2) The singer can be accom-
panied by a full, well-rehiearsed orchestra, a lux-
ury that most small stations can hardly afford for
a two- or three-minute song. (3) It allows the
singer great flexibility. She can dance and twirl
through the set with breathtaking speed and go
right into the next portion of the song, seemingly
unaffected by all the physical strain. Or, she can
walk outdoors through a noisy city street or along

a windy lake without any outside sound interfer-
ence, and with the orchestra always right behind
in perfect balance. (4) Neither the set designer,
the lighting technician, the camera operators, nor
the director have to worry about complex micro-
phone setups and complicated boom movements.
While the singer will probably want to carry a
microphone in order to make her act look real, the
mike is strictly a prop and serves no audio func-
tion.

This “mouthing” technique is, however, not
without drawbacks. Technically, lip-and-action
synchronization with the record must be flawless
for the overall effect of the presentation to have
authenticity. Aesthetically, prerecording removes
the viewer just one more step from the actual
event. Hence, the energy and apparent spon-
taneity of the event are impaired. Psychologi-
cally, the viewer will feel let down, if not tricked
and cheated, once he becomes aware of this pres-
entation technique.

In order to play back records, you need two
turntables. Professional turntables are very much
like the one you probably use at home, except
that the drive mechanism and the cartridge and
needle are probably of somewhat higher quality
than the home models. You need two turntables
in order to switch smoothly (by segue or cross-
fade) from one record to the next.

Turntables have provisions to play all speeds,
78 rpm (revolutions per minute), 45 rpm, and
33Y; rpm, and all record sizes. You will need a
special attachment to play the wide-hole 45 rpm
records. Most cartridges come with a stereo
stylus, which allows you to play all records except
the utterly outdated 78’s. Some turntables play
only two speeds, 45 rpm and 33Y; rpm.? (See 7.28.)

2 For further information on how to operate turntables, see
Stuart W. Hyde, Television and Radio Announcing, 2nd ed. (Boston:
Houghton Mifflin Co., 1971), or any of the books dealing
specifically with audio control.



Audiotape Recorders {Reel-to-Reel) As men-
tioned before, the audiotape recorder in television
is used frequently to record material that must or
should be saved for reference or archives. The
audiotape recorder is also a convenient device for
playing back longer pieces of audio material. For
example, background music for a long scene in a
television play, or any other background sound
effect, such as traffic noise, is generally premixed
(prerecorded) on audiotape and then played back
during the actual production. You will find that
premixing background sound effects from various
records or live sounds to a continuous audiotape
will make the actual production much smoother
than if you try to handle all the different audio
sources at the time of the show. You will be busy
enough with controlling the live studio mikes for
optimal sound pickup.

Although there is a great variety of audiotape
recorders used in television production, they all
operate on similar principles. All use Y -inch
magnetic tape, and record and play back at var-
ious speeds. The most popular recording speeds
are 3% ips (inches of tape travel per second), 7%
ips, and 15 ips. The higher the speed, the better
the fidelity of the recorded material. The most
common speed used in television operation is 71 ips.
Some of the professional audiotape recorders do
not play at 33; ips. If someone hands you a tape
recording to play on the air, make sure that your
tape recorder can play back the tape at the speed
it was recorded. Except for critical music pro-
grams, the 15 ips speed is rarely used. (See 7.29.)

The tape moves from a supply reel to a takeup reel
over at least three “heads”: (1) the erase head, (2)
the record head: and (3) the playback head. (See
7.30.) This arrangement is standard for all tape
recorders. When the audiotape recorder is being
used for recording, the erase head clears the por-
tions of the tape that receive the recording
(tracks) of all audio material that might have been
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7-29 Reel-to-Reel Tape Recorder.

left on the tape from a previous recording; the
ecord kead then puts the new audio material on the
tape. When playing back; the playback head re-
produces the audio material previously recorded
on the tape. The erase and recording heads are not
activated during playback.

When threading the tape, make sure that the
magnetic (usually dull) side of the tape moves
over the heads; The base (usually shiny) side does
not carry any sound.

Usually, the 1 -inch tape is divided into var-
ious fracks, each of which can receive separate au-
dio information. Some machines use up half of
the tape for a single track; other machines use up
only a quarter of the tape for a single track.
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7-30 Head Assembly of the Reel-to-Reel Tape Re-
corder.

Hence, we have half-track and quarter-track, or
four-track, machines. While the quart t-track
machine can play tapes that are recorded on a
half-track machine - quarter-track tapes with
separate audio information on all four tracks can-
not be reproduced on a half-track machine.

When you play back audiotape, quickly check
the following items: (1) Tape speed. What was the
recording speed? Can you play back at the
recording speed (some home recorders may record
at speeds that are too slow for your machine). (2)
Tracks. Is it a half-track or quarter-track record-
ing? Is it mono or stereo? Do all tracks contain
audio information? (3) Length of recording. For
example, is the recording of sound effects long
enough for the scene?

Audiotape Cartridge Systems You will find
that a great proportion of your audio playback
consists of short announcements, musical bridges,
news inserts, and other types of brief informa-
tional material that accompanies slides or brief
film clips and videotape inserts. The most efficient
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7-31 Half-Track Monophonic, or Monaural System:
In monophonic, or monaural (one-channel) record-
ing, the recording head puts audio information on
half the tape. When the tape is reversed—that is, if
after the first complete pass of the tape you use the
full takeup reel as supply reel and thread the tape
again for another pass—the other half of the tape
receives new audio information.

method for playing such short audio material is
the tfape cartridge system. Tape cartridge playback
units can hold and play back several (often ten
or more) cartridges individually or simulta-
neously. All you do is plug in a cartridge (which
contains an endless tape loop that rewinds itself
as it is played back) and press the button of the
cartridge you want to play back. The cartridge,
which cues itself adtomatically, plays back the
tape immediately without annoying wows (initial
sound distortion before the record or tape is up
to speed) or pauses. (See 7.35.)

There are special audio recorders that record
the audio information directly onto cartridges.
You can, of course, transfer information onto car-
tridges from any other audio recording.

Audio cartridge systems are extremely reliable
amvd easy to operate. The only thing to watch in
using an audio cartridge is to let it recue itself
before you punch the button again for a possible
replay or before ejecting it from the playback ma-
chine.

The only disadvantage of the cartridge system
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7-32 Half-Track Stereo System: In a tape recorder
equipped for stereophonic recording, both tracks will
receive audio information on the first pass. One half
will carry the audio information of the first channel
(left), the other half will carry the audio information
of the second channel (right). Since both halves of
the tape are already taken up, the tape cannot be
reversed for a second pass. Otherwise, you will erase
the first recording.

is that the playing time of the individual cartridge
is rather brief—a maximum of four minutes.

Because of their reliability and almost instant
cuing, tape cartridges are the ideal device for
playing sound effects. You can transfer needed sound
effects from the disc library to cartridges.

There are some sounds, however, that are more
easily and precisely done /ive. Unless you do post-
dubbing, the sound of gunshots is almost impos-
sible to match exactly with the live action, even
if you use a tape cartridge. Unless off-camera,
gunshot sound effects are always done live. A
word of caution to the gunslingers, however: Try
not to shoot off your gun close to the microphone.
Even the rugged dynamic mikes might falter un-
der the extreme shock wave.

Telephone rings are frequently done live. There
would be no problem with using a cartridge for
the ring as long as the audio engineer has a good
view of the action so that he can stop the ringing
as soon as the phone is picked up. Unfortunately,
the audio man is “working blind” most of the
time. A floorperson, working a simple bell battery
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7-33 Quarter-Track, or Four-Track, Stereo: Most
stereophonic audiotape recorders record and play
back on quarter-tracks, or four-tracks. Two tracks (1
and 3) are used for the two channels on one pass,
and two further tracks (2 and 4) on the reverse pass.

