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PREFACE

This book is designed to be used in a one-semester or one-quarter course that surveys
radio, television, and cable. Portions of the text may be used in advanced courses. It will
also be useful as a reference book for those who need information in summary form
about the various aspects of radiocommunication, telecommunications, and related
media.

Writing a survey text is never easy, and it is particularly difficult to plan texts for
broadcast and cable courses. Curricula vary widely. Some universities offer courses em-
phasizing theory and research; others have professionally oriented programs that seek
to train practitioners. No text can be all things to all instructors. However, this text at-
tempts to provide both a theoretical and a practical orientation, and can be used in a
variety of curricular environments. A second problem in designing a text for this field is
the rapid change that is occurring within the telecommunications industry, Whenever
possible, this text attempts to steer clear of details in areas prone to change. However,
in some areas, particularly in the rules and regulation that govern the industry. this is
impossible. | have tried to soive this problem by emphasizing fundamentals, things that
change more slowly than equipment or FCC rules.

A third problem is meeting the needs of students whose motivations for taking a first
course in electronic media are very different. Some students enroll in a survey course
because they plan to major in the field. Other students are simply shopping around for
a major and take a broadcasting course to “see what it’s like.” A few students come to
broadcast classes because they want exposure to the field and hope to apply it to their
own disciplines. Others simply want to become better consumers of electronic media.
This text tries to meet the needs of each of them.

How is this text different?

First, it takes a telecommunications approach to the study of broadcasting and cable
by focusing not only on the traditional broadcast media but on the new delivery tech-
nologies and services. Unlike most texts of this type, there are no separate chapters on
the history of broadcasting and television. Rather, historical material is woven into the
fabric of each chapter. This creates a context for the study of the technology, institu-
tions. services, and practices of the telecommunication industry. The text begins with a
section on mass communication theory (Chapter 2), the effects of the communications
revolution (Chapter 3). and a historical survey of the development of the telephone and
telegraph (Chapter 4). With this background. students are better prepared to understand
the technology. structure, and business practices of the industry discussed in the rest of
the book. The text ends with a chapter on the effects of electronic media on individuals
and political institutions.

Some instructors who teach in departments where mass communication theory is cov-
ered in a separate course might wish to skip chapters 2 and 3. Others might feel that
the history of the telephone and telegraph are irrelevant to an understanding of broad-
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PREFACE

casting and choose to eliminate Chapter 4. Students can successfully master the material
in chapters 5 through 18 without covering the preceding chapters. The text attempts
to provide students who will continue to work in the field with information fundamental
to their continuing education. In a field changing as rapidly as electronic communications,
it is important for students to be aware of how to find out about changes as they occur.
The bibliography and the materials cited in the text are intended to provide students
with the resources for future learning.

Other features of the text are clearly stated learning objectives for each chapter and
numerous illustrations. Its presentations of data and photos are designed both to serve
as pedagogical aids and to stimulate classroom discussion. The chapters on regulation
cover not only the FCC but the FTC as well. Words that appear in boldface in the text
are defined in a complete glossary at the end of the text.

An instructor’s manual is also available.

Like many of the instructors who will choose to use this text, | have worked both as
an academic and as a professional broadcaster. Professional and intellectual biases tend
to creep into the material. Hopefully, I've kept these to a minimum. | hope you find the

book useful and challenging. Marvin Smith

January 1984
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RADIO/TELEVISION/
CABLE: A PREVIEW

Today we stand on the threshold of an exciting era in the history of the world. Ad-
vances in genetic engineering, energy production, medicine, agriculture, manufacturing,
transportation, communications, and many other fields hold the potential to radically
change the world in which we live.

Radio, television, and cable are not sheltered from the winds of change that sweep
the last quarter of the twentieth century: we are in the midst of a communications rev-
olution. The metamorphosis includes not only developments in hardware but fundamen-
tal changes in the structure of the industry as the relationship between information prov-
ider and information recipient evolves. This decade and perhaps the next will mark the
boundary between the Age of Manufacturing and the Age of -Information (Porat, 1978).
These changes have probably already begun to affect you and your family. Electronic
media have entered the classroom. College curricula have begun to emphasize computer
literacy and have introduced courses designed to help students enter the world of high
technology. Perhaps a member of your family has lost a job as a result of the introduc-
tion of robots, computers, or other advances into the workplace.

The changes wrought by the communications revolution are both obvious and subtle
We entertain ourselves in different ways. Our opportunities to get information and edu-
cational materials are numerous. We begin to think differently, to interact with others in




4

INTRODUCTION

new ways. Institutional structures are changed, and organizations develop new relation-
ships both with each other and with their human constituencies. New social hierarchies
develop.

Not too many years ago radio and television could be studied apart from other com-
munications technologies. Today that is no longer possible. First, radio was challenged by
television. Then both were challenged by cable. Recently, all three are being challenged
by a number of new technologies and services. Radio, television, and cable are part of a
spectrum of communications technologies. In order to understand broadcasting and ca-
ble, we must appreciate how each medium fits into the overall scheme of communica-
tions technology. Thus, this book uses a telecommunications approach to the study of
radio, television, and cable, and also covers new technologies that have developed.

It is important that you, as future leaders, develop the skills needed to adapt to a
changing world. These skills will allow you to recognize and evaluate changes as they
occur, and additionally to develop new strategies for dealing with the consequences of
change. The development of these skills depends upon understanding not only the new
communications technologies but the old as well.

At the beginning of each chapter is a list of learning objectives. These broad goals will
help you orient yourself toward the material in the chapter and focus on its more im-
portant aspects. The objectives of this chapter are:

First, to present a rationale for the study of radio, television, and cable.

Second, to orient you to the world of telecommunications and provide you with a
context for radio, television, and cable.

Third, to provide you with an overview of the basic structure of the radio, television,
and cable industries.

1.1 WHY STUDY RADIO, TELEVISION, AND CABLE?

In the midst of a communications revolution in which many different kinds of technolog-
ical changes are occurring, why should we focus on radio, TV, and cable?

First, radio, television, and cable are becoming increasingly important as windows on
the world. We come into contact with people representing many diverse cultures. Radio
and television take us where we would not normally go—we sit on the front lines of a
battle, we are on the reviewing stand when a world leader is assassinated, we go into
the home of a family living in another part of the country. We are witnesses daily to
events that forty years ago would have appeared only on the back pages of newspapers.

We rely on radio, television, and cable to provide us with information about our
world. Over sixty years ago a single radio station carried news of the election of Warren
Harding, and its audience was only a few thousand. Today an audience of tens of millions
learns the projected winner of a presidential election from thousands of stations. This
places a tremendous responsibility on the electronic media to report the news accurately
and fairly. When asked where they get most of their news, the majority of Americans
respond that they get it via radio or television (Lichty, 1982). Few dispute that radio and
television news have an enormous impact on what people think and talk about.

Each communications medium presents a unique picture of the world. A sunset can
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be depicted by a writer, rendered by a painter, photographed by a motion picture cam-
era, or described by a small child. Each will present a portrait of the sunset based not
only on individual interpretation but on the limits of the medium. Each medium creates
its own special logic. Radio and television, too, present a special view of reality; the world
is portrayed by radio and television in a special way. There is a kind of media logic (Al-
theide and Snow, 1979). Because radio and television have such widespread use, it is
important that we understand the grammar of each medium.

Radio and television receivers are found in almost every home in the United States.
The manufacture, distribution, and sale of radio and television receivers is a major indus-
try in the United States and other countries.

The use of radio and television is the major leisure-time activity for the American peo-
ple. The average person watches television approximately 1,500 hours per year and lis-
tens to the radio 1,200 hours per year. Eighty-one percent of our leisure hours are
spent either watching television or listening to the radio. Compare that to the amount of
time spent reading books (2.1 percent) and newspapers (6 percent), listening to records
and tapes (5.7 percent), playing video games (1 percent), and watching video cassettes
(1 percent) (Broadcasting, July 12, 1982). The average television household uses the
television set six hours and forty-five minutes per day.

The widespread use of radio and television has had profound and important effects
on our society. Radio and television provide us with portrayals of the world outside our
immediate experience. The professions portrayed, the events shown, the songs played.
the fashions seen, the products advertised, the language used on radio and television are
Just some of the many elements people take from the world of electronic media and use
in their real lives. Television in particular has a key role in determining acceptable modes
of behavior. It influences our attitudes toward others; it gives approval to ideas and peo-
ple. If it appears on television it must be okay!

Television has been called a homogenizer of American (and world) culture; as a ho-
mogenizer it not only breaks down differences but provides a wider range of choices for
millions of viewers and listeners. East and West meet on our radios and on the screens
of our television sets. We are introduced to new ideas, products, fashions, and manners
of speech. Yet our range of choices is limited to that seen on television or heard on the
radio. Radio and television have assumed a position of influence once limited to the
school, church, and family. The electronic media have enormous power to stimulate cul-
tural change. To control the amount and direction of this change we must understand
how and why the electronic media work the way they do.

Television is big business. In 1981 $12.7 billion was spent on TV advertising alone.
But television advertising is just the tip of the financial iceberg; conservative estimates
predict telecommunications information will be a $400 billion industry by 1990. Radio,
television, and cable will have a major slice of the financial pie.

There is one other reason for studying broadcasting and cable. Quite simply, it’s fun!
Most of us listen to the radio or watch television because we want to be entertained.
When we study radio and television we're carrying a leisure-time activity into the world
of education. What better way to enjoy studying than to study something we enjoy?

Perhaps you're studying broadcasting because it seems like a glamour business. The
television and radio stars work in glamorous settings and appear to be doing exciting
things. We read about the large salaries of the top network executives and stars and
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perhaps wish that we were a part of the action. Radio and television people are “person-
alities.” and are portrayed as leading active and. seemingly, romantic lives. The television
and radio industries appear to be interesting. fun. and lucrative places in which to work.
Perhaps you're planning to work in the radio. television, or cable industry when you
graduate.

Radio and television are glamorous, interesting. and fun, and many people working
within the industry are well paid—but for every star making an enormous salary there
are hundreds toiling for minimum wages. For every well-paid network executive there
are a hundred production assistants striving to work their way up the corporate ladder
into an assistant producer slot. For every network news anchor covering political con-
ventions there are hundreds of reporters covering the latest car accident on the inter-
state highway. Broadcast radio and television is like any other industry. only it's smaller
and thus more competitive. Those who succeed are aggressive, aren't afraid of hard
work. and have the talent to make it when the opportunity arises.

1.11 How Do We Study Radio, Television, and Cable?

The study of radio. television, and cable uses many different techniques from a variety
of academic disciplines. We study the history of broadcasting and cable in terms of tech-
nology; we study how we have managed, supported, and regulated the media; we study
the content of programs, and the people who shaped broadcasting and cable. Radio, tele-
vision. and cable are a combination of business. popular culture, and art form. Thus we
must combine some understanding of economics with the sensibilities of reviewer and
critic. The effects of the media are measured by using the research technigues of the
social sciences; the likes and dislikes of audiences are analyzed using marketing research
techniques. Elementary knowledge of physics and electrical engineering is useful in un-
derstanding how the media work. In the strictest sense of the word., the study of radio.
television, and cable is interdisciplinary.

This text reflects that interdisciplinary perspective. Telecommunications media operate
in society; thus we'll study the social context of radio. television, and cable. It is impor-
tant to understand the nuts and bolts of how broadcasting and cable operate, so we'll
study the technology. The structure and economic basis of the business of telecommun-
ications are important. The messages carried by the media will be examined. So will the
social controls that we use to regulate the media, and how they help shape the content.
Finally, we'll study the effects of the media. Throughout the text the theme of change
will underlie the material presented. We are looking for the elements that are common
to telecommunications, with particular emphasis on radio. television, and cable. That is
what we mean by the telecommunications approach.

1.2 THE WORLD OF TELECOMMUNICATIONS

The definition of telecommunications has evolved in the past century. Today nonelectrical
or nonelectromagnetic means of communication—for example, visual signaling
systems—are no longer included in the official definition of telecommunications. The
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Federal Communications Commission defines telecommunications as “Any transmission,
emission or reception of signs, signals, writing, images, and sounds or intelligence of any
nature by wire, radio, optical or other electromagnetic systems” (Code of Federal

Regulations).

The world of telecommunications is made up of many different communication tech-
nologies. Figure 1-1 shows some of the telecommunications services available today. The
purpose of all telecommunications media is to transport information from one place to
another. The various forms of telecommunication differ in terms of whether the infor-
mation is transported via a wire or through the use of radio waves.

FIGURE 1-1. Sample Telecommunications Technologies and Services

RADIOCOMMUNICATION

Broadcast Services

Radio
FM SCA
Utility load management
AM/FM mass listener services

Television
Full service UHF/VHF—commercial/non-
commercial
LPTV
STV
ITFS
Teletext

Nonbroadcast Services
Direct Broadcast Satellites (some signals
are meant for direct home reception)

Multipoint Distribution Services
Facsimile
Aeronautical Services
Radionavigation services
Airport control services
Radar

Maritime Services
Radionavigation services

Meterological Aids Service
Radiosonde

Radiotelegraphy and Radiotelephony

CABLE SERVICES

Cable Communication
Television/radio retransmission
Videotext
Personal computer services
Data base access
Games, home services, banking. bill paying
Electronic mail
Shopping services
Polling

Telephone Services
Voice communications
Computer data access and linkage
Industry data networks
Electronic mail
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1.21 Radiocommunication

Radiocommunication media transport information through space using a special form of
energy called electromagnetism. Figure 1-2 illustrates the basic radiocommunication
system: an electromagnetic signal is transmitted from a tower to a receiver that is tuned
to receive the signals. Radiocommunication media include radio and television as well as
long-distance telephone microwave links, satellite communication devices, communication
links between airplanes and control towers, and auto telephones. Radiocommunication
systems consist of a transmitter that propagates the radio waves into the atmosphere
and a receiver that processes the waves into a form useful to the recipient of the
message.

The transmitter and receiver may either be mobile or fixed. An example of a mobile
radiocommunication device is a portable television transmitter designed to be used in
conjunction with remote coverage of a live news event, or a citizens’ band radio which
can be used as both transmitter and receiver while the vehicle in which it is installed is
in motion. An example of a fixed radiocommunication device is the primary transmitter
of a broadcast station which transmits the signal to the home receiver. The microwave
relay towers seen along railroad tracks or on the tops of mountains are other examples
of fixed radiocommunication devices.

1.22 Radio and Television as Broadcast Media

Radio and television stations transmit radio waves through the atmosphere. In this re-
spect they are similar to other radiocommunication services. However, unlike long-
distance telephone or telegraph services which use radiocommunication techniques to
transport information, radio and television broadcast station operators intend that the
signals transmitted be received by the general public. The intent on the part of the op-

Nonbroadcast I
Services
Marine
Aviation
Safety
Police
L F';e Broadcast
<l i Services
FIGURE 1-2. Plain Old Transportation
Rail i
Radiocommunication Service Ll Radio
- - 4 axicabs Television
All radiocommunication services Trucks
consist of an antenna that Hobby
transmits radio waves into the CB Radio
atmosphere. These . ‘I\"‘a‘e“' (e
electromagnetic signals are elephone
icked Up b fally t d Long Dust_ance
pic e p Dy specially tune Automobile Phones
receivers.




RADIO/TELEVISION/CABLE: A PREVIEW

erator for public reception of the transmitted signals is the characteristic which differ-
entiates broadcasting from other radiocommunication services.

There are some exceptions to the intent criterion. Most operators of radio and tele-
vision stations intend their signals to be received by anyone with a receiver. However.,
there are some broadcast services whose signals are not intended for reception by the
general public. only by those who are subscribers. For example, reception of subscription
television station (STV) signals is limited to those who pay a fee to the operator for a
decoder. The decoder is attached to the subscriber’s television receiver and unscrambles
the signal transmitted by the STV station.

1.23 Cable Communications Systems

Cable communications systems transport information using electrical and electromag-
netic signals transmitted through a network of interconnected wires rather than through
the atmosphere. The local telephone system is one example of a wire or cable commu-
nications system, but when we think of cable we probably think of cable television
service.

In its simplest form, cable appears to be nothing more than a retransmission service
which brings a better television or radio signal into the home and provides a greater
number of channel selections. However, cable has the potential to be much more. Cable
system operators can originate locally produced programming. provide alternatives to
the programs presented by the local broadcast stations, and deliver many different types
of signals, including computer data, specialized programs delivered on demand. inter-
active voice and video communication, and facsimile signals for printing newspapers or
articles in the home. When cable is used in this book, it refers to a cable communications
system which delivers both conventional radio and television signals and information ser-
vices via wire to subscriber homes. Cable communications systems are called broadband
systems because they can deliver many different channels and services simultaneously
using the same set of wires.

1.3 ECONOMICS AND INSTITUTIONS

One of the objectives of most survey courses is to familiarize students with the vocabu-
lary of the discipline under study. Many of the terms used in radio, television, and cable
are probably familiar to you. But some of the most common terms are used in special-
ized ways inside the industry. Others will be totally new. Figure 1-3 shows a number of
commonly used terms and their definitions.

Radio, television, and cable are businesses which provide a service for a price. Partic-
ipants in this economic exchange include the audience, the station or cable operator,
and advertisers. Supporting and regulating the system is a surprisingly large number
of institutions.
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FIGURE 1-3. A Primer of Broadcast and Cable Terminology

Advertising Agency:

Audience:

Bottom Line:

Cable Company:

Call Letters:

Commercial:

Copy:
Delayed Broadcast:
FCC:

FTC:

Independent Station:

NAB:

Network:

Network Affiliate:

0&O0:

A company that develops, produces, and coordinates the ex-
ecution of advertising campaigns on behalf of a client.

The people who experience a radio, television, or cable
program.

A reference to the last line on a business's balance sheet, re-
flecting pretax profit or loss. Also, slang for the sum total or
ultimate conclusion.

The local business organization which runs a cable commu-
nication system.

Identifying letters assigned to a broadcast station.

A portion of a program during which an advertiser tells the
audience of the availability of a product or service.

The written portion of a program or commercial that will be
read over the air.

Presentation of a program after the time it was originally
made; generally the delayed program is videotaped.

Abbreviation for Federal Communications Commission, the
major U.S. government agency which regulates broadcasting.

Abbreviation for Federal Trade Commission, a U.S. govern-
ment agency with responsibilities to prevent false, mislead-
ing, or deceptive advertising and unfair business
competition.

A radio or television station not contractually affiliated with
any one network; a station not carrying over ten hours of
programming supplied by any one network.

Abbreviation of the National Association of Broadcasters, a
major trade organization which serves its members by pro-
viding information, establishing standards, and lobbying gov-
ernment officials.

Two or more stations linked together for the purpose of
sharing programs and commercial material.

A broadcast station that is part of a network and broadcasts
over ten hours of programming per week supplied by the
network.

A broadcast station owned and operated by a national broad-
cast network.
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FIGURE 1-3. (Continued)

Program: A self-contained unit of program material designed to be
broadcast by a station or distributed by a cable system. Also,
a set of instructions for a computer.

Rating: Any one of several measurements used to quantify the
amount of audience using a program.

Receiver: An electronic device which reproduces radio and/or television
programs. Also, the recipient of a message.

Sponsor: An advertiser that buys commercial time or pays for the pre-
sentation of a program.

Sustaining Program: A program broadcast at the station’s or network’s expense,
usually as a public service.

1.31 Organization of the Broadcast and Cable Industry

The broadcast and cable industry is a large and complex organization, with the audience
as its central focus. Some parts of the industry define their business as the delivery of
audiences to advertisers, while other parts focus on the delivery of programs to audi-
ences. However, no matter what the business focus, there is a core of functions common
to both economic perspectives: program production, program distribution, program ex-
hibition. When we speak of a program, we refer not only to the entertainment and news
programs which are the mainstay of radio and television, but also to any sort of service
delivered via broadcast or cable. Other participants in the system are advertisers, audi-
ence measurers, regulators, and trade associations and lobbyists. The relationship be-
tween the various parts can be seen in figure 1-4. The functional components are de-
fined in figure 1-5.

PROGRAM PRODUCERS

Program producers are those individuals and groups who develop and produce the pro-
grams and commercials which you listen to and watch. Large production studios like
MCA, MTM Productions, Warner Brothers, and Paramount Television generate television
and cable programs for national distribution. Local production companies and stations
also produce programs, usually for local or regional consumption. Data base managers
like The Source or Compuserve provide text information such as electronic newspapers
and financial data. The data are delivered via telephone lines or cable communication sys-
tems and are displayed on the normal television receiver. Also included in this group are
writers, producers, actors, and other technical and craft union personnel who have a
hand in producing programs.

11
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FIGURE 1-4. Major
Components of the
Broadcast and Cable

Industries.

The broadcast and cable
industries are made up of
many different industrial
units. Some of these units
may have multiple
functions. For example, a
television network such
as NBC may function as
producer, distributor,
exhibitor, researcher, and
lobbyist.

Protection

Restraints

]

Producers

Programs

1

Regulators

Trade Groups
&
Lobbyists

Distributors

Commercials

Exhibitors

Representation
& Influence

Advertisers

|

L

Data

Researchers

P

Audience

FIGURE 1-5. Components and Functions of the Broadcast and Cable Industries

COMPONENT FUNCTION EXAMPLE
Audience Consumes content of Everyone who uses
electronic media electronic media
Producer Develops and produces Local television or radio
program materials station or cable company,
national broadcast and cable
networks, motion picture
production companies,
independent film and
television producers
Distributor Delivers programs to

exhibitors. Two types—

Technical: Provides technical

facilities only

Network: Provides programs
to local affiliates for

exhibition

American Telephone and
Telegraph, Hughes
Communications

Commercial radio, television,
and cable networks—ABC,
CBS. NBC, HBO
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FIGURE 1-5. (Continued)
COMPONENT FUNCTION EXAMPLE
Exhibitor Delivers program materials  Local broadcast station or
to local audience cable system; direct
broadcast satellite
programmer
Advertiser Uses the electronic media to  Product manufacturers,
promote product sales advertising agencies, and
station representatives
Regulator Controls the production, Federal Communications
distribution, exhibition, and ~ Commission, Federal Trade
advertising functions Commission, other
government agencies; self-
regulatory bodies such as
the National Association of
Broadcasters and the Radio-
Television News Directors’
Association
Researcher Provides data to producers,  A. C. Nielsen Co.; Arbitron;

distributors, exhibitors,
advertisers, and regulators

McHugh & Hoffman, Inc.

National Association of
Broadcasters, National Cable
Television Association,
Action for Children’s Tele-
vision, Morality in the Media

Trade Group, Lobbyist  Represents various groups
and constituencies to
regulators and other

industry components

PROGRAM DISTRIBUTORS

PROGRAM

Information distributors include all organizations that provide programs to exhibitors for
local use. National and regional radio and television networks such as CBS and pay pro-
gram services like Home Box Office or The Movie Channel are distributors. Syndicators
who sell programs directly to the local station are also part of the distribution
subsystem.

Another part of the subsystem is the organizations that provide and manage the tech-
nical apparatus necessary to move the programs from the central collection point to the
local exhibitors. Organizations included in this category are American Telephone and Tele-
graph, Eastern Microwave, Communications Satellite Corporation (COMSAT). MCI, RCA,
Southern Pacific, and Western Union.

EXHIBITORS
Program exhibitors are those organizations which provide the programs directly to the
public. Included in this subsystem are local radio and television stations, subscription tele-

13
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vision stations, and cable companies. Some distributors deliver programs directly to the
home by eliminating the local exhibitor. Companies involved in direct broadcast to the
home via satellite signals are an example.

ADVERTISERS
Advertisers are an important part of the broadcast and cable industry. Advertisers pay
money to producers for the production of commercial messages. They also buy time
from exhibitors and distributors for the display of those messages. Vital parts of the
advertising industry are advertising agencies and station representatives.

REGULATORS
Since broadcasting and cable use public resources, there is a degree of government reg-
ulation. Regulatory bodies are found at all levels of government—local. state, federal.
Compared with other countries, the U.S. broadcast and cable industries are minimally
regulated. Examples of regulatory bodies include the Federal Communications Commis-
sion (FCC). Federal Trade Commission (FTC). and state cable television commissions.

RESEARCHERS AND MEASURERS
All parts of the industry are interested in getting as much information as possible about
the audience. Producers and distributors want to know what people want to see and
advertisers want to know how many watched or listened to their commercial messages.
Various research companies measure audience size and program preferences, as well as
product recognition. Research activities also include traditional social science research.

TRADE ASSOCIATIONS AND LOBBYISTS
Trade associations and lobbyists represent their constituencies before regulatory and leg-
islative bodies. The National Association of Broadcasters (NAB) represents its members
by submitting testimony to Congress and the FCC. Some organizations, such as the
Radio-Television News Directors’ Association, set standards for their members. Other
functions of these types of organizations are providing educational and research mate-
rials, statistics, and other information used by members.

1.4 SUMMARY

We are in the midst of a revolution in communication technology which is changing re-
lationships between individuals, restructuring social institutions, and increasing the
amount of information readily available to consumers. Radio. television. and cable are
stimulating change and being affected by it. We study radio, television, and cable because
they provide us with a window on the world beyond our local residence.

Television and radio receivers are found in almost every home in the United States
and are the dominant form of leisure-time activity. People are becoming increasingly de-
pendent upon radio. television, and cable to provide them with information they need in
order to function in society. Because of their importance, radio, television, and cable are
big businesses. )
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Telecommunication refers to any system of long-distance communication which uses
wire, radio waves, optical systems, or other electromagnetic means. Radio, television, and
cable are some of the many different forms of telecommunications services. The purpose
of telecommunication is to transport information from one point to another; these points
may either be mobile or fixed.

A radiocommunication device transmits radio waves through the atmosphere; when
the radio waves are transmitted with the intention of being received by anyone with a
receiver, we say that the waves are broadcast. Radio and television are broadcast media.
Cable is a wire system which carries radio waves from one point to another point or
series of points.

The broadcast and cable industries are organized to deliver programs to audiences.
There are three major parts to the industry:

Program producers who create the program material
Distributors who package the material and convey it to the local community
Exhibitors who deliver the product to the audience.

Other parts of the industry are advertisers, audience measurers, regulators, and trade
associations and lobbyists.

15
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THE NATURE OF MASS
COMMUNICATION

One of the distinguishing characteristics of humankind is its ability to use symbols.
The process of symbolic interaction is called communication. A basic understanding of
the human communication process is necessary if we are to better understand how the
electronic media interact with humankind. The inventory of telecommunications effects
includes the effects of electronic media on society, the effects of society on the media,
and the effects the electronic media have on the structure of the mass communications
industry. Of particular interest to students of broadcast and cable is the process of mass
communication.
When you've mastered this chapter you'll be able to:

1. Define communication
2. |dentify the key elements of interpersonal and mass communication
3. Recognize some of the models and theories of mass communication.

2.1 COMMUNICATION: IN GENERAL

The study of human communication is the focus of many different academic disciplines.
Psychology, sociology, anthropology. linguistics, political science, economics, education,
mathematics, and even some branches of engineering have made the study of human

19
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communication a primary part of their research and teaching agendas. Communication is
a complex process. There is no single unifying theory of human communication; rather
there are many different theories, each of which focuses on a particular aspect of the
communication process. Most theories include a model which outlines the key points of
the theory. A model may take the form of a graphic representation, a mathematical for-
mula, an annotated description of a situation, or a simple word outline.

2.11 What Is Communication?

Definitions of communication vary widely. Some define communication as any transfer of
information: it doesn't matter whether the transfer is between humans or machines. Oth-
ers define communication in terms of the intent of one of the participants to evoke a
response from another person. Dance (1970) has collected fifteen different definitions
of communication. Despite the plethora of definitions, we'll define communication in the
simplest manner: the process of symbolic interaction in a social context.

As you are probably already aware from your own experience, communication occurs
in many different contexts: we communicate with ourselves (intrapersonal), with others
in one-to-one situations (interpersonal). in groups (organizational and small group). and
through various media (mass communication). You might wish to list a variety of com-
munication situations and classify them. Some situations might be placed in two or more
categories.

2.12 Function and Intent of Communication

When we communicate we do so for one or more of the following reasons: to inform,
to educate, to entertain, to persuade (Schramm, 1972). Messages intended to inform are
designed so that the content can be accepted by the receiver and either used immediately
or stored for use at a later date. In an informational message the emphasis is on the
content and the content alone. Wire service news copy is an example of messages de-
signed primarily to inform. On the other hand, a message intended to educate empha-
sizes both content and the behaviors which utilize that content. There is not only an
emphasis on the present but also on future action.

A message designed to entertain emphasizes primarily the enjoyment of the receiver.
Most radio and television programs are intended by senders and used by receivers for
entertainment. Sometimes these entertainment programs also enable us to better under-
stand the world around us. However, understanding is of secondary importance.

Messages intended to persuade are designed by senders to bring about a specific
change in behavior on the part of receivers. Commercials, editorials, and political
speeches are messages designed to persuade receivers to buy a product. to think in a
certain way, or to vote for a particular candidate.

In most communication situations messages are sent and received for more than one
reason. Viewers of prime time television normally watch to be entertained. Senders of
commercial messages must obtain the attention of the receiver if they are to persuade,
so entertainment devices are used. One of the elements of persuasion is to provide in-
formation, so the commercial message must to some degree inform, too. News pro-
grams are designed to provide audiences with information, but the news must be pre-
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sented in an entertaining manner if large audiences are to be attracted to the program.
The needs of receivers as well as senders must be taken into consideration when de-
signing both the content and the manner of presentation of messages. Novice politicians
soon learn that what works on a live audience of supporters at a political rally won't
work on television. If they want to be elected they must modify their approach to take
advantage of both the medium and the intent of the audience watching television. Style,
entertainment values (often called production values), and manner of information pre-
sentation must all be taken into account if the message is to be received intact.

2.2 MASS COMMUNICATION

Mass communication, like interpersonal communication, seems to be uncomplicated: a
sender transmits a message to a large number of people, with each of the receivers ob-
taining the message at approximately the same time. Yet beneath the surface of this sim-
ple sequence of events is a complex system which may include all other forms of com-
munication behavior.

2.21 Interpersonal and Mass Communication

Some theorists believe all forms of communication are simply extensions of interpersonal
communication. There are instances when mass communication and interpersonal com-
munication seem similar. For example, the relationship between an individual member of
the audience and the person on the television screen may be so intense that the receiver
might believe he or she has a personal relationship with the media personality. Radio and
television, and to a certain extent motion pictures, give the illusion that the media per-
sonality is actually with us. The special relationship between the apparent sender and the
receiver is called a para-social relationship (Horton and Wohl, 1956).

Despite the similarities between interpersonal and mass communication, there are
some substantial differences. The most obvious one is that the receiver is neither one
person nor a small group, but a large mass of people called an audience. Audience mem-
bers receive a message simultaneously, or nearly so. Other differences include the use of
a medium, the easy availability of the message to all potential audience members, the
asymmetric nature of the mass communication network, and the efficient delivery of
messages to audiences. Additionally, the sources of mass communication messages tend
to be large organizations. The table in figure 2—1 summarizes some of the major differ-
ences between interpersonal and mass communication channels.

2.22 The Mass Audience

The concept of the mass audience is an important factor which differentiates mass com-
munication from other forms of communication behavior. The mass audience is made up
of numerous individual receivers, each of whom chooses to receive the same message at
approximately the same time. Acquaintance with other members of the audience or spe-
cific knowledge of the sender is not an important factor in mass communication. The
mass audience has neither specific leadership nor recognizable organization. Despite the
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FIGURE 2-1. Characteristics of Interpersonal and Mass Communication

Channels
INTERPERSONAL MASS MEDIA

CHARACTERISTICS CHANNELS CHANNELS
1. Message flow Tends to be two-way Tends to be one-way
2. Communication context ~ Face to face Interposed
3. Amount of feedback High Low

readily available
4. Ability to overcome High Low

selective processes

(primarily selective

exposure)
5. Speed to large Relatively slow Relatively rapid

audiences
6. Possible effect Attitude formation and Knowledge change

change

SOURCE: "Mass Media and Interpersonal Communication™ by Everett M. Rogers, in Handbook of Communication
(edited by 1. S. Pool et al.). copyright © 1973 by Houghton Mifflin Company. used by permission.

existence of many receivers, the mass communication experience is not normally shared
with other receivers. Individual receivers have a one-to-one relationship with the sender,
but there is no opportunity for the sender to receive immediate feedback.