7-34 All professional audiotape recorders have five
control buttons that regulate the tape motion, be-
sides the switch for the various recording speeds.
These buttons are (1) play, which moves the tape at
the designated recording speed; (2) fast forward, which
advances the tape at high speed, (3) stop, which
brakes the reels to a stop; (4) reverse, which rewinds
the tape at high speed; and (5) record, which activates
both the erase and record heads.

In operating these buttons, you usually go from
play to stop, from fast forward to reverse (to slow
down the tape) to stop; from reverse to fast forward to
stop (again to slow down the tape). When you re-
cord, press both the play and record buttons. When you
play back, press the play button only.
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7-35 (a) Three-Unit Cartridge Machine. (b) Car-
tridge.

7-36 Do not confuse carfridge with cassette. An audio
cassette is a similar recording and playback device,
except that it has fwo reels, with the tape moving
from one to the other, while the carfridge has ordy one
reel, with the tape forming an endless loop.

CARTR\DGE™
WITH TAPE

unit close to the live mike in full view of the
action, can do a much more precise matching job
of sound effect and action than the audio engineer
who is isolated in the control booth.

Sound Control

At the beginning of this chapter we have briefly
talked about two important aspects of sound con-
trol: the choice of microphone and the handling
of it. There are twe mare important aspects of
sound control that originate in the audio control
booth: (1) patching and mixing of various sound
sources, and (2) volume control. A third area, the
quality control of sound including sound perspec-
tive, equalization, and reverberation, would go
beyond the scope of this handbook. For more in-
formation, you should consult books and articles
on advanced audio control.

In order not to divorce the equipment from the
functions it is to fulfill, we will take up (1) the
patch panel and (2) the audio console.
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? 7-37 Patching: Lava-
liere microphone

©
Boom 1 %

patched into pot 1;

boom microphone no. 1
into pot 3; boom micro-
phone no. 2 into pot 4;

RBoom 2.

)

TAPE

The Patch Panel

The primary function of the patch panel is the
connecting and .routing of various piecés of
equipment. Let us assume that you want to ave
three microphones and a tape recorder operating
during a dramatic scene. Mike No. 1 is the an-
nouncer’s lavaliere; mikes No. 2 and No. 3 are
boom mikes. The tape recorder is for playback of
background music. Just as the individual lighting
instruments can be patched to any one of the
dimmers, you can now patch any one of these
audio “inputs” to individual volume controls
(pots) in any order desirable. Let’s assume that
you would like to operate the volume controls in
the following order: lavaliere, audiotape, boom
mike No. 1, boom mike No. 2, from left to right.
All you have to do is patch these inputs to the
control board in this order. If you want to reverse
the order, you don’t have to unplug the micro-
phones physically on the studio floor. All you do

and the tape recorder
into pot 2.

is pull the patches and repatch the inputs in the
new order. (See 7.37 and 7.38.)

The Audio Console

Regardless of the individual designs, all laudio
consoles, or audio control boards, are designed
and built to perform three major functions: (1) to
select and amplify the incoming sound signals, the
inputs; (2) to confrol the volume of the various inputs;
and (3) to mix (combine) and balance two or more
incoming sound signals.

When working the board, you will find that the
major operating controls can be grouped together
according to (1) controls for source selection, (2)
volume (loudness) controls, and (3) mixing.

Source Selection During most productions, you
have more signals from sound sources coming in
than you will ever need at one time. In order to
keep the audio console as simple and manageable
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7-38 (a) Patch Panel: All major audio inputs termi-
nate in the patch panel, or patchbay. Each piece of
equipment that can be patched has an ”in” and an

as possible, there are fewer controls than inputs.
This means that you have to select the particular
input, or inputs, with which you will work at a
given time. The input selector switches, or buttons,
will make it possible for you to select the sound
sources with which you have to work. (See 7.39.)

Once you have selected the incoming signal,
you can turn it on or off, like controlling the light
with a light switch. On simple consoles, you can
turn this switch to P for program, which sends the
selected sound source to final amplification to the
line-out. The line-out feeds the transmitter, in case
of a live telecast, or the audio track on the video-
tape, or the audiotape recorder, for example. If
you flip the switch to A for audition, you will be
able to hear the particular sound in the monitor
speaker.

The on-off switch in more complex audio
consoles is the channel selector switch. If you operate
on channel 1, for example, you will send the
sound signal to the line-out by turning the chan-

"out” designation. (b) Patches: Several patches are
usually kept near the patch panel for convenience.

nel selector switch to channel 1. The center posi-
tion of the switch is generally the “off” position.
(See 7.42.)

Additional selector switches, which come in
various configurations, enable you to switch from
studio to network and remote inputs, to moni-
tor various program and intercommunication
sources, and to assign different functions (net-
work, remote, studio) to the VU (volume unit)
meter.

Volume Control During the actual operation of
the audio console, you will be most continually
concerned with the balance of sound, which techni-
cally means the volume control of the various
preamplified sound signals. Each selected and
preamplified sound signal is sent to its own
volume control, ¢alled pof (from potentiometer) or
fader.

The pots are either knobs or'sliding faders,
called slide-faders. To increase the volume, which
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7-39 Input Selector Switch: Most input selector
switches are of the three-position type, which means
that you can choose among three different audio in-
puts. In this case, you have a choice among control
room (CR), auxiliary (AUX), and announce booth
microphone (AN BTH).

makes the sound louder, you turn the knob clock-
wise, or push the slide-fader up, away from you.
To decrease the volume, which makes the sound
softer, turn the knob counterclockwise, or pull
the slide-fader down, toward you. (Se¢ 7.44 and
7.45.)

The advantages of slide-faders over volume-
control knobs are: (1) you can work several faders
simultaneously more easily than the equal num-
ber of knobs (for example, you can rather deftly
work four faders at one time, while with rotary
knobs this action would constitute quite a feat);
and (2) you can readily see a “mixing pattern”
with faders, while such a visual impression of the
volume setting of each individual knob is very
difficult to achieve, if at all possible.

In spite of the calibration on the pots and the
visual impression of relative volumes you can
glimpse from their respective settings, the accu-
rate volume indicator is the VU (volume unit) meter.
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7:40 The weak sound signals that originate from a
microphone or a turntable cartridge need to be
boosted by a preamplifier, or preamp, before they can
be controlled (as to volume, which is just like the
loudness control on your hi-fi set) and distributed
throughout the audio console. The preamplified sig-
nals are then amplified again by the program amplifier
to make them strong enough for the line-out.

The audio console has preamplifiers for micro-
phones only. Turntables, tape cartridge machines,
and tape recorders usually have their own pream-
plifiers; the signals from these inputs go, therefore,
directly ‘to the program amplifier.

7:41 More complex audio consoles have more than
one output channel. Each channel has its own line-
out, which means that you can have the audio con-
sole mix and feed two completely separate programs
at the same time. For example, you may have part
of the board tied up in videotaping a short on-cam-
era announcement on channel 1 (with the line-out
No. 1 feeding the videotape recorder) while the
other part of the board, on channel 2, is processing a
telephone call from a field reporter and sending it on
line-out No. 2 to an audiotape recorder. Stereo
boards must always have two output channels. Do
not confuse output channel with mixing channel.
The number of mixing channels is determined by
the number of mixing controls, the pots or faders.
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7-42 Channel Selector Switch.

7-43 Other names for volume control are mixer, gain
control, and attenualor.

7-44 Rotating Potentiometer.

The needle of your VU meter will oscillate back
and forth along a calibrated scale with the volume
variations (see 7.46). If the volume is so low that
the needle barely moves from the extreme left,
you are riding (the gain or volume) ”in the mud.”
If the needle oscillates around the middle of the
scale and peaks at, or occasionally over, the red
line on the right, you are riding correct gain. If the
needle swings almost exclusively in the red, right
part of the scale, and even hits the right edge of
the meter, your volume is too high; you are
"bending the needle,” or "spilling over.” Aside
from distorting the sound, bending the needle can
actually “bend” a few more parts in the audio
console and thus effectively destroy the equip-
ment.

Once you have set the volume levels for each
individual input, you can make adjustments to
the overall volume of the mixed signals by yet
another volume control, the master pot. Usually,
however, you set the master pot at a given level
and work the individual pots for proper sound
balance.

Your monitor speaker, Which veproduces the
mixed audio before the 'line-out, has its in-
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7-45 Vertical or Horizontal Faders.

dividual volume control. Note that this control
does not affect the volume of the program sound
you are monitoring. It simply helps you to adjust
the monitor speaker to a level that feels most
comfortable to you.

Mixing The audio console allows you to mir
together -fwo or more sounds or, more accurately, the
signals from two or more sound sources. (See 7.47.)
Let’s take a simple scene from a television drama.
Two people, a man and a woman, are sitting on
the porch of their small country home. It is late
evening. The telephone rings just as a car drives
up. Since this scene happens in the studio, many
of the actions are suggested by sound effects only.
Assuming that you have not premixed any of the
necessary sound effects, you will be quite busy
mixing and balancing the various sounds so that,
in combination with the video, the sound will
help to convey the intended message.

What audio inputs do you need? First, the two
people on the porch. Since it is a realistic scene,
thé microphones must be out of camera range. For
the porch, we use a boom mike. Second, for the
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7-46 VU Meter: The VU (volume unit) meter indi-
cates the relative sound volume, the loudness of
sound that has been picked up by a microphone ang
amplified. The lower figures ranging from -20 to +3
are the volume units (decibels). The upper figures
represent a percentage scale, ranging from 0 to 100.
If the needle swings within the left section (thin
line—it is black on the VU meter) from 0 to 100, the
sound volume is kept within tolerable limits. If the
needle “peaks” primarily in the red line section (the
thick black line in this figure on the right side of the
meter), the sound is amplified too much; it is too
loud and subject to distortion.

woman answering the phone off camera inside,
we can use a stand mike, or a small boom. We use
the same mike for the mechanical ring. We don’t
want to use a sound effect for the ring, since you
as the audio console operator can’t see just when
she is picking up the phone. Third, we need sound
effects to help (with the lighting, of course) estab-
lish the time, late evening, and the locale
(country). Most likely you will use cricket sounds
(night and country), and an occasional dog bark-
ing in the distance. Perhaps you can think of more
original sound effects for the establishing of time
and place, but don’t be afraid to use the conven-
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7-47 Audio Console: (a) A traditional audio console
(RCA BC-7 Audio Consolette). (b) A four-channel

tional. After all, these sounds do exist and they
are easily recognized by the viewer. They have
become conventional because they work.

Then you need the sound effect of a car driving
up. Since the driveway of the old country home
is probably not paved, the sound of the car ap-
proaching should include some tires-on-gravel
effects.

So you have two microphone inputs, the boom
and the stand mike near the off-camera tele-
phone. The crickets chirp throughout the outdoor
part of the scene, which means that you need a
reel-to-reel tape recorder for the playback of this
sound effect. Since the dogs bark only occasion-
ally, you can put the bark on a cartridge. If possi-
ble at all, you should prerecord the continuous
background sounds of the crickets and the occa-
sional dog barks on a single quarter-inch tape.
Since the car driving up is a relatively short affair,
you can put this sound effect on a second tape
cartridge. Don’t forget that we should hear the car
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television audio console with slide-faders (Audio
Designs BC-5).

off in the distance for some time before it gets to
the driveway, especially since we tend to hear bet-
ter at night than in daytime, mainly because of
the absence of the usual ambient daytime noises.
So, don’t record on your cartridge just the sounds
of the car driving into the driveway, but include
also the sounds of a gradually approaching car.

For dramatic emphasis, the director wants
background music throughout the scene up to the
ring of the telephone.

Let’s try to mix these sounds within the context
of the scene. Since each of the various sounds is
to fulfill a slightly different function (informa-
tional function in what they say; orientation
function as to time and place of the scene; func-
tion of establishing feeling and mood through
music), mixing now no longer simply means com-
bining a number of sound signals from various
inputs, but it especially implies the balancing of the
various sounds so that each one serves its as-
signed function with optimal effectiveness. Thus,



some sounds should be perceived as foreground
sounds and others as background sounds.

The foreground sounds need to be heard “closer,”
that is, they must primarily have a higher volume
(and, of course, more presence if possible) than
the background sounds. Obviously, you should ride
the conversation (the boom microphone) at a
higher level than the audiotape with the crickets
on it. In fact, the crickets should be kept so low
that they can be heard but not necessarily con-
sciously perceived by the television viewer. The
dog barking overrides the crickets, but it is still
much lower than the conversation on the porch.
When the distant car sounds are heard, the occa-
sional dog bark may become louder (indicating
that the watchful dog has spotted the approach-
ing car). Now the telephone rings. The balance of
this ring depends on its dramatic importance. If
it is clearly to interrupt the tranquil scene, the ring
must be very loud, even overpowering the con-
versation. If the call was expected and is merely
routine in the context of the dramatic structure,
the ring should be kept realistically low (since the
phone is inside) and brought up briefly when the
woman opens the door. We have now zoomed in
on a closeup of the man listening. He is trying to
hear the woman talking on the telephone. Close
the boom mike, since the man has no lines, and
bring up the stand mike to a level where the
woman'’s voice sounds low, but where it is easily
perceivable. The car approaches the house. This
event is done entirely with sound effects and an
ellipsoidal spotlight moving briefly across the
man’s face (simulating the car’s headlights).
Again, if the car is dramatically significant, its
sounds will have to drown out the woman'’s voice.
The closer the car gets to the man, the more you
have to bring up the cartridge pot with the car
sounds. And until the telephone call, you have
had background music on a turntable at a fairly
low level.
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Let’s recall the various sound sources you are
required to mix for this relatively simple scene.
You have five or six separate inputs into five or
six separate pots, depending on whether or not
you have premixed the crickets and the dogs
barking. If you have premixed the two back-
ground sounds, you will have to control simulta-
neously two microphones (boom and stand
mikes), the audiotape with the cricket and dog
barking sounds, the cartridge with the car ap-
proaching, and the record with the background
music. If you have not premixed the dogs barking
—so that you can make the barking louder when
the car approaches the house—you will need an-
other, separate cartridge channel for the bark.

A mere look at the single VU meter will no
longer suffice to indicate proper volume for this
complex mixing job. What you now need most
of all is good ears. The VU meter may indicate a
perfectly acceptable overall level, but it will nof
tell you anything about how well you balanced the
various sound sources. Another important point
should become quite apparent. You need to know
very intimately the total play, the director’s con-
cept of it, its development, climaxes, dramatic
structure, and progression. You are now no longer
a "board operator,” you have become an arfist.

Be sure to label with masking tape each pot
clearly as to its input, or, if you prefer, its func-
tion. Mike pot 1 would read: boom, or porch talk;
mike pot 2: stand mike, or phone; turntable pot
1: BG (background) music; audiotape pot 1: tape,
or crickets; audiotape pot 2: cartridge car, or sim-
ply car; audiotape pot 3, or auxiliary input (if
needed): cartridge dogs, or simply dogs. With
clear labeling, you won't have to try several pots
before finally discovering the one that actually
needs the volume adjustment; nor do you have
to burden your brain with remembering which
pot does what. You can pay full attention to the
job required: good, creative mixing.



180  Chapter 7

Operation Here are a few more simple guide-
lines for operating the audio console:

1. Make sure that the line-out switch is on if you are
feeding either the transmitter, the videotape, or any
other facility. Otherwise, the sound will go nowhere
except into the control-room monitor speakers.