It should not be concluded that mass communication audiences are passive. Research
has shown that even though there is not an opportunity for immediate feedback, audi-
ences do respond to mass communication messages. Examples include cancelled subscrip-
tions to newspapers, lack of viewers for television programs, and boycotts of advertisers
associated with programs objectionable to certain portions of society.

2.23 Easy Availability

One of the characteristics of mass communication is that messages tend to be available
to whoever wishes to receive them. The general public is the audience in the mass com-
munication network. Senders don't discriminate in the selection of audience members. In
order to receive a message a potential audience member needs only a device which can
display the message—a radio or television receiver, access to motion picture equipment,
or the paper pages of a newspaper.

2.24 Asymmetric Network Structure

Because of the inability of receivers to provide immediate feedback to the message
source., mass communication networks are asymmetric, that is, do not allow two-way
flow of information. For example, readers of newspapers can't immediately question in-
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formation providers about the accuracy of their portrayal of a news event. There is no
opportunity for points to be clarified or expanded. Despite the use of call-in programs
and the encouragement of letter writing and direct comment, mass communication net-
works are asymmetric. In contrast, most interpersonal communication is symmetric, that
is, it allows a two-way flow of information.

2.25 Immediate Use and Efficient Delivery of Information

Mass communication messages are normally used immediately. Radio programs are
heard simultaneously by thousands of people and then forgotten. Newspapers are read
the same day they are delivered; any delay, and today's news becomes tomorrow's his-
tory. Storage media—tapes, records, books—allow audience members delayed access to
messages, but in general the mass communication message is used almost as soon as it
is sent.

Mass communication allows for greater speed in the delivery of messages to large
groups of people. Having one source provide information to large numbers of people
results in greater efficiency than if the message had to be delivered to each audience
member individually. The costs of generating and delivering information are spread over
a large number of people. This results in a lower per-unit cost than if the message were
delivered in an interpersonal communication situation. Since costs are high, sources try
to maximize audiences.

2.26 Sources of Mass Communication Messages

The sources of messages carried through mass communication networks tend to be large
organizations. Because of the high costs involved in setting up the channel, information
sources tend to send a lot of messages. The need for large amounts of information ne-
cessitates large numbers of information gatherers, editors, and so on. The end result is
a corporate information structure with all the advantages and disadvantages of large or-
ganizational size—ability to generate lots of information, but also impersonality, inability
to respond quickly to change, and a tendency to focus on the needs of the organization
rather than the needs of receivers. Sources may be as small as the local newspaper or
they may be regional, national, or international in scope.

2.3 MODELS AND THEORIES OF MASS COMMUNICATION

Mass communication theories differ from each other in that they emphasize different
aspects of the mass communication process. Theories of mass communication can be di-
vided into three major categories:

1. General theories emphasize the basic processes of mass communication.

2. Utilization theories seek to determine why people use mass media.

3. Effects theories focus on the effects of mass media on both mass society (macro
theories) and small groups or individuals (micro theories).
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The concerns of macro theories include such topics as communication and national
development, how mass media function in the overall distribution of information through
a society, and the impact of media on history and social structure. Micro theories focus
on research on the role of media in attitude formation and change, public opinion, propa-
ganda, advertising, and political communication. Some representative general and utili-
zation theories are outlined in the remainder of this chapter. Chapter 3 focuses on macro
theories and section 5 deals with micro effects theories.

2.31 Mass Communication: General Theories

As with interpersonal communication, several general theories of mass communication
have been developed which, with their corresponding models, attempt to explain the pro-
cess of that type of communication.

Information theory is the term applied to one type of general theory. The approach
was developed by several scholars working independently, but is most often connected
with Claude Shannon and Warren Weaver (1949). Shannon and Weaver's model is por-
trayed in figure 2—2. The model is similar to others in that it has a source, a destination
(receiver), a message, and encoding and decoding functions. However, the substance of
information theory doesn't lie in its graphic portrayal of process. Rather, it seeks to
quantify and measure the amount of information flowing through the system. Informa-
tion theory is commonly (and mistakenly) thought to apply only to the engineering of
communication devices. In fact, information theorists apply the general theory to a wide
range of communication situations, including the study of variations in the meaning of
messages, the process of meaning, and how receivers utilize information received.

The theory developed by Harold Lasswell (1948) is radically different from the math-
ematical approach used by the information theorists. The Lasswell model is posed as a
simple question:

Who

says What

in Which Channel
to Whom

with What Effect?

The Lasswell model can be used in any type of communication situation, but has been
most often utilized in the analysis of mass communication processes. The Who is the
source that sends a message (What) to a receiver (Whom). A Channel is utilized to de-
liver the message from source to receiver. Explicit in the model is the Effect of the mes-

Source —W Message Destination
L

Feedback
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sage on the receiver. Lasswell’s model also has a functional aspect. He postulated that
there are three basic functions of mass communication: surveillance of the environment
(the "news"” function), correlation of parts of the society in responding to the environ-
ment (the homogenizing effect of mass media), and the transmission of social heritage
(the “educational” function).

The Westley-MacLean model (1957) focuses on the structure of the mass communi-
cation process. The model, which may be seen in figure 2—3, has five elements. The X's
represent events in the sensory field, stimuli which are processed by those exposed to
them. A represents a source of a message, for example, a reporter; B is the intended
receiver. Between A and B is C which represents the channel function. The model pays
particular attention to the channel’s role as a filter between A and B. C may be an editor
or a publisher, or the medium itself, which demands that information be presented in a
certain fashion, or peculiarities in the distribution system which may alter the message.
C functions as a gatekeeper, allowing some information through while filtering out or
rerouting other information.

Electronic media are characterized by the presence of gatekeepers. Anyone who
makes a decision concerning what informaion will or will not be transmitted performs a
gatekeeping function. News editors are certainly gatekeepers, as are program managers.

2.32 Utilization Theories

Mass communication theories of the general type begin with the message and seek to
explain the process by which sender interacts with receiver. Previously we defined the
intent of receivers in terms of whether they sought to be entertained, informed, edu-
cated, or persuaded. This approach assumes that the most important part of the mass
communication interaction is the content of the message. However, the content of the
message doesn't explain why a particular individual chooses to watch television rather
than listen to the radio, or how audiences use the mass media experience.

Do people use mass media solely to obtain a message? Practical experience tells us

FIGURE 2-3. The Westley-MacLean

Communication Model

The Westley-MacLean model takes into
account the effects of the varying stimuli
(the x's in the figure) on both sender and
receiver. In the figure, A transmits a
message (X') to B. C is either a media
channel or a gatekeeper. C affects the
content of the message. External stimuli

X faa also affect perception of the content and
TS T T~ the encoding process. Note that feedback
X, o X3 ,;,—-JQ N becomes a variable in the model. In a
” oo \ o N mass communication situation there are a
X3 m—— A © B8 greater number of variables.

“ / SouRCE: A Conceptual Model for
X4 X3 \‘f—” Communications Research™ by Bruce Westley
8C

Xq and Malcolm MacLean. Reprinted from the
Winter 1957 issue of Journalism Quarterly by
permission.
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no. For example, many people turn on the radio just for the sake of having it on, not to
listen to a particular program. Reading and television viewing are often done at the same
time. Working while listening to music is a habit not limited to the student population.
People seek out information not only to learn something new but to reinforce what they
already know. and television serves as a companion to millions of people. Utilization the-
ories begin with the audience member and seek to explain why one medium is chosen
over another and what gratifications are obtained through the use of one particular me-
dium as opposed to another.

One explanation for mass media use is that it is a substitute for social interaction. A
leading theorist, Nordlund (1978), proposes that all humans have a fundamental need
for social interaction with others, although the intensity of the need may vary from in-
dividual to individual. When the opportunity to interact with others is reduced there is
an attempt to replace the lost social interaction with something else. Nordlund's research
indicates that mass media may serve to replace some types of social interaction. The
choice of medium used as a substitute is determined by the extent to which the chosen
medium is able to approximate reality. Media with sound and moving images are more
“real” than media limited only to sound, or to visual images. or to printed words and
still pictures. Content, too, appears to be of some importance. Messages which have one
or more dominant, easily recognizable characters seem more likely to be used for inter-
action purposes than messages with unfamiliar characters. Messages with high interac-
tion potential include television serials, advice columns, and magazine articles about fa-
miliar celebrities. Messages with low interactive potential include news and public affairs
programs on radio and television, the news content of newspapers, and how-to articles.

Another avenue toward better understanding the audience’s use of mass media is the
“uses and gratifications” approach (Katz and Blumler, 1974). The model developed by
this theory contains the following elements. First, audience members are active partici-
pants in the communication process and are goal-directed; that is, they choose to utilize
mass communication in order to achieve specific personal goals. Second, the initiative for
meeting personal needs lies with the individual member of the audience—each member
seeks out specific programs. Third. there is intense competition among mass communi-
cation media to obtain audience attention. A specific medium is chosen based upon the
ability of the medium to deliver needs satisfaction. Whatever effects occur in the audi-
ence as the result of the mass communication experience are by-products of an active
audience attempting to meet its own needs. Gratifications obtained from the media are
the result of content, exposure, and the social context in which the medium is used. Uses
and gratifications theorists have also examined the interchangeability of media to meet
audience needs. Figure 2—4 portrays the interchangeability of five mass media.

Another theory which seeks to explain mass communication processes from the point
of view of the audience is William Stephenson's Play Theory of Mass Communication
(1967). Play theory sees the audience as an active participant in the mass communication
process, manipulating the media for the purpose of reducing the anxieties created by the
real world. Stephenson categorizes human activity as work or play. Work consists of
those activities which involve effort for a purpose deemed to be gainful, while play is
pursued only for its own sake. The use of mass media is a play activity, he argues. and
is necessary for a happy and adjusted society. Thus the various mass media function as
a force which unifies society rather than divides it.
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Books
Cinema Newspapers

FIGURE 2-4. Functional Interchangeability of Five Mass
Media
Do people substitute one medium for another? Research
conducted by Katz, Gurevitch, and Haas (1973) indicates that

Television Radio they do. In the illustration above, newspapers may be

\/ substituted for books, but may be replaced by radio. Would this

model vary according to the function of the medium?

The reflective-projective theory proposed by Loevinger (1968) is a broad theory that
sees mass media as mirrors of society. However, the images seen in the media mirrors
tend to be ambiguous. Individual audience members interpret content in terms of their
own particular vision of self and society. According to this theory, people become upset
by what they see or hear in the media because often the image reflected back is an un-
flattering portrayal of both the viewer and society.

2.4 SUMMARY

The ability to engage in symbolic interaction with others is one thing that distinguishes
humankind from other forms of life. There are many different definitions of communi-
cation. For the purposes of this book, communication is defined as the process of sym-
bolic interaction in a social context. There are four major intents of communication: to
inform, to educate, to entertain, to persuade. Communication networks can be symmet-
ric or asymmetric.

There are differences between interpersonal and mass communication. The latter is
distinguished by the size of the audience, the use of a medium to convey the message,
the easy availability of the message, an asymmetric network structure, efficient delivery
of information, and large organizations serving as sources. There are three general types
of mass communication theories: (1) general theories, which emphasize process; (2) uti-
lization theories. which seek to determine why people use mass media; (3) effects theo-
ries, which attempt to determine the effects of mass media on audiences and society.

Some representative general theories are:

Information theory, which focuses on the measurement of the quantity of information

Lasswell’s theory, which presents the model “Who says What in Which Channel to
Whom with What Effect?”

The Westley-MacLean model, which introduced the concept of the gatekeeper through
which information is filtered for distribution to the audience

Utilization theories, which seek to determine why audiences use specific mass media;
various theorists have explained mass media use as a substitute for social interaction, as
a source of needs satisfaction, and as play, while others describe the media as mirrors in
which we see the image of society that we desire.
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THE COMMUNICATIONS
REVOLUTION

ln chapter 1 we noted that we are in the midst of a revolution in communications
technology. The evolving technology of mass communications has stimulated change in
the lives of tens of millions of people. Jobs are being redefined. Established businesses
face new opportunities for growth and profit. Social institutions are forced to change in
order to better meet the challenges of the last quarter of the century. Computers are
common in both workplace and home, and can interface with an assortment of data
bases. Computer data is displayed on the home television receiver. Radio and television
receivers offer audiences more and more channels and services that have little to do with

the entertainment function of the media.

[n this chapter we are going to look at the technological hardware and software that
are affecting the world. and at some of the theories which attempt to explain how these
new communications technologies are changing the world in which we live. By the end

of this chapter you should be able to:

1. Name some of the key theories dealing with the impact of communications tech-

nology on society as a whole and the role of communications in national development

2. Identify some of the effects the communications revolution has had on production

and distribution-exhibition subsystems as well as on programs
3. Identify the technologies which have stimulated the communications revolution.
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3.1 TECHNOLOGY AND CHANGE

As you look at the world around you, you probably recognize the importance of tech-
nology in your life. But what is it? Technology is simply a way of doing something. It
may take the form of a machine (hardware), or it may be something like a computer
program (software). Technology is an integral part of the evolution of societies. Com-
munications technology in particular seems to play a very important role in societal
change.

Just as there are many theories which address the process of interpersonal and mass
communication, there are many theories on the role of communication in social and cul-
tural change. These are called macro theories because they are concerned with the ef-
fects of communications technology on entire societies, cultures, and nations. In this sec-
tion we’ll examine three types of macro theories: first, the theory of innovation diffusion;
second, a theory of national development and change; third, a theory of effects devel-
oped by an economic historian, Harold Innis, and a medievalist, Marshall McLuhan.

3.11 Diffusion Theories

The rate at which new technologies are adopted by a society varies. This variance is cre-
ated by differences in the adoption rates between individuals. As individuals vary in their
acceptance of the new, so too do groups and nations. Within any given population there
are those who try out new ideas and products before others. The diffusion theorists, led
by the sociologists Everett Rogers and F. Floyd Shoemaker (1971), have identified spe-
cific adopter categories. Figure 3—1 identifies five adopter groups within the total pop-
ulation and describes each category's characteristics. Note that the “Innovators™ have a
higher exposure to communications technologies than do “Late Majority” adopters. You
probably are acquainted with persons who fall into all adopter categories. Some of your
friends are the first to have any new gadget that appears, while others delay buying an
innovation until they're sure it will last, and still others lag far behind.

3.12 Communication and National Development

One of the most interesting theories concerning the impact of communications technol-
ogy on the world has been fostered by Daniel Bell (1973), who believes we are entering
a new stage in our development which he calls the “information economy.”

Bell sees world history as divided into three distinct phases—preindustrial, industrial,
and postindustrial. Most of the world is still, according to Bell, in the preindustrial stage
of development. At this stage the majority of the labor force is engaged in extractive
activities, for example, mining. forestry, agriculture, fishing. The primary struggle is one
of man against nature. By contrast, industrial societies are primarily goods-producing. In
these societies work has become predominantly technical and rationalized. The machine
dominates. Man’s struggle is against a fabricated, mechanical nature.

Bell argues that a few nations, including the United States, are entering a new phase,
the postindustrial age, where society is based on services rather than extractive indus-
tries or fabricated goods. In postindustrial society, what counts is not muscle power or
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FIGURE 3-1. Adopter Categories

16%

Innovators Early Early Late Laggards
Adopters Majority Majority
[ = = - Total Population ———— |
Innovators: Venturesome; desire the hazardous, the rash, the daring. the risky; eager to

try new ideas; accept setbacks.
Early Adopters: Integrated into social system; cosmopolites; opinion leaders; hold respect of

peers.

Early Majority: Deliberate; seldom lead; form link between early adopters and the late
majority.

Late Majority: Skeptical and cautious; adoption may be both an economic and a social
necessity; social norms must favor adoption.

Laggards: No leadership qualities; suspicious of innovation; focus on the past:

alienated from the world.
Source: Reprinted with the permission of Macmillan
Publishing Company, from Communication of
Innovations, A Cross Cultural Approach, 2nd ed., by
Everett M. Rogers and F. Floyd Shoemaker.
Copyright 1971 by The Free Press.

the large amounts of energy used to run manufacturing plants, but information. Mass
media provide the channels for the distribution of this information. Telecommunication
has a key role in the evolution of our world, one that Bell recognizes.

3.13 The Canadian Effects Theorists

In their provocative and controversial theoretical approaches, Harold Innis and Marshall
McLuhan have chosen to focus on the'effects of communications technology and the
changes technology has wrought on culture, cultural institutions, and the individual.

Harold Innis (1951, 1960) was a Canadian economist who was primarily interested
in tracing the influence of communication in history. After considerable study Innis came
to the conclusion that communications media are the primary determinants of the insti-
tutional structure of a society. He called this the bias of communications media. He di-
vided societies into two structural types, determined by whether their communications
media were space-binding or time-binding.
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Space-binding media are light and easily transportable and support the establishment
of political empires, a large bureaucracy, a strong military, or all three. The bias of a
space-bound society is toward the future, with an emphasis on planning for future
action.

Time-binding media are heavy and difficult to transport and tend to favor govern-
mental functions centralized in a city-state type of government in which a small group
controls access to information. There is a bias toward the past. with an emphasis on
history and collection of archival materials.

For Innis, print is a space-binding medium, and its adoption resulted in massive
changes in Western culture. The mechanization of printing resulted in the mechanization
of other parts of life. The availability of printed books stimulated widespread interest in
political authority. The result was the establishment of competing empires and an at-
tempt to monopolize access to knowledge. Innis bemoaned the adoption of space-binding
media and preferred the time-binding oral tradition which gave rise to the Golden Age
of Greece.

Perhaps the most controversial of the artistic-historical theorists is Marshall McLuhan
(1962, 1964; McLuhan and Fiore, 1967). A disciple of Innis, McLuhan developed a theory
of media effects quite unlike anything previously presented. McLuhan focused his theory
on explaining the changes that beset a culture during a change in the medium used for
communication. McLuhan felt that the medium was the most important factor in com-
munication and that content was incidental. For him, “The medium is the message.” A
communications medium is simply an extension of some human facility. Change the me-
dium and you create a new “ratio between the senses.” The result is a change in the way
we structure the world and perceive reality. For example, the world of the ear is very
different from the world of the eye. Print puts us in a sight-dominated mode: space is
perceived in terms of planes and our thinking tends to be linear and constricted. By con-
trast, the world of the ear is a circular universe with no up or down, only near and far.

McLuhan also divided media into “hot™ and “cool” categories. A hot medium extends
one particular sense in high definition. Stated in the language of information theory,
there is little information and a high level of redundancy. A cool medium is one of Jow
definition, in which several senses are brought into play and the user fills in the infor-
mation gaps. Participation is the key to cool media. Television is a cool medium, while
radio, cartoons, and motion pictures are hot media.

McLuhan explained the chaotic nature of the modern world in terms of the shift from
print, a hot medium, to the cool world of electronic communications. This sort of shift
produces social stresses on a grand scale. However, the widespread adoption of elec-
tronic communications media recreates an aural society. The world becomes like a small
village—a “global village.”

3.2 THE FALLOUT OF THE REVOLUTION

The changes in communication may well be changing the ratio of the senses, as McLuhan
theorizes. However, the adoption of electronic-based telecommunications technology is
producing changes more smoothly than McLuhan foresaw. The communications revolu-
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tion promises to change the way we work and play. Toffler (1980) says that the entire
world order will change as a result of the “third wave” of history. Others woefully pre-
dict that there will only be more of the same. Telecommunications will not bring about
fundamental change in society.

3.21 Characteristics of the Information Economy

One of the key concepts of the revolution is that of the “information economy’ (Porat,

1978). Porat analyzed the composition of the U.S. labor force in terms of how many

worked with information, as opposed to making things or extracting natural resources.

Porat has noted that since 1920 there has been an increasing number of information

workers and a steady decrease in the number of agricultural and industrial workers.
The information economy is characterized by three things:

1. The majority of workers are no longer in the “blue-collar” category. but are en-
gaged in processing information, creating or collecting information, organizing informa-
tion, sending information, or managing information.

2. Decision making is decentralized into a committee or bureaucratic structure. The
decision-making process tends to be shielded from public view.

3. The economic foundation is the computer and information technology. Society is
dependent upon the ability of the computer to process, store, and retrieve information
quickly and efficiently.

Porat's theory of the information economy has been criticized as being grandiose and
of little practical value in the formulation of communications policy. Admittedly, he is
redefining particular jobs in terms of their information-processing characteristics. Some
claim that he is just giving new names to old realities. A case can be made that any ad-
ministrative or managerial position's predominant characteristic has always been the
amount of information the job holder is required to handle. But Porat would argue that
the important thing is not that the nature of any particular occupation has changed, but
that particular job categories have grown at a faster rate than has the work force as a
whole. Whether Porat is right or wrong, his ideas are valuable. They force us to think
about the future.

3.22 Too Much Change Too Quick?

Most of us enjoy change. It keeps us on our toes, challenges us, enables us to learn new
things. Change is a positive thing as long as it doesn't occur too fast. But when it does
there are problems—problems for the individual, problems for society.

In 1970 Alvin Toffler described a disease of change that he called “future shock.”

Future shock is a disease that has both psychological and biological dimensions. Accord-
ing to Toffler's theory, the disease is caused by the failure to adjust or adapt to the rapid
proliferation of new technologies and the corresponding changes in lifestyles. Other
causes of future shock are the death of permanence, an increase in the pace of life, the
reorganization of our institutions, and a constant demand for the new and novel.
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Although Toffler foresaw massive problems for our society, his predictions, fortu-
nately, have yet to become a reality. There have been no waves of mass hysteria directly
attributable to rapid changes in technology. However, we should note the rise of reli-
gious fundamentalism and of yearning for the “good old days.” Could these be examples
of future shock at work?

There is something disquieting about the rapidity with which the world is changing
today. Many people are concerned about information overload. Others note that we
seem to be not only losing our privacy but also our sense of individuality. The use of
two-way, interactive telecommunications systems appears to be a two-edged sword
which both threatens and supports the future of democratic institutions. Some research-
ers see a trend toward less participation in government by citizens who use the media
as a primary information source. Others see an opportunity for a small portion of the
audience to unduly influence the actions of elected officials. There is speculation that we
are coming to a point in our nation’s history when those who control the media will
truly control the functions of government.

We have evolved from our turn-of-the-century innocence. Technology at that time
was viewed as a means to social utopia. In the ensuing decades we have come to view
technology as the central theme of our era and to question its value in our search for a
better life. A continual examination of the place of technology in society is of paramount
importance if we are to control it and make it serve us. No longer is it adequate to ask
what technology can do for us. We must also ask what technology does to us. These
questions are especially appropriate to ask of both old and new telecommunications
technologies.

3.3 A COMBINATION OF TECHNOLOGIES

The communications revolution is, in part. the result of telecommunications technology
becoming available worldwide. In addition, the technology itself is changing. The new
telecommunications technology has resulted from the combining of three already existing
technologies—the telephone, radiocommunication, and the computer. These new com-
munication technologies are telecommunications hybrids which transport many dif-
ferent types of information faster than ever before, using both digital and analogue
techniques.

3.31 The Telephone

The telephone system was one of the first modern telecommunications systems. The tele-
phone has been so successful in the United States that we can say we've literally “wired
the nation.” Our telephone system is the single /argest telecommunications network in
the world. The local telephone service is a wire-based system. Voice communications or
other data are sent from one telephone receiver set to another through a pair of wires
called a twisted pair. In the early days of the telephone the connections between individ-
ual telephones were made manually by telephone operators sitting at switchboards. Later
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a mechanical switch was developed which allowed telephone callers to bypass local op-
erators. Today most switching is done electronically. Figure 3-2 shows the "plain old
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telephone service."”

The telephone has some specific characteristics which differentiate it from other

media:

1. The telephone is a point-to-point medium; that is. a message which originates at
one point of the system is intended for delivery to one or more other specific points in

the system.

2. The telephone is an interactive medium. The telephone facilitates interpersonal

communication and gives the opportunity for immediate feedback.

3. Closely related to the interactive nature of the medium is the fact that the tele-
phone allows duplex operation. This is a telecommunications term that refers to the abil-
ity of a communications channel to handle the transmission of information in both direc-

tions simultaneously.
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4. The telephone is a predominantly wire-based communications system. Almost all
local telephone calls are effected using large cables made up of many twisted pairs. Each
serves a particular phone number and in turn is connected to a type of wire with greater
channel capacity.

3.32 Radiocommunication

In chapter 1 radiocommunication was defined as a means of conveying messages
through the atmosphere by using radio waves. Radio and television are broadcast media
which use radiocommunication techniques as the method of message transmission. In
chapter 1, figure 1-2 illustrated a typical radiocommunication system. You may wish to
review that exhibit. Notice that there is a transmitter which produces radio waves in the
atmosphere. These radio waves are detected by the antenna connected to a receiver,
which processes the signals and reproduces the original message.

Like the telephone, radiocommunication has characteristics which differentiate it from
other means of communication. We divide services which use radiocommunication into
two classes: broadcasting and private radiocommunication services.

Broadcasting is characterized by the sending of messages through the atmosphere to
the general public. Broadcast services consist of radio and television stations. The signals
produced by the station transmitters are meant to be received by anyone who has a
receiver. A second characteristic is the inability of the broadcast service to provide same-
channel interactive capability. We can't “talk back™ directly to the source of radio and
television programs using broadcast methods.

Private radiocommunication services are characterized by point-to-point transmission
of messages to a specific receiver. The private services with which we're most familiar
are police, taxi cab, and citizens' band (CB) radio. These types of services are called mo-
bile radio and may be either one-way or two-way operations. Long-distance telephone
calls and telegrams are transmitted using private radiocommunication services, too.

3.33 The Computer

In the past thirty-five years the computer has radically changed the way in which we
work, play, and communicate. Few inventions have had such an impact on the world in
such a short time. A computer is an electronic machine that stores and processes data
according to a preestablished plan called a program. A computer is not a computer un-
less it can be reprogrammed to accomplish different tasks. For example, most of the
cheaper varieties of pocket calculators are not computers; they are not reprogrammable.
The computer is a piece of hardware; the program and the data are software. A tele-
vision receiver displays computer data in alphanumeric form as well as entertainment
programs.

The first computers introduced in the 1940s were cumbersome machines which
needed a large amount of space and special cooling. The machines were constructed with
vacuum tubes, and by today's standards were slow and stupid. The transistor replaced
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the vacuum tube and the computer slowly began shrinking in size; it developed greater
memory capacity and could work with greater speed. Later integrated circuits were
used to perform many of the same functions as the transistor. But most important was
the development of large-scale integration techniques, or LSI. LS| allowed literally thou-
sands of circuits to be placed on a silicon chip about a quarter the size of a postage
stamp. These integrated circuits increase the speed of computer operations and allow
complex switching operations to occur. In addition, LSI has allowed the manufacture of
sophisticated microprocessors and memories, advances in technology that allow ever
greater amounts of information to be processed and stored.

3.34 Telephone + Radiocommunication + Computer =
Communications Networks

Communications satellites, high-speed data networks, packet switching, cellular tele-
phone, teletext, videotext ... these are just a few of the “buzz words™ of the communi-
cations revolution. The new developments in communications are the result of using LSI
and computer hardware to form sophisticated communications networks. These complex
computer-controlled networks have the ability to break down any type of information
into bits of data which are transmitted sequentially using wires or radiocommunication
devices. The new communications networks are capable of providing us with all kinds of
information which we can access via our television sets. There have been three major
changes in broadcasting which have resulted from the combining of computer and tele-
phone technology with radiocommunication. We can summarize them in terms of quan-
tity, quality, and flexibility.

Computers and computerlike devices allow us to access an increasing amount of infor-
mation quickly and easily. LS| technology allows thousands of times more data to be
conveyed by radiocommunication systems and telephone lines than was possible two de-
cades ago. Today it is possible to transmit two completely different television programs
on the same channel. Only a decade ago the number of channels available on our televi-
sion receivers in even the largest communities could be counted on our fingers—in most
communities one hand would suffice. Today cable television systems are being built
which can provide over a hundred channels of information. Computer switching tech-
niques allow us to interact with our television sets. The “"boob tube” of the 1970s has
been transformed into a computerlike terminal which can provide a potpourri of
information.

“Television of abundance” has become a much discussed concept in academic and po-
litical circles, and even in the average household. The phrase refers to the potential of
the new technologies to radically increase our opportunity to access all types of program-
ming. For example, the twisted-pair cable which delivers telephone calls can provide tele-
vision signals as well as all sorts of alphanumeric information, including electronic mail
service. In England a system called Prestel is managed by the post office and uses tele-
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QUALITY

phone lines to carry written messages from one phone to another. Electronic mail has
the potential of saving American industry millions of dollars each year in postage costs.
Bills, personal messages, and advertising are just three of the many types of information
that could be carried via electronic mail.

Quality is most often measured subjectively. What is high-quality entertainment to one
person is lowest-common-denominator fare to another. Communications technology
can't guarantee high-quality programs, but it can provide audiences with a greater range
of choices so that the opportunities to receive “quality” programs increase. The econom-
ics of broadcast service at present demand that broadcasters provide program materials
that will appeal to large numbers of people. Broadcasting is literally broad casting. When
a communications system has the ability to provide many channels, it becomes possible
to provide programs to specialized audiences; this is called narrowcasting.

FLEXIBILITY

A third important result of the communications revolution is the increased flexibility en-
joyed by both information providers and consumers. No longer do audiences have to be
in lockstep with a utilization schedule designed by a television or radio station. Multiple
channels provide the potential to deliver program material on demand. The application
of LSI technology in audio and video recording devices means that programs can be re-
corded for play at a later time. Programs not in general circulation can be requested for
play at a certain time, or the programs can be rented for play whenever convenient.

The interactive capability of television when it is joined with the computer means that
many more educational activities can take place in the home. LSI technology and com-
puter programming techniques can allow us to interact with a previously recorded edu-
cational program or a teacher in a classroom. Transportation, building, maintenance, and
personnel costs are decreased:; flexibility is increased.

3.35 Redefining What We Watch and Hear

The adoption of new communications technology has been so widespread that we've
been forced to redefine the material brought to us via radio and television. When we can
receive both traditional news and entertainment programs plus alphanumeric informa-
tion, video games, and all sorts of home services, the word “program” seems somehow
inappropriate. What we need is a word that will accurately describe all the various types
of materials we can receive and still allow a degree of flexibility as we discover new ways
to use the electronic media. The word hasn't been invented yet, so just remember that
when we speak of a “program” it includes anything that you can receive on your televi-
sion or radio receiver.
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3.4 HARDWARE, SOFTWARE, AND SYSTEMS

In this portion of the chapter we'll examine some of the communications hardware and
software developments that are revolutionizing telecommunications. The framework
we'll utilize for our analysis consists of the already familiar concepts of production, dis-
tribution and exhibition, and programs.

3.41 Audio and Video Production

The production of television and radio programs has undergone a radical transformation
in the past decade. The use of LS/ technology has transformed not only the news-gath-
ering process but the production of entertainment programs as well. Lightweight porta-
ble video equipment allows events to be covered live, in the field. Video has almost re-
placed motion picture film as a production medium for entertainment programs.

AUDIO EQUIPMENT
The introduction of lightweight and portable audio recorders, studio-quality microphones
which can be used in the field, and portable transmitters has resulted in radio news-
gathering systems which are field-based rather than limited to studio recording only.
This means that reporters can go to the news rather than bringing the newsmakers to
a recording studio or using expensive telephone lines for ““on the scene™ reports.

AUDIO EDITING .

LSI technology has had an impact on the editing and mixing of audio signals, too. Field
use of studio-quality mixers is becoming increasingly common as the costs decrease and
reliability increases. Low-noise electronic components allow a higher degree of fidelity,
resulting in greater realism and less distortion. Many of the devices are digital. Many of
these systems can create realistic sound and musical effects electronically, thereby elimi-
nating the use of sound effects paraphernalia. Computer-based music synthesizers are
being used both experimentally and professionally.