2. During a television show that requires your control
of inputs from several different sources (such as live
mikes, videotapes, audiotapes, cartridges), as in a news
show, pof in the various sources, do not key them in. To
pot in a source means to have the on-of switch on program
(on-position) already, or on the channel you are using,
with the pot in the zero position (where it does not let
any sound signal through). On cue, quickly bring the
pot up to the position of the desired sound level. This
position you determine by “taking a level” during re-
hearsal or—if you can’t take a level, as with some news
film or videotape sound tracks—by experience. To key
in a source means that you have the leve! presef on the pot,

flipping the on-off switch to the “on” (program or-

channel) position on cue. The advantage of potting in
over keying in is that, if you miss the cue slightly, you
don’t suddenly cut in a source in midsentence (called
upcutting) but fade the sound in more gradually. A
mistake isn’t quite so noticeable this way. Also, if your
announcer runs over with his introduction to a video-
tape insert, you can pot in the videotape sound track,
while the introduction is still taking place. There is one
exception to this practice, however. If the announcer
runs long in his introduction to a film or tape commer-
cial, the commercial audio takes precedence.

3. Check out all pots and see whether they really
control the sources as labeled. In case you want to test
several mikes that are in close proximity to one an-
other, have the floor manager gently scratch the surface
of the mike. The scratch is picked up by the “on”” mike
only. In any case, don’t blow into the mikes.

4, Make sure that your input-selector switches, in-
cluding the monitor-selector switch, are all properly
positioned.

5. Watch the script and the monitor. Anticipate the
director’s cues. Your anticipation can help make for a

smoother show by cutting to a minimum the delay time
between cue and your reaction.

6. If you have remote inputs, double- and triple-
check your patching and your selector switches. Make
sure that you have got a signal through before you
actually need to use the remote sound source.

Summary

Television audio, the sound accompanying the
pictures, is a major part of production. Generally,
television sound is hard to achieve, owing to the
varying distances from moving sound sources to
microphones, the use of microphones in outdoor
locations, and the inevitable studio noises during
a production.

The électronic characteristics of television micro-
phones include (1) the generating element, which
can be dynamic, ribbon, or condenser, and (2) the
microphone pickup patterns, which can be om-
nidirectional or unidirectional.

The operational characteristics help to classify mi-
crophones into mobile and stationary varieties.
Mobile microphones include (1) the boom micro-
phone, (2) the hand microphone, (3) the lavaliere
microphone, and (4) the wireless, or FM, micro-
phone. The operational techniques differ greatly
according to the type. Stafionary microphones include
(1) the desk microphone, (2) the stand micro-
phone, and (3) the hanging microphone. Again,
the setup for any one of these depends on the
specific production, and the sound pickup re-
quirements.

Recorded sound includes the recording and the
playback of sound. Most television sound is re-
corded on audio tape (reel-to-reel or cassette) or
videotape, and played back primarily from (1)
videotape, (2) film, (3) records, or (4) audiotape.

Sound control includes the patch panel and the
audio control console. The audio console is ex-
tremely important for the control of the volume
and for the mixing of two or more sounds.
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7-48 Table of Microphones.

Type

Sennheiser
MKH-815

Sennheiser
MKH-435

Electro-Voice
DL-42

RCA
BK 5-A

Pickup Pattern

Super cardioid, ex-
tremely directional

Cardioid, very
directional

Cardioid, very
directional

Cardioid, directional

Characteristics

Condenser, sensitive,
excellent presence

Condenser, sensitive,
excellent presence

Dynamic, fairly
rugged, especially
with screen

Ribbon, fairly
rugged, good quality

Use

Boom, long-distance
pickup; good for or-
chestra pickup

Fishpole, small boom,
long-distance pickup;
also good stand mike

Boom, fishpole, or
handheld for long-
distance pickup

Boom, stand
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7-48 Table of Microphones (cont.).

Neumann
uU-87

Cardioid, fairly
wide pattern

Electro-Voice Super cardioid,

(&
RE-15 ~ extremely
; directional
T
|
|
l
Vega Synchron Cardioid,
S-10 directional

Shure
SMs53 i ,
v/

Cardioid, directional

Condenser, very
good quality,
rather sensitive

Dynamic, very
good quality,
fairly sensitive

Condenser, very
good quality

Dynamig, fairly
rugged

Stationary boom
principally for music
pickup in recording
studio

Desk, hanging, stand;
good for music re-
cording

Stationary boom,
stand; for pickup of
high-frequency sounds
(strings)

High-quality all-pur-
pose mike; desk,
stand, hand; good for
music pickup
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Shure
SMs7
(Unidyne)

Electro-Voice
635A

Shure
SMe1

Shure
SM58

Cardioid, directional Dynamic, quite

rugged
Omnidirectional Dynamic, very

rugged
Omnidirectional Dynamic, rugged,

good blast filter

Cardioid, directional Dynamic, fairly
rugged

All-purpose mike; desk,
stand, hand; good for
close audio pickup

Old, yet good work-
horse; hand, desk,
stand; excellent
outdoor use

Excellent hand mike;
also good on stand for
singers or music
pickup

Good hand, desk,
stand mike; good for
close audio, such as
singers
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748 Table of Microphones (cont.).

Shure
SMs82

RCA
77-DX

Electro-Voice
666

Sony
ECM-50

. ﬁ/-bi
A0
&

Cardioid, directional

Cardioid, multiple
settings

Cardioid, fairly
directional

Omnidirectional

Condenser high-
quality; can be used
with extremely long
cable runs

Ribbon, sensitive,
quite large, excellent
quality

Dynamic, extremely
rugged

Condenser, excellent
quality, very small
and lightweight

Hand, stand, desk—on
remote locations

Classic mike used for
voice and music
pickup; stand mike

Stand mike; good for
high-volume sound
sources, such as

bass drum

Excellent lavaliere
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Electro-Voice

Omnidirectional
649B
Vega ‘ Omnidirectional
5L
Swintek Cardioid (uses
Mark V Shure SM56
Unidyne mike)
Swintek Omnidirectional
Mark 50

(uses Sony ECM-50
mike)

Dynamic, fairly Lavaliere

rugged, relatively

large

Dynamic, good qual-  Wireless lavaliere
ity; rather large range:

750 feet

Dynamic, good qual-  Wireless hand mike;
ity; no wire; range: good for singers

500 feet

Condenser, good Wireless lavaliere;
quality; range: 500 good even for singers
feet







The Television Studio
and Control Centers

The television studio and confrol centers are built so that they afford maximum control of
all production elements. In this chapter, we will highlight three major production facili-
Hes:

1. The studio itself, including its physical requirements and its major installations.

2. The control room, with its systems and devices for controlling the studio activities,
swilching, audio, and lighting.

3. Master control and its principal functions of program input, program storage, and pro-
gram refrieval,

4. The studio support areas, including property and scene storage, and makeup and dress-
ing rooms.

You should realize that the studio should not become an involuntary prison for televi-
sion production, simply because it is available. The highly mobile cameras and recording
facilities make it less and less the only, or even the major, place for production. Why
bring the City Hall info the studio when you can go to City Hall? Nevertheless, the stu-
dio does, and will for some time to come, represent an essential television production envi-
ronment for many types of production.
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Telecasts can originate anywhere, indoors and
outdoors, as long as there is enough room for one
camera and its associated equipment, power
facilities to drive the camera chain and audio
equipment, and enough light so that the camera
can see. With the development of highly portable
cameras and recording facilities, television is no
longer bound by the traditional confines of the
studio. In tandem with satellite transmission, it
now has literally the whole world as its stage.