TELEVISION PRODUCTION
The trend in television production, as in audio production, is toward smaller equipment,
a higher degree of audio and video fidelity, increased flexibility in editing, and the use of
digital electronics to create visual effects. Video cameras and videotape are so wide-
spread today that it is rare to find a television station which still uses film in news gath-
ering. The newest ENG (electronic news-gathering) cameras consist not only of camera
systems but also of built-in videotape recorders.

In the area of entertainment program production, new cameras are being developed
which function in a manner similar to motion picture cameras but without the need for
chemical processing of film. Videotape can be viewed immediately after recording, with-
out processing. Because video is cheaper to produce than motion pictures, television pro-
ducers are increasingly substituting videotape for film. As this trend continues, many
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professionals predict that videotape will almost totally replace film in the recording of
entertainment programs. As the technology is developed to increase the color quality and
resolution of the video image. and as the quality of video projectors is improved. video
may well replace film totally.

HDTV
High-definition television systems have already been developed and may be in general
use by the middle of the next decade. Prototypes of various HDTV systems have been
demonstrated and enthusiastically reviewed. Attempts are being made to develop one
standard for all systems. An HDTV picture has twice the resolution of a standard Amer-
ican television image and is similar in both proportion and quality to a wide-screen mo-
tion picture.

EDITING
Computerized editing systems have been in existence for many years, but the newest
systems are more flexible and easier to use. Hand in hand with editing systems are spe-
cial effects systems, which can manipulate a video image in many different ways. One of
the newest systems is called ADO (Ampex Digital Optical Effects). The ADO system can
take a video image and manipulate it by flipping, spinning. tumbling. compressing, and
expanding. while still keeping the image in true perspective.

VIDEOART
The convergence of computer and television technologies is best seen in the numerous
videoart systems which have appeared in the past few years. These systems vary in price
and sophistication, but each is designed to allow an artist to paint a picture using a light
pen and an electronic tablet. The artist then stores the picture in a computer memory
and transfers it to videotape or to a transmitter for broadcast. These systems will be
utilized for video animation increasingly in the coming years.

3.42 Distribution Hardware and Systems

The creation of new methods of distribution is a key element in the communications
revolution. Distribution is basically the process of getting information from one place to
another. There are three main methods used to distribute programs. First, the informa-
tion can be sent using radiocommunication techniques, that is, distributed through the
atmosphere from a transmitter to a receiver. Second. the information can be distributed
via wires. Third, the information can be stored using some sort of storage medium and
then retrieved and displayed at some time in the future. Examples of storage media are
video or audio tape, photographic film, records, and paper. Computer technology has
allowed broadcasters to use digital techniques to distribute information that once could
only be sent using the analogue AM and FM techniques.
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LOCAL STATIONS

Of all the methods of information distribution, we are probably most familiar with the
radio and television stations in our community. These stations provide us with many
types of programs—popular entertainment. news, educational and cultural programs.
Advances in transmitter technology allow broadcast stations to distribute other types of
programs simultaneously with the main program material. FM radio stations can broad-
cast background music for stores and restaurants, reading services for the blind, and
special information used by stockbrokers, investors, and other business people. The tech-
nique used is called a subsidiary communications authorization, or SCA. Subscribers use
a special decoder which is sensitive to the radio waves transmitted and allows reception
of the specially transmitted information. SCA doesn't interfere with or degrade the pri-
mary transmitted signal in any way.

MDS AND ITFS

LPTV

The number of MDS and ITFS television systems has increased in recent years. Both sys-
tems are broadcast-based. MDS stands for muitipoint distribution service, and is being
used primarily by entrepreneurs to provide subscription television programs to local
communities. ITFS stands for instructional television fixed service, and is used to provide
instructional television programs to schools and colleges. Some ITFS systems allow for
teacher-student interaction through the use of telephone lines in conjunction with the
television signal. Figure 3-3 shows a typical MDS configuration.

A low-power television station or LPTV operates in much the same manner as other tele-
vision stations in the community, except that it doesn't cover as large an area as regular
stations. LPTVs were designed to be used to provide communities with programming for
audiences not adequately served by existing stations. It remains to be seen whether these
stations will seek only to serve these segments or will choose to compete with stations
in the existing system.

CARRIER CURRENT STATIONS

Carrier current stations are hybrids of cable and broadcast. A carrier current station con-
sists of cables, cold-water pipes, or some other similar conductor through which are sent
low-powered radio signals. The conducting material serves as a radio transmitter whose
signals can be received by a standard radio receiver. Carrier current operations are used
in airports to provide incoming passengers with the latest flight information, in tunnels
to provide motorists with information about traffic conditions or with uninterrupted ra-
dio service, and on college campuses for dormitory radio services.

LOCAL WIRE DISTRIBUTION SYSTEMS

The local telephone system is the biggest and most advanced wire distribution system in
the local community. However, because of legal decisions and antitrust consent agree-
ments, the telephone portion of the AT&T system at this time is allowed only to be a
common carrier. It cannot generate programs or information. It can only transport the
material to subscriber homes.
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FIBER OPTICS
Optical fibers are being used in communities in Japan. Great Britain, and some parts of
the United States to carry audiovisual information. Optical fibers are similar to copper
wires except they are made of glass. They have a far greater channel capacity than
twisted pairs, are relatively cheap to produce, and can withstand much physical abuse.
During the coming decades the wire-based communications system will probably convert
to optical fiber technology.
CABLE TELEVISION

Next to the telephone system, cable television is the best-known wire-based communi-
cations system in the local community. Because of the vast array of services available on
local cable television systems they probably should be called cable communications sys-
tems. The many different types of services provided by cable systems are discussed

below.
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3.43 Regional, National, and International Systems

Much of the material we hear on our radios and most of what we see on our televisions
is not locally produced. One of the major functions of the regional and national infor-
mation distribution systems is to get program material from one point to others as
quickly and easily as possible. This material includes not only broadcast and cable pro-
grams but telephone calls, business data, newspaper text, and other types of information.
There are two basic methods used to get information across the country: fixed earth-
based broadcast towers linked together in a transcontinental network, and communica-
tions satellites. Both use a combination of radiocommunication and cable technology.

LONG LINES

Around broadcast stations and cable operations the phrase /ong lines is often heard. The
term itself conjures up a vision of long wires stretching across the United States, carry-
ing telephone messages from point to point. In the early days of both the telephone and
the telegraph, wires were in fact laid across the vast American countryside. The invention
of wireless communication changed that, and a system of broadcast transmitters and
receivers was built to carry information from coast to coast. Today microwave relay
towers are used. These are the "long lines” to which broadcasters refer.

The largest and best-known company that operates long lines is the American Tele-
phone and Telegraph Company. AT&T is not the only company which provides common
carrier services, however; Western Union, International Telephone and Telegraph (IT&T).
General Telephone and Telegraph (GTE), Southern Pacific, MCI, CP!, and American Mi-
crowave & Communications are a few of the regional common carriers which provide
services similar to AT&T's.

COMMUNICATIONS SATELLITES

The proliferation of communications satellites and their demonstrated usefulness in na-
tional and regional distribution are two of the reasons cable television has been installed
in so many communities. Direct broadcast satellite (DBS) systems will allow portions
of the world with low population densities to receive the same radio, television, and tele-
phone services formerly available only in cities of substantial size. Both the traditional
analogue technique and the newer digital techniques are being utilized for the transmis-
sion of audio, video, and alphanumeric data. Figure 3—4 shows the structure of a typical
DBS operation.

INTERNATIONAL SHORTWAVE
Despite the increased utilization of satellites for national and international communica-
tion, shortwave communications systems still flourish. These stations use transmitters to
produce a type of radio wave which can travel long distances both day and night. Various
international common carriers use shortwaves. The international broadcast arms of the
French and British broadcast organizations, the Voice of America, and some religious sta-
tions are a few of the organizations broadcasting internationally.




44

CONTEXTS

Satellite

From studio facilities
or other satellites

Video Programming

Subscriber Station
(Earth Station)

Parabolic dish’’ antenna
(probably less than 1 meter in diameter)
(or appropriate antenna)

N,

7z .
{in geostationary orbit) % o~ ™ .
Probably satellite capability will 0 1 N N
receive overseas broadcasts via distant y = ; Noi
satellites that will instantaneously £ gﬁ eypa Low- .'qnse \
translate into English. { Ampli _ner_
Viewer Down/
x Selection ggg;s':refj I
| -[
Videodisc or \ . s
video cassette el
- Standard
( & TV Set | I
Ly L

Ordinary telephone lines could carry requests
and responses back to the service computers.

FIGURE 3-4. Direct Broadcast Satellite (DBS)
soURCE: Federal Communications Commission.

3.44 Exhibition: Gizmos and Toys

The first radio receivers were crude devices which detected the presence of a radio signal
through the shifting of iron filings in a glass tube. Later the development of voice com-
munications through the ether led to the development of crystal receiver sets complete
with cat's whisker and earphones. Families plarined their activities so as not to miss a
favorite radio or, later, television program.

Advances in technology have resulted in a world in which we no longer are forced to
plan our lives around the delivery of our favorite program. We merely set our home
video recorders and watch the program at our convenience. not the station’s. If we miss
seeing a movie we can rent a video cassette and watch it when we wish. Plays. educa-
tional programs, and other types of information are available at the flick of a switch.

There are two major classifications of exhibition equipment. First, there are devices
which allow us to play back programs recorded on a storage medium, for example, video
cassette machines. Second, there are devices which display the information for us. These
devices include radios. television sets, and video projectors.

PLAYBACK DEVICES

There are two basic types of video playback devices: video cassette record/playback ma-
chines (VCRs) and videodisc machines.
The video cassette machine uses videotape as the storage medium. Videotape is simi-
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lar to audio recording tape, in that when material is recorded on the tape it causes por-
tions of the tape to be magnetized.

A videodisc machine performs the same playback function as a VCR. Videodisc ma-
chines that can record information are not yet in distribution for home use. These ma-
chines are used primarily in automated office settings for record storage. There are
three videodisc systems in use today. (Each is incompatible with any other disc system.
That is, recordings that can be played on one system can't be used on the others.) Two
of the systems, capacitance electronic disc (CED) and video high density (VHD), operate
in @ manner similar to audio record discs. The third system, LaserVision (LV), uses a laser
beam to detect information placed on the disc.

PRESENTATION DEVICES
Radio receivers are not the only methods of exhibiting radio broadcast signals. Audio
receivers are also integral parts of home audio systems. Audiophiles take pride in their
sophisticated electronic systems, which accurately reproduce the signal received.

Television receivers come in all sizes and shapes. Some screens are only a couple of
inches in diameter, while others have screens in excess of forty-eight inches. Flat screens
that can hang on the wall are in development, and a set that can present four channels
at the same time is already on the market.

Video pragjectors are appearing in more and more homes and public places. A video
projector is a television receiver coupled with a projection device that presents a picture
similar to that on a movie theater screen. Unfortunately, the quality of video projectors
is not comparable to motion picture images. But most experts agree that rapid advances
in technology will close the gap in the coming years.

3.45 Programs: The Dichotomies

Twenty years ago when we spoke of radio and television programs, we were discussing
a relatively narrow range of offerings. Today radio and television programs range from
the still popular entertainment series to news headlines displayed in text form. We can
shop for groceries or securities via television. We can play video arcade games and reg-
ister our preferences on issues of local and national importance as we “talk back™ to our
TVs. So rapidly has the program landscape changed that the program environment has
developed three major dichotomies: mass appeal versus specialized programs; text versus
nontext; free versus pay. The final concept we’'ll examine is that of the superstation.

MASS APPEAL VERSUS SPECIALIZED PROGRAMS

Mass appeal programs are the radio and television offerings that most of us watch. This
is the mainstream popular entertainment fare that entertains us each day as we use ra-
dio and television. Mass appeal programs continue to be the most important program
form, and the production, distribution, and exhibition of these programs continues to
make up the bulk of the radio, television, and cable business.

Specialized programs, on the other hand, are designed to appeal to specific audience
segments much smaller than the audience reached by mass appeal programs. The group
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may be defined by ethnic similarity (“soul” or Spanish-language stations), or unity of
interests (local government hearings, educational offerings, cultural programs), or need
(employment information, meeting schedules. transportation information). The special-
ized information may be distributed using any of the systems outlined previously. Cable
television, with its numerous channels, is an extremely active participant in specialized
program activity.

PUBLIC ACCESS

Although public access is applicable to any type of electronic communications system, it
is most often applied to cable television. Public access is quite simply the idea that all
persons have the right to make their views known to the public via the media. Many
cable systems make specific channels available to the public on a first-come, first-serve
basis. These channels are used by groups and individuals to provide information of inter-
est to a specialized segment of the audience.

TEXT VERSUS NONTEXT INFORMATION

The widespread use of alphanumerics as a separate information service and in conjunc-
tion with programs is a recent development in television and cable. Alphanumeric infor-
mation which is broadcast is called teletext: in a teletext system there is no opportunity
for receivers to respond directly into the system. Alphanumeric information delivered via
a wire is called videotext, or viewdata, and receiver feedback is possible with this system.
Figures 3-5 and 3-6 show typical teletext and videotext configurations.
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FIGURE 3-5. Teletex
SoURCE: Federal Communications Commission.
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FIGURE 3-6. Videotext
SOURCE: Federal Communications Commission,

The most common use of text information is in the closed captioning of television
programs for the hearing-impaired, but it is not the only one. Earlier we noted that fi-
nancial data were being sent via SCA. The placement of a teletext signal in the radio or
television broadcast signal is an important service for many stations.

Cable videotext services include electronic funds transfer services (EFTS, an electronic
banking system), electronic mail, information retrieval (news, financial data, weather re-
ports, transportation schedules), data processing services, video games, and home man-
agement services such as fire and theft alarms, health emergency calls, product ordering
and television shopping, and educational classes.

FREE VERSUS PAY SERVICES
Two economic models are used in the telecommunications industry. One system allows
direct payment for services delivered. In the other system payment is made by the con-
sumer indirectly, through increased product costs.

When we pay directly for information we are using either a pay or a subscription
system. Subscription payment is characteristic of cable and subscription television sys-
tems, in which we subscribe to a program service and pay for that service by the month
or at some other time interval. The process is similar to subscribing to a magazine.

With a pay system we pay for the service of the event. If we want to watch a special
movie then we pay to watch it, in much the same way that we buy a ticket at a theater
box office. Pay television is often used for the presentation of special events such as
athletic contests, plays. nightclub acts, or movies.
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SUPERSTATIONS
Another recent phenomenon is the superstation, a local broadcast station (either radio
or television) whose signal is distributed outside the community in which it is located.
The signal may be carried by either microwave or satellite, or both. At present eight
television stations and one radio station are designated as superstations; they are listed
in figure 3-7.
FIGURE 3-7. Broadcast Superstations
KBMA-TV Kansas City KSTW-TV Tacoma-Seattle
KTVT-TV Dallas *WGN-TV Chicago
*WOR-TV New York WPIX-TV New York
WSBK-TV Boston *WTBS-TV Atlanta

*WFMT (FM) Chicago

*Carried on satellite.
SOURCE: Broadcasting/Cablecasting Yearbook 1982.

3.5 SUMMARY

Technology is simply the “way things are done,” and consists of both hardware and soft-
ware. The proliferation of communications technology has been both a blessing and a
curse. Peoples of the world are being divided into the information-rich and the infor-
mation-poor. In the rich nations, people are suffering from information overload and
future shock as they try to cope with a world that changes faster than their ability to
adapt. The diffusion theorists have found that individuals tend to adopt innovation at
differing rates. Those who are innovators generally show a tendency to use mass media
in greater amounts than those who adopt new technology at slower rates. A strong cor-
relation has been demonstrated between adoption of new communications technology
and national development. As a nation’s citizens begin to be exposed to mass media, ur-
banization and literacy increase and more participation in the economic and political life
of the nation is demanded. Other theorists have postulated that we are heading into a
postindustrial society in which the primary product is information. Harold Innis and Mar-
shall McLuhan theorized that communications media are the central influence in change
and that with changes in media come fundamental changes in social structure and the
perceptual framework of individuals.

New telecommunications technology has been developed by combining the technolo-
gies of the telephone, radiocommunication, and the computer. The telephone is a wire-
based system that is utilized for point-to-point communication potential, interactive
participation and from both sender and receiver, and full duplex operation. Radiocom-
munication consists of both broadcast and private radio services, and uses radio waves
rather than wires to transport information between points. The use of computers for
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signal switching and complex networking has resulted in an increase in the quantity, qual-
ity, and flexibility of the programs we receive. Programs are produced for both mass
audiences and specialized audience segments. The new technology has created new
means of producing, distributing, and exhibiting programs, which can consist of tradi-
tional mass media content or alphanumeric content, or both, and can be obtained free or
for a price.
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PRELUDE TO MODERN
TELECOMMUNICATION

The means of transporting information vary greatly. In most cases face-to-face com-
munication is the most effective way of sending a message to someone who is in close
proximity. But we aren't always close to those with whom we wish to communicate, and
other means have to be used to transport the information. One method of delivering
information is to send a messenger. Probably the most famous messenger in history is
the Greek runner Philippides, who ran from Marathon to Athens. Transmission of mes-
sages in this fashion is not very efficient, fast, or cost-effective, and it's maddeningly
tough on personnel. Later horse power was substituted for leg power and written cor-
respondence was carried on horseback from one land point to another, while ships pro-
vided courier service from port to port. However, the problem remained that informa-
tion still moved only as fast as the means to transport it. What was needed was a way
of moving information faster and more efficiently.

The path from marathoners to radio and television is littered with the telecommuni-
cations devices invented by hundreds of scientists and engineers to solve the problem of
transporting information. The evolutionary path includes complex machines, electrical ap-
paratuses, and electrical-acoustic devices. The discovery of electromagnetic energy set
the stage for the invention of wireless telecommunications devices. The inventions of the
nineteenth century form the foundation on which modern telecommunications technol-
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ogy stands. Each of the devices examined in this chapter was developed to solve a spe-
cific communications problem. If we are to understand modern telecommunication, some
basic knowledge of past devices is necessary. By the end of this chapter you should:

1. Know the four basic classifications of telecommunications devices
2. Understand the basic technology of the telegraph and the telephone
3. Be able to trace the history of the development of wireless telecommunication.

4.1 MECHANICAL TELECOMMUNICATIONS SYSTEMS

Many different mechanical systems have been used by societies to communicate. Drums,
signal fires, smoke signals, and heliography are a few examples. The problem with most
primitive devices is that the information transmitted can't be very complex, nor can it be
transmitted very quickly. For example, if you agree that the burning of a signal fire
means “The battle has been won.” you've no way of using the signal to say “The king is
dead.” Once the participants decide on the code there is no way of changing it short of
physically delivering a message.

One of the first solutions to the problem of delivering more sophisticated messages
was developed by King James Il. James's solution was to use flags in various combina-
tions to communicate between ships at sea. It was a hundred years later that the French
engineer Claude Chappe developed an optical telegraph system, illustrated in figure 4-1.

FIGURE 4-1. The
Optical Telegraph of

Chappe, ca. 1830
source: The Bettman Archive,
Inc.
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The Chappe system used towers at the top of which were movable arms which could be
placed in various positions; the towers became known as semaphore towers.

Despite the advantages optical telegraph systems had over other forms of telecom-
munication, there were still problems. The problem of darkness was solved by using lan-
terns, but fog, rain, and other types of bad weather interfered with the work of the
signal watchers. Then there was the human problem: watchers had to be alert at all
times in order to spot the messages coming from a tower several miles away. Finally,
there was the problem of speed. The towers’ signal arms were infernally slow: one
tower system owner boasted that his best crew could transmit the Lord's Prayer in just
a little over thirty-six minutes. However, these problems didn't keep Congress from se-
riously considering building a system connecting New Orleans with Washington. In 1837
Samuel F. B. Morse (a New York professor of “literature of the arts of design”) wrote
to the secretary of the Treasury advising against building the semaphore system and
informing him of Morse’s own experiments with a signaling system which used electricity
to carry messages. The telegraph was about to enter center stage.

4.2 ELECTRICAL SYSTEMS: THE TELEGRAPH

The telegraph evokes images of dedicated men and women hunched over small keys
sending and receiving messages of life-and-death importance. Without the telegraph the
intricate network of transcontinental railroads wouldn't have been possible. People
would have had to wait many weeks for news of important events if it weren't for tele-
graphic interconnection of reporter with newspaper. The telegraph system was the first
transcontinental telecommunications system. The telegraph is a digital system in which a
code of on-off pulses of electricity is sent through a wire.

The story of the invention of the electric telegraph has romantic elements which seem
to be characteristic of the development of revolutionary means of communication—pat-
ent fights, disputes, and personal tragedy. Although Americans like to claim that Samuel
Morse invented the telegraph, he was only one among many who developed a system of
electrical communication using wires. But Morse was lucky enough to have a court of
law declare that his system was developed first.

The process of telegraphy consists of sending intermittent currents of electricity
down a conductor to a detector which indicates in some manner the presence or ab-
sence of the current. What sounds like a simple process took almost one hundred years
to develop into a workable system.

There is little doubt that the telegraphic device patented in 1839 by Samuel Morse
was based upon principles and inventions developed by others. Morse acknowledged the
contributions of many persons, including Joseph Henry, Alfred Vail, and chemist L. D.
Gale, without whose aid the Morse telegraph would never have been developed. Never-
theless, it was Morse who developed the system, and his right to a patent was upheld
by the Supreme Court of the United States. Morse made many refinements to his system
and developed a concise code used by telegraphic system operators. Morse code is still
in use today.
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FIGURE 4-2. Morse’'s First

Telegraph, 1835
source: The Bettman Archive, Inc.

4.3 ELECTRICAL-ACOUSTIC SYSTEMS: THE TELEPHONE

The building of telegraph systems that linked major urban areas was a stunning advance
in communications. However, as fast and efficient as the sending of coded messages was,
it still didn't replace conversation in terms of communication effectiveness. What was
needed was a communications device that was electrical and could transport the sound
of the human voice. What was needed was the telephone!

The telephone uses a continually varying pattern of electrical current to represent
sound. The vibration of a diaphragm in a magnetic field creates a pattern of inductive
current; the current is carried down a wire, where it causes another diaphragm to vi-
brate in the manner of the first. This produces a sound like the original.
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4.31 Prelude to the Telephone: The Nature of Sound

Sound, unlike radio waves, is a physical phenomenon in which the atmosphere is dis-
turbed, creating areas of high pressure and low pressure which move through the at-
mosphere in wavelike motions. The atmospheric disturbances may be caused by the vi-
brations of a solid object, such as the tuning board of a piano or the voice box (larynx)
in your neck, or by electrical discharges, such as lightning.

Sometimes these atmospheric waves, or sound waves, are of sufficient strength and
type to set other solid objects vibrating. For example, if you were to direct your voice
toward the head of a drum and speak loudly, the sound waves produced by your voice
would cause the drum head to vibrate. If you could attach some sort of marker or stylus
to the head of the drum you could trace the pattern of the vibrations, which might look
similar to that presented in figure 4-3. The encoding of atmospheric disturbances into
electrical disturbances is the basic principle of electrical-acoustic telecommunications
devices.

4.32 Early Telephonic Devices

It's not just the 20/20 hindsight the passage of a century provides that makes it seem
amazing that a workable telephone system was not developed prior to 1876. The theo-
retical foundations were certainly established long before Alexander Graham Bell and
Elisha Gray visited the patent office on the same day in 1876 to register drawings and
descriptions of separate telephonic devices. The history of the telephone proves the ad-
age that sometimes it takes many years after the discovery of basic principles for inven-
tors to come up with technologies that use those discoveries to society’s advantage.
Developing a method of reproducing sounds through the use of electricity took many
years. The key is a process called electrical induction. The telephone is simply a device
which converts sound into a pattern of electrical signals through inductive means. The
electrical signal pattern is carried down a wire to a receiver which converts the signals
back into sound. A German inventor, Phillipp Reis, used the mechanics of the ear as the
inspiration for a telephonelike device. The first of Reis’s devices was presented in 1860,
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and for the next fourteen years he made steady improvements in his devices, but circum-
stances conspired to prevent him from being declared the father of the telephone. Reis’s
devices could reproduce the sound of musical instruments but they never satisfactorily
reproduced the complexities of the human voice. Reis died in 1874, and it wasn't until
the Bell telephone first appeared in Europe that the Germans recognized the genius of
one of their own countrymen.

4.33 The Bell Telephone

Alexander Graham Bell was born in Scotland. In 1871 he moved to Boston, where he
had received an appointment as a professor at Boston University. Bell had been trained
as a teacher of the deaf and attempted in his early years to develop instruments to im-
prove his teaching methods and aid the deaf and mute. It was while working on an ap-
paratus that would allow the sending of eight telegraph signals simultaneously that he
began to work on devices that would eventually lead him to develop the telephone. An-
other inventor, Elisha Gray, working in Chicago, also developed a telephonic device sim-
ilar to Bell's, but unluckily reached the patent office two hours after Bell's attorney. The
patent office, moving with an alacrity amazing even for 1876, awarded Bell patent num-
ber 174,465 on March 7. It should be noted that Bell did not reproduce the sound of
the human voice using his instruments until three days after his patent had been
awarded.

4.34 The Problems with Communication by Wire

Although the telegraph and the telephone were important developments in the history
of communications, both devices possessed an inherent problem—they were wire based.
Nowhere were the limitations of communication by wire more apparent than in the at-
tempts to create a transoceanic telegraph system.

One of the major problems was the cable itself. Early cables lacked adequate insula-
tion from the water; when the water corroded the insulation, they became useless. Early
solutions to the insulation problem included layers of cloth, rosin, and beeswax: exotic
mixtures of asphaltum and tar; and even glass tubing. The first workable solution was
gutta-percha. a natural substance gathered from a tropical tree and similar to rubber.
The first successful use of a cable insulated with gutta-percha in the United States oc-
curred in 1850, when a telegraph line was extended across the Connecticut River at Mid-
dletown. In 1858 Cyrus Field laid the first transatlantic telegraph cable. but it worked
for only a few months. Two more attempts were made and finally in 1866 an Atlantic
cable was successfully completed.

Cyrus Field spent millions of dollars and over ten years to create a transoceanic com-
munication system. But the cables broke frequently and the cost of the wire, the ships.
and the men needed to complete the engineering feat of laying the cable required the
investment of large amounts of capital. Capacity was also a problem, for a cable can
carry only so many messages at the same time. As interest grew in telegraph and tele-
phone the number of messages steadily increased. Soon almost every moment available
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for sending a message was taken. What was needed was a system that was free from
the limitations of wire-based telecommunication.

4.4 ELECTROMAGNETISM

The fourth class of telecommunications devices are electromagnetic. In 1865 an English
scientist, James Clerk-Maxwell, developed a series of mathematical equations which pur-
ported to prove the existence of a type of energy he called “electromagnetism.” Clerk-
Maxwell theorized that there existed a form of energy which moved through space in
the form of waves at the speed of light. He called it “electromagnetism™ because this
special kind of energy theoretically would possess characteristics similar to both electric-
ity and magnetism. Clerk-Maxwell's work was greeted with skepticism by his colleagues,
who believed in the existence of ether, which was thought to be a special form of elec-
trical-magnetic matter permeating all things in varying degrees. Electromagnetism they
dismissed as only a theory. If the skeptics were to be satisfied there had to be some
proof of its existence.

Heinrich Hertz furnished the proof in a series of brilliant experiments which he re-
ported in 1888. While lecturing one day he noticed that when he discharged a spark
through a coil of wire, a current was generated in another coil across the room. The
energy which was transferred from one coil to another was the electromagnetism of
Clerk-Maxwell.

Shortly after Hertz reported his initial findings a colleague suggested to him that
Hertzian waves could be used for wireless communication. Hertz immediately dismissed
the idea as a foolish fantasy because there was no practical means of detecting the waves
once they were produced. But it took only a few years for Guglielmo Marconi to put
together the necessary apparatus for a wireless communication system.

4.5 THE DEVELOPMENT OF WIRELESS TELECOMMUNICATION

The technology used to send messages through space without the use of wires or other
physical conductors is not the result of the work of any one person. Many people, rep-
resenting many different countries, contributed to the development of wireless telecom-
munication. One thing they all shared was a dream that someday communication would
not be dependent upon geographic proximity. the willingness of a messenger to brave
the perils of a cross-country journey, or the ability of a ship’s captain to navigate a vessel
across dangerous seas. Each hoped that the means might be found to use the atmo-
sphere itself as a conduit for messages. Many other substances had been suggested—
seawater, the earth itself, sympathetic magnets—but had been found to be unsuitable
for telecommunication.

Guglielmo Marconi was born in Bologna, Italy, in 1874. His father was a wealthy land-
owner, his mother the daughter of an influential family in Dublin, Ireland. Young Marconi
was shy, retiring, and studious, with an interest in electricity, and thanks to his family's
financial situation he was able to devote all his time to his studies. He was fortunate
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i
FIGURE 4-4. Guglielmo Marconi and Early Wireless Apparatus
SOURCE: Reprinted with permission of RCA.

enough to work with the Italian physicist Augusto Righi, who was conducting investiga-
tions into Hertzian waves.

In retrospect it seems almost impossible that wireless telegraphy using Hertzian
waves was not developed prior to 1896, when Marconi applied for a patent to protect
his wireless system. Sir William Crookes had suggested in 1892 that once a method was
developed of generating Hertzian waves of a specific wavelength and once receivers ca-
pable of detecting Hertzian waves were built, then it might be possible to communicate
without wires. By 1894 all the apparatus necessary for wireless communication had been
developed—Hertz used a simple resonator to generate electromagnetic waves in his lab-
oratory, many people had used aerials to detect inductive currents, and a wave detector
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had been invented. Within the scientific community were many others who were older,
wiser, and more scientifically sophisticated than Marconi, and had better-equipped labo-
ratories. Why didn't they develop wireless? Perhaps the answer lies in the character of
Marconi—a practical man, an applied scientist, who was interested in results which were
usable rather than in abstract theories. Whatever the reason, it was Marconi who accom-
plished what others tried to do but couldn't. He invented wireless!

4.51 The Branley-Lodge Coherer

Hertz had generated distinct radio waves in his laboratory experiments. but his means
of detecting the radio energy he produced was primitive. An induction coil with a small
break in the wire turnings served as his detector. If wireless were to develop, a more
sensitive detector had to be found. The answer was the Branley-Lodge coherer. In 1891
Edouard Branley, a Frenchman, discovered that the resistance of a tube filled with fine
metal particles decreased when placed in proximity to a resonator (spark gap genera-
tor). When the tube was tapped. the particles that had stuck together were disturbed.
The flow of current through the tube stopped. Sir Oliver Lodge used Branley's tube as a
detector of Hertzian waves and made some improvements. Lodge called the device a
coherer because the metal particles cohered to one another until disturbed by the tapper.

4.52 The Russian Marconi

Before examining Marconi's device in detail, another pioneer of wireless should be ac-
knowledged. Alexander Stepanovich Popov is believed by many to be one of the first (if
not actually the first) to use electromagnetic waves for communication. In March 1836
he reported that he had sent a coded message 250 meters using no wires. He used a
coherer and tapper as his detector, and connected it to a telegraphic printer which wrote
out the sequence of signals. Considered by his Russian countrymen to be the inventor of
radio. he is honored in the Soviet Union each May 7 on Radio Day.

4.53 Marconi's Apparatus

In the design of his initial wireless system Marconi used the work of several of his pred-
ecessors and nothing of his own invention. Marconi improved upon others’ inventions
and arranged them so that they generated and detected radio waves; in other words,
Marconi put them together in a system that worked. So obvious was the design to Mar-
coni that he assumed someone else would announce some practical application of Hertz-
ian waves to wireless communication. After twelve months of waiting and seeing nothing
Marconi began to refine the apparatus used in his laboratory.

In Marconi's first experimental transmissions he sent signals over a distance of two
miles. In 1896 he left Italy and went to England, where he applied for his first wireless
patent and demonstrated his ‘apparatus to various military and civilian officials. During
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his demonstrations he discovered that he could increase the distance the signals were
transmitted by increasing the length of his antenna wire and the amount of power he
used. He also improved the sensitivity of his coherer.

There was much excitement in England about the new invention. The English navy
saw its usefulness in maritime communication. The press wanted to use wireless to cover
sporting events and began calling Marconi “the father of the wireless,” a title he never
claimed for himself. Marconi and his cousin established the Wireless Telegraph and Signal
Company. Ltd., in 1898 to exploit the commercial potential of the invention. The com-
pany later became known as British Marconi. Later an American branch was formed,
called American Marconi.

In March 1899 Marconi succeeded in bridging the English Channel with wireless. The
demonstration was conducted for the benefit of the British War and Navy departments.
In the United States. Marconi used wireless to transmit the proceedings of the America's
Cup yacht races back to newspaper reporters on shore. So impressed were representa-
tives of the American army and navy that they bought wireless systems too.

4.54 Marconi and Lodge Develop Tuning

By 1900 the Marconi enterprise was facing serious competition from other companies
using equipment based on different patents. With the increase in the amount of trans-
mission activity there was a corresponding increase in interference. No one as yet had
the ability to control the frequency at which the radio waves were generated, and since
the spark gap method of generating radio waves was the only method known at the
time. most transmitters operated at or near the same frequency. Wireless privacy was
almost nonexistent. Anyone with a sensitive enough receiver could listen in on the coded
messages being sent back and forth between transmitters. A device or technique was
needed that could allow an operator of a transmitter or receiver to tune his apparatus
to a particular frequency. It was this problem that Marconi addressed.

In the mid-1890s Sir Oliver Lodge carried out a sequence of experiments which led
to the discovery of resonance, or syntony. Lodge built transmitters and receivers which
had matched inductances, capacitances, and antennas. The major problem with
Lodge's system and the systems built by others was that very little energy was transmit-
ted into space. Once again it was the practical, systematic mind of Marconi that put to-
gether existing elements to solve the problem.

In 1900 Marconi developed an improved system based upon Lodge’s principles of syn-
tony. The system added a circuit which created a much more powerful wave able to
sustain its power for a much greater distance. The receiver was based upon the same
principles. Marconi received both a British and an American patent on his arrangement
of circuits, which was superior to anything in existence at the time. Privacy could be
obtained and interference was reduced. Marconi now had a virtual monopoly on syntonic
tuning of radio apparatus. The stage was set for Marconi's greatest accomplishment—
spanning the Atlantic.
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4.55 Radio Waves Cross the Atlantic

Transmit radio waves across the Atlantic Ocean? “Never!” exclaimed the scientists of the
day. “It's too far. Radio waves travel in straight lines.” Few disputed the scientific dogma
cf the day, yet Marconi had experimental evidence that this simply was not true. Even
with his low-powered transmitter he had succeeded in covering sixty to one hundred
miles, a distance well beyond the limits of the horizon. Marconi didn't know why his
signals were traveling beyond the theoretical limits; he simply knew that they were.
Marconi knew that in order to span the Atlantic a more powerful transmitter had to
be utilized. He used a 25 kilowatt alternator which he connected to a transformer se-
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FIGURE 4-5. Marconi's Associates Launch an Antenna Kite at Poldhu
SOURCE: Reprinted with permission of RCA.
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ries that could develop 20,000 volts of electrical potential. He built the transmitter sta-
tion at Poldhu in the county of Cornwall, England. On the other side of the ocean, he
wanted to locate a receiver site on Cape Cod in the United States, but twice gales blew
down his massive antenna apparatus, so he moved the reception site to a hill overlooking
St. John's Harbor, Newfoundland. On December 9, 1901, he had finished constructing
the receiving station. He had instructed his assistants at Poldhu to begin sending the
Morse code letter S between 11:00 AM. and 3:00 p.M. on December 11. On the 11th a
gale struck St. John's Harbor and the balloon which carried the aerial aloft was lost. The
weather worsened on the 12th and the kite which was used to carry the antenna would
not stay steady in the gusting wind. A desperate Marconi changed coherers, trying to
find something more sensitive. Finally at 12:30 p.M. the young inventor heard something
in his earphones. It was the sound of the three short bursts of tone representing the
letter S being transmitted from over two thousands miles away. Marconi had crossed
the Atlantic!

Marconi's achievement was called “an epoch in human history” by Sir Oliver Lodge.
The public imagination was fired by Marconi's accomplishment, but quickly the achieve-
ment was shrouded in controversy. First the American-Anglo Telegraph Company, which
had a monopoly on communication activities in Newfoundland, demanded that Marconi
cease his experiments. Then a more serious controversy erupted. Marconi was accused
of faking the transatlantic transmission—it was charged he hadn't really heard anything!
Marconi proceeded to replicate his experiment, and soon all the world acknowledged his
accomplishment.

While Marconi's achievements were enormous, there was still no wireless device that
could transmit the human voice. Marconi’s invention was a wireless telegraph. Develop-
ment of a wireless telephone and broadcasting would have to await new technological
breakthroughs, which will be examined in chapter 6.

4.6 SUMMARY

The means of telecommunication have evolved greatly. The use of human messengers
was one of the earliest means of communicating information. Later horses and ships
were used, but still information moved only as fast as the means to transport it. The
challenge was to develop systems that could move information over land and water with
speed and efficiency.

The earliest telecommunications media were mechanical systems such as signal fires,
smoke signals, and heliography. In the seventeenth century flags were used to commu-
nicate between ships, and later optical telegraph systems were built across Europe and
in the United States. The telegraph, an electrical system, overcame many of the problems
of the visual systems and allowed more sophisticated messages to be sent at greater
speed.

The telephone was invented by Alexander Graham Bell in 1876, but was based upon
the discoveries of others. Submarine telephone cables were laid beneath large bodies of
water but were limited in capacity and were quickly destroyed by the corrosive action of
seawater.
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The discovery of electromagnetic energy gave hope that a wireless telecommunica-
tions device could be developed. The first system for transmitting and receiving wireless
signals was developed by Guglielmo Marconi in 1896. In 1900 he developed a system of
tuning, so that particular frequencies could be transmitted and received, and in 1901 he
succeeded in transmitting a signal across the Atlantic Ocean. Yet despite these advances
in telecommunication, there was still no wireless device that could transmit the voice.
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ELECTROMAGNETIC
ENERGY

Electromagnetic energy is the key ingredient in modern telecommunications systems.
Without the ability to manipulate electromagnetic energy we would have no radio or
television, cable communications systems, telegraph, long-distance telephone or tele-
graph, satellite communications, police radio, cab calls, or radio astronomy!

At the end of this chapter you should be able to:

1. Describe electromagnetic waves and determine the relationship between velocity,
wavelength, and frequency

2. |dentify and describe the two ways of modulating electromagnetic energy

3. Understand the variations in propagation characteristics among various types of
radio waves.

5.1 DESCRIBING ELECTROMAGNETIC ENERGY

Electromagnetic energy is very different from sound, yet we use many of the same terms
to describe them both—velocity, frequency, harmonics, wavelengths. Some people think
sound and electromagnetic energy are the same. They're not. Sound is a physical phe-
nomenon; electromagnetic energy is a special type of energy. Sound needs a physical sub-

67



68

TECHNOLOGY AND DEVELOPMENT

stance. such as air, through which to travel. Electromagnetic energy needs no physical
substance as a medium of transport. It can travel through a vacuum. Some kinds of elec-
tromagnetic energy can travel through physical substances, while others cannot. For ex-
ample, light can't travel through a wall, but radio waves can.

5.11 The Electromagnetic Spectrum

There are many different forms of electromagnetic energy. Figure 5-1 shows the var-
jous types of energy which make up the electromagnetic spectrum. Note that each
specific form requires a different sensory apparatus to perceive it. Different portions of
our body are sensitive to different portions of the spectrum—eyes are sensitive to light.
for example, skin to ultraviolet. X-rays and gamma rays may change the structure of the
cell nucleus. Microwaves cook our food, and infrared rays keep it warm. Radio and tele-
vision receivers are sensitive to that portion of the spectrum known as radio waves. But
communication with electromagnetic energy isn't limited to radio waves. Telephones and
telegraphs use electricity. and in the past decade special forms of light utilizing fiber op-
tic technology have been used in communications devices.

5.12 Velocity, Frequency, and Wavelength

Unlike sound, whose velocity varies in relation to atmospheric conditions. the speed of
electromagnetic energy is constant. Electromagnetic energy travels at 300.000.000 me-
ters per second. or approximately 186,300 miles per second.
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Frequency is a term used to describe the number of waves of energy which pass a
given point within a specific unit of time. The time unit used is generally a second; thus
frequency is expressed in cycles per second. By international agreement the term hertz
(abbreviated Hz) is used to represent one cycle per second. Rather than say 60 cycles
per second, we say 60 hertz. Since the portion of the electromagnetic spectrum we use
in radiocommunication consists of energy with a frequency of thousands. millions, bil-
lions, and even trillions of hertz, we use the prefixes kilo-, mega-, and giga- with the
word "hertz"” for frequencies of thousands, millions, and billions of cycles per second.

Wavelength refers to the distance between waves, and is normally expressed in metric
units. Here too we use the prefixes "kilo-,” “mega-." and “giga-." But many wavelengths
are less than one meter, and in such cases we use the prefixes centi-, milli-, and micro-.

5.13 The Constant Relationship

Sometimes we want to graphically portray electromagnetic waves. Representing them in
three dimensions is awkward, so we use a two-dimensional format. A wave of electro-
magnetic energy can be seen in figure 5-2a. The curve in figure 5-2a is called a wave
form, and the particular wave form shown is called a sine wave; it is equivalent to one
hertz. It took one second to pass and is 4 units in length. If we were to add another
similar wave to our display, it would look like figure 5-2b. Each wave took one second
to pass and the distance between waves is 4 units. The frequency of wave A and wave
B is one hertz and the wavelength is 4 units.

Now let's suppose we wanted to double the frequency from one hertz to two hertz.
What do you suppose happens to the wavelength? You can see by looking at figure
5-2c¢. Note that when we double the frequency the wavelength decreases proportionally,
from 4 units to 2 units. Since the velocity of electromagnetic energy is constant there is
always a direct relationship between frequency and wavelength. This relationship is ex-
pressed in the formula

fxX w=v

where f = frequency in hertz,
wl = wavelength in meters,

and v = velocity (300,000,000 meters per second or 186,300 miles per
second).

Thus if a radio station is located at 1,200 kilohertz (1,200,000 hertz) it has a wave-
length of 250 meters.

5.14 Amplitude, Attenuation, and Phase

When we speak of the amplitude of an electromagnetic wave we are talking about its
power relative to other waves. The amplitude of a sine wave is measured by the peak
height of the wave above the 0-0’ line. In figure 5-3a we see two waves. Wave A has
an amplitude of 2 units as measured from the 0-0" axis. while wave B an amplitude
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of 4 units, so wave B is more powerful than A. The power of radio waves is expressed
in watts.

Electromagnetic energy is absorbed by physical substances, for example the atmo-
sphere and the ground. This loss of energy, called attenuation, may be seen as a de-
crease in the amplitude of the wave form. Figure 5-3b portrays a wave that has an
amplitude of 4 units which then decreases to 3 units, 2 units, 1 unit, and finally ceases
to exist. Note that neither the frequency nor the wavelength is affected by attentuation.
Attenuation also occurs when a constant amount of electromagnetic energy is spread
over an increasing amount of area. For example, as you move away from a light source
the amount of light per square foot decreases. As you move farther away from a trans-
mitter of radio waves the power of the signal decreases, so that you have to keep in-
creasing the volume on your radio until the station fades out entirely.

Phase is an important concept in both radio and television. Suppose we have two
sources of electromagnetic energy, each transmitting waves at a frequency of one hertz
and each transmitting the same content. The transmitters are operating so that when
transmitter A’s wave is a quarter of the way through a complete cycle transmitter B
begins its wave cycle. In figure 5—4a transmitter A's wave is represented by the dotted
sine wave and B's by the solid wave. When you received the signals from A and B there
would be interference between the two signals because they are out of phase.
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What happens if two signals have the same frequency, are in phase with one another,
but have different amplitudes? The result is a third signal whose amplitude is the sum
of the two original signals. Two signals that are out of phase but have the same fre-
quency will result in a decrease in the amplitude of each signal.

In figure 5-4b we see an example of two signals that are completely out of phase.
Note that when the dotted wave is at its peak of 2 units on the plus side of 0-Q' the
solid wave is at its peak of 2 units on the minus side. This opposition of polarities means
that the two waves cancel each other out.

5.2 RADIO WAVES

Thus far we've examined the attributes of the electromagnetic spectrum common to all
forms of electromagnetic energy. Of particular interest to us is the portion of the elec-
tromagnetic spectrum whose energies are known as radio waves. Radio waves’ frequen-
cies range from greater than 10,000 hertz to 300 gigahertz (300,000.000,000 hertz).
Return to figure 5—1 and note the relationship of radio waves to other forms of electro-
magnetic energy. Note that radio waves have a higher frequency than electrical energy
but a lower frequency level than infrared or light energy.

5.21 Classification of Radio Waves

Radio waves of different frequencies tend to act in different ways. In the early days of
broadcasting, engineers and scientists divided radio energy into three categories: long
waves, medium waves, and short waves. Today there are eight classifications. Figure
5-5 shows the various classes of radio waves and some of the telecommunications ap-
plications for each classification.
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FIGURE 5-5. Classes of Radio Waves and Some of Their Uses

FREQUENCY RANGE DESIGNATION USES

3 to 30 kilohertz (kHz) Very low frequencies (VLF)  Long-range navigation,
sonar

30 to 300 kHz Low frequencies (LF) Navigational aids, radio
beacons

300 to 3,000 kHz Medium frequencies (MF) Maritime radio, direction

finding, distress calling,
Coast Guard radio, AM
radio

3 to 30 megahertz (MHz)  High frequencies (HF) Search and rescue, air-sea
communication, telephone,
telegraph, facsimile, ship-

to-coast
30 to 300 MHz Very high frequencies VHF television, FM radio,
(VHF) air traffic control, taxicab
and police radio, navigation
300 to 3,000 MHz Ultra high frequencies UHF television, radar,
(UHF) satellite
3,000 to 30,000 MHz Super high frequencies Satellite, microwave, radar,
(SHF) mobile telephone, walkie-
talkies
30 to 300 gigahertz (GHz) Extremely high frequencies  Radar. railroad,
(EHF) experimental

5.22 Generation of Radio Energy

The radio energy used for radio, television, and cable communication is generated by
manipulating electricity. If you increase the frequency of electrical energy enough, a point
is reached where the electromagnetic energy begins to radiate from the conductor into
the surrounding space. Radio waves can also be generated by sparks. In fact, this was
the method used by Hertz in his experiments, and by Marconi in the first wireless equip-
ment. The use of sparks for the generation of radio signals has been replaced by elec-
tronic multipliers and oscillators.

5.3 MODULATION

The process of imposing information (encoding) on radio waves is called modulation,
the decoding process demodulation. Prior to modulation, sound or light must be con-
verted into a series of radio frequencies. The conversion is handled by a transducer. The
electromagnetic frequency outputted by the transducer is called an audio (or video) fre-
quency (AF or VF). The modulator takes the audio frequency and imposes it onto the
carrier wave that is generated by the transmitter. Modulation of the carrier wave means
that the fundamental form of the wave is changed by the introduction of a second elec-
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tromagnetic frequency. The combination of the AF and the carrier wave is called a radio
frequency (or RF).

There are two methods of modulating the carrier: amplitude modulation (AM) and
frequency modulation (FM). Suppose we generate a sound of 500 hertz. If we were us-
ing an amplitude modulation method, the amplitude of the carrier wave would change
500 times a second; circuits in the receiver would decode the amplitude variations and
read the signal as a sound with a frequency of 500 hertz.

The frequency modulation method uses the number of variations in the frequency as the
encoding method. A sound of 500 hertz would be encoded by changing the frequency of the
carrier wave 500 times per second. Figure 56 shows an unmodulated carrier wave (a). a
wave modulated by amplitude (b). and one modulated by frequency (c).

(a) Unmodulated Carrier Wave.
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(b} Amplitude Modulated Carrier Wave (Frequency Is Constant—Amplitude Is Changed).
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FIGURE 5-6. AM and FM Carrier Waves
source: FCC Radio Operator’s Handbook. (c) Frequency Modulated Carrier (Amplitude Is Constant—Frequency |s Changed).
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5.31 Harmonics

Rarely does a musical instrument or the human voice ever produce a pure tone. Most
sounds are made up of many different tones and produce complex wave forms. For ex-
ample, a guitar string is plucked. The sound waves produced by the vibration of the
string produce vibrations in the body of the guitar and in other objects in the room.
Each vibration is slightly out of phase with the others. The result is a pleasing sound full
of overtones. By contrast, if we were to produce a pure tone in an acoustically dead
environment it would sound flat and uninteresting.

Overtones are a part of the world of harmonics. If we were to generate a sound of
500 Hz, overtones of 1,000 Hz, 1,500 Hz, 2,000 Hz, and so on are produced. When
electromagnetic waves are produced the same phenomenon occurs. A carrier wave of
20,000 Hz will produce electromagnetic waves at 40,000 Hz, 60.000 Hz. and so on.
Modulating the carrier wave with an audio frequency disturbs the frequencies immedi-
ately above and below the frequency of the carrier wave. These frequencies are pro-
Cessed by the receiver and reproduced as complex audio (or video).

5.32 Sidebands and Channels

The generation of frequencies other than the carrier frequency through modulation
means that telecommunicators must be assigned not one frequency but a band of fre-
quencies. This band of frequencies is called a channel, and the frequencies above and
below the carrier wave frequency are called sidebands. The number of frequencies in the
sideband determine the bandwidth. The more complex the information to be encoded on
the carrier frequency and the shorter the time needed for delivery, the greater the band-
width needed.

5.33 Channel Capacity

A channel might be compared to a pipe, and information transmitted through it com-
pared to water. If we want to fill a swimming pool we could use a garden hose with a
diameter of three-quarters of an inch. In that case the pool will fill very slowly. But if we
use a pipe with a diameter of one foot and maximize the water pressure, the pool will
fill much more quickly. Similarly, one frequency can only carry one bit of information
per second. The greater the amount of information which must be carried per second,
the greater the bandwidth needed. Thus the width assigned to a telecommunications
channel depends upon the amount of information which will be transported and the de-
sired speed of transport.

Various media differ in the channel capacity needed. The telephone doesn't require a
wide bandwidth because absolute fidelity isn't required for most telephone conversa-
tions. Therefore the bandwidth of your phone is only 4 kilohertz. FM radio requires that
sound be produced in high fidelity, so its bandwidth is much greater than that of tele-
phone circuits. Television has both sound and picture and requires a bandwidth greater
than either the telephone or FM radio.
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5.4 MANAGEMENT OF THE SPECTRUM

The radio wave portion of the electromagnetic spectrum is a natural resource which,
although not depleted through use. is of limited size. Therefore its use must be managed
very carefully. As with most things, there are technological and economic trade-offs to
be made in the use of the electromagnetic spectrum. The technology which uses the spec-
trum most efficiently is less expensive than that which is less efficient. The amount of
information which can be transmitted per channel is limited by the channel's bandwidth.
Decreasing the present bandwidths of radio and television channels may result in a de-
terioration in the quality of the sound and the picture. Yet no radio or television station
uses the entire bandwidth of the channels assigned to it. Meanwhile many different
telecommunication services are competing for spectrum space. Mobile phones compete
with earth-fixed stations. Satellite signals compete with microwave signals carrying long-
distance telephone calls. Spectrum management allows us to assign portions of the spec-
trum to specific services and to make more efficient use of channels.

Without spectrum management, interference results. If too many people transmit on
the same frequency there will be cochannel interference. If there are no standards for
transmitting and receiving equipment, there will be adjacent channel interference, or
receivers may not be able to receive the transmitted signals. Without some sort of plan
and international cooperation in the execution of that plan, efficient and effective tele-
communication is impossible.

Using techniques that are wasteful of spectrum space cannot be tolerated when there
is greater demand for channels than there is spectrum space available. So governments
cooperate with one another in the allocation of blocks of frequencies for specific pur-
poses. For example, broadcasting in the United States uses channels in the MF, VHF, and
UHF bands. International broadcasting is assigned to the HF band. Other countries might
use channels in the LF and HF bands for domestic communication. The allocation of fre-
quencies for specific use on a worldwide basis is administered by the International Tele-
communication Union (ITU).

5.41 Licensing

From the internationally generated allocation assignments individual governments create
allotment tables which assign specific channels for specific uses. Then an agency of the
government licenses persons and organizations to use specific channels for those prede-
termined purposes. The license allows the holder to transmit on the assigned frequency
at the power and time and for the use previously determined. In some countries the
holder of the license is the government itself; in some, for example the United States,
there is a mixture of assigned government frequencies and frequencies provided for pri-
vate use.

5.42 Multiplexing

In addition to government-imposed allocation—international assignment of channels and
licensing—there are other ways to more efficiently use a channel. Polarization of the
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transmitted wave is one technique that can be used. This is particularly popular in the
VHF and higher-frequency bands.

Muittiplexing is the means whereby two or more signals are placed within a single
channel, and can be used to increase the efficiency of both broadcast and wire. FM stereo
and quadraphonic, color television, and videotext all use multiplexing. There are two
basic types of multiplexing: frequency division and time division.

In frequency division multiplexing unused frequencies are utilized for information
transport. For example, suppose you have a channel that is 200 kHz wide and you only
use 100 kHz for sound transmission. The other 100 kHz could be used for other types
of information—computer data, stock market quotes, or a reading service for the blind,
for instance. In electronic media that produce a wide band of usable frequencies, the
bandwidth is divided into specific channels and each channel is assigned a particular ser-
vice, for example an FM station.

In time division multiplexing a finite amount of time is allocated for one type of in-
formation. Suppose we divided up a second into 10 equal parts of 100 units each. Dur-
ing the first part we would transmit a telephone conversation to home A, during the
second sales information to corporation X, during the third, fourth, and fifth units a ra-
dio signal, and so on. By filling in all the spaces between bits of information we can use
a single channel more efficiently.

5.43 Use of Sidebands

Another spectrum management technique utilizes unused portions of assigned channels
for the transport of information. In some telecommunications services, CB and AM radio
for example, it is possible to use only one side of the channel for the carriage of the
primary information while using the remaining portion of the channel to carry other
information.

5.5 PROPAGATION AND WAVE TYPES

Propagation refers to the path taken by radio waves through the atmosphere. All things
being equal, it might be expected that all radio waves would propagate and attenuate in
the same manner. They don't. A number of factors influence the behavior of radio waves.
They are subject to reflection by physical objects, and refraction and absorption by the
atmosphere. In addition, the coverage area is affected by atmospheric and solar condi-
tions, the amount of ground conductivity, the transmitter’s power, and, in some in-
stances, the placement of the transmitter.

In general, the higher the frequency of a radio wave the more like light it behaves.
Radio energy with frequencies greater than 30 megahertz are called quasi-optical.
High-frequency waves are more susceptible to some sort of physical or atmospheric dis-
turbance. So while lower-frequency waves are susceptible to atmospheric noise, higher-
frequency waves react to interference from solar storms and other forms of “electron
noise.” Another variable in the behavior of radio waves is how they travel through space.
Three classes of radio waves have been designated: ground, sky. and direct. The three
modes of wave travel are illustrated in figure 5-7.
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FIGURE 5-7. Carrier Wave
Propagation Methods
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5.51 Ground Waves

Radio waves that are transmitted through the surface of the earth are known as ground
waves. Ground waves are not limited to the line of sight between transmitter and re-
ceiver, but can travel as far as their power and the conductivity of the soil allow. (The
greater the moisture content of the soil, the farther ground waves can travel given the
same amount of power.) For example, a ground wave transmitted by an antenna oper-
ating at 50,000 watts of power will travel farther than a ground wave transmitted at
500 watts given the same frequency and ground conductivity.

5.52 Direct Waves

Radio waves that are transmitted from the antenna straight through the atmosphere to
the receiver are called direct waves. Although the horizon is the theoretical limit to direct
wave reception, in practice atmospheric refraction allows receivers beyond direct line of
sight to receive direct waves.

Direct waves are used in the VHF, UHF, SHF, and EHF bands, whose frequencies are
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particularly susceptible to absorption and diffusion by the atmosphere. Under certain at-
mospheric conditions these signals are subject to ducting.

5.53 Sky Waves

Most direct waves propagated into the atmosphere simply travel into space. However,
frequencies in the MF and HF bands are refracted by the ionosphere to such a degree
that they travel back to earth. Sometimes the radio waves are then reflected from the
earth back to the ionosphere again, and go back and forth until the energy of the signal
is too weak to be detected. This skipping effect can be seen in figure 5-7c. It is because
of the bending of the radio waves by the ionosphere that we can hear distant AM radio
stations at night.

Both direct waves and sky waves travel to the ionosphere. Whether they are refracted
or not depends in part on the angle of radiation, the frequency of the wave, and ion-
ospheric conditions. If the angle is increased beyond a certain point (critical angle), the
radio energy is not refracted but travels out into space. If the radio wave is refracted
then it travels back to the earth, where it can be received by a reception antenna. The
reception zones are not uniform and there will be areas of nonreception, called skip
zones.

5.54 The lonosphere

Actually, the ionosphere is made up of not one but several layers, which are designated
by the letters D, E, and F. The F layer has two sublayers, designated F1 and F2. Figure
5-8 shows the various layers of the ionosphere. The energy from the sun acting on the
atoms of the gases which make up the atmosphere creates these layers of positively
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FIGURE 5-8. Structure of the lonosphere
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charged atoms and free negatively charged electrons. The layers of the ionosphere may
refract or absorb radio waves, depending on the season, time of day, and sunspot

activity.

5.55 Factors Affecting Propagation

various factors affect the propagation of radio waves—time of day. season of the year,
sunspot activity. The frequency of the radio energy is also of great importance. A sum-
mary of the propagation characteristics of the various frequency bands can be seen in

figure 5-9.
FIGURE 5-9. Propagation Characteristics of Frequency Bands
BAND FREQUENCY RANGE DESIGNATION RANGE
Ground Direct Sky
2 30to 300 Hz Extremely low nu nu nu
frequencies (ELF)
3 300 to 3.000 Hz Voice frequencies nu nu nu
(VF)
4 3to30KkHz Very low long-range nu nu
frequencies (VLF)
5 30 to 300 kHz Low frequencies nu nu

6 300 to 3,000 kHz

7 3to 30 MHz

8 30 to 300 MHz

9 300 to 3,000 MHz

10 3,000 to 30,000 MHz

11 30 to 300 GHz

[ moderate: land

(LF) long: water
Medium frequencies { moderate: land
(MF) [ long: water
(AM radio)

High frequencies short: land
(HF) moderate:
(Shortwave radio) water

Very high short

frequencies (VHF)

(TV and FM radio)

Ultra high nu
frequencies (UHF)

(TV channels 14—

83)

Super high nu
frequencies (SHF)

(Microwave and

satellite)

Extremely high nu
frequencies (EHF)

(Microwave)

nu [ short—medium:

day
medium: night
nu medium—long: day

long: night
quasi-optical nu
quasi-optical nu
quasi-optical nu
quasi-optical nu

NOTE: Short =50 miles. medium =50-1.000 miles, long= + 1,000 miles: nu= not usable.
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5.6 SUMMARY

Electromagnetic energy. the key ingredient of the telecommunication process, has char-
acteristics of both electricity and magnetism. Electricity, cosmic rays. and radio waves are
forms of electromagnetic energy. When we describe electromagnetic energy we use the
terms frequency. wavelength, and velocity. These have a special relationship with one
another. which can be described using the formula

f(in hertz) X w/ (in meters) = v (300,000,000 meters per second).

Other terms used to describe electromagnetic energy include amplitude, attenuation, and
phase.

Radio waves are the form of electromagnetic energy used in broadcasting and cable.
They are formed by increasing the frequency of alternating electrical current until it ra-
diates into space from an antenna. The radio wave transmitted is called a carrier wave.
Information is encoded on the carrier through a process called modulation, in which
either the amplitude or the frequency of the carrier wave is modulated. The process of
creating the carrier wave results in the creation of other carrier frequencies immediately
above and below the primary carrier. These frequencies are called sidebands. and the
number of frequencies on either side of the carrier is the bandwidth. The entire band of
frequencies is called a channel.

The electromagnetic spectrum is managed through the licensing of certain frequencies
for particular uses, use of efficient equipment, use of unused sidebands, and multiplexing.
The propagation characteristics of a radio wave are determined by its frequency, power,
ground conductivity, and the absence or presence of physical objects. There are three
types of radio waves. Ground waves travel through the ground until their energy is to-
tally dissipated. Direct waves travel in a direct line from transmitter to receiver. Sky
waves are refracted back to the earth by the ionosphere.
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/ BROADCASTING: ITS

LOPMENT AND
.~/ STRUCTURE

Of all the forms of radiocommunication, radio broadcasting is probably the most per-
vasive. In the United States over 98.6 percent of all households have a radio receiver. In
excess of 100 million of the nation’s automobiles are equipped with radio receivers. On
March 31, 1984, the Federal Communications Commission had authorized 4,910 AM
and 5,282 FM stations to operate in the United States. International shortwave stations
using the HF band can be heard in remote locations far away from urban centers. In less
than a century radio has literally covered the planet.

Before radio broadcasting could evolve into the form we know today, two develop-
ments had to occur. First, the technology had to be developed that would allow voice
telecommunication rather than just telegraph signals. Second, a means of organizing the
technology had to be formulated to keep people from interfering with one another’s use
of the technology. This chapter will examine the development of the technology of radio
broadcasting and the organizational structure which is in place today to keep interfer-
ence to a minimum.

When you complete this chapter you'll be able to:

1. Trace the development of radio broadcast technology
2. Outline the process of radio transmission and reception
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3. Identify and differentiate between the various kinds of radio .
4. Understand the means utilized to produce radio programs.

6.1 CONTINUOUS WAVES AND WIRELESS TELEPHONES

Although no one disputes the importance of Marconi’s achievements to broa.

fact is that Marconi was not a broadcaster. He could not transmit voice me:s

what he did transmit was not meant for reception by the general public. They

vate messages. The equipment developed by Marconi and others was a crude .
mation of the equipment used today. It could be tuned to a certain extent. but nou
tuned. The distance covered was limited by a lack of knowledge of the structure
properties of the ionosphere. The spark gap method was noisy and dangerous to .
Communication was limited to exchanges of code. Early wireless was designed for wi:
less telegraphy, not voice messages.

In order to transmit voice messages, three things had to be developed in addition to
the equipment of Marconi: first, a more sensitive detector; second, a means of producing
continuous waves; third, a process of modulating those waves. As is typical of broadcast
technology, these advances were made by scientists working in several nations who
sometimes came up with the same innovation at almost the same time. Figure 6-1 pre-
sents the evolution of the technology from Marconi to the beginnings of broadcasting.

FIGURE 6-1. The Evolution of Technology from Radiotelegraphy to

Broadcasting

1900
1903

1906

1901
1906

IMPROVEMENTS IN DETECTION
Marconi develops a magnetic detector called a “Maggie.”

Greenleaf Whittier Pickard discovers minerals that can detect radio waves. He
settles on silicon for his detector.

Henry Dunwoody invents a reliable detector for use on board ships that fore-
shadows solid-state electronics.

TRANSMISSION OF THE HUMAN VOICE
Reginald Fessenden begins experiments on transmitting voice via wireless.

Ernst F. W. Alexanderson of General Electric develops a high-powered alter-
nator for Fessenden's use. Fessenden uses it for a voice and music transmission
on Christmas Eve.
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FIGURE 6-1. (Continueqd)

DEVELOPMENT OF THE VACUUM TUBE

1904  John Fleming develops the first crude electronic device. He calls it an “oscilla-
tion valve.” Later it becomes known as the Fleming valve, or diode.

1908 Lee De Forest invents the first true vacuum tube, or audion. It can be used as
an amplifier, rectifier. or oscillator.