Television’s newfound and important freedom
from the studio, however, does not render the
studio obsolete by any means. The major reason
for the continued existence of television studios
is that, if properly designed, they can afford max-
imum confrol of every production element with the
least effort. Since the two basic functions of the
television studio and its associated facilities are
optimal use of the television equipment and max-
imum control of the various production elements,
we must be concerned with three major produc-
tion centers: (1) the origination center, the televi-

sion studio, {2) the control center, the studio con-
trol room and master control room, and (3) studio
support areas.

The Television Studio

The television studio should be designed in such
a way that it provides for the proper coordination
of all major production elements—cameras, light-
ing, sound, scenery, action of performers.

Most decisively, however, the studio is de-
signed around the workings of the camera, that is, to
give the cameras great maneuverability with little
or no interference from other production equip-
ment. We will briefly look at (1) the physical
layout of the typical studio, and (2) the major
studio installations.

Physical Layout

Most studios are rectangular with varying
amounts of fAoor space. Although the zoom lens has

Acoustio Treatment Ap Audio-Follows-Video An

Double Headset A tele- Intercom Abbreviation

plication of sound-deaden-
ing material to the walls of
a television (or sound) stu-
dio to create an environ-
ment for optimal sound
pickup (usually by render-
ing the studio less “live”).

appliance that automati-
cally switches the accom-
panying audio along with
the video source.

Control Room A room
adjacent to the studio is
which the director, the
T.D. (technical director),
the audio engineer, and
sometimes the lighting
technician perform their
various production func-
tions

phone headset (earphones)
that carries program sound
in one earphone and the
P.L. information in the
other. Also called split-
intercom.

House Number The in
house system of identifica-
tion; each piece of re-
corded program must be
identified by a certain code
number. This is called the
house number, since the
numbers differ from sta-
tion to station (house to
house).

for intercommunication
system. The system uses
telephone headsets to
facilitate voice communica-
tion among all production
and engineering personnel
involved in the production
of a show.

Interruptible Feedback
Also called the LF.B. sys-
tem. Same as Program In-
terrupt.

Line Monitor Also called
master monitor. The moni-
tor that shows only the
line-out pictures, the pic-
tures that go on the air, or
on videotape.



drastically reduced the actual movement of the
cameras, the size of the room still affects produc-
tion complexity and flexibility to a great extent.

Size The larger the studio, the more complex
the productions can become, and the more flexi-
ble the productions will be. If, for example, you
use a studio for a traditional news program only,
you can get by with an amazingly small space.
The sets, the cameras, and even the newscasters
will have their assigned positions and rarely, if
ever, move from them. Lighting and audio facili-
ties, once set up, will remain unchanged from
show to show. Simple interviews and panel
shows need not much more space.

More complex productions, however, such as
musical groups or orchestras, dramas, dance, or
audience-participation shows need larger studios.
A symphony orchestra, multiple sets, or a room-
filling audience obviously does not fit into a tiny
studio. It is always easier to produce a simple
show in a large studio than a complex show in a
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small one. Generally, a 40 X 60 foot studio will be
sufficient for most production requirements of a
medium-sized station. (See 8.1.)

Floor The floor itself should be level and even
so that cameras can travel on it smoothly and
freely. Also, it should be hard enough to with-
stand the moving about of heavy equipment,
scenery, and heavy set properties.

Most studios have concrete floors that are pol-
ished, or covered with linoleum, tile, or a hard
plastic spray.

Ceiling Height Adequate ceiling height is one
of the most important design factors in a televi-
sion studio. If the ceiling is too low, the cameras
will overshoot the scenery, revealing the over-
head lights and boom microphones. Since the av-
erage television scenery is 10 feet high, a mini-
mum ceiling height of 12 feet is essential for
normal, professional operation. A higher ceiling
(25 to 30 feet) is much better, since it allows some

Log The major opera- Monitor 1. Television re-

Preview Monitor 1. A Program Interrupt Also

tional document. Issued
daily, the log carries such
information as program
source or origin, scheduled
program time, program du-
ration, video and audio in-
formation, code identifica-
tion (house number, for
example), the title of the
program, the program type,
and additional special in-
formation.

Master Control Nerve
center for all telecasts.
Controls the program in-
put, storage, and retrieval
for on-the-air telecasts.
Also oversees technical
quality of all program ma-
terial.

ceiver used in the studio
and control rooms. 2
Loudspeaker that carries
the program sound.

P.A. Public address loud-
speaker system. Same as
Studio Talkback.

P.L. Abbreviation for Pri-
vate Line, or Phone Line.
$ame as Intercom.

monitor that shows the di-
rector the picture he in-
tends to use as the next
shot. 2. Any monitor that
shows a video source, ex-
cept for the line (master)
and off-the-air monitors.

called the P.I. system. A
system that feeds program
sound to a tiny earphone
worn by the performer. It
can be interrupted with
P.L. information at any
time.
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81 Large Production
Studio (Studio 1, San
Francisco State Univer-

sity).

CATWALK Fow
SETTING ADDITIONAL
LivHrs

CYcloRAMA COVERING
COUNTER WEIG-HT SYStiEm

working and cooling space above the lighting grid
or movable battens. You will find that a low ceil-
ing is the most serious problem in a room that is
to be converted into a television studio. In a high-

LIGHNNG PATCHBOARD

COUNTER WEIGHTED

STuDIo ConTROL YN BATrENS
RooMm

LARGE SOUNDPROOF
18 DooRs

ceilinged studio, you can always drop in a false
ceiling, if it is to be seen on camera as part of the
set. But there is no way of pushing up one that
is too low. If you work in a low-ceilinged studio,

Program Monitor Speaker,
or Program Speaker A
loudspeaker in the control
room that carries the pro-
gram sound. Its volume
can be controlled without
affecting the actual line-
out program feed.

Program Storage The
physical storage of re-
corded program material
(film or videotape).

Studio Monftor A mori-
tor located in the studio
showing the program in
progress.

Studio Talkback A pub-
lic address loudspeaker
system from theé control
room to the studio. Also
called S.A. (studio address)
or P.A. system.

Switcher 1. Engineer or
production person Who is
doing the video switching
(usually the T.D., the tech-
nical director). 2. A panel
with rows of buttons that
allows the selection and
assembly of various video
sources through a variety
of transition devices.

Telecine: The place from
which the film islands op-
erate. The word comes
from felevision and cine-
matography. Occasionally,
the telecine room is used
for film storage and some
minor film-editing jobs.

Videotape Room The
place where all large
videotape recorders are
kept: Often serves also as
videotape storage and edit-
ing room.



try to mount the lighting instruments as close to
the ceiling as possible. Make sure that you then
have enough vents in it to divert the intense heat
of the lights.

Acoustic treatment  All walls and the ceiling are
usually acoustically treated. Generous layers of
rock wool, held in place by wire mesh, have
proved to be the most practical sound-deadening
material. In a classroom conversion, however, you
might try using empty egg cartons for acoustical
wall treatment. If snugly arranged, they not only
prove highly effective as sound deadeners but are
also quite attractive to look at.

There should be no windows in the studio, since
the outside light would make controlled lighting
difficult, if not impossible. Also, the windows
would admit unwanted sounds from the outside.

Air Conditioning The lack of windows, how-
ever, makes it necessary to install an efficient air
conditioning system. Besides keeping the studio
at a tolerable temperature, the air conditioning
must operate as quietly as possible. If it produces
even the slightest hissing and rumbling or exces-
sive air movement when it is operating, you will
find yourself shutting it off every time you do an
important show. And since all shows are impor-
tant during production, your air conditioning will
be turned off more than it is turned on, much to
the detriment of man and machine.

Doors Another important point in the design
and use of a television studio is the size and con-
struction of its doors. You need heavy, sound-
proof doors that are large enough to accommo-
date large pieces of scenery, furniture, and set or
commercial properties, such as grand pianos; ap-
pliances, and automobiles. There is nothing more
frustrating for production personnel than to have
to squeeze scenery and props, and people,
through undersized studio doors, or to have the

The Television Studio and Control Centers 191

doors transmit outside sounds, like somebody
coughing or laughing, in the middle of the show.