6.2 THE BEGINNING OF BROADCASTING

One of the characteristics which distinguishes broadcasting from other forms of radio-
communication is the intention of being received by a general audience. The wireless sta-
tions organized by Marconi and other turn-of-the-century telecommunications entrepre-
neurs were designed to transmit private messages from one point to another point. It
was not until after the first decade of the twentieth century that serious thought was
given to the idea that wireless could be something other than telegraphy or telephony.

6.21 The First Station

One of the exercises broadcast historians frequently engage in is determining the first
broadcast station. At stake in the debate are corporate pride, public relations opportun-
ities, and the American drive to be first, so of course there are disputes over which or-
ganization should hold the title of “first.” The differences of opinion frequently result
from differing definitions. Certainly Fessenden’s Christmas Eve broadcast in 1906 would
be a contender for first, as would the early efforts of Lee De Forest both in Paris and
New York. However, neither of these men made any attempt to schedule their broad-
casts on a regular basis. There were thousands of radio amateurs across the country
who were regularly transmitting in Morse code, but their intent was to communicate
with other amateurs, not the general public. So active were these amateurs that in 1915
they formed the American Radio Relay League. Stations located at universities also made
broadcasts. These were primarily experimental and not intended for reception by the
general public.

It appears that a Californian by the name of Charles D. “Doc” Herrold was one of the
first broadcasters, if not the first. Herrold operated a College of Engineering and Wire-
less in San Jose and operated a station as a part of the program. In 1909 he was op-
erating every Wednesday evening, presenting news and music. Soon he began operating
every day. He placed receivers in hotel lobbies in the area and in 1915 broadcast six to
eight hours a day from the San Francisco Exposition. But when the United States entered
World War | Herrold's activities, like those of other radio enthusiasts, were brought to
an end.
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6.22 The “Radio Music Box”

Few saw wireless in terms of a medium that could be used in the home. Some, like
Herrold, thought it might have uses in public places. However, one person did see in
wireless the potential for something more than radiotelegraphy or radiotelephony. He
envisioned broadcasting. David Sarnoff, the young radio operator who first received the

FIGURE 6-2. David Sarnoff

David Sarnoff first came to public attention when, while working as a telegraph operator, he
heard the first calls for help from the sinking Titanic. He became general manager of Radio
Corporation of America (RCA) and finally chairman of the board.

SOURCE: Photograph courtesy of RCA.
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distress messages from the sinking Titanic, proved to be a prophet when he presented
the idea of a “radio music box™ to his superiors at American Marconi Co. in late 1915.
In his memorandum he spoke of radio as holding the potential to become a "household
utility.” The receiver which young Sarnoff called a “radio music box™ could be tuned to
several frequencies. Listeners would be able to hear lectures, important events, concerts,
and baseball scores. Sarnoff saw radio as an influential medium for reaching a mass au-
dience. The Sarnoff memorandum of 1915 reflects a vision of wireless as something of
greater value to the public than a point-to-point communications system. The cessation
of World War |, the formation of the patents pool, and the creation of RCA contrived to
create an environment favorable to the formation of radio broadcast stations as we
know them today.

6.3 RADIO TRANSMISSION MODEL

Carrier waves are transmitted into space from radiating elements located on an antenna
tower. In some cases, such as AM radio, the tower itself serves as the radiating element.
In other cases, FM and television, the elements are attached to the tower structure. An-
tennae and the radiating elements vary greatly in size. Broadcast services generally use
radiating elements whose length is one-half or one-quarter the wavelength of the carrier
wave. For example, AM stations generate carrier waves with wavelengths of approxi-
mately 187.5 meters to 555.5 meters. Thus the length of the radiating element for a
station broadcasting at 1,600 kHz might be 93.75 meters (one-half the wavelength) or
46.875 meters (one-quarter the wavelength). An FM station operating at a carrier fre-
quency of 101.1 MHz might use a radiating element measuring a full wavelength, 2.967
meters.

6.31 AM Radio Antennae

AM radio is also known as standard broadcasting. 1t uses ground waves and sky waves
to deliver information to listeners. The AM radio radiating element consists of the entire
tower plus copper wires underground. Since physical obstructions don't hinder ground
waves, and line of sight with receivers is not a necessity. AM antennae can be located
nearly anywhere. In choosing a site for an AM antenna, broadcast engineers look for a
place where there is good soil conductivity, where the tower won't interfere with air-
craft, and where its presence won't detract from the visual environment.

6.32 Directional and Nondirectional Radiation Patterns

Since the entire tower is used in AM broadcasting as the radiating element, electromag-
netic energy is normally transmitted equally in all directions. Such stations are called non-
directional stations. One method used for efficient management of the radio spectrum is
the construction of towers so that they transmit signals more strongly in certain direc-

87



88

FIGURE 6-3. Directional and

Nondirectional Station Configurations
Station A has a directional transmission
pattern tuned to serve its community of
license. Station B is nondirectional, and thus
must locate its transmitter in the central part
of its community of license.

SOURCE: FCC Radio Operator’s Handbook.
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tions. Stations using this type of antenna configuration are called directional stations. A
station might use a directional antenna system to avoid interfering with another station
operating on or close to the same carrier frequency. Another reason to use a directional
system might be to cover a greater portion of a populated area and less of an unpopu-
lated one, or to strengthen the station’s signal.

Directional AM stations consist of multiple towers. Each transmits carrier waves at
the same frequency but at different phases and at different powers. The carrier waves
which radiate from the antennae are reinforced in some directions and cancelled in oth-
ers. This creates a predictable coverage area. Figure 6-3 shows two stations. Station B
is nondirectional, station A directional.

Because the entire tower is used to radiate AM signals, and since the towers are per-
pendicular to the surface of the ground. AM stations’ waves are vertically polarized. Re-
ceiving antennae must have the same vertical orientation in order to receive the signals
well. FM signals are either horizontally or circularly polarized.

The term polarization refers to the orientation of the electromagnetic wave to the

Station A"
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Draghs
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Stations “A” and "'B”
operate on the same
frequency. “A” has a
directional antenna.

Station "'B”
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surface of the earth. Waves that are transmitted from an antenna perpendicular to the
surface of the earth are vertically polarized. Signals transmitted by an antenna whose
orientation is parallel with the earth’s surface transmit waves with a horizontal polari-
zation. Some stations use a special type of antenna that transmits waves in a corkscrew
pattern. Waves of this type have a circular polarity. Television signals generally are cir-
cularly polarized.

6.4 AM RADIO

AM radio stations make up the largest single category of stations licensed in the United
States. AM radio stations are licensed by the Federal Communications Commission for
not more than seven years. Applications for renewal may be filed with the Commission
and are generally renewed.

6.41 Frequency Assignment and Channel Width

AM radio stations are assigned to 107 channels located between 535 and 1,605 kHz.
International use allocations allow standard broadcasting between 535 and 1,705 kHz,
but no stations have been licensed in the United States in the additional 100 kHz of
spectrum.

AM stations broadcast on a channel that is 10 kHz wide. Each of the sidebands extend
5 kHz above and below the carrier frequency. Thus a station located at 1,550 kHz
broadcasts on a channel ranging from 1,545 kHz to 1,555 kHz.

6.42 Coverage Areas

The amount of ground area covered by an AM station’s ground wave determines the
primary coverage area. The additional area covered by the station’s sky wave is known
as the secondary coverage area. AM stations vary greatly in the amount of area their
signals cover. The variable factors affecting coverage area include frequency, power, soil
conductivity, time of day (and year), and whether the station is operating a directional
or nondirectional antenna. The relationships between these variables must be carefully
calculated prior to licensing so there will be minimal interference with other stations
broadcasting at the same frequency.

As we learned in the previous chapter, the higher the frequency, the more power it
takes to transmit a radio wave a given distance. Thus, putting aside all other factors, a
station operating with a power of 50,000 watts and broadcasting on 650 kHz will have
a larger daytime coverage area than a station operating at the same power at 1,550
kHz. The nighttime coverage area is dependent on the condition of the ionosphere. But
all other things being equal, the lower the frequency, the greater the sky wave coverage.
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FIGURE 6-4. Standard Broadcast Channel and Station Classifications

CHANNEL FREQUENCY in kHz  STATION CLASSIFICATION
CLASSIFICATION
| | i v
AB ABD AB

Clear 640, 650, 660, 700, X X XX Class |-A: Dominant signal,
750, 820, 830, 840, power to 50 kw
870, 1040, 1160, 1200 Class I-B: Dominant signal,

power 10 kw-50 kw

670, 720, 770, 780, XX X Class lI-A: Secondary signal,
880, 890, 1020, 1030, 250 w-50 kw day,
1100, 1120, 1180, 10 kw—
1210 50 kw night
680, 710, 810, 850, X XXX Class 11-B and |I-D: Secondary
940, 1000*, 1060*, signal, power 250 w—
1070*, 1080, 1090*, 50 kw, 250 w—
1110, 1130*, 1140*, 1 kw in some
1170, 1190*, 1500, markets
1510, 1520, 1530,
1540*, 1550*, 1560*

Foreign clears 540, 690, 730, 740, X X X

Regional

Local

800, 860, 900, 940,
990, 1040, 1050, 1220,
1570, 1580

550, 560, 570, 580,
590, 600, 610, 620,
630, 790, 910, 920,
930, 950, 960, 970,
980, 1150, 1250, 1260,
1270, 1280, 1290,
1300, 1310, 1320,
1330, 1350, 1360,
1370, 1380, 1390,

1410, 1420, 1430,
1440, 1460, 1470,
1480, 1590, 1600

1230, 1240, 1340,
1400, 1450, 1490

X X

Class [ll-A: 1 kw=5 kw
Class 1lI-B: 5 kw day, 500 w-1
kw night

X Class IV: 250 w night,
250 w—1 kw day

*Shared with foreign stations.
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6.43 Channel and Station Classification

The Federal Communications Commission has established a system of classifying AM ra-
dio channels and stations so as to minimize interference between them. There are three
channel categories—clear, regional, and local—and four station categories—I, II, 111, and
IV. Each station category may have subcategories. A summary of the various channel and
station types appears in figure 6-4.

CLEAR CHANNELS

There are sixty clear channels authorized by the FCC. Some stations operating on these
channels have transmitters operating at the maximum allowable power of 50,000 watts
and are designated dominant signals. Each station’s primary coverage area is protected
from encroachment by other signals. At night the signal is protected to within 750 miles
from the transmitter site. Although more than one station may operate on the channels
designated clear, the secondary station must protect the integrity of the primary sta-
tion's signal in the protected area. Secondary stations protect the signals of dominant
stations through a variety of means, including reduced nighttime power, directional an-
tenna configurations, and cessation of operations between sundown and sunrise.

CLEAR CHANNEL STATION CLASSES
A Class | station is the dominant station operating on the assigned clear channel. Stations
designated I-A are the only dominant stations assigned to that frequency and may oper-
ate at a power of 50 kw day and night. Because |-A stations operate at maximum power
day and night, they have large coverage areas. Twenty-five of the sixty clear channels
have only one dominant station assigned to each of them.

Stations designated |-B share their dominant status with another station. Both sta-
tions operate at powers ranging from 10 kw to 50 kw. Potential interference between
I-B stations is eliminated by careful location of the transmitters, use of directional an-
tenna configurations, and reduction of power. Twenty-one of the sixty clear channels
allow |-B stations to operate.

A Class |l station is a secondary station operating on a clear channel assigned to a
Class | station. The Class Il station must operate so that its signal does not interfere with
a signal of the Class |-A or B station in its protected coverage area. Class |l station power
varies from the maximum of 50 kw to a minimum of 250 w.

Stations designated 11-A operate only in certain designated states and with a nighttime
power of not less than 10 kw and a daytime power of between 250 w and 50 kw.
Stations with the designation [I-B have unlimited operation time and transmit at powers
ranging from 250 w to 50 kw. Class 1I-D stations may operate at powers ranging from
250 w to 50 kw, but are limited in their hours of operation. Most 1I-D stations are
daytimers.

Of the sixty channels designated clear, twenty-four have foreign stations broadcasting
on them. Of these twenty-four, fourteen have dominant foreign stations operating, with
U.S. stations occupying secondary (Class 1l) positions.
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REGIONAL CHANNELS AND STATION CLASSES

There are forty-one regional channels designed to serve a principal area of population
and its contiguous rural area. Several stations may operate on one frequency. Interfer-
ence is avoided by limiting the maximum power of each station and (where needed) us-
ing directional antennae. Stations operating on regional channels are designated Class 11l
stations. Class |1l stations are further subdivided into Il1I-A and 1lI-B categories.

A Class Ill-A station operates at a maximum power of 5 kw and a minimum power
of 1 kw day and night. Class I11-B stations operate at 5 kw during the day and between
500 w and 1 kw at night.

LOCAL CHANNELS AND STATIONS

Local channels are designed to serve relatively small geographic areas. These are desig-
nated Class IV stations. They must operate with a power of not less than 250 w and not
in excess of 1 kw during the day and 250 w at night. Although there are only six chan-
nels assigned to local service, the number of stations assigned to this class of service
make up approximately 25 percent of the total number of stations licensed in the United
States. The licensing of so many local stations is the result of careful spectrum manage-
ment by the FCC. Use of reduced power at night and of directional antennae reduces the
chances of interference. Almost every community that can support a radio station has
the opportunity to obtain one. As we'll see in chapter 16, local service is one of the policy
objectives of both the Congress and the FCC.

6.44 AM Sound Quality

Although the quality of the sound put out by AM radio stations is not comparable to the
high-fidelity sound reproduced by high-quality sound equipment, it is acceptable, given
the limitations of bandwidth, modulation method, and spectrum assignment. AM radio
signals are subject to atmospheric noise and distortion caused by electrical interference
from power lines and lightning. Today. AM stations broadcast audio frequencies from 30
to 5,000 Hz. The FCC has allowed some stations to broadcast a greater range of fre-
quencies so long as they don't interfere with other stations. Stations in the 1,500 to
1,600 kHz portion of the spectrum have been allowed to broadcast audio frequencies of
10,000 Hz using single sideband modulation. However, only a few stations have taken
advantage of the opportunity to become “high-fidelity” AM stations.

6.45 AM Stereo and Other Services

In 1982 the FCC authorized AM stations to begin broadcasting in stereo. The commis-
sion refused to choose any one specific system for stereo broadcasting, preferring to let
the marketplace decide between the competing systems.

In the same year the FCC also authorized AM stations to engage in services other
than broadcasting. AM stations have FCC authorization to generate subaudile tones
which can be used to remotely control public utility generators and electrical switches.
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6.46 Carrier Current Stations

Carrier current stations combine broadcasting and wire communications techniques. A
very low-powered AM signal of a specific frequency is fed into a metallic network such
as the water pipes, electrical system, or frame of a building. The weak broadcast signal
radiates from the metallic conductor and can be received by nearby receivers. Carrier
current stations operate in some college dormitories and are used to provide travelers
with flight information in -airports. They also provide AM radio service in tunnels and
other locations where standard and FM signals can't reach.

6.47 International Standard Broadcasting

Some U.S. stations use standard broadcasting techniques to reach audiences in foreign
countries. The majority of the stations engaged in international broadcasting are govern-
ment-operated stations such as those of the Voice of America (VOA), Radio Liberty. and
the Armed Forces Radio Network. VOA operates four transmitters in the United States.
Their signals are received in eight foreign countries and then retransmitted to the nation
or area of the world previously chosen by VOA management. In addition to the govern-
ment-operated stations, there are a few private stations operating internationally. Most
are noncommercial stations linked with religious organizations. Recently the FCC au-
thorized a commercial station to begin broadcasting popular music and commercial mes-
sages to Europe from a transmitter located in Louisiana.

International broadcast stations are sometimes called shortwave stations because they
operate in the HF frequency band, where wavelengths are much shorter than in the me-
dium-frequency band of AM radio station assignments. Shortwave stations operate both
day and night. They need a wave path conducive to long-distance communication, and
since the ionosphere changes during the course of the day and from season to season.
shortwave transmitters must operate at several different frequencies, depending upon
the season of the year and time of day. Stations must build several different antennae
and each must be directional.

The bands assigned to shortwave stations are shown in figure 6-5. Each station nor-
mally broadcasts on several assigned channels, each with a bandwidth of 5 kHz. There
are four different broadcast “seasons” and there is a limit to the number of hours each
frequency can be used during each broadcast season. lonospheric changes are predict-
able, and the FCC assigns stations specific operating hours, frequencies, and zones of
reception four times per year.

93




94

TECHNOLOGY AND DEVELOPMENT

FIGURE 6-5. International Shortwave Broadcast Bands

FREQUENCY RANGE (in kHz) WAVELENGTH (in meters)
5,950-6,200 50.42-48.38
7,100-7.300 42.25-41.09
9.500-9,775 31.57-30.69

11,700-11,975 25.64-25.05
15,100-15,450 19.86-19.41
17,700-17,900 16.94-16.75
21.450-21.757 13.98-13.79
25,600-26,100 11.71-11.49

6.5 FM RADIO

During the 1970s FM radio grew rapidly, not only in terms of the number of stations
but also in terms of listeners and advertising revenues. Part of the increase is attribut-
able to the lack of available AM channels in large markets, a situation which forced
broadcasters to seek FM licenses. However, the large number of FM receivers in homes
and automobiles and the shift to programming that had once been the sole province of
AM radio also contributed to the increase in the importance of FM. Like AM stations, FM
stations are licensed by the FCC for a period of seven years.

6.51 Armstrong’s Fight for FM

Edwin Armstrong, who had already developed the regenerative circuit, in the early
1920s began work to solve the problems of static and interference characteristic of
standard broadcasting. By 1933 he had applied for and received four patents for a sys-
tem of broadcasting which utilized frequency modulation rather than the standard am-
plitude modulation technique. In 1934 Armstrong demonstrated his system to RCA and
sought additional funds to refine the system. RCA, which had had a long relationship
with Armstrong and held an option to purchase his inventions, was impressed enough
with the demonstration to provide some assistance. Improvements came slowly as Arm-
strong encountered problems with interference and fading. Finally, RCA withdrew its
support, fearing that Armstrong’s invention might undermine RCA's already large invest-
ment in AM radio. RCA instead chose to devote more funds to support the development
of television.

Armstrong continued to work on refining his system, using his own considerable for-
tune to finance his efforts. In 1935 the FCC authorized the licensing of experimental FM
stations. Armstrong built a station in Alpine, New Jersey, within sight of New York City,
and began broadcasting in the spring of 1938. In that same year the Yankee Network,
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a group of twenty AM stations located in the New England area, built an FM station.
Soon FM stations were built by General Electric and RCA. By the spring of 1940 there
were more than twenty experimental FM stations on the air. In 1940 the FCC held hear-
ings on the new system and on January 1, 1941, allocated forty channels in the 42 to
50 MHz band to FM. Of the forty channels allocated, thirty-five were commercial chan-
nels, with five reserved for educational use.

The entry of the United States into World War |l retarded the growth of FM radio
but didn't stop it completely. More stations were authorized and began broadcasting,
and Edwin Armstrong sought to establish a national network of FM stations. In congres-
sional hearings held in 1944 it became clear that FM and television were competing for
the same spectrum space. Edwin Armstrong led the fight to retain the already allocated
channels for FM and to increase FM's spectrum allocation. His opposition, led by RCA,
won out, though. In 1945 the FCC reallocated FM to a series of channels located be-
tween 88 and 108 MHz. This band of frequencies is still used today.

Armstrong fought the change in the courts, but to no avail. Although he had gained
an increase in the number of channels allocated to FM the FCC had chosen to move the
portion of the spectrum allocated to the experimental FM service. The result was the
immediate obsolesence of all existing FM transmitters and of approximately 400,000 re-
ceivers capable of receiving FM signals.

6.52 FM Radio Channels

There are 100 FM radio channels located between 88 MHz and 108 MHz in the VHF
portion of the spectrum. The FCC assigns each channel a number between 201 and 300,
but stations identify themselves by frequency, not channel. For example, KUAT-FM is lo-
cated at 90.5 MHz and identifies itself as “KUAT-FM, 90.5 MHz in Tucson, Arizona,” not
as channel 213.

Each channel is 200 kHz wide, but only the middle 150 kHz of the bandwidth is used
for the FM signal. The remaining 25 kHz at each end are used as guard bands and for
transmitting other types of information.

6.53 Wave Propagation and Coverage Variables

Since FM channels are located in the VHF portion of the spectrum, direct wave propa-
gation is used. The radiating elements are attached to a tower. Coverage area is deter-
mined by:

1. The frequency of the channel (the lower the frequency, the less power needed to
cover the same area at a higher frequency)

2. the effective radiated power (ERP) of the transmitter (the more power, the
greater the coverage area)

3. the height of the radiating element above the surface of the earth, or HAAT (height
above average terrain). The higher the element, the greater the area that can be covered.
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6.54 Interference and Channel Allocation Tables

In order to minimize interference between FM stations the FCC has prepared an alloca-
tion table listing communities eligible for FM stations and assigning channels to each
community. A sample of the allocation table can be seeh in figure 6-6. Channels 201 to
220 are reserved for noncommercial use, channels 221 to 300 for commercial use. As
a further step to avoid interference the FCC has divided the United States into three
zones: |, I-A, and I

6.55 Station Classification

The FCC has divided FM stations into four classes: A, B, C, and D. Class A stations must
operate with a minimum ERP of 100 w and a maximum of 3 kw. Antenna height above
average terrain (HAAT) is limited to 300 feet. Class A stations may be located in all three
zones and may operate on any available channel.

Class B stations may be located in either Zone | or I-A but not in Zone Il, and must
operate with a minimum ERP of 5 kw and a maximum of 50 kw. Maximum HAAT is
500 feet. Class B1 stations are allowed a maximum power of 25 kw and a maximum
tower height of 329 feet (100 meters).

(a) General. The following Table
of Assignments contains the cban-
nels (other than noncommercial ed-
ucational channels) assigned to the
listed communities In the United
States, its territories and posses-
sions. Cbhannels designated with an
“A"” are for Class A FM statlons.
All other listed cbannels are for
Class B stations in Zones I and I-A
and for Class C stations In Zone II.
Channeis designated with an aster-
isk are assigned for use by noncom-
mercial educational broadcast sta-
tions only. There are spei:lﬂc non-
commercial educational FM assign-
ments (Channels 201-220) for var-
fous communities in Arizona, Calt-
fornia, New Alexico, and Texas.
These are set forth in § 73.507,

Channel
Alabama : No.

Abbeville __ .. 232A
Albertville _o oo 286
Alexonder Clty oo ccocmmeeeee 201
Apdalusla oo 231
ANDIRTOD e 263
Arnb e 221A
Asbiland 237A
Athens PR, 2982
AtMOre e oo 281
Auburn e aeee 2494
Bay Minette  ce e 288A
Birmingham __ o 229,
233, 243, 238, 284, 295. 209

Brewton oo 202A
Butler 228A
Carroliton 231
Chatom o e e 276A
Chbickasaw __ . ___._______ 252A
Clanton 249A
Cullman e 221A, 286
Decatur 245, 271
Demopols oo e 202A
Dothan 23R, 258
Enterprise .o 245, 294
Eufaula 224A
Evergreen .o oo 228A

FIGURE 6-6. FM Channei Assignments
The Federal Communications Commission assigns specific FM channels to communities across the
country. Shown here are the assignments for Alabama.
source: Chapter 47, section 73.202, Code of Federal Regulations, 1983.

Ohannel
Alabama—Continued No.

Fairbope oo e 221A
Foyette _ . _______ 251
Florence - e 297
Gadsden .o oo oo 279
Geneva _ ___ .o __.__ 228A
Greenvllle ___ . _____________ 240A
Guutersville e o .- 240A
Haleyville oo cmecacca e 224A
Hamliten _o oo ciecaas 221A
Huntsville .. 238, 256
JAekSON e e 2854
JARDPEP o e cccccceaea 273
Marlon oo 280A
Mobile _______ 223, 233, 241, 248, 260
Monroeville __ . ___-___ 237A
Montgomery ______ 222, 288, 270, 277
Muscle Sbhoals. oo _____.. 2884
Oneonta oo eccee 2494
Opellka e 263A
O D v 272A
(077 1 S 2804, 2854
Phenix CIty e 261A
Prattville 237A
Reform .. - 289A
Roanoke 2724
Scottshoro e oeececeeee e 282A
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Class C stations may be located only in Zone Il. C1 stations may operate with a max-
imum power of 100 kw and a maximum height of 300 meters. C2 stations may operate
with a maximum power of 50 kw and a maximum height of 150 meters.

Class D stations are noncommercial entities broadcasting on channels 220 to 300
(commercial channels) or, if there are no commercial channels available, on a noncom-
mercial channel (201 to 220). They are limited to 10 w ERP. In some instances Class D
stations designated secondary may have to change channels or cease operations if their
signal has the potential to cause interference with any other station. Class D stations
afford universities the opportunity to enter FM broadcasting on a very limited basis.

Class A, B, and C stations are known as primary stations. Because FM stations use
direct waves, both natural and man-made obstacles may interfere with reception of the
primary station’s signal. In order to fill in these shadow areas another type of station is
authorized. FM translator stations rebroadcast the signal coming from the primary sta-
tion's transmitter on a different frequency. FM translators may be located on any chan-
nel whose use will not create interference for any existing primary station or operating
translator. Translator stations located east of the Mississippi River are limited to a max-
imum power of 1 watt. Those west of the Mississippi are limited to 10 watts. Transla-
tors may not be used to increase the coverage area of the primary transmitter.

FM broadcast booster stations are limited to rebroadcasting the signal of an FM sta-
tion on the same frequency as the primary FM stations. The only portion of the original
station’s signal that may be altered is the amplitude.

6.56 FM Quality and Services

Despite the limit in coverage area caused by the use of direct waves, FM stations produce
a high-quality sound not achievable by AM stations. One of the reasons is the bandwidth,
200 kHz versus 10 kHz. The large bandwidth allows FM stations to reproduce sounds
within the entire range of human hearing, complete with overtones. FM also allows a
greater range of loud and soft. This large dynamic range adds depth to the sound. And
FM is less subject to atmospheric noise and static.

Almost all FM stations broadcast in stereo, and experiments are being conducted
which would allow quadraphonic (four-channel) broadcasting. In a stereo broadcast sys-
tem there are two channels, designated right (R) and left (L). The two are added to-
gether to form one signal, R+ L. A second signal is formed by taking the difference be-
tween the L and the R to form L— R. The two signals are placed on the carrier wave
and transmitted. A monaural receiver “sees” only the R+ L signal but a stereo receiver
"sees” both. Stereo receivers process the signals in such a way that the right and left
channels are separated and fed to separate audio amplifiers.

Yet even with high-quality sound and multichannel broadcasting, FM stations have
enough space to broadcast other information. The use of additional subcarriers multi-
plexed with the main carrier allows delivery of such things as reading services for the
blind, financial and computer information, and specialized music services for department
stores and restaurants.
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6.6 RADIO PRODUCTION TECHNOLOGY

Like other forms of broadcast and cable technology the production of radio programs
has grown more and more sophisticated. In the early days of radio all programs were
done live. Sound effects were created on the spot by specialists, and the music was pro-
vided by a studio orchestra or band or the old reliable organ. Today radio programs mix
live and prerecorded sources. There are even some stations which broadcast recorded
material almost 100 percent of the time. Even in live programs, such as a talk show or
a musical program presided over by a disc jockey, some segments are prerecorded. Thus
the production of recorded material is an important part of the radio industry.

6.61 Principles of Modern Sound Recording

Although there are a variety of sound record/playback machines available, each uses es-
sentially the same principle of operation. Figure 6-7 shows the head configuration of a
typical machine. The audio tape is supplied from the supply reel located on the left side.
The tape travels over a tape guide and flywheel, then comes into contact with the first
of three heads. When the machine is in the record mode, an electric current is routed
through the erase head, creating a magnetic field which erases all information on the
tape. In the playback mode no magnetic field is generated, so the tape is not erased.
The tape next comes into contact with the record head. A bias current of constant
frequency is routed through the record head in the playback mode. When an audio fre-
quency is placed in the circuit, the bias current changes frequency in sympathy with the
changes in audio frequency. The resulting fluctuation creates a magnetic pattern in the
metallic oxide on the tape. The pattern corresponds to the original audio frequency.

Erase Record Playback
Head Head Head

) )OSk~

—pe Tape Trave| e

FIGURE 6-7. Typical Audio Record/Piayback Head Configuration
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When the tape is run over the playback head the differences in the magnetic pattern on
the tape create distortions. These distortions are read by the machine and the original
audio frequency is reconstructed by the machine. The output is then fed to a series of
amplifiers and routed to the speakers.

6.62 Tape and Equipment Formats

There are three types of audio tape machines in use today. Two of the three are com-
monly used in the broadcast and cable industry—the reel-to-reel and cartridge machines.
The third, the cassette machine, is limited to home use.

The reel-to-reel audio tape deck is also known as an open reel machine, referring to
the method of storing the magnetic tape on open reels. One reel functions as the supply
reel, the second as the take-up reel. Most monaural reel-to-reel machines are full-track
record/playback devices whose record and playback heads cover the entire width of the
tape. Stereophonic machines have heads with two record and playback areas. One covers
the top half of the tape and delivers a signal to one of the two channels. The other
covers the lower half and delivers a signal to the other channel. Most reel-to-reel ma-
chines used for broadcast purposes use audio tape that is a quarter inch across. How-
ever, some reel-to-reel machines used for high-quality recording use one-inch tape di-
vided into as many as sixteen separate tracks. Two-inch audio tape has thirty-two tracks.

The cartridge machine, or cart deck, uses quarter-inch magnetic tape stored in a con-
tinuous loop within a plastic container. Although both reel-to-reel and cart machines are
easily cued and are used for both program material and commercial messages, the cart
has the advantage that it can be automatically cued back to the beginning point after
each use. Reel-to-reel machines can also be rewound, but cartridge machines are faster
and can be cued more accurately.

The cassette machine also uses magnetic tape stored in a plastic container. Unlike the
cartridge machine the tape is not in a continuous loop configuration, and the tape is only

Tape
—_— 1/4-inch Audio Tape
Travel

\

{a) Full Track Audio Tape/Head Configuration.

Tape Head

0 Track 1—Left

{
%

% 1/4-inch Audio Tape

D Track 2—Right

99

FIGURE 6-8. Audio Tape and

(b) Two Track Stereo Tape/Head Configuration. Playback Head Configuration
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a sixteenth of an inch wide. The technical quality of cassette machines approaches that
of cart and reel-to-reel machines, but difficulty in cuing cassette tapes limits their use in
professional broadcasting.

6.63 Editing and Mixing

Audio tape is edited by physically cutting and splicing the tape. Program material which
is not to be used on the air can be easily eliminated. Programs which are too long can
be shortened. and short programs can be lengthened. Leader can be spliced onto the
beginning of the tape to make cuing easier.

Most audio programs consist of three major elements: voice material, music, and ef-
fects. While many programs are done live, most commercials and dramatic programs rely
on postproduction mixing to achieve the desired effect. The process of mixing consists
of taking a number of program elements and placing them in proper relationship onto
a master tape. Sometimes the “mix" is done on multitrack tape machines. This allows
the audio engineer to control each element with great precision. Sophisticated mixing
techniques are used in putting together records.

6.64 Sources of Radio Programming

Radio program material is either performed live or played back from already recorded
material. The trend in radio is toward stations that are automated. This minimizes the
use of live talent on the air. Automated stations have multiple audio machines. The tapes
consist of all the music and commercials to be used during that day. An engineer simply
starts the correct machine at the designated hour. The only thing “live” is an announce-
ment of the time or the reading of local news.

The completely automated station is still rare, and while tape has replaced much of
the live material, many stations broadcast “live” almost exclusively. Disc jockeys play rec-
ords on the trusty turntable and chatter between songs. talk-show hosts interview
guests and take telephone calls—all live. Newspersons file on-the-spot reports from the
scene of the news. It appears that despite the advantages of automation, live radio will
continue.

6.7 SUMMARY

Radio broadcasting is probably one of the most widespread forms of radiocommunica-
tion. Early technological advances which led to the development of the radio broadcast
industry included the high-powered alternator of Ernst Alexanderson, the first voice
transmissions of Reginald Fessenden, the audion tube of Lee De Forest, and the regener-
ative circuit of Edwin Armstrong.

Radio waves are transmitted from radiating elements located on towers. AM radio
stations use the entire tower plus copper wires buried underground as transmitter ele-
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ments. FM stations use elements mounted on the tower frame. Both AM and FM stations
may transmit their signals using directional antenna configurations. Directional broad-
casting reduces interference between stations and may increase coverage area. Other fac-
tors determining coverage area of AM stations are soil conductivity, frequency, power,
and ionospheric conditions. FM coverage is determined by frequency, power, and the
height of the radiating elements above average terrain.

AM radio stations operate on 107 channels located in the MF band between 535 and
1,705 kHz. Each channel is 10 kHz wide, with the carrier frequency located in the mid-
dle of the band. There are three categories of channels: clear, regional, and local. Stations
are designated |, 11, llI, or 1V, depending on the frequency they are assigned, and operate
at powers ranging from 250 w minimum to 50 kw maximum.

FM radio was developed by Edwin Armstrong. FM stations operate on 100 channels
located between 88 and 108 MHz in the VHF band. Each channel is 200 kHz wide, and
the first twenty channels are restricted to noncommercial use. The FCC has divided the
United States into three zones for FM purposes: |, I-A, and Il. Channels are designated
A, B, C. and D. Only certain channels are assigned to each zone. FM stations have better-
quality sound than AM stations because of the type of modulation system they use and
their greater bandwidth.

Audio recording for broadcast purposes is done primarily on tape. Records are an-
other source of programming. The audio tape recorder comes in three formats. The reel-
to-reel machine and the cartridge machine are used in professional broadcasting. Cas-
sette machines are limited to home use. Audio tape may be physically edited, and final
master tapes are produced by mixing separate elements together.
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TELEVISION

Of all the forms of telecommunication, television has probably had the greatest im-
pact. American households watch television almost seven hours per day, and most use
television as the primary source of information and entertainment programming. There
were already 1,452 stations broadcasting television programs as of March 31, 1984,
plus thousands of applications for low-powered television stations waiting for FCC
approval.

In this chapter we’ll examine the technology of this powerful medium. At the end of
this chapter you'll:

1. Be able to trace the development of a system of transmitting pictures and sound
through the air

2. Know the basics of how television works

3. Understand the organization of the portion of the electromagnetic spectrum in
which television operates and know the different kinds of stations that operate on those
frequencies

4. Be able to identify the types and basic operating principles of videotape production
equipment.
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7.1 THE TELEVISION IMAGE

The television image is unlike any other form of visual and audio representation. Some
theorists say that its physical characteristics involve us to a greater degree than any
other medium of communication (McLuhan, 1962, 1964). They believe that when we
watch TV we become more than just viewers: we are participants. Others violently dis-
agree with this notion. Arguments about the nature and influence of television are fre-
quently found in the pages of newspapers, magazines, and academic journals. Some are
against television, others defend it, but all seem to agree that it is influential. The tele-
vision image is among the most powerful forces acting on the world today.

7.11 Persistence of Vision

Television, like motion pictures, is characterized primarily by the moving image. Yet the
images don't really move at all. What appears to us as a continuous visual display is really
a series of still images projected in a manner and at a rate designed to provide the illu-
sion of movement. The pictures don't move: our minds are tricked into believing that
they move.

Figure 7—1 shows four frames of an action sequence. When seen at the proper speed,
it would appear that the ball is hitting the surface. This phenomenon is called persistence
of vision. It's the tendency of the mind to hold an image and to compare it to the next
image. If there is a change in the position of objects in the visual image, the mind trans-
lates that change into movement. Persistence of vision is what makes us see a circle of

O Frame 1
; Frame 2
Frame 3
FIGURE 7-1. Persistence of Vision O Frame 4
A falling ball hitting a surface as it might appear in four motion picture or
television frames. Persistence of vision creates the illusion of motion.
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fire when someone waves a torch in a circular pattern at night. In television and film the
rate at which the individual images are projected is important. If the rate is too slow,
something called objectionable flicker occurs. In television a projection rate of at least
fifty images per second is needed to eliminate the flicker problem.

7.12 Characteristics of the Television Image

At first glance the television image seems very similar to motion picture and other pho-
tographic images. When engineers first established standards for the television image,
they used the motion picture image as a model. However, there are differences between
the television image and the film image. First, the television image is not as sharp as the
motion picture image. It has less resolution and fidelity. The average eight-by-ten pho-
tograph is made up of about two million small dots called elements. A thirty-five-milli-
meter motion picture frame has approximately one million separate elements. But the
television picture on your home receiver has only 150,000 elements. The relatively small
size of the television picture helps overcome the low resolution. When the size of the
television image is increased with, for instance, a video projector, the low resolution is
easily seen. '

Second, the motion picture image has greater range of color and gray portrayal. The
television image can't approach the film image in its portrayal of details in shadow or
subtle differences in color.

Third, the motion picture image is generally /arger than the television image. This dif-
ference in size and, to a certain degree, the film image's greater fidelity allow motion
pictures to show great, sweeping landscapes. Television generally is best when working
in close proximity to the object shown.

Fourth, the motion picture image is projected onto a surface which reflects the image
back to the eye. The television image is generated directly on the screen surface. This
fourth difference may seem small, but there are many who feel that creation of the vis-
ual image directly on the screen surface is one of the most important characteristics of
television (Zettl, 1973).

Fifth, there is a difference in the relationship between the height and width of the
image. All broadcast television images have a 4:3 aspect ratio. Motion pictures have a
variety of aspect ratios. Some are so wide in relation to height that the image wraps
around the audience. Recently some high-definition television systems have been devel-
oped which use a wide-screen aspect ratio, but none are in general use.

Sixth, there is a difference in the quality of sound. Motion pictures are capable of
presenting sound in high fidelity and from many directions. Television is limited by its
narrow frequency range, the technology of the television sound reproduction system,
and the lack of consumer demand for higher-quality sound.

Television is an extremely sophisticated technology capable of bringing sounds and
visions from all over the world into our homes. Although the technology exists to pro-
vide a visual and audio image which compares favorably with that of the motion picture,
we are content to accept lower-quality pictures and sound. We have chosen to make
trade-offs in terms of equipment costs and the amount of the electromagnetic spectrum
we use for television.
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FIGURE 7-2. Television's Aspect Ratio
A television picture is four units wide and three units high. 1
The 4:3 aspect ratio is the same as that of early motion
pictures.
2
3
W_JLV_J\W—L—V—J
1 2 3 4

7.2 THE DEVELOPMENT OF TELEVISION TECHNOLOGY

The development of a technology that would transport moving images and sound from
one point to another occurred over centuries. The discovery of how to render scenes in
atmospheric perspective was an important development in the history of visual arts. The
invention of photography allowed natural objects to be represented in a manner that
almost duplicates nature. The motion picture added a greater dimension of reality to the
photographic image than had been previously known. But in order to transport these
visual images from one point to another the medium itself had to be moved. The actual
physical image had to be sent from one place to another.

Television, like wireless, did not develop overnight. It evolved slowly. following several
distinct lines which periodically merged. Finally, in the mid-1930s it made its debut in
essentially the same technological form as exists today. Figure 7-3 traces the develop-
ment of television technology.

FIGURE 7-3. Development of Television Technology

THE DISCOVERY OF PHOTOELECTRIC MATERIALS

1873 Willoughby Smith and Joseph May discover the photoelectric properties of
the element selenium.

1875 George McCarey breaks visual images into discrete parts; builds @ machine
made up of banks of selenium cells.

1880 Maurice Leblanc refines the McCarey machine so that only two wires are
needed: the fundamental concept of scanning the visual image is developed.
MECHANICAL SCANNING DEVICES
1883 Paul Nipkow develops the first mechanical scanning disc.

1923 John Baird develops the first operational television system using the me-
chanical disc configuration. Images were only black-and-white silhouettes
and were transmitted by wire.
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FIGURE 7-3. (Continued)

1923

1925
1926
1927

1927
1928
1928

1897
1907
1908

1928

1921-38

1930

1936

Frances Jenkins sends still television images using a mechanical system and
wireless.

Baird transmits moving silhouettes without wires.
Baird transmits moving images with gray tones.

Herbert Ives of Bell Laboratories develops a television system that can trans-
mit images and sound hundreds of miles via wire.

Philo T. Farnsworth demonstrates the first electronic television system.
Baird transmits television images across the Atlantic.

lves develops a color television system.

THE DEVELOPMENT OF ELECTRONIC TELEVISIONS
Karl Braun develops the cathode ray oscilloscope.
Boris Rosing uses Braun's invention as a receiver.

A. A. Campbell Swinton uses a cathode ray tube as a receiver and applies
scanning principles to image formation.

Vladimir Zworykin patents the iconoscope. It forms the basic technology for
electronic television systems.

Farnsworth patents seventy-three devices that improve electronic television.

RCA and General Electric pool resources and form the Camden Group. Un-
der the leadership of Zworykin, the research team improves the electronic
television system.

The first television broadcast airs from the New York World's Fair.

- 7.3 PRINCIPLES OF TELEVISION TRANSMISSION AND RECEPTION

Although the processes for delivering radio and television images to audiences are simi-
lar, television is @ more complex system. Television requires that both sound and visual
images be encoded, transmitted. and decoded. Millions of separate pieces of information
are transmitted and received each second. The process requires accurate electronic equip-
ment and a high degree of compatibility between transmitter and receiver.

The television system consists of two subsystems, the audio subsystem and the video
subsystem. The production and reception of the audio portion of the medium is almost
exactly like that used in radio. But what about the video portion?

Just as sound is the raw material of audio, light is the raw material of video. In a
television camera light, reflected from an object, travels through a lens system which

107



108

TECHNOLOGY AND DEVELOPMENT

focuses the image on the face of a video tube. The image is brt
information, then stored or transmitted as video RF. The video
to a cathode ray tube, called a kinescope, which uses the videc
original image on the screen. The image may be either in co
The audio radio frequencies are processed by an audio receive!
is located in the receiver cabinet.

7.31 Scanning the Image

The first step in the video system consists of focusing a visu:
sitive area, the target, of a video tube. Since the development
rykin, video tubes have increased in sensitivity and decreasec
the video tube is called an image orthicon, a vidicon, or a p
sentially the same manner.

Like the iconoscope. the modern video tube emits a strean
ode. The position of the electron stream is controlled by th
the deflection coils in the tube. The movement of the elect
across the surface onto which the image has been focused is
plete scan of the image from top to bottom is called a frai
number of frames generated per second—the frame rate—i
tems use a frame rate of twenty-five.

However, the projection of only thirty frames a second re
To get an acceptable image the frame rate must be increase
interlace scanning. The electron beam first scans line 1, tt
to scan line 3, then to line 5, and so on until the bottom of
reaching the end of the bottom odd-numbered line, the be
frame at the beginning of line 2 and proceeds to scan th
illustrated in figure 7—4. In this way each frame is made uj
even-line field. So while the frame rate of the U.S. television
the field rate is double that, creating a picture that moves it

FIGURE 7-4. The Television Scanning Process

Here the odd-line field is being scanned. Once all the odd
lines are scanned, the beam will scan the even lines. The )
U.S. television system scans thirty odd fields and thirty

even fields per second. Odd Fielc

into bits of electronic
5 received and routed
1ls to reconstruct the
" in black and white.
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Je onto the light-sen-
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7.32 Blanking and Sync Signals

Whenever the electron beam reaches the end of a line it moves either vertically or hori-
zontally to the beginning of the next line. If during the retrace sequence the electron
beam were to continue to scan the target area of the tube, the resulting path of light
would interfere with picture quality. In order to eliminate this, the electron beam is
turned off during the retrace period. This is called blanking. There are two types of
blanking. Horizontal blanking occurs when the beam moves from the end of one line to
the beginning of another. Vertical blanking occurs when the end of one field is reached
and another begins.

During the blanking phase of the process accessory signals are transmitted. These sig-
nals are sets of instructions telling the various components of the television system what
to do and when to do it. One type of accessory signal, a sync signal, makes sure that the
scanning process is synchronized in both the video tube (in the camera) and the receiver
tube (the Kkinescope). If the signal is properly in sync, the electron beam is scanning the
same portion of each tube at the same time. Failure to provide accurate sync signals
results in a distorted picture on the receiver. Other accessory signals determine white,
black, and color levels. The various accessory signals are generated electronically in the
camera control unit (CCU) and the sync generator. The CCU and the sync generator may
be located internal or external to the camera head. If the information to be transmitted
is from some other source than a video camera, additional sync signals may be placed
onto the video signal before the signal goes to the transmitter. The external sync gen-
erator is sometimes called station sync. The receiver takes the accessory signals and re-
constructs the video image originally seen by the camera.

7.33 Line Frequency

The television system used in the United States consists of thirty frames per second with
a line frequency of 525. The image which is focused onto the target portion of the video
tube is dissected by the electron beam into 525 separate lines of information. In practice,
not all 525 lines are used for picture information; some are used for the various acces-
sory signals. A black-and-white television receiver uses about 340 lines, a color receiver
approximately 280 lines for visual information. Each frame is made up of approximately
150,000 separate picture elements, with 15,750 lines of information being broadcast
per second (thirty frames with 525 lines a frame).

The frame rate of U.S. television sets, thirty per second, meshes neatly with our elec-
trical system’s frequency of sixty hertz. However, other countries use a different electri-
cal standard and hence their television system varies from that used in the United States.
The five different systems in use throughout the world are summarized in figure 7-5.
Note that the methods of modulating audio carrier and channel width vary.

7.34 Color

Thus far the discussion of television images has been limited to black-and-white pictures.
Yet color systems were developed very early in the history of television. The first color
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FIGURE 7-5. TV Systems around the World

CHANNEL
LINES/ WIDTH FRAMES/
SYSTEM FRAME (MHz) SOUND SECOND USER
A 405 5 AM 25 Great Britain
B 625 7 FM 25 Western Europe (with exceptions)
D 625 8 FM 25 Eastern Europe, Soviet Union
E 819 14 AM 25 France
M 525 6 FM 30 United States, Japan, Canada

television system adopted in the United States was a mechanical system developed by
CBS and approved for use by the FCC in 1950. However, the pictures transmitted using
this system couldn’t be received and reproduced by existing black-and-white television
sets. RCA solved the problem by developing an all-electronic compatible color television
system. In December 1953 the FCC reevaluated its original decision on color television and
approved the RCA system.

The color system uses twp separate picture signals. One signal consists of information
about the Juminance, or brightness, of a scene; the other, information about the chro-
minance, or color. Color receivers use both signals, while black-and-white receivers ig-
nore the chrominance signal and use only the luminance information. Almost any hue can
be recreated by mixing the light primaries (red, blue, and green). Each color is fed into
a video tube and the outputs of the video tubes are combined to form the luminance and
chrominance signals, which are then multiplexed together. The three primary color sig-
nals are differentiated by differences in signal phase. A special accessory signal, color
burst, controls the multiplexing process and allows the home receiver to distinguish be-
tween the various color phases.

7.35 Mixing the Various Video Sources

A camera is not the only source of video. Video may originate from storage devices such
as videotape recorders and slow-motion recorders, from computerlike devices which gen-
erate alphanumeric information, and from telecine chains which use a video camera to
read photographic slides and motion picture film. There are also situations in which more
than one camera is used. When more than one video source is utilized the signals can be
routed to a mixing device called a switcher or video mixer, which allows the director to
choose among several video sources or to combine them.,

7.36 The Audio System, Diplexing, and Transmission

The output of the switcher is sent to a diplexer, where it is combined with the audio
frequencies and placed onto the carrier frequencies. The television audio system is similar
to that used in radio: sound is converted to an audio signal and amplified, then encoded
onto the audio carrier using single sideband frequency modulation. The video signal is
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placed onto the carrier wave using amplitude modulation. The modulated carrier fre-
quencies are delivered to the transmitting element, which is mounted on a tower. The
television carrier wave is circularly polarized, meaning that the waves travel in a cork-
screw fashion. Circular polarization decreases the amount of distortion caused by atten-
uation and atmospheric or electronic disturbances.

7.37 The Receiver

The television receiver operates in a manner similar to a radio receiver. The FM audio
signal is picked up by the receiver antenna and routed through a series of amplifiers and
filters to separate the audio frequencies from the carrier frequency. The audio frequency
is then routed to the speaker, where it is transformed back to sound.

The AM visual signal is amplified, filtered, and routed to the kinescope tube. The kine-
scope is similar to the cathode ray tube developed by Braun but much more sophisti-
cated. A diagram of a simple kinescope tube can be seen in figure 7-6. The cathode (C)
is heated with an electrical current and emits negatively charged electrons which are at-
tracted to the positively charged anode (A). In the center of the anode is a hole that
allows some of the electrons to escape into a magnetic field formed by the plates P1 and
P2. As the magnetic field is varied the electron beam moves so that its scans the face of
the tube, which has been coated with a luminescent material. Each line of the screen is
made up of hundreds of individual dots which glow when the electron beam strikes
them. Variances in brightness are achieved by passing the electron beams through a grid
(not pictured in the figure). The grid's voltage varies according to the changes in the
received video carrier signal.

The color kinescope tube is a marvel of precision engineering. The screen is scanned
in a manner similar to the black-and-white kinescope. However, for every one dot of
material in the black-and-white kinescope there are three in the color kinescope—one
red, one blue, and one green. The inside of the screen is covered by a mask, into which
hundreds of thousands of holes have been poked, one hole in front of each dot. In the
older type of Kinescope tubes there are three cathodes, each of which scans one color.
The three-cathode system requires that each of the electron guns be precisely aligned.
However, this alignment is difficult to achieve, and picture quality sometimes suffers. A

FIGURE 7-6. The Kinescope Tube

An electron beam generated by the
cathode (C) scans the face of the tube in
a manner prescribed by the anode (A)
and plates P1 and P2.
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second-generation three-gun system uses vertical strips of phosphorescent material. The
Sony Corporation has developed a one-gun system, called the “Trinitron™ system, which
illuminates successive vertical strips of material.

7.38 High-Definition Television

Although there are a number of different television systems in use throughout the world,
each suffers from the same problem: poor picture definition. High-definition television,
or HDTV, solves the problem, but with an increase in channel bandwidth from 6 MHz to
approximately 100 MHz. The HDTV system provides three discrete channels of video.
Each channel is 30 MHz wide and one of the light primaries (red, green, blue) is assigned
to each channel. The remaining 10 MHz is utilized for sound and the additional accessory
signals needed to synchronize the three color channels. The result of the increased band-
width is a video picture made up of 1,150 lines instead of only 525 and a format equiv-
alent to that used in wide-screen motion pictures, approximately 1.85:1. The resulting
picture is comparable in quality to a thirty-five-millimeter motion picture image.

7.39 Closed Captioning and Teletext

Some television programs are broadcast with captions which appear at the bottom of
the television picture. These visual summaries of voice material are used by viewers with
hearing impairments. The captions may be either open or closed. Programs broadcast
with open captions may be seen on any receiver. Those with closed captions require a
special processor to decode the captioned material and display it on the screen. The ma-
terial appearing in the closed captions is multiplexed onto the broadcast signal during
the blanking interval of line 21.

Teletext is a one-way electronic publishing service that is transmitted over either a
portion or the full width of the standard six-megahertz television channel. Most teletext
systems offer approximately two hundred pages of alphanumeric information which can
be called up via a keypad connected to the television receiver. In excess of twenty broad-
cast stations have experimented with the various forms of teletext technology. These
technologies include Ceefax (Britain), Telidon (Canada), Antiope (France), and the North
American Broadcast Teletext Specification system developed by AT&T. The FCC has pro-
posed allowing stations to utilize seven lines of the vertical blanking interval for teletext
services. Lines 14 to 20 would be dedicated to the new service, while line 21 would be
shared with closed captioning services. NBC and CBS have announced that they will pro-
vide a national teletext service once standards are established.

7.4 TELEVISION CHANNELS AND WAVE PROPAGATION

The development of television technology in the mid-1930s did not mean that it could
emerge as a full-blown broadcast service immediately. First a place for it had to be found
in the electromagnetic spectrum. This allocation process took years. It was hindered by
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many false starts, many changes, a world war, and a total freeze on the licensing of
television stations.

7.41 The Evolution of Channel Location

The FCC moved slowly both in establishing the technical standards for television and in
reaching a final decision on where the service should be located in the spectrum. In 1937
the FCC allocated nineteen channels to be used for television experimentation. In con-
Junction with industry study groups. the commission began to analyze the problems of
spectrum location and technical standards for the new broadcast technology. In 1940
the bands allotted for television use were changed slightly, resulting in a reduction in the
number of channels to eighteen and a loss of the designation “experimental.” Still to
come was a decision on technical standards. On May 3, 1941, after much industry in-
fighting and accompanying delays, the commission approved the standards recommended
by the National Television Systems Committee: 525 lines, thirty frames, FM sound, and
a six-megahertz channel width. The FCC also announced that it would begin licensing
commercial television stations. Conditions seemed to be right for a strong beginning for
the television industry. However, the entry of the United States into World War Il and
the necessary emphasis on the production of war goods meant that only a few stations
were able to begin broadcasting.

The war was not the only reason for the slow development of television. Beginning
in 1943 the FCC began to examine how the electromagnetic spectrum could be more
efficiently managed. These deliberations resulted in great confusion and consternation
within the fledgling industry. No one knew whether television would remain in the spot
assigned in 1941 or be moved to a new location. Few were willing to risk the capital
necessary to build a station with a transmitter which soon might be outmoded.

Finally, in 1945 the FCC decided to assign thirteen channels to television—six chan-
nels in the 44 to 88 MHz band and seven from 174 to 216 MHz—and to allow televi-
sion experimentation in the UHF portion of the spectrum. The FCC decision had serious
flaws, one of the most serious being the lack of contiguous television channels. The lack
of contiguity meant that television receivers would need multiple tuners to cover the
four separate bands used for television. This greatly increased the cost of receivers. In
1948 the FCC took channel 1 away from television, leaving only twelve channels (2
through 13).

When the war ended the FCC began receiving applications for television stations. By
1948 the commission realized that it had made a serious error. Not only were the num-
ber of channels already allocated inadequate to support a nationwide system, but there
were severe interference problems. The FCC response was to freeze the television li-
censing process in 1948. The four-year freeze allowed the FCC to set up a workable
channel allocation system and solve the interference problem. It also bought time for
RCA and CBS to develop workable color television systems (Sterling and Kittross, 1978).

In its "Sixth Report and Order” issued in 1952, the FCC slightly adjusted the location
of the already existing channels (2 through 13) and established seventy additional chan-
nels (14 through 83) in the UHF frequency band (see figure 7-7). In order to solve the
interference problem, it formulated a Table of Assignments assigning specific channels

113




114 TECHNOLOGY AND DEVELOPMENT

o o o g d - o o - -
= = = = 8
8 ,C\> '(L'_J < © 0 © ~ < t‘g
@ < o = B © ~ o~ w & w
UHF TV VHE TV Rt yHF TV VHF TV o
a annels
Channel 14-83 Channels 7-13 100 Channels 5.6 Channels 2, 3, 4 107 Channels

—a20MH;—o]  |—d2MH—] |20 MH;—fe12 MHGe|  fo—18 MH;—]  fe-1.07 MH,—|
FIGURE 7-7. Location of VHF and UHF Channels in Relation to AM and FM Radio
Channels

for commercial and noncommercial use to hundreds of communities across the nation. A
sample from the Table of Assignments can be seen in figure 7-8. This allocation plan
remains in effect today. with two exceptions. In 1963 the commission assigned UHF
channel 37 to radio astronomy use. In 1970 channels 70 through 83 were assigned to
land mobile use (taxi cabs, wireless microphones); however, some television translators

still operate on those channels.

Channel
No.  Aritons:

Alsbams:
ANARINSIS . .. eveineieiecacacaccrssesnsanssoscorssnsnsanononsen
Aunniston_.........
hraingham_ .ol
Decatur-linnstville

Iuntsville
Huntsville-Decatur

Arkansas:

Arkadelphil. . oo iiiiieireiiiiiieiieeciieaccasasaenen o4

0 D0 6 conoaccacoca0nea s0a6aEaactaa060a06aa05E00a0000aa000 17

El Dorsdo........ 10—, 18—, *304

Fayetteville. 13—, 204

Fort Smith. . ... . ceiiiiienieiieaienns 5—, 44, 40—

HIMITISON. .o vcceeinianeiacacesosnnsnnnanasonscsanascaasansanasan 314
Dillinghem. . ..o ieiiaiorermnacsaceaacaaasacsacacsronanaasuan O S PN e e e o e el n e e sla s el sla e e e e ol *20, 20
FairhankS. ..o aiaiaeiicaiiaiaene Jonesboro........... 8-, *194
JUNOA el e ean *3, 8,10 Little ROCK ... oioiiieinionnenencaennanans *2—,4, 7=, 11, 16—, *36

MOUNtAIN VieW. ..o eoiiieniaiaaeceiaacecesrenscaccscaasscenns 66—

PineBlufl. .. oiivenniiaanaae

Russellville

FIGURE 7-8. Sample of FCC's Table of Assignments for Television Service.
source: Chapter 47, Section 73.606(b), Code of Federal Regulations.
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7.42 Structure of the Television Channel

The U.S. television channel has a width of 6 MHz. The first 1.25 MHz is called the ves-
tigial sideband and is used to guard against interference from the next lower channel.
The next 4 MHz is used for video information. The remaining .75 MHz is used for audio
information and for another, narrower, guard band. A diagram of the architecture of a
television channel can be seen in figure 7-9. Note that the U.S. television channel is six
hundred times the width of an AM channel and thirty times the width of an FM channel.
A television channel uses so much of the spectrum because it must provide much more
information per second than either AM or FM radio. Over 4,500,000 bits of picture in-
formation, accessory signals, and sound information are transmitted each second.

7.43 Wave Type and Coverage Variables

Because television channels are located in the VHF and UHF portions of the spectrum,
direct waves are transmitted. In addition, the attenuation of the signal is severe, partic-
ularly for the UHF channels. Coverage area is determined by the height of the transmit-
ting element above ground, the power, and the frequency assigned.

In order to minimize cochannel interference between stations, each station must pre-
dict the coverage area of its signal. The area covered is divided into two parts: a Grade
A contour area and a Grade B contour area. The Grade A area is the portion of the
coverage area closest to the transmitter. Its outermost boundary is defined as the point
at which the strength of the signal attenuates to 50 percent of the original level 50
percent of the time. In general, the audio and video quality is consistently good within
the Grade A contour area. The outer limit of the Grade B contour is the point at which
the strength of the signal attenuates to 50 percent of the original level 10 percent of the
time. Audio and video quality within the Grade B contour area varies widely and is sub-
Jject to noise and distortion.

Total coverage in either the Grade A or Grade B contour areas is rare. There are often
gaps or shadow areas created by tall buildings or natural obstructions such as moun-

Picture Carrier (AM) Chrominance Subcarrier

Audio Carrier (FM)
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FIGURE 7-9. Television Channel Architecture
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tains. In addition, the pattern of signal transmission may be such that there are null areas
close to the transmitter (blanket area) or within the Grade A and B contours. Sometimes
these areas can be filled by careful orientation of the transmitter elements.

7.5 TELEVISION STATIONS

Most consumers don't differentiate between the various types of television services they
receive. For them, television is whatever they see on their receiver. Yet within broadcast
television there are many different types of stations providing many different types of
services. During the past decade there has been an increase in the types of services pro-
vided to audiences and stations licensed by the FCC. Some of these stations are used
simply to relay television station signals from one transmission point to another. These
signals are not broadcast for reception by the general public. Others are designed to be
received by homes and businesses. The channels assigned to these types of services fall
into one of four categories: full-service stations, translators, auxiliary stations, and other
broadcast stations (including low-power television stations, multipoint distribution ser-
vices, instructional television fixed service, and direct broadcast satellites).

7.51 Full-Service Stations

A full-service television station is one that operates on channels 2 through 69, located in
the VHF and UHF portions of the electromagnetic spectrum. As of March 31, 1984, 672
commercial and noncommercial VHF stations and 760 UHF stations had been licensed.
Full-service stations make up the largest class of stations licensed by the FCC and are
subject to a greater number of rules and regulations than other station classes. A full-
service commercial station must operate at a minimum power of 100 w. It must broad-
cast at least two hours daily each calendar week and at least twenty-eight hours per
week. Noncommercial stations have no specific minimum number of broadcast hours.

7.52 Translators

In many instances the signal generated by a station’s primary transmitter operating on
channels 2 through 69 doesn't cover the entire area of its Grade A or B contours. To fill
in these coverage gaps a station may obtain a license for a translator station. The trans-
lator station’s assigned channel may be on any VHF channel or UHF channel listed in the
Table of Assignments and not already licensed. If all channels assigned to a community
are taken, then any VHF channel or UHF channels from 55 to 69 may be used, provided
there is no cochannel or adjacent-channel interference. If interference is a problem, the
highest available UHF channel from 14 through 54 may be used. Translator stations
must not interfere with any other primary station’s coverage area, and may not substan-
tially increase the coverage contour of the primary transmitter. The channel must be
used only for the retransmission of the primary station’s signal and for no other pur-
pose. However, the translator operator (with the permission of the FCC) may operate
the translator as a low-power television station.
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7.53 Auxiliary Stations

In most instances a station's primary transmitter and translator are located at a distance
from the studio and business offices. This necessitates two types of auxiliary stations: a
television STL station channel to relay the signal generated from the studio to the main
transmitter, and a television translator relay station to carry the signal from the studio
to the translator.

Another type of auxiliary station is used to deliver material back to a station from a
remote location. This type is called a television pickup station. Sometimes stations be-
longing to the same owner or network, or stations whose communities are in close prox-
imity, agree to exchange program material. This material is delivered via a television in-
tercity relay station.

The frequencies assigned to these four types of stations are found in three bands.
Band A has been assigned frequencies from 1,990 MHz to 2,500 MHz; Band B, frequen-
cies between 6,875 MHz and 7,125 MHz; and Band D, frequencies from 12.7 GHz to
13.2375 GHz. These stations may be used only for program material for the primary
station. They may not be used for a program service different from that of the primary
station.

7.54 Low-Power Television Stations

Low-power television (LPTV) stations are the newest class of television broadcast sta-
tions authorized by the FCC. Created in the spring of 1982, LPTV stations are licensed
to operate in a secondary status on any available VHF or UHF channel; whenever a li-
cense is awarded for a full-service station on the channel used by the LPTV station it
must immediately cease operating on that channel. In order to minimize interference
with full-service stations, LPTV stations must operate at low power (a maximum of 10
watts VHF and 1,000 watts UHF) so they don't interfere with the Grade B contour sig-
nal of existing stations. Any interference must be corrected immediately or the station
will be required to cease broadcast operations.

LPTV stations operate within an environment less restrictive than full-service stations.
They may originate. programs, provide subscription television services, or rebroadcast
signals from other stations (with permission, of course). Unlike full-service stations,
there is no minimum number of hours they must broadcast per week. The FCC predicts
that as many as four thousand new television stations may be authorized between the
summer of 1982 and the end of 1985.

7.55 Subscription Television Stations

Subscription television (STV) stations operate on one of the VHF or UHF channels and
provide a program service to members of the public for a fee. The signal broadcast by
an STV station is scrambled. Subscribers rent or buy a device which unscrambles the
picture. STV stations are subject to many of the same rules and regulations as full-service
stations. There is, however, no minimum number of broadcast hours required of STV
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stations. Many STV stations provide free programming during the daytime and subscrip-
tion programming during the evening hours.