All access doors to the studio should have some
warning mechanism that alerts people about to
enter the studio that rehearsals or on-the-air
shows are in progress. These devices may range
from ”Stand-by” and “On the Air” signs above
the studio doors to revolving and flashing red
lights similar to those on police cars.

Major Installations

While any fairly large room with a high enough
ceiling can serve as a studio in case of need, there
are certain basic installations that are essential for
effective studio operations = These -are (1) the
intercommunication system, (2) studio monitors,
(3) program speakers, (4) wall outlets, and (5) the
lighting patchboard. In some studios, the dimmer
control board is also located in the studio, al-
though you will find that many stations prefer to
have it in the control room.

Intercommunication System The intercom-
munication system, or for short “intercom,” is
one of the most important, though often neg-
lected, studio installations. It allows all produc-
tion and engineering personnel actively engaged
in the production of a show to be in constant
voice contact with one another. For example,
without the intercom system, the director would
have no way of telling the floor manager in the
studio what cues to give to which performers, or
the camera operators what shots to take. Other
production personnel—the audio engineer, boom
operators, technical directors, videotape opera-
tor—rely equally on the intercom for the split-
second coordination of their tasks.

In most small stations, the felephone intercommuni-
cafion, or P.L. (private or phone line) system is
used. All production and engineering personnel
that need to be in voice contact with one another
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82 Intercom Headset: The most vital link in televi-
sion production is the intercommunication system.
All production and engineering personnel that need

wear standard telephone headsets with one small
earphone and a small microphone for talkback.
(See 8.2.) Each major production area has one or
several intercom outlets for plugging in the head-
sets. For example, each camera generally has two
intercom outlets: one for the camera operator, and
the other for the floor manager or another mem-
ber of the floor crew. If possible, though, the
members of the floor crew should avoid connect-
ing their earphones to the camera; it not only
limits their operation radius but also interferes
with the camera’s flexibility. Usually, the floor
personnel connect their earphones to separate in-
tercom wall outlets through long, flexible, light-
weight cables. But difficulties can arise with this
arrangement, too, if the cable gets in the way of
moving cameras and microphone booms or
becomes tangled up in one of the many pieces of
scenery on the studio floor.

Larger studios employ, therefore, a wireless
intercom system for the floor personnel. They wear
a small earplug, instead of the cumbersome head-

to be in voice contact wear telephone headsets with
a small earphone and a microphone for talkback.

set, and carry a small pocket receiver that picks
up signals sent into the studio by a transmitter.
Unfortunately, the floor personnel cannot talk
back to the control room with this system. At
least the floor manager, who definitely needs
two-way communication, should wear a talkback
telephone headset.

Sometimes it is necessary to supply program
sound and control-room signals simultaneously
to such production personnel as the microphone
boom operator or studio musicians (usually the
band or orchestra leader) who have to gear their
actions to both the program sound and the direc-
tor’s cues. In this case, a double headset is used in
which one of the two earphones carries the inter-
communication signals and the other the program
sound. Although you may not need this split-
intercom system very often, it should neverthe-
less be available to you.

In most television operations, production and
engineering crews use the same intercommunica-
tion channel, which means that everybody can be



heard by everybody else. Most intercom systems,
however, have provisions for separating the lines
for different functions. For example, while the
technical director confers with the video engineer
on one intercom channel, the director may, at the
same time, give instructions to his floor crew.
More often, the separate channels are used to
switch into or out of the intercom systems of
other studios or remote production centers.

In shows with highly flexible formats, or where
important program changes are likely to occur,
such as in newscasts or special events telecasts,
a special intercommunication system is used to
connect the control room (director, producer) di-
rectly with the performers. This system is called
the P.1., program interrupt system, or the LE.B, interrupt-
ible feedback system. Here the performer wears a
small earpiece that carries the program sound un-
less the director, or any other member of the pro-
duction team connected with the system, inter-
rupts the program sound with special
instructions. For example, the field reporter in
Washington who is describing on camera the de-
tails of the arrival of foreign dignitaries hears
himself until the director cuts in and tells him to
“throw it back to New York”’—that is, to tell the
viewers that he is returning the program to the
origination center in New York. But while the
director is giving these instructions, the viewer
still hears the field reporter’s description of the
event. Relaying such messages through an off-
camera floor manager would be much too slow
and inaccurate in as tight a show as a live special
events telecast. Needless to say, such a system
works only with a highly experienced announcer.
There are numerous occasions when the program
interrupt system has unfortunately acted also as
a performer interrupt device because the inex-
perienced performer could no longer maintain his
commentary while listening to the director’s in-
structions.

The studio talkback, or S.A. (for studio address),

The Television Studio and Control Centers 193

system is used by the control-room personnel
principally the director, to give special instruc-
tions to people in the studio not connected with
the telephone intercom system. The talkback sys-
tem is a great aid to the director, who, especially
in the beginning stages of a rehearsal, needs to
talk to everybody in the studio at once. Also, if
most of the personnel happen to be off the inter-
com system, as is frequently the case during a
short break, the director can use the talkback sys-
tem to call them back to work.

Some directors use the talkback almost exclu-
sively rather than calling on the floor manager to
relay their instructions to the performers. If you
have to work with a large cast, this is an effective
way of giving directions. A floor manager would
have to yell, or repeat the instructions several
times in order to reach everybody. However, if
you work with a fairly small cast, total depend-
ence on the talkback system is not always desira-
ble. If you happen to be impatient to get things
moving in the studio, the talkback system com-
municates your nervousness directly to the per-
formers, along with your instructions, and in an
amplified way at that. A sensitive floor manager,
on the other hand, can relay your messages more
calmly and provide the human contact so badly
needed in tense rehearsal situations. Also, the
floor manager can often correct minor blocking
difficulties much more easily from the floor than
you can from the isolated control room. On the
other hand, an occasional firm and direct instruc-
tion through the talkback can work wonders with
a slightly tired or inattentive floor crew or group
of performers.

Considering the importance of the intercom-
munication system, you should include it in your
routine program facilities checks. If you discover
faulty earphones or an imperfect intercom line,
report it to the maintenance crew and have it
fixed. A faulty intercom can be more detrimental
to a production than a defective camera.
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8:3 Studio Monitor: In case of excessive light spill
in the studio, you can build a simple cardboard hood
for the monitor that will shield the screen from the
light and make the picture more visible.

Studio Monitors If camera and floor personnel,
and occasionally the performers, can see the shots
the director has selected, they will be greatly
helped in anticipating their future tasks. You
need, therefore, at least two mobile studio moni-
tors in the average-sized television studio. For ex-
ample, if the director has selected camera 1’s
closeup of a book cover, camera 2, after seeing
this on the studio monitor, can go to a two-shot
of the interviewer and the guest, or to another
shot that does not needlessly duplicate camera 1’s
closeup. The floor personnel will see on the moni-
tor how to position themselves relative to the per-
former without getting into the camera’s shots.
And, if the boom operator does not have a moni-
tor on the boom dolly, he or she can see by the
studio monitor where to position the mike so that
it will not be in the shot. Sometimes the per-
former must see the monitor, especially if he has
to narrate over a short film clip or videotape, or
gear his narration in any other way to the video.
But be careful about letting an inexperienced per-

Program  Monitor

former, or especially an eager guest, see the studio
monitor unnecessarily. Some of these people,
members of the studio audience in particular, may
become so fascinated by their screen image that
they forget all about the actual show. If you in-
clude the studio audience in your show, try to
turn off the audience monitors whenever some-
one in the audience is on camera, unless you feel
that the embarrassed smiles, gestures of mock
horror, or waves to mom at home are essential to
the program, or indicative of the true nature of
human beings.