During the 1950s, when many of the stations operating on UHF frequencies were
facing bankruptcy, there was an attempt to use these stations as pay-television outlets.
In 1951 Zenith, the large electronic equipment manufacturer, had experimented with a
pay-TV system in Chicago called Phonevision, but the results of the experiment were
inconclusive. Another company, Skiatron, tested its Subscriber-vision pay service using
the facilities of WOR-TV in New York. In 1955 the FCC held hearings on a proposal to
establish a subscription system and decided to allow further experimentation to occur. A
six-year experiment was conducted in Hartford, Connecticut, to see if the service was
financially viable, but again the results were inconclusive. The most ambitious experiment
took place in Los Angeles, where a former NBC executive, Sylvester “Pat™ Weaver,
founded the Subscription Television Company. Public outcry led to a referendum in Cal-
ifornia, where voters killed pay TV. The vote was later ruled unconstitutional. At the
urging of television stations fearful that pay TV would siphon off movies and sporting
events, the FCC passed restrictive rules limiting the kinds of programs subscription tele-
vision stations could broadcast. These rules are no longer in effect.

7.56 Instructional Television Fixed Service

Instructional television fixed service (ITFS) stations are licensed to educational and cul-
tural organizations for the purpose of providing instructional materials to students en-
rolled in educational institutions. Other authorized uses include in-service training and
other types of continuing education for professionals. Also included are exchanges of
data and administrative materials. Stations operate on twenty channels in a noncontig-
uous band of frequencies between 2,500 and 2,690 MHz. Power is limited to the
amount needed to provide a usable signal to reception points; normally this is approxi-
mately 10 w. Each ITFS station may also operate one or more ITFS response stations,
which are restricted to transmitting data or aural material from the reception site to the
ITFS station. An ITFS station with a response capability can use interactive instructional
techniques. Up to four ITFS stations may be licensed to a single entity in a single
community.

7.57 Multipoint Distribution Service

Multipoint distribution service (MDS) stations are licensed to operate on several groups
of channels located from 2,150 MHz to 2,690 MHz. Stations are licensed as common
carriers and provide a number of communications services ranging from telephone and
data transmission to pay television. MDS stations broadcast a scrambled signal which is
received with a special antenna. A converter reduces the frequency to that used by one
of the standard VHF television channels, 2 through 13. In mid-1982 an estimated
750,000 homes were served by pay-television franchises using MDS channels.

One of the major problems of MDS is that the frequencies assigned to the service
propagate poorly. In order to cover a large urban area, several signals must be used. In
early 1982 the Microbaud Corporation of America petitioned the FCC to expand and
restructure MDS by transferring some ITFS channels to MDS use, which the FCC did.
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7.58 Direct Broadcast Satellites

Direct broadcast satellite (DBS) services deliver (uplink) a signal broadcast from an earth
station to a communications satellite located 22,300 miles above the equator, and re-
broadcast (downlink) the signal to earth, where a home-based satellite dish picks up the
signal and delivers it to the receiver. Because it serves both a distribution and an exhi-
bition function DBS is considered a hybrid service.

Satellites currently operate at 4 GHz (C band) and 12 GHz (Ku band) with a trans-
mitter power of between 5 and 20 w. Frequencies between 17.3 GHz and 17.8 GHz are
used for uplinks. A new generation of satellites designed specifically for direct broadcast
to the home will operate with 400 w of power focused on a small geographical area.
Present technology allows room for delivery of between 110 and 152 television channels
per time zone. The new generation of satellites will allow a significant increase in the
number of channels.

The FCC rules governing DBS are temporary, and final decisions on permanent fre-
quencies for both uplinks and downlinks as well as satellite spacing are subject to inter-
national treaty. Applicants for DBS licenses have proposed a number of services, includ-
ing both conventional broadcasting and subscription-type programming.

7.6 TELEVISION PRODUCTION TECHNOLOGY

The production of a television program is a complex operation that involves many differ-
ent people. Programs are more complex than those for radio because the elements (au-
dio and video) are more numerous and difficult to control. As with the production of all
programs, there are three distinct parts of the television production process: prepro-
duction. production, and postproduction. The preproduction phase consists of developing
a script, planning and budgeting the production, hiring the personnel who will work on
the program, and raising the money to pay for the costs. The production phase consists
of the actual production of the program material. In postproduction the material re-
corded is put together into final form.

A lot of equipment is used in television production. Video sources include material
recorded on videotape, talent, film and slides which are scanned by a special camera lo-
cated in a film chain, and alphanumerics generated by a character generator. Equip-
ment includes four categories: (1) cameras; (2) video switchers and mixers; (3) video
recorders; and (4) audio equipment (see chapter 6).

7.61 Types of Television Production

Television programs are produced to be broadcast live or on videotape or film. Programs
that are produced live normally don’t go through a postproduction phase unless they are
being recorded for later release or rebroadcast. In local stations many programs are pro-
duced live. There are fewer instances of live production at the network level, but news
programs, on-the-spot coverage of news events, sports programs, and some talk shows
are produced live.
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[n addition, programs are produced either in a studio setting or on a remote location.
Generally, there is a greater degree of control over programs produced in a studio—the
lighting can be controlled, sound quality is consistent. and the surroundings are familiar.
Remote location production is more difficult but is a common ingredient of television
news, sports, and entertainment programming. Equipment used on remote location is
generally light and portable. in some cases, like coverage of sports events, remote vans
are used. These function as portable control rooms similar in size and function to control
rooms used in television studios.

Another variable in the production scheme is the number of cameras used. News sto-
ries shot in the field generally use only a single camera, an audio setup. and a portable
videotape recorder. Called electronic news-gathering (ENG) equipment, this portable
equipment allows reporters to work in locations inaccessible to remote vans or to heav-
ier, cumbersome video equipment. ENG has almost totally replaced motion picture film
as a news-gathering medium. Studio productions, on the other hand, use at least two
cameras, most often three, and sometimes four or more. A sophisticated sports produc-
tion may use twelve or more cameras.

7.62 Basic Characteristics of Cameras

Television cameras vary in size and type of video tubes used. The first (and largest) tube
developed is the image orthicon tube, called 10 for short. It is large and requires a great
amount of light to make it produce a clear picture. Some cameras still use 10s as the
black-and-white or brightness tube.

The vidicon tube is smaller than the 10 tube but is less sensitive, that is, it requires
even more light. There are still studio cameras being manufactured which use this type
of tube, but it is rapidly being replaced by the plumbicon.

The plumbicon tube is extremely sensitive and can be used in low-light situations
often found in remote locations. The target area of the tube is coated with a light-sen-
sitive lead-based material. The tube is small, allowing cameras to be light enough to be
hand-held rather than supported by a tripod.

7.63 Video Mixing and Effects

Productions which use muitiple cameras or other sources of video (such as film, slides,
videotape, alphanumerics) require a piece of equipment that will switch between the var-
jous video inputs. Figure 7-10 shows the basic elements in the mixing process. The de-
vice which chooses between the multiple signals is called a video mixer or switcher. The
modern switcher is a complex electronic device which makes it possible not only to
choose from among many sources but to create a variety of visual effects using a com-
ponent called an effects generator.

The simplest method of going from one video source to another is the cut. Depending
on their electronic design, switchers can also fade, dissolve, and wipe between sources.
The effects components of the switcher can be used to create a new shape and size for
the video image, combine two or more video sources to create a new image, key titles
and backgrounds, or create a unique visual world unlike anything in the real world.
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7.64 Videotape Recorders and Formats

In the early days of television the only way to record a program was to film it directly
from the television screen. These film records, or kinescopes, were of poor quality. But
if @ program was produced in New York and you had a station outside the eastern time
zone, you either broadcast it live at a time inconvenient for most potential viewers or
you ran a kinescope. Because there was no other recording medium besides film, pro-
grams were either done live, start to finish without stopping. or shot on film and then
edited. Today it is easy to take videotape recording for granted. Video cassette recorders
(VCRs) are found in many homes. Every television station has at least one professional-
quality machine in operation. Video recording technology has developed to the point that
there are two different formats in use: transverse quadraplex and helical scanning.

The problems of developing an electronic means to record video information with the
ease of the audio recorder were enormous. First, the overall amount of information
needed by the television system is much greater than that used in audio reproduction.
Second, the amount of information per second is much greater. Early attempts to de-
velop videotape recorders (VTRs) focused on using wider magnetic tape run at very fast
speeds over a configuration of three stationary heads. An early recorder demonstrated
by RCA in 1954 used a tape speed of 360 inches per second. But the problems with the
RCA longitudinal method were numerous. Large amounts of tape were required, it was
difficult to accurately control the speed of the tape, and not enough information could
be produced to fill the entire band so as to obtain a quality picture (J. Robinson, 1981b).

QUADRAPLEX VIDEOTAPE RECORDERS

The problem was solved in 1956 by the Ampex Corporation. First, the Ampex engineers
slowed down the speed of the tape. To achieve the necessary tape-to-head speed they
wrapped the two-inch-wide magnetic tape around a two-inch-diameter cylinder onto
which four video heads were mounted. The cylinder was then rotated at a speed of 240
to 250 revolutions per second. By speeding up the head, the head-to-tape speed neces-
sary to produce pictures was achieved. The process was called transverse quadraplex, or
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quad for short. The basic principles of quadraplex recording and playback are still used
today. On November 30, 1956, CBS became the first commercial network to broadcast
a videotaped program.

Today quad machines come in two configurations, cassette and reel-to-reel. The reel-
to-reel machines are used for the recording of program materials of all lengths and for
the playback of longer programs. Cassette machines are used for shorter program ma-
terials, such as news stories and commercials. Both types of machines use two-inch
videotape and the quad head configuration.

HELICAL SCAN VIDEOTAPE RECORDERS

Two problems with quad machines are that they are large and they are expensive, fac-
tors that kept videotape recorders out of the hands of all except professional broad-
casters for many years. However, in 1964 the Sony Corporation developed a new type
of videotape record/playback machine. This new machine, which scanned the videotape
using a more efficient helical scanning design, allowed people other than professional
broadcasters to produce videotape material. Soon other manufacturers provided their
alternatives to quadraplex recording. The result was a mishmash of standards, tape sizes,
and recording formats. Moreover, the machines were unreliable and could not produce
a picture up to the broadcast standards established by the FCC. The picture quality was
inferior.

The past twenty years have seen many improvements in the quality of helical scan
equipment. In fact, ENG would not be possible without helical scan recorders. The ma-
chines have been standardized using the EJAJ (Electronic Industries Association of Japan)
format and have improved to such a degree that many can be used in conjunction with
quad machines for broadcast purposes. And helical scan machines have a further impor-
tant advantage over quad machines: they can be played in a slow-motion and stop-action
mode. In addition, videotape can also be edited using helical equipment.

Although there are numerous helical scan machines on the market, only a few are
used for professional purposes. There are four types used today: (1) one-inch-tape ma-
chines, used for production; (2) three-quarter-inch cassette machines: (3) half-inch ma-
chines used for in-house viewing: and (4) the experimental quarter-inch machines.

The one-inch helical scan recorders are the highest quality nonquad machines in use
today. They cost about half as much as comparable quad machines, are lighter, and can
produce a video signal suitable for broadcast. There are two formats in use today, al-
though the C-format seems to be the industry standard. One-inch machines are fast re-
placing quads in local stations.

There is no multiple-format problem in the three-quarter-inch machines. The U-matic
cassette format developed by Sony has become the industry standard. This type of re-
corder is primarily used in situations that call for an ENG approach. Although the three-
quarter-inch recordings cannot be broadcast directly, an electronic signal processing de-
vice called a time-base-corrector (TBC) can improve the signal quality to the point that
direct broadcast is possible. Cable systems can use three-quarter-inch machines without
a TBC for playback of programs.

Half-inch cassette format machines are used primarily for viewing material. Unfortu-
nately the two formats in use today, VHS and Beta, are not compatible: tapes recorded
in one format will not play on machines of the other format. Then there is the quarter-
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inch videotape recorder, built into a camera. While these machines appear to be more
flexible than other types, they too pose a problem of several competing, incompatible
formats. Until one or two standards are accepted by the industry, these machines will
probably not be used in many professional situations.

7.65 Videotape Editing

Videotape, like audio tape, can be edited. In fact, the earliest method of videotape editing
was to physically splice the two pieces of tape together. But the physical editing method
is imprecise and results in an unstable picture of low quality. Electronic editing, the
method used today, allows the operator to use multiple sources of material and to com-
bine them onto the master tape.

Electronic editing systems come in a variety of configurations; figure 7—-11 shows a
typical one. Electronically controlled electronic editing systems allow editors to find edit
points and automatically transfer material from one tape machine to another. For ex-
ample, computer-controlled editing devices place a code onto the material to be edited.
The editor views the tape and notes the exact edit points and programs them into a
computer. When the master tape is ready to be compiled the computer controls the final
editing process, which allows tapes to be edited with great precision.

7.66 Videodisc Technology

The latest devices to enter the world of television technology are videodisc players. They
are found mostly in the home and can be used only to play back material already re-
corded. At present there are three different systems in use, none of them compatible
with the others. Each system begins with a videotape of the program material. The AM
waves of video material are transformed into FM signals and the variances etched into
the surface of a master videodisc. At this point the differences between the systems
begin.
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RCA's capacitance electronic disc (CED) system resembles the technology of the audio
record. A needle rides in the grooves of a disc made out of a plastic that conducts elec-
tricity. The disc spins at 450 revolutions per minute and is flooded with electricity. As
the needle rides over the previously made etchings it receives a constantly varying flow
of electricity which corresponds to the information originally encoded. This is decoded
into a video signal and fed to a television receiver.

The video high-density (VHD) disc system is manufactured by JVC of Japan. Like the
CED system, it uses a plastic disc that conducts electricity. However, the VHD disc has no
grooves. The video information is encoded by means of a series of pits that vary in
depth. A second series of pits at a depth different from the video information tells the
tone arm where to travel.

The third system was developed by the N. V. Phillips company of the Netherlands. It
uses a laser beam and is called LaserVision (LV). The etched videodisc is covered with a
reflective material and encased in protective plastic. The disc spins at 1,800 revolutions
per minute while being scanned by a laser. The light beam bounces off the disc unless it
hits one of the pits etched into the disc surface; then the amount of light reflected de-
pends upon the depth of the pit. The sequence of pits produces a varying pattern of light
which corresponds to the information on the disc. One of the advantages of the LV sys-
tem is that the disc can be scanned quickly, and individual program segments can be
displayed within seconds after being requested. The LV system can be used not only for
the storage of video material but also for text material storage and for instructional
purposes.

7.7 SUMMARY

The television image is unlike any other audio-video representation. The illusion of move-
ment is created through a physical phenomenon called persistence of vision. Compared
to the motion picture image, the television image has less resolution and fidelity. a
smaller range of color and contrast, a smaller image size, a uniform aspect ratio (of 4:3),
and poorer sound quality. Yet despite these problems television remains one of the most
powerful mass communications media.

The technology of television, like that of radio. developed slowly over a number of
years. The discovery in 1873 by Smith and May that the element selenium possessed
photoelectric qualities led some to believe that it had potential for use in a visual tele-
graph. Leblanc in 1880 developed the concept of scanning, breaking a visual image into
a series of small parts. An important breakthrough was the development of the mechan-
ical scanning disc by Paul Nipkow in 1883. However, neither Nipkow nor others who
refined his mechanical system were able to develop a system that provided an acceptable
quality of visual image.

John Baird broadcast television signals in 1928. The problem of poor picture quality
was solved by the development of an electronic television system. Vladimir Zworykin re-
fined the iconoscope, an electronic picture tube based on the cathode ray tube invented
by the German scientist Karl Braun. One lone inventor, Philo T. Farnsworth, made major
contributions to the development of the electronic system. In 1930 RCA and General
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Electric formed a research group, known as the Camden Group. to systematically develop
a workable television system. It made many improvements in the television system.

The process of broadcasting television images is similar to that used in radio. The
visual image is focused onto a light-sensitive surface, where it is scanned. Each complete
scanning is called a frame. So that there is no flicker, each frame is made up of two
fields: the odd field consists only of the odd lines of the scan, the even field of the even
lines. The video signal is joined with accessory signals consisting of sync and blanking.
Color television signals are compatible with black-and-white signals. and differ in their
phase orientation to one another. The video signal and audio signals are joined and mod-
ulated with the carrier wave in the diplexer; the video signals use the AM technique, the
audio the FM.

The television channel is six megahertz wide. The visual image has a line frequency of
525 lines projected at thirty frames per second. Channels have been assigned in both the
VHF (channels 2 to 13) and UHF (channels 14 to 83) frequency bands. Television chan-
nels are assigned to local communities by the FCC through a Table of Assignments. There
are full-service, translator, auxiliary, LPTV, MDS, and ITFS stations. In addition, television
signals may be broadcast directly into the home via satellites.

The television production process consists of preproduction, production, and post-
production. Programs are broadcast either live or from videotape. In addition. programs
may be produced either in the studio or in a remote location. Three tubes are used in
television cameras. The image orthicon is large and not in general use. The vidicon is
smaller than the 10 and more sensitive. The smallest tube, the plumbicon, is the most
sensitive of the three to light. A video production uses materials from many different
sources—cameras. telecine, character generators, and videotape machines. To blend all
these sources into a finished production, a video mixer or switcher is used. Switchers are
also capable of generating a variety of visual effects. There are two types of video
record/playback devices in use, quadraplex and helical scan. Quad machines, the industry
standard, use two-inch tape, while helical scan machines use a variety of formats and
sizes of tape. Electronic editing and computerized editing allow finished tapes to be made
from a variety of pretaped and live material. The newest type of video playback machine
is the videodisc device, which comes in three incompatible formats.
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The alternative to broadcasting a program is to deliver it into a home or business via
a cable communications system. A cable system is simply a means of delivering conven-
tional audiovisual materials through the use of a wire. It may be a limited system utilized
for the distribution of instructional television programs across a university campus, or a
system serving tens of thousands of subscribers in a major city. Regardless of the sys-
tem’s size, cable has grown into one of the dominant forms of television today.

Cable television has become synonymous with the concepts of the “wired nation™ and
the “television of abundance.” Having a hundred or more television channels delivered
into our home via a cable seems to be a vast improvement over the limited number of
channels provided by regular television in even the most heavily saturated broadcast mar-
ket. Yet cable has the capacity to deliver more than television programs. Radio and al-
phanumeric information, including video games and computer programs, are part of the
menu of services offered by many of the most modern cable systems.

What is cable? It's a nonbroadcast telecommunications distribution system consisting
of wires and associated equipment designed to carry one or more television broadcast
signals. Cable communications systems operate on several channels at the same time.
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They use bandwidths of up to 400 megahertz per wire to deliver sixty or more channels
of program material. Because of the broad bandwidth, cable systems are called
broadband.

Since almost every home in the United States is already wired for telephone service,
it might seem logical for the twisted pair to not only conduct our telephone messages
but also deliver television and radio programs into our homes and businesses. But there
is a problem: the twisted pair doesn't have the channel capacity to handle a six-mega-
hertz television signal. Therefore a different technology is needed to deliver a large num-
ber of radio. television, and data channels to the home television and radio receiver.

When you finish this chapter you should:

1. Be able to outline the history of cable communications

2. Understand the basic design of cable systems

3. Be able to identify the various components of the system

4. Know the different types of services provided by cable communications systems.

8.1 CABLE COMMUNICATIONS: A HISTORICAL OVERVIEW

In over three decades of operation the modern cable telecommunications system has
evolved from a service delivering an acceptable over-the-air broadcast signal to homes
without television service to a system offering stations and services from all over the
world. In 1982 it was estimated that 27.5 million households received some form of
cable television service. This is 32 percent of all households that have a television re-
ceiver. And estimates are that by the beginning of the next decade cable penetration
will more than double.

8.11 Cable Telecommunications Prehistory

The earliest wire system which allowed voice communication was the telephone. The use
of this simple instrument to transmit voice messages soon led to attempts to transmit
news, music, and other types of entertainment and cultural programming to a mass au-
dience (Sivowitch, 1970). Prior to Bell's patenting of the telephone in 1876, Elisha Gray
sent “electroharmonic™ broadcasts via wire (Sivowitch, 1970). Bell, too, used the tele-
phone to transmit musical concerts. Wired stereophonic broadcasts were achieved by Cla-
ment Ader in 1881 and became a part of the Paris Electrical Exposition.

By 1893 a commercial wire broadcasting system called Telefon-Hirmondo (telephonic
newseller) was established in Budapest, Hungary. Regularly scheduled news and music
programming was provided to subscribers for up to twelve hours a day. Within months
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the Electrophone Company was organized in London. In November 1894 the Chicago
Telephone Company broadcast election returns to a network of more than 15,000
subscribers.

8.12 Early Cable Television in the United States

Today cable television systems provide a wide variety of services. Subscribers not only
receive local broadcasting stations, but many systems carry signals from radio and tele-
vision superstations as well as pay services. This wasn't always the case. The first cable
system was established in 1949 in Astoria, Oregon. Within a year other systems had
sprung up in mountainous regions of Pennsylvania and in Palm Springs, California. These
early cable operations were small systems, offering only three or four channels. Their
sole purpose was to provide an acceptable television signal to homes otherwise unable
to receive television. By 1952 there were approximately seventy systems in operation.

The construction of all these early systems followed the same basic pattern. A large
antenna was placed in a position where it could receive the television signals serving a
larger community located nearby. The received signals were carried down a wire, ampli-
fied, and delivered into the homes of subscribers. The small systems that developed in
the 1950s were known as community antenna television (CATV). Monthly fees averaged
$5 per home, a small price to pay for the opportunity to receive television in a commu-
nity that might have to wait years for its own local station to be built.

The number of cable systems grew throughout the 1950s. Technological advances
allowed more channels to be delivered into the homes of subscribers. Systems of twelve
channels were built, and late in the 1950s systems of twenty channels and more
emerged. By the early 1960s nearly eight hundred systems had been built. The CATV
systems of the 1950s had evolved into a telecommunications enterprise that provided
subscribers not only with the signals of nearby stations but also those of more distant
ones. Broadcasters began to object to cable operators using their signals without paying
a fee and to their importation of distant signals. Of particular concern was the duplica-
tion of syndicated programs, for which the local broadcasters had paid a fee to obtain
exclusive rights. Suddenly the FCC began to develop an interest in cable.

8.13 Regulation Impairs, Then Stimulates Cable Growth

Fearful that cable television might seriously impair the profitability of television stations,
and thereby lead to the loss of local service, the FCC in 1962 began to regulate cable
indirectly. Prime targets of these early attempts at cable regulation were the interstate
microwave systems which delivered the distant signals to the cable operator. In 1965
and 1966 the FCC extended its regulation to include both inter- and intrastate micro-

129



130

TECHNOLOGY AND DEVELOPMENT

wave systems. The commission required that all stations within sixty miles be carried on
the cable system and that systems in the hundred largest television markets get FCC
permission to import distant signals. In addition, cable operators were prohibited from
presenting syndicated programs broadcast by local stations for fifteen days before or
after local station carriage (the syndicated exclusivity rule). In essence, the rules of the
mid-1960s stopped the growth of cable in the same way that the FCC's freeze on li-
censing television stations in the late 1940s and early 1950s had stalled the growth of
broadcast TV.

In 1972 the FCC issued the first comprehensive set of rules governing the operation
of cable communications systems. Included in the rules was a provision establishing a
minimum channel capacity of twenty and the necessity for two-way communication abil-
ity for all systems built after the date the new rules went into effect. Although the new
rules lifted the pseudofreeze affected in 1965-66, cable growth almost stopped. Eco-
nomic downturns in the mid-1970s dried up venture capital, so funds were unavailable
for building new systems or upgrading or expanding older ones. But the 1970s also saw
the birth of new programming services designed specifically to serve cable and STV. De-
livered by satellite, these program services made cable attractive to potential subscribers
tired of the sameness of the three commercial networks.

In 1980 the FCC did away with the rules on importation of distant signals and dupli-
cation of syndicated programs. This created a new expansionist attitude among cable op-
erators. The largest cities were now available for wiring. By mid-1982 12,411 commu-
nities were being served by 5,642 systems. Smaller systems were bought out by larger
companies, and the multiple system owners (MSOs) began to form. The ten largest are
listed in figure 8—1. However, while the FCC was relaxing its cable rules it was allowing
other services to enter the marketplace. STV, LPTV, DBS, and MDS provided new com-
petition to cable. In 1983 the amount of money cable operators paid for copyright licen-

FIGURE 8-1. The Top Ten Multiple System Owners

RANK MULTIPLE SYSTEM OWNER SUBSCRIBERS
1. Tele-Communications Inc. 2,500,000
2. American Television and Communications 2,248,525
3. Group W Cable 1,812,000
4. Cox Cable Communications 1,400,000
5. Warner Amex Cable 1,340,294
6. Storer Cable 1,288,873
7. Times-Mirror Cable Television 844,600
8. Newhouse Broadcasting 751,625
9. Continental Cablevision 696,000

10. Viacom Cablevision 692,981

SOURCE: CableVision, October 24, 1983.
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ses increased dramatically. Many systems were forced to drop some of the imported sta-
tions because they could not afford to pay the copyright fees. The predicted golden
future of cable was starting to look like fool's gold.

8.2 THE TECHNOLOGY OF CABLE
Although the number of channels and services offered to subscribers by cable commu-

nications system operators has increased, the basic design of the systems has remained
essentially the same. A typical cable communications system is shown in figure 8-2.

8.21 Cable System Design

Cable communications systems utilize signals originating from a number of sources. The
signals of local broadcast stations are received by antennae similar to those used by
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homeowners. Distant broadcast signals and pay signals are delivered via microwave relay
towers or satellites. Local nonbroadcast signals originate in production or playback facil-
ities operated by the cable system.

All signals are routed to a central point called the headend. There the signals are pro-
cessed—frequencies are changed and signals amplified. In the case of pay channels, a
special code may be inserted into the signal to allow only subscribers to receive it. The
range of frequencies sent to the subscriber’s home is greater than the width of a single
broadcast channel. The broadband signal is fed down one or more trunk wires which are
placed either on utility poles or in underground conduits. Branching off the trunk line
are the feeder lines, which carry signals to small groups of subscribers. A drop carries
the signal from the feeder to the subscriber’s residence.

In large cable communications systems more than one distribution point may be
needed. In such cases one central reception point (headend) for the broadcast signals
might be connected to several distribution centers. From these centers the signal is then
fed out to different segments of the community. Distribution of the signal from the
headend to these distribution centers can be through a cable or through signals broad-
cast by a cable television relay service (CARS). This system design results in a hub system
similar to the one seen in figure 8-3. Hub systems have the advantage of allowing spe-
cialized programming to be delivered to specific neighborhoods on the same channel.
Some cable systems have also installed institutional networks, linking together similar
institutions—hospitals, schools, or businesses, for example—so that they can communi-
cate privately with each other.

8.22 Coaxial Cable

The broadband signal generated by a cable television system consists of high-frequency
radio energy. Conventional wire used for telephone lines lacks the capacity to handle

FIGURE 8-3. A Cable Communications Hub
Distribution System
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such a signal. In addition, the high frequencies used in television signals cause the wire
to function as a transmitting antenna, with the resulting signal attenuation. So a special
kind of wire which can both handle the broad range of frequencies and keep the signal
from radiating from the wire is needed. The solution is coaxial cable.

Figure 84 shows a drawing of a coaxial cable. A center conductor is surrounded by
foam insulation; a second conductor consists of a web of metal mesh surrounded by in-
sulation. This layer keeps the electromagnetic energy from being radiated into space. The
exterior is covered with a flexible plastic material. Sometimes two or more coaxial cables
are placed within a single cable package. Each coaxial cable can carry approximately 400
megahertz.

8.23 Converters

Most of the recently built cable communications systems provide subscribers with more
than thirty-five different channels of program material. In order to deliver that many
channels, a broadband signal ranging from 50 MHz to 400 MHz (or more) is generated.
Since the tuner built into the television set is designed to handle only the frequencies
represented by the VHF and UHF channels, some sort of device is needed to take the
broadband signal generated at the headend and process it into discrete channels whose
frequency range is usable by the receiver. This processing device is called a converter.
The channel capacity of a cable communications system is determined to a great de-
gree by the type of converter used by the system operator. Converters vary according
to channel capacity and addressability. Systems that have been built since 1982 tend to
use converters that can handle two coaxial inputs, each delivering the equivalent of 60
television channels for a total of 120 channels. Converters of this type are called 400
MHz converters™ and handle the band of frequencies from 50 to 450 MHz. Recently
converters have been introduced with a capacity to handle an even larger bandwidth.
An addressable converter is a device that allows some signals to be passed through to
the television receiver while keeping unauthorized signals from being viewed. This allows
the cable operator to control the channels received by the individual subscriber. For ex-
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ample, subscribers who pay for the basic services plus three pay channels will receive
only those channels to which they subscribe. Should a subscriber wish to receive a pay-
per-view program or add another pay channel, the operator simply reprograms the
computer controlling the system.

8.3 CABLE SERVICES AND SMATV

Cable communications systems are capable of providing a wide variety of services, and
cable’s flexibility and its ability to minimize use of valuable electromagnetic spectrum
space allow television to be used in innovative ways. Cable telecommunication systems
generally serve large numbers of homes. Satellite master antenna television (SMATV) sys-
tems, on the other hand, serve smaller areas.

8.31 Interactive Cable

Some converters allow the subscriber to “talk back™ to his television set. A keyboard
similar to that of a simple calculator or a typewriter allows subscribers to send alpha-
numeric data upstream to the headend. Interactive cable services such as Qube and In-
dax are being offered in some recently built systems, but use of interactive systems has
thus far been limited. Subscribers who have the interactive service can participate in in-
stantaneous polling. vote for their favorites in local beauty contests, and respond to pres-
idential addresses.

Cable enables groups of users to be linked together into specialized interactive net-
works. Schools can deliver instructional programs to students unable to attend regular
classes. Students can interact with the instructor and each other via television signals
delivered by coaxial cable. In both England and Japan interactive cable television experi-
ments are underway. Systems have been developed that allow two-way transmission-re-
ception of video signals as well as upstream transmission of alphanumerics.

8.32 Videotext

The broadband signal of the cable communications system makes it an ideal carrier of
alphanumeric information. Videotext is a technology that allows two points to interact
via a cable using text messages. Videotext performs the same function as teletext, but
the channel capacity of cable systems allows cable operators to supply many more chan-
nels of information than a broadcast station can. Telephone companies and cable televi-
sion systems are both pioneering videotext services. Electronic newspapers, home bank-
ing, shop-at-home services, information services, and video games are just a few of the
uses for videotext.

As with broadcasting's teletext, no one single technical system has been accepted for
videotext. There are four major systems competing for acceptance: AT&T's Presenta-
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FIGURE 8-5. QUBE
The QUBE system developed by Warner Amex Cable was the nation's first interactive cable

system. Simply by touching the keys on the pad viewers could “talk back” to their televisions.
source: Reprinted with permission of Warner Amex Cable Communications/QUBE.

tional Level Protocol Syntax (PLPS), Canada's Telidon, Britain’s Prestel, and France's An-
tiope. All four operate in a similar fashion and differ from each other primarily in the
encoding language used. Proponents of the PLPS system claim that it is compatible with
the Telidon and Antiope systems and that all three are capable of high-resolution color
graphics. The Prestel system, on the other hand, is cheaper to install and maintain. No
matter which system is chosen, it appears that “‘electronic publishing” will become a ma-
Jor offering of cable communications systems.

8.33 SMATV

Cable communications systems offer a wide range of services. To benefit from economy
of scale they must serve a large area. By contrast, satellite master antenna television
(SMATV) systems are similar to the early CATV systems, whose sole purpose was to de-
liver a viewable signal to a subscriber’s home receiver. But unlike CATV, which delivered
only local signals, SMATV systems deliver both local and satellite signals. In contrast to
cable systems, SMATV systems operate solely on private property—in apartment build-
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ings. multiunit condominium developments, private housing developments, and mobile
home parks—so none of their lines cross public streets or rights-of-way. Therefore
SMATV operators are not subject to licensing by any governmental body. They contract
with the owner of the property to be served. SMATV operators, in general, don't provide
any local production facilities. Therefore their capital investment is much lower than that
for cable systems.

SMATV operations were started in 1979 when the FCC repealed its rules requiring
satellite receivers to be licensed. Falling prices for receivers and the fact that there is no
need to invest in production facilities made it economically feasible for an operator to
serve fewer homes than the traditional cable system operator.