Since the studio and audience monitors are
generally at a considerable distance from the per-
sons who are supposed to watch them, they
should have a fairly large screen. The coaxial ca-
ble and the power cable should be long enough
so that the monitor can be pushed into every per-
formance area in the studio.

Sometimes the bright studio lighting will wash
out, or at least reduce the visibility of, the monitor
picture. A simple cardboard hood, or better a per-
manently attached metal shield, will help to
reduce the light spilling onto the screen. (e 8.3.)

In small studios, you can suspend a single
monitor from the lighting grid with a pantograph,
which enables you to lower and raise the monitor
according to need.

Speakers The program
speakers (for short) fulfill a function for audio
similar to what the studio monitors do for video.
Whenever necessary, they can feed into the stu-
dio the program sound, or any other necessary
sound—dance music, telephone rings, or other
sound effects that call for synchronization with
the studio action. When the program speakers are
on, the studio microphones are generally cut off,
unless you put the studio speaker controls on the
audio board in the override position. In that case,
the studio speakers operate at low volume with-
out cutting off the studio microphones. When us-



ing override, make sure to test out the volume
limits of the program speakers in order to avoid
feedback.

If your studio has a special audience area, the
program speakers are fed by the line-out only,
and are usually left on during the entire show,
provided that they do not present a feedback
problem.

Wall Outlets As insignificant as they may seem
at first, the number and position of wall outlets
are important factors in studio production. Sepa-
rate camera and microphone outlets in at least
two opposite corners of the studio can, for exam-
ple, immensely aid in setup and on-the-air pro-
duction operations. If you have all camera and
microphone outlets concentrated in one studio lo-
cation, you will be forced to string exceedingly
long and cumbersome cables around the various
sets in order to get the equipment into the desired
shooting and pickup positions. A second and even
a third outlet box in a different studio location can
eliminate such time-consuming and awkward ca-
ble routing. (Ser 8.4.)

Besides outlets for cameras and microphone
cables, you will need several distribution boxes
for studio monitor video lines as well as many
standard A.C. utility outlets staggered along all
four walls for easy accessibility. You will need a
few high-amperage utility outlets for rear screen
projectors or high-power lighting equipment.

The intercom outlets should, of course, also be
distributed along all studio walls and perhaps
from the lighting grid in order to avoid overly
long cables.

All wall outlets should be clearly marked, espe-
cially since most of them are apt to be hidden
behind the cyclorama or pieces of scenery placed
against the studio walls.

Lighting Patchboard If you have a dimmer
control for your lighting, the lighting patchboard
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8:4 Camera Wall Out-
lets.

is generally located in the studio, where you can
spot the various lighting instruments and patch
them into their respective dimmers without hav-
ing to run in and out of the room. The usual way
of patching is for one member of the lighting crew
to call out the numbers of the lighting instru-
ments needed, and for another member to patch
them into the designated dimmers. With both
people in the studio, this job becomes relatively
fast and easy.

If the dimmer board is also in the studio, it is
usually located in the corner that has the least
studio traffic. The advantage of having it there is
that it situates the dimmer-board operator right
where the production takes place and where he
can see at least some of the lighting instruments
used. The disadvantages, however, make its loca-
tion in the studio less desirable. They are (1) most
of the time, the scenery and set properties prevent
you from seeing most of the lighting instruments
anyway; (2) wherever you may put the dimmer
board, it will surely be in the way of someone at
any given time; (3) unless the dimmer board is
very well shielded, its electronics are liable to in-
terfere severely with the cameras or audio pickup.

The Television Control Room

The control room is generally located in a separate
room adjacent to the studio. You will find some
control rooms that have visual access to the studio
through soundproof, double-glass windows, and
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8:5 Control-Room
Monitors: The many
monitors in the control
room represent the
video choices for the
director. He or she cannot
choose an image for on-
the-air use that does
not first appear on any
one of the monitors in
front of him. The moni-
tors show-images as
supplied by live studio
cameras, telecine cam-
eras, the various VIR
machines, special effects
and character genera-
tors, remote inputs.
Then, there are the pre-
view, line, and off-the-
air monitors that show
the on-the-air choices.

others that are completely windowless. For
strictly professional operation, the window is not
essential. Most of the older control rooms with
windows have so many monitors or other equip-
ment blocking the window from the control-
room side, and cycloramas or scenery from the
studio side, that the window is, for all practical
purposes, useless anyway.

Still, some case can be made for the retention
of the window, especially in places where televi-
sion production is taught. First, unless you are an
experienced director, the control monitors alone
will not always be able to show you the complete
studio traffic pattern. The picture the camera
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takes and relays to the control-room monitors
cannot always tell you how far the camera is from
the studio wall or a piece of scenery, for example.
Or you may call for a dolly-back of a camera
whose dolly path is blocked by the boom or an-
other camera. A look through the control-room
window will alert you to such studio traffic prob-
lems at a glance. Second, while you are learning
television production, the control-room window
allows you to see how the various production
elements in the studio work fogether. The coordina-
tion of the various production elements is an ex-
tremely important aspect of television production
that is difficult to comprehend when the control-
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room activities and the studio activities have to
be watched separately. Third, assuming that the
window affords a good view of the studio, the
audio engineer and the lighting control board op-
erator will be greatly aided in anticipating the
director’s cues if they can see what is going on in
the studio.

We will now take a look at the control room
itself. Most of them have four distinct controlling
areas: (1) the program control, (2) the switcher,
(3) the audio control, and (4) the light control.
Sometimes, the audio and light controls are
located elsewhere, but the videc controls are
placed in the control room.
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Program Control

The television direc or and his associates are in
charge of the program control. The director must
be able to preview all video sources, such as pic-
tures from all studio cameras, telecine cameras,
videotape machines, and remote sources; listen to
the program sound; converse with all members of
the production and engineering crews; watch the
time for various specific purposes; and see what
pictures finally get on the air. Accordingly, the
program control area is equipped with (1) video
monitors, (2) speaker for program sound, (3) in-
tercom system, and (4) clock and stopwatches.

Video Monitors Even a simple control room
holds an amazingly large number of video moni-
tors. There is a monitor for each of the studio
cameras; if you can work four cameras at once in
your studio, you will need four preview monitors
in the control room. There is a monitor for each
film island (consisting of two film projectors, and
one slide projector). If you have two film islands,
you will have two additional monitors. Ideally,
there should be a separate monitor for each video-
tape machine (although sometimes one switch-
able monitor will serve several machines). So, if
you have three VTR machines, you will have
three additional monitors. If you have a videotape
cassette machine for short commercials or video-
tape inserts, you will need another monitor. And
there is usually a separate monitor for the charac-
ter generator (the machine that generates titles
electronically), or other electronic effects. Now
you need a special preview monitor that displays
the upcoming picture (or special effects, if no
separate monitor is used) before it is punched up
(put on the air), and the line or master monitor
that shows you the picture that is fed to the line-
out and that appears finally on the television set
of the home viewer or on the videotape, if the
program is recorded. Finally, there is the off-the-
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air monitor, a regular television set that receives
off the air what you are telecasting. If you do a
remote, or if you are connected with a network,
you need at least one more monitor so that you
can preview what the remote source or the net-
work is feeding. Now, let’s tally them up.

Camera preview
Film island

VTR

Videotape cassette

Preview

Line

Air

Remote
Total

4

2

3

1

Character generator 1
1

1

1
i

15 monitors

These monitors are stacked up in a variety of
configurations in front of the director. Usually,
the line monitor (or master, or program monitor,
as it is also called) and the preview monitor are
large-sized, while the other preview monitors are
relatively small. Except for the preview, line, and
off-the-air monitors, which are in color, all other
monitors are black-and-white. (If at all possible,
you should have color monitors for at least the
camera preview monitors, since color certainly
plays an important part in picture composition.)

Speaker for Program Sound As a director you
usually have your own speaker for program
sound. A volume control permits you to turn the
sound up or down without influencing the audio
engineer’s monitor speaker.

Intercommunication System We have already
described the various intercom systems. The pro-
gram control area contains outlets for several ear-
phones and a selector switch, or switches, for the
various intercommunication channels. There is
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8-6 Digital Stopwatch: The digital stopwatch is an
extremely helpful production tool. In the up, or for-
ward position, it indicates the elapsed running time
in hours, minutes, and seconds. You can set the
watch for any given time, stop and start it at any
given point, and reset it to zero. In the down, or re-
verse position, the watch shows time remaining, If
you have three minutes left in your show, the stop-
watch will show 3:00 on the dial. When it shows 0:-
00:00, you should be off the air.

also a microphone for the director’s talkback and
the appropriate on-off switch. Also, the program
control area has at least one regular telephone.

Clock and Stopwatches Time is the essential
organizing element in television production. Pro-
grams are aired according to a second-by-second
time schedule, the log. In commercial television,
time is sold for large sums of money. The two
essential timing tools for the television director
are the clock and the stopwatch. The clock will
indicate the spot when a certain program should
start or finish. All television clocks in the country,
and in the world, are precisely synchronized with
one another as to minutes and seconds. The hour
hands show local time. The stopwatch is used for
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87 Program Control Area (Studio 1, San Francisco
State University): The total program control area
contains the various preview monitors, with line

timing the many inserts, such as 20-second com-
mercial spots within a news program, and for tim-
ing programs that are videotaped. Most program
controls have a digital stopwatch that can run
forward and backward. For example, if you want
to know how much time you have left in a given
program, you set your digital stopwatch for re-
verse and start it at the beginning of the program,
at 27:30 min., for example. The clock will run
backwards until it reaches 00:00 min., at which
point your program must have ended. Or, if you
want to run the stopwatch forward, you start at
00:00 min. and end at 27:30 min. (See 8.6.} Al-
though the ordinary television stopwatch is more
limited in its accomplishments, it is still an indis-
pensable timing tool.

The Switcher

The switcher, a large panel with many buttons,
is located right next to the director so that he can
manipulate the buttons himself or communicate
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(master) and off-the-air monitors, intercommunica-
tion controls, audio monitor speaker controls, and an
assortment of clocks and stopwatches.

his decisions directly to a technician sitting beside
him. (See 8.8 ard 10.8.) The switcher can perform
three major tasks: (1) selection of an appropriate
video source from several inputs, '(2) transition
between two video sources, and (3) «creation ‘of
special effects. Most switchers have further
provisions for remote start and stop of videotape
recorders and cassettes, film and slide projectors.

All switchers have four basic areas of opera
tional control: (1) preview,(2) mix, (3) effects, and
(4) program.

The preview controls make it possible to display
on the director’s preview (or preset) monitor a
particular picture or some special effect, such as
a program title over the opening shot of a football
field, without having it go on the air.

Through the miring controls, you can select any
ene of the video inputs, such as live camera pic-
tures, film, slides, videotape, and remote and
route it to the preview controls,-or to the program
line, where it is sent through master control di-
rectly to the transmitter, or recorded on video-
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88 Program Switcher (Studio 1, San Francisco State
University): The switcher selects on-the-air images
according to the director’s choices. It consists of four
operational controls: (1) the preview controls, (2) the
mix controls, (3) the effects controls, and (4) the
program controls.

tape. But whenever a video source is “punched
up” and sent to program line-out, we say the
source is “on the air.” The mixing controls also
permit a variety of transitions, such as the cut, the
instantaneous change from one image to another;
the dissolve, a going from one image to the next
with the two images temporarily overlapping,
sometimes called “mix”’; or a fade, with one pic-
ture fading out and the other fading in.

With the effects controls (which may consist of
separate rows of buttons, or of the same as the
mixing controls, providing the switcher has a
“mode” selector between mix and effects), you
can create special electronic effects, such as wipes,
keys, or mattes. We will talk more extensively
about the switcher and its operation in Chapter
10.

The program controls bypass all preview controls
and put the selec ed video source directly on the
ai

The switching is usually done by the T.D.,, the
technical director, who is responsible for all tech-
nical aspects of production and who customarily
assigns himself to the switching position. Some-
times the switching is done by another produc-
tion engineer, who is simply called “switcher.”

In some stations, the director is doing his own
switching, although this arrangement has more
disadvantages than advantages. The advantages
are that the director, when switching an excep-
tionally fast show, can cut at the precise instant,
without having to relay his messages to a second
party. Also, and this is an important consideration
in small stations, the elimination of the switching
position will save manpower and, ultimately,
money.

However, even the simpler shows employ elec-
tronic effects that require complex switching op-
erations. If the director—who has to watch all the
monitors, listen to the audio, give cues to produc-
tion and engineering personnel, read the script,
and keep track of at least two different times—is
additionally burdened with operating the
switcher, you are inviting trouble. The make-
good on missed commercials and frequent retakes
in videotaping may turn out to be much more
expensive than the employment of a separate per-
son who operates the switcher.

The Audio Control

The audio-control facilities can be considered a
small radio station attached to the television con-
trol room. Sometimes a sliding glass door con-
nects the audio control area with the rest of the
control room. The reason for this separation is
that the audio engineer must be able to work
undisturbed from the seeming confusion and
inevitable noise of the control room, which han-
dles primarily video functions. The audio engi-
neer listens to the director’s cues either through
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89 Audio Control:
The audio control area
contains the audio con-
trol board, through
which the various
sound inputs are se-
lected, amplified, mixed,
and distributed to the
line-out, reel-to-reel
tape machines, or at
least the controls for
them, tape cartridge
machines, turntables,
speakers and intercom
controls, and patching
facilities. In essence, the
==y ’ audio control area in
CARTRIOGE LINE  —— Ee the television control
MAHNE . ' ¥ room represents a small
radio station.
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810 Lighting Control: The lighting control board
consists of the dimmers and their preset controls,
through which a variety of lights can be adjusted for
their intensity either individually or in unison, de-
pending on how they are patched.

his intercom telephone headset or a small inter-
com speaker in his booth. Often, you will find
that the audio engineer has the door to the control
room open, so that he is in physical contact with
the rest of the operation. Many audio controls
have, therefore, done away with this separation.
The audio control booth houses the audio control
board and the patch panel, two turntables, audio-
tape recorders and cartridge machines, cue and
program speakers, a clock, and of course a line,
or master, monitor. (See 8.9.)

One audio engineer usually takes care of all
audio control operations during a show.

The Lighting Control

As pointed out previously, the actual lighting
control board, the dimmer board, is placed in the
control room to great advantage: (1) it puts the
lighting control operator near the rest of the con-
trol activities, which makes for efficient com-

munications; (2) it removes the lighting control
board from the always crowded studio floor; 3)
it establishes lighting control as one of the essen-
tial control activities not only before, but also
during, the telecast.

The lighting control section contains the actual
dimmer control board, the preset board, and, if
the operator has no clear view of the director’s
monitors, at least a line monitor. The lighting
control operator is tied into the general intercom
system by telephone headset. (S 8.70.)

Some control rooms also house the CCl's
(camera control units) and serve as the working
station of the video control engineer, or shader.
In some black-and-white operations, the T.D. oc-
casionally takes care of the shading as well as the
switching, but with color, shading has become a
more complex and critical job. Many stations
have, therefore, separated camera shading from
the control room and put the CCU’s into another
room, most frequently master control.

Master Control

Master control is the nerve center of a television
station. Every second of programming you see on
your home television screen has gone through the
master control room of the station to which you
are tuned. Master control acts as a clearinghouse
for all program material. It receives program feeds
from various sources—productions from its own
studios, network feeds, remote lines, and video-
tapes and films that are mailed to the station
—and telecasts them at a specified time. The ma-
jor responsibility of master control is to 