The technology of SMATV is simple. A satellite receiver dish is installed on the prop-
erty to be served. The satellite signal received is mixea with the locally received broadcast
signals and distributed via coaxial cable to the living units on the property. The owner
(or renter) of the unit pays a subscription fee similar to a cable subscriber. Addressable
converters allow operators to deliver subscription channels and pay-per-view programs
to subscribers, and to shut off service to those who are tardy in paying their bill.

A new twist is the use of CARS to deliver signals to several SMATV systems located
throughout a community. A central receiving dish collects the satellite signals and the
CARS station transmits the broadband signal to receivers throughout the city. A system
of this type is planned for Washington, D.C. A new development in satellite receivers
allows one receiver to pick up the signals of two adjacent satellites.

8.4 DISTRIBUTION OF PROGRAMS TO CABLE SYSTEMS

Programs reach cable systems in much the same fashion as they reach broadcast sta-
tions. Local programming is produced live or is prerecorded on videotape, and is sent
down the cables from a master control area. Programming that is produced outside
the local community may be delivered by sending a videotape. An alternative is to provide
the program via a network, which may consist of a single microwave relay system or a
combination of land-based microwave and satellite systems.

8.41 Microwave Carriers

Microwave carrier systems vary in size and in the amount of programming they can
carry. The largest system is the AT&T long lines system, a massive telecommunications
network that carries not only cable programs but telephone traffic, computer data, and
other kinds of information. The long lines are fed the program via a local telephone loop:
the program is then transferred across the country to the cable system via a system of
microwave relay towers.

Smaller common carriers compete with AT&T for cable’s microwave business. They
pick up one or more off-air broadcast signals and provide them to cable systems. They
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may own their own microwave systems or lease them from AT&T. For example, a carrier
may pick up the signals of a number of television stations located in southern California,
then carry these signals via microwave to cable systems throughout the Southwest.

8.42 Satellite Distribution

Satellites have already been mentioned in chapter 7 as a means of distributing programs
directly into the home. In this case the communications satellite signal bypasses the local
broadcast or cable system. However, the communications satellite has also had an enor-
mous impact on the cable communications business during the last ten years.

The first communications satellite, Telstar, was placed in orbit in 1962. In the twenty-
plus years since that initial step into global communications, the satellite has become in-
creasingly important in the telecommunications environment. In 1964 satellites were
used for transoceanic delivery of television signals. In 1975 the first commercial televi-
sion program was carried via satellite. Communications scarcity and monopoly, repre-
sented by the three commercial television networks and AT&T, have been replaced by
the “communications of abundance.” Telephone calls, computer data, television news and
entertainment programs, broadcast superstations, and teleconferences are carried via
satellite. Two broadcast networks, the Public Broadcasting Service and the Spanish Inter-
national Network, use satellites exclusively to provide programs to their affiliates. Yet
nowhere has the communications satellite been more important than in cable.

A communications satellite, or bird, is a telecommunications device positioned in geo-
stationary orbit, 22,300 miles above the earth’s equator. Satellites operate in either the
C band (4 to 6 GHz) or the Ku band (12 to 14 GHz). DBS services are confined to the
Ku band.

A microwave relay system delivers program material (of any type) to a ground sta-
tion, called an uplink. The ground station sends the information via super-high-frequency
radio waves to a designated satellite. The satellite processes the signal and rebroadcasts
it down to earth on one of its channel outputs, or transponders. In order to conserve
valuable spectrum space, the output of the satellite’s transponders consist of overlapping
transmission bands. To minimize interference, one transponder will transmit a carrier
wave which is horizontally polarized, while the adjacent channel will transmit a vertically
polarized carrier wave. This technique greatly expands the number of available channels.

Each transponder can relay one color television signal or 1,000 telephone calls. The
satellite signals are received by a satellite dish called an earth station. The signals are
then distributed to the broadcast station, local phone company, business, or cable
company.

In 1975 a cable and subscription television program service called Home Box Office
began distributing its programs via satellite. Soon other program services began using
satellites as a means of distribution, including a number of television and radio stations
that were to become known as superstations. Communications satellites are owned by
such companies as RCA (which owns the Satcom series of satellites), Western Union (the
Westar series), Hughes Communications (the Galaxy series), Southern Pacific Communi-
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cations (the Spacenet satellites), Comsat (the Comstar series), AT&T (Telstar), and Sat-
ellite Business Systems. Satellites Satcom Il and Westar V carry primarily cable
programming.

8.5 SUMMARY

Cable communications systems are nonbroadcast telecommunications services which dis-
tribute programs and alphanumeric material via coaxial cable. As early as the late 1800s
cable systems in Europe and the United States distributed news, music, and other pro-
gram forms via telephone lines. Early regulatory efforts in the 1960s and 1970s slowed
the growth of cable in the United States, but since the mid-1970s cable has grown ap-
preciably in both systems and subscribers.

Cable communications systems distribute a broadband electromagnetic signal via coax-
ial cable, a specially designed wire which allows high-frequency electromagnetic energy
to be carried without loss from radiation. The signals distributed by the cable system
consist of (1) local and distant broadcast signals: (2) pay services obtained through re-
ception of microwave or satellite signals; and (3) local signals originating in the cable
company. The multiple signals are collected, processed, and distributed from the headend
down trunk, feeder, and drop lines to the point of reception. Complex systems may use
a hub design. with one major headend and several other subdistribution points.

A converter processes the cable signal prior to its entering the receiver and assigns
various portions of the signal to specific channels. Addressable converters allow subscri-
bers to receive only those channels to which they've subscribed. Cable systems can allow
viewers to send signals upstream to the headend or to other subscribers. Some systems
allow only alphanumeric information to be sent upstream, but other advanced systems
allow television signal interaction. Videotext is an interactive electronic publishing and
computer service that allows the cable system to be used like a computer.

Satellite master antenna television systems distribute broadcast and satellite signals
within apartment complexes and small home developments, and are similar in function
to cable communications systems. Because they do not use public rights-of-way, SMATV
systems aren't regulated by federal, state. or local authorities, as cable is.

Programs are delivered to cable systems through the physical delivery of a tape or
film, by microwave relay, or by satellite. Communications satellites have had an enor-
mous impact on the cable industry. In satellite communications systems signals are deliv-
ered to an uplink by microwave transmission. The earth station then transmits the signal
to the satellite, which processes the material and transmits it to an earth receiver. Sev-
eral different companies are engaged in operative satellite communications systems.
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Much of the economic and administrative organization of the broadcast industry
dates from the years immediately following World War I. Since those days hundreds of
different companies have been organized. Some have prospered and grown. Others have
failed and disappeared. New technologies have emerged and joined the competition for
audience attention. Yet despite the passage of over six decades, there has been little
change in the fundamental structure of the American broadcast industry. The essential
functions remain the same: produce the program, get the program to the exhibitor, de-
liver it to the consumer.

In this chapter we'll focus on the historical development of the broadcast and cable
industries and outline the organization of their major components. When you complete
this chapter you will:

1. Understand the historical development of broadcast stations and networks and the
cable industry

2. Be able to reproduce the organizational chart of a typical broadcast station and
network, and delineate key positions and job functions

3. ldentify some of the important trade associations, unions, and consumer groups
involved with broadcasting and cable.
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9.1 THE DEVELOPMENT OF BROADCAST STATIONS AND NETWORKS

In section 6.2 we saw the beginnings of broadcasting in the activities of Charles Herrold
and David Sarnoff. Yet during the years immediately prior to World War | there was
little development of this concept in the United States. There are at least two reasons
for this.

First, few in positions of authority in the corporate world seemed to share the dream
of David Sarnoff. Some saw that wireless could be used for more than point-to-point
communication, but few were willing to take the necessary financial risks. So broadcast
activities were left to amateurs and university-based scientists.

The second reason for the slow development of broadcasting was the problem of pat-
ents. During the first part of the century many different inventors had contributed to
the development of wireless technology. While there were several different systems for
producing the codes of wireless signals, no one system stood out. Important patents
were held by many companies located in several foreign countries, and large-scale man-
ufacturers of receivers and transmitters who used a patent without permission ran the
risk of having to pay a large fine. The solution was cooperation and the negotiation of
cross-licensing agreements. However, this development had to wait until after the end
of World War L.

9.11 The Patents Pool

When the United States entered World War | in 1917 most civilian wireless activity
abruptly halted. Wireless stations were confiscated by the U.S. government as a security
measure. Radio operators were drafted and assigned to train others to operate radio
equipment. However, it soon became evident that the training of operators solved only
one of the problems of harnessing wireless to the war effort.

The patent problem was solved by edict. The United States government indemnified
manufacturing companies from damages that might result from patent infringement
suits. In essence, the many different patent holders pooled their patents for the duration
of the war. Manufacturers could build transmitters and receivers using any device they
wished. As a result the military, particularly the navy, received high-quality equipment
that aided in shortening the war.

Prior to the entry of the United States into the war, British Marconi, through its
American Marconi subsidiary, began negotiations with General Electric to obtain exclusive
rights to the Alexanderson alternator. GE at that time had no interest in the communi-
cations business. In addition, after the Armistice it was strapped for cash because the
military no longer needed GE's electrical products. Owen D. Young, a GE executive, was
sent to seek counsel from Franklin D. Roosevelt, the acting secretary of the navy. There
Young found strong opposition to the American Marconi proposal. The view in Washing-
ton was that the United States would not tolerate foreign domination of international
radiocommunication. A “chosen instrument” must be found to protect U.S. telecommun-
ications interests. Two American naval officers, Admiral William Bullard and Commander
Stanley Hooper, worked with Owen Young to persuade the GE board to buy control of
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American Marconi. In return for the sale of American Marconi, British Marconi received
the alternators it sought.

In October 1919 GE formed a new, separate corporation to operate what once was
American Marconi. The new organization was the Radio Corporation of America (RCA).
On the same day RCA was incorporated it signed a cross-licensing agreement with GE.
One of the other major patent holders was AT&T, which through its Western Electric
manufacturing subsidiary held title to the De Forest audion patent rights. On July 1,
1920, AT&T pooled its patents with those of GE and RCA. Some smaller companies that
held patents joined the pool, and in July 1921, Westinghouse finally joined. The agree-
ment between the four corporate giants was a complex piece of cooperation that as-
signed each company a specific role in the radiocommunication marketplace.

First, RCA (most of whose stock was owned by the other three) administered the
patents pool, collected royalties, sold radio receivers, and operated all maritime and trans-
oceanic radiocommunication for hire. Anyone who wanted to send a message from the
United States to any foreign country would have to pay for the use of the RCA facilities.

Second, AT&T had the sole right to sell broadcast transmitters to those outside the
pool. In addition, AT&T received the right to use domestic radiotelephony for hire.

Third, GE and Westinghouse had the exclusive right to manufacture radio receivers.
The receivers were to be sold by RCA.

Fourth, all four could build equipment for their own use.

The patents pool agreements were negotiated in a context of point-to-point commu-
nication—not broadcasting. The appearance of hundreds of broadcast stations across the
country, the founding of networks, and the use of radio for advertising soon created
new frictions between the pool partners. Within five years after Westinghouse joined the
pool a new agreement would be needed.

9.12 The Beginnings of Broadcasting

In October 1919 the U.S. government lifted the wartime ban on amateur radio activities.
One of the first to resume experiments was Dr. Frank Conrad, operating from his home
studio in Wilkinsburg, Pennsylvania. Bored with the everyday chit-chat and exchange of
technical information among radio hams, Conrad began playing music over the air. Soon
amateurs from all over the country were writing to request specific songs. To meet the
demand, the enterprising scientist began transmitting two hours every Wednesday and
Saturday evening. He called his activity “broadcasting.” A local record store owner pro-
vided him with free records in exchange for an on-air mention.

By October 1920 the broadcasts were so popular that a Pittsburgh-based department
store mentioned Conrad's broadcasts in its advertising for radio receivers. Harry Davis,
a vice-president of Westinghouse, read the ad and realized that the world stood on the
threshold of an opportunity to make radio a medium of mass communication. Westing-
house applied for a license to broadcast and. with Dr. Conrad’s aid. built a transmitter.
The station. whose call letters were KDKA, signed on the air at 6:00 p.m. November 2
and carried the presidential election results.
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KDKA was soon joined by other broadcast stations. A few of these pioneer stations
were:

WW.J (originally WBL), licensed to a group of De Forest associates with financial back-
ing from the Detroit News in Detroit, Michigan

KCBS (originally KQW), licensed to “Doc™ Herrold in San Francisco

WHA, licensed to the University of Wisconsin

WEAF, licensed to AT&T to operate in New York City.

GE and RCA established stations, and soon each member of the patent pool was build-
ing at least one station.

Many of the early stations were established by groups who did not participate in the
patents pool. Most saw broadcasting as a tool to be used to sell radio receivers. Thus
manufacturing companies, hardware stores, and department stores began broadcasting
in order to create a market for receivers. Others entered broadcasting for entirely dif-
ferent reasons. Schools and universities wanted to tap radio’s potential as an educational
tool. Churches saw radio as an extension of their ministries. Newspapers entered broad-
casting to enhance their reputations as public service organizations.

Only thirty stations were on the air at the beginning of 1922. Six months later,
hundreds of stations had signed on, though many signed off just as quickly. By February
1. 1923, the number of stations was 576, and despite a high attrition rate, 556 stations
were operating in 1926.

9.13 Radio Advertising Begins

Soon the novelty of running a broadcasting station wore off. Not only was it hard work,
it was also expensive. Performers began demanding payment for services. Record stores
quickly tired of giving away records for nothing more than a mention on the air. Even
the radio manufacturers wondered how they could finance station operations once every-
one had a receiver. Numerous solutions were proposed to solve the financial crisis. David
Sarnoff proposed a 2 percent tax on receiver sales, the proceeds to be used to support
stations. Audience donations were solicited. Stations sold program guides. But the tech-
nique that has lasted is the commercial.

When AT&T signed on in New York City with WEAF it was made clear that the station
would sell time to anyone who cared to buy it. On August 28, 1922, a spokesman for
the Queensboro Corporation talked for ten or fifteen minutes on a new development the
company was building in New York City. The message was repeated for five consecutive
days and cost $100. Though most were reluctant to try the experiment, a few other
companies also made use of the new advertising medium.

Then other stations began to sell time to advertisers. Believing that it had the sole
right to use radiotelephony for hire, AT&T charged these stations additional royalties for
the use of their transmitters. Of course the stations objected, as did the other members
of the patents pool, but AT&T held firm in its position.
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9.14 The Formation of Networks

The interconnection of broadcast stations into "chains,” or networks, began in 1922
when WJZ (New York) joined with WGY (Schenectady) to broadcast the World Series.
As with the beginnings of advertising. AT&T took the lead in the creation of networks.
In early 1923 AT&T engineers interconnected WEAF in New York City with WNAC in
Boston. The experiment proved that permanent interconnection of stations was possible.
At first temporary networks were formed for one-time-only programs for several
months. The first permanent network was established by AT&T in July 1923. By March
1924 the AT&T network, with WEAF as its flagship station, consisted of twenty affili-
ates. RCA established a rival network, with WJZ as the main supplier of programming
to a smaller group of affiliates. The AT&T network became known as the “Telephone
Group.” the RCA network as the “Radio Group.”

AT&T's attitude toward networking was similar to its position on advertising: AT&T
felt it had the exclusive right to interconnect stations. It used high-quality telephone voice
lines to interconnect its affiliates, while other members of the patents pool had to inter-
connect using inferior lines furnished by Western Union. Advertisers were interested in
the networks, because through them they could reach large audiences at less cost than
other media. And by this time advertising. not receiver sales, had become the major
source of radio broadcast revenues. Desperate to attract and hold advertisers, AT&T's
rivals tried other means of interconnection. including radio waves. By 1925 the split on
the issue of advertising and interconnection was so serious that lawsuits had been filed
and the very existence of the patents pool was threatened.

9.15 From the New Patents Pool Comes NBC

During the conflict between the Radio and Telephone Groups, public confidence in some
of the companies waned. It was discovered that RCA charged receiver manufacturers
royalties of up to 7'% percent of the selling price of the receivers they manufactured.
ATS&T alienated public opinion when it won a suit against station WHN for its use of a
transmitter not manufactured by AT&T. The Federal Trade Commission started proceed-
ings to investigate RCA’s international communications business activities. It soon became
clear that some sort of settlement had to be reached to resolve the conflicts among the
members of the original patents pool and restore public confidence in the viability of the
patents pool concept.

In 1926 the members of the patents pool redefined their agreement to conform with
the realities of the new telecommunications environment. First, the pooling agreements
were renegotiated. Second, AT&T received the exclusive right to interconnect broadcast
stations into networks. Third, AT&T agreed to sell its WEAF station (and its network,
Broadcasting Corporation of America) to RCA for $1 million. AT&T further agreed that
it would not seek to establish a broadcast station for eight years. RCA, which had been
buying stations in anticipation of the sale of AT&T broadcast properties, now established
a subsidiary corporation of its own, the National Broadcasting Company. or NBC. On No-
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vember 15, 1926, the NBC network debuted. Twenty-five stations carried the initial pro-
gram, most of them former AT&T network affiliates.

In addition to taking over WEAF and its network, NBC also operated WJZ, RCA's sta-
tion in New York City. WJZ continued to be the flagship station of what had been the
old RCA network, which was reorganized and began operations anew on January 1.
1927. The WJZ network was known as the Blue network, the WEAF-based operation as
the Red network. In April 1927 NBC started a third network on the West Coast, known
as the Pacific Coast Network. It was eliminated in 1928 when both the Red and the Blue
networks began coast-to-coast distribution of programs. In addition to operating the
two networks, NBC continued to buy stations, often owning two in the same market. By
1933 it owned ten stations, whose profits formed a firm financial foundation for net-
work expansion.

9.16 The Creation of CBS

The economic concept of the network is simple. The network purchases time on its af-
filiated stations, sells that time to advertisers, and provides the stations with program-
ming and the commercial messages that make the programming possible. This can be
extremely profitable. While RCA was creating the two NBC networks, a second organi-
zation was attempting to form a rival network. The United Independent Broadcasters
Inc. (UIB) was founded in January 1927. Within weeks it had organized a network of
twelve stations, with WOR, located in New Jersey and covering the New York City mar-
ket, as the flagship station. However, there was no money to operate the network. The
UIB merged with the Columbia Phonograph Corporation and created a third, separate
corporation to handle broadcast activities called the Columbia Phonograph Broadcasting
System. Inc. Later the name was changed to the Columbia Broadcasting System. or CBS.
For a while CBS and UIB existed as two networks. Later they merged into one operation.

The new venture lost money. Investors could no longer be found to buy stock, and a
buyer for the network was sought. He came from an unlikely place. William S. Paley,
vice-president of the Congress Cigar Company of Philadelphia, and son of one of the
company’s owners, came forward to buy the network. Paley's company had been one of
the first advertisers to sign on with CBS. Impressed with the results of the advertising,
Paley had developed an interest in broadcasting. In September 1928 he bought CBS for
$300,000. Investing another $400,000, he bought a station (WCBS) in New York to
serve as the flagship station for the network. He originally intended to spend only six
months or so organizing CBS, but Paley stayed on to run the company until he stepped
down as chairman of the board in 1983.

9.17 Other Broadcast Networks

While ABC, NBC, and CBS are the household-name broadcast networks, they are not the
only ones. Many other national radio and television networks provide services to broad-
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FIGURE 9-1. William S. Paley
Wren Paley bought the network in 1928 he planned to stay at CBS for only six months. He
stayed on as chairman of the board until his retirement in 1983.

cast stations. Some of these are listed in figure 9-2. In addition, there are twenty-one
regional television networks and ninety-eight regional radio networks.

One of the largest radio networks is the Mutual Broadcasting System, MBS, or Mu-
tual, was created in 1934 by four stations—WGN Chicago, WOR Newark, WLW Cincin-
nati, and WXYZ Detroit—on a cooperative basis. All members of the network were equal
partners. The network neither owned nor operated any stations. In 1936 the network
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Figure 9-2. National Radio and Television Networks

TV NETWORK RADIO NETWORK
ABC (American Broadcasting Company) ABC
APR (Associated Press Radio)
CBS (Columbia Broadcasting System) CBS Radio Network

MBS (Mutual Broadcasting System)
NBN (National Black Network)
NBC (National Broadcasting Company) NBC Radio Network
UPI (United Press International Audio
Network)
RKO (RKO Radio Network)
Sheridan Broadcasting Network
SIN (National Spanish Television Network)
Hughes Television Network
TVS (TVS Television Network)
PBS (Public Broadcasting Service)
NPR (National Public Radio)

SOURCE: Broadcasting/Cablecasting Yearbook 1983.

expanded from four to seventeen affiliates when the Colonial Network joined Mutual.
The Don Lee Network brought in ten more affiliates in 1940. Soon the Texas Network
added twenty-three more. The network’s unique structure didn't guarantee success.
however. Many affiliates were also associated with either CBS or NBC. As a consequence,
Mutual programs were often used as fillers, or at times when the audience was small.
Nevertheless, Mutual is still operating today.

Except for PBS, the noncommercial television network, no organization has success-
fully challenged the dominance of the three national commercial television networks. The
Dumont Television Network was announced in 1944 and began operating after World
war |l, but it ceased operating in 1955. Its failure was attributable, in part, to the lack
of VHF stations assigned to the top fifty markets. Another television network, the United
Network, operated for only thirty-one days in 1967. The most successful television net-
works outside the three major networks have been regional networks and sports net-
works operated on a per-event basis.

9.18 RCA’s Legal Problems Result in ABC

During the 1930s the networks dominated the radio industry. In order to be financially
successful a station had to be affiliated with one of the major networks. The networks
bound their affiliates into five-year contracts specifying the amount of network program-
ming affiliates had to carry. In the early 1940s, at the instigation of the smaller radio
networks, the FCC investigated what were said to be “abusive” network affiliate agree-
ments, and passed a series of rules governing network-affiliate relations. One of the
rules forced NBC to sell one of its networks. Edward J. Nobel, the maker of Lifesaver



ECONOMIC AND ADMINISTRATIVE ORGANIZATION

candies, bought the Blue network for $8 million in 1945. He renamed it the American
Broadcasting Company, or ABC.

The Blue network was the weaker of NBC's two networks. As a consequence, ABC
often found itself in financial straits during its early years. As television developed in the
early 1950s the new network needed cash to expand its operations into the new me-
dium. United Paramount Theaters, fresh from a bout with antitrust problems of its own,
merged with ABC, providing it with much-needed cash. Nobel remained as chairman of
ABC while Leonard Goldenson of United Paramount served as president of the company
until 1972, when he became chairman. But the merger didnt solve all of ABC's prob-
lems. In the mid-1960s International Telephone & Telegraph attempted to merge with
ABC. However, the threat of intervention by the Justice Department discouraged ITT,
and it dropped its merger plans.

9.2 ECONOMIC MODELS

The telecommunications industry provides services for a fee. Broadcasting and cable com-
panies are established for the purpose of making a profit. The exception is public broad-
casting, but even though it is noncommercial it still must have money in order to oper-
ate. The American telecommunications system uses two different models of economic
exchange, indirect and direct.

9.21 The Indirect Model

Figure 93 portrays the indirect economic model. In this type of exchange system, pro-
grams and other telecommunications services are provided to consumers (audiences)
without direct payment to the providers. The program providers (stations and networks)
are paid by advertisers for time during which commercial messages are broadcast. The
audience pays for the program service indirectly, through the increase in the cost of
products and services brought about by advertising. While many broadcasters like to talk

Service
Providers

Programs
Consumers

FIGURE 9-3. Indirect Payment
This model of economic exchange is used

in the commercial broadcasting business.
The network and stations receive
compensation from advertisers, not
audiences. Audiences pay for the
programs they listen to and watch
through increased product costs. This
type of system places the economic
burden on both those who use the service
and those who don't.

Advertiser
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about “free television” and “free radio,” broadcasting isn't really free. We all pay for
advertiser-supported radio and television, whether we use the service or not.

9.22 The Direct Model

The alternative model is the system portrayed in figure 9—4. In this exchange system,
those who use the services pay the providers of the service directly. This is the economic
system used by cable, subscription television, and other forms of pay radio and television,
as well as by other forms of telecommunication.

9.3 THE LOCAL STATION

The local station is the broadcast organization with which we most often come into con-
tact. Radio stations vary in size, from a one-person operation to organizations with a
hundred or more employees. Television stations require more personnel, but some sta-
tions are run by only two or three employees. No matter what the size of the station or
the market it serves, its function is the same—delivering programs to audiences and au-
diences to advertisers.

9.31 Administrative Organization

Large or small, radio or television, some specific functions are common to all stations.
Figure 9-5 shows a typical organizational chart for a broadcast station. There are eight
functional divisions in every station: top management, business, engineering, sales, news,
programming and production, promotion, and research. Depending upon the size of the
station, the implementation of these functions may be divided in a number of different
ways. In the small station personnel perform several different functions during the
course of the workday. In the larger station jobs are more specialized.

Many stations are part of a larger corporate organization that owns that station plus
others. Normally it is the general manager (or GM) of the station who is held responsible
for the performance of the station. The GM is the head of the executive office.

In larger stations there may also be a station manager who oversees day-to-day op-
erations. Engineering, programming and production, promotion, and research may re-
port directly to the station manager, while news, business, and sales may report directly

FIGURE 9-4. Direct Payment

This model features direct payment by el e

consumers to program and service Service Const;mers
providers. A provider must be responsive {Program) Se:’vices
to audience needs or consumers will find Providers (Programs)
another provider. Money
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b Chiief Engineer
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Business
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FIGURE 9-S. Functional

Research P Research Director Organlzatlon of a Typlcal
Broadcast Station

to the GM. There is no single system of station organization, however. Individual station
structures depend to a large degree on the management style of the GM and the desires
of the owners.

9.32 Ownership

In the early days of broadcasting stations were organized primarily to sell radio receiv-
ers. Today broadcast stations are expected to be money-makers for the owners. While
there are some owners who have only one station, most corporations in the business of
broadcasting own more than one station. A group owner is any organization or person
who owns a controlling interest in three or more radio stations or at least two television
stations. A few of the prominent group owners are listed in figure 9—-6. Many group
owners are involved in businesses other than broadcasting, or in related aspects of the
communications business—newspaper and magazine publishing, cable television, equip-
ment manufacturing, and networking.
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FIGURE 9-6. Some Prominent Group Owners

GROUP OWNER TV AM FM OTHER COMMUNICATIONS INTERESTS
Athens Broadcasting Inc. 0o 2 1 None
Corinthian Broadcasting Corp. 0O O 6  Subsidiary of Dun & Bradstreet. Inc. Also

owns TVS Sports Network

Cox Broadcasting Corp. 5 7 5 Cable television, newspapers

Gannett Broadcasting Group 7 6 7  Newspapers, television production

Hearst Stations 4 4 3 None

Metromedia Inc. 7 7 7  Outdoor advertising, regional radio
networks, print publishing, lce Capades,
Harlem Globetrotters

Storer Broadcasting Co. 7 O 0 Cable

Taft Broadcasting Co. 7 6 6 Cable, amusement parks

Westinghouse Broadcasting Co. 7 7 5 Cable, program production

SOURCE: Broadcasting/Cablecasting Yearbook 1982.

The three major commercial television networks each own radio and television sta-
tions. The owned-and-operated stations (080's), stations owned by one of the networks,
are overseen by a corporate department but are free to make their own programming
decisions. Sometimes a station may not carry a program provided by its parent network.
A list of the stations owned by each of the major broadcast networks is presented in
figure 9-7.

9.33 Investment, Profit, Loss

A broadcast station is not only a day-to-day business enterprise; it is also an investment.
And as in any other industry, some stations make large profits, others sustain losses. The
financial investment in a station is considerable. Not only does it take a long time to
obtain a broadcast license, but preparing and filing the application for FCC consideration
is an expensive process. If the license is awarded, large investments must be made in
property for studios and transmitter sites. building costs, and equipment. For example,
the Corporation for Public Broadcasting (1980) estimated that the average cost of an
LPTV station able to orginate local programming would be approximately $300,000. A
new full-service station might cost in excess of $500,000. In 1980 a total of $3.6 billion
had been invested by television stations and networks in property and capital equipment
(Broadcasting, August 10, 1981).

Once a station is on the air, there are operating expenses. Figures 9-8, 9-9, and
9-10 show the expense breakdowns for the radio and television industries for 1980.
Note that the largest expense in radio is in the “general and administrative™ category. In
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FIGURE 9-7. Major Network 080 Stations

NETWORK AM FM TV

ABC WABC  (New York) WPLJ  (New York) WABC  (New York)
WLS (Chicago) WLS (Chicago) WLS {Chicago)
WXYZ  (Detroit) WRIF  (Detroit) WXYZ  (Detroit)

KSRR  (Houston)

KABC  (Los Angeles) KLOS  (Los Angeles) KABC  (Los Angeles)
KGO (San Francisco) KSFX  {San Francisco) KGO (San Francisco)
WMAL  (Washington) WRQX  (Washington)

CBS WCBS  (New York) WCBS  (New York) WCBS  (New York)
KNX (Los Angeles) KNX (Los Angeles) KNXT  (Los Angeles)
WBBM  (Chicago) WBBM  (Chicago) WBBM  (Chicago)
WCAU  (Pniladelphia) WCAU  (Philadelphia) WCAU  (Philadelphia)
KCBS  (San Francisco) KRQR  (San Francisco)
KMOX  (St. Louis) KMOX  (St. Louis) KMOX  (St. Louis)
WEEI  (Boston) WEEI  (Boston)

NBC WNBC (New York) WYNY  (New York) WNBC  (New York)
WRC  (Washington) WKYS  (Washington) WRC (Washington)
WMAQ (Chicago) WKQX  (Chicago) WMAQ (Chicago)

WKYC  (Cleveland)
KNBR  (San Francisco) KYUU  (San Francisco)
KNBC  (Los Angeles)

television the largest expense is programming. This reflects the difference in the pro-
gramming of the two media. Radio primarily broadcasts recorded music, for which it
pays a relatively small amount. The large amount spent for television programming re-
flects the costs involved in developing and producing programs. Also, note that television
is much more profitable than radio. In part this reflects the less competitive environment
of television, that is, the fact that there are fewer stations per market.

FIGURE 9-8. Radio Expenses and Profits, 1980

EXPENSE CATEGORY AM AND AM-FM FM
Technical (6.5%) $ 142,861,000 $ 48,734,000
Program (27.8%) 611,103,000 198,773,000
Sales (23.3%) 458,995,000 219,781,000
General and administrative (42.2%) 892,753,000 338,212,000
Miscellaneous (0.2%) 2,451,000 2,551,000

TOTAL EXPENSES 2.108,163,000 805,500,000
TOTAL INCOME 2,201,534,000 863.805.000
OPERATING PROFIT 93,371,000 55,755,000

SOURCE: Broadcasting. February 8, 1982.
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FIGURE 9-9. Average Profit or Loss of Radio Stations, 1971-80

FM ASSOCIATED WITH

AM, AM-FM INDEPENDENT FM AM

YEAR Profit Loss Profit Loss Profit Loss

1980 $ 89.401 $78.860 $139.439 $113,682 $203,229 $112574
1979 118910 78317 123.225 89,620 166,456 100,579
1978 110,928 64,362 103,064 58.176 149,622 64,829
1977 94,138 55.808 77014 56.687 122.303 61.053
1976 82173 51,224 63,259 49,581 90.566 69,282
1975 66.873 45544 43589 52.023 71,292 63.344
1974 62,310 48,998 41,830 60.669 56.914 53.933
1973 63.373 43,785 49,186 49,186 59518 54,518
1972 61,837 38473 31557 43333 45923 52.030
1971 58.950 35.354 26,598 40,200 45,695 59,680

NOTE: Not every station in every market makes a profit. The figures above should give you some idea of the average profit or loss of a
station during a ten-year period. Note that FM stations did the best over the decade, but that many had sizable losses.
SOURCE: Federal Communications Commission.

Network-owned-and-operated stations are profitable. In 1980 the network television
080's had revenues of $700.3 million and expenses of $491.8 million, for a profit of
$208.5 million. The profit made by the 080's makes up almost 30 percent of the profit
of the television industry (Broadcasting, August 10, 1981). The size of the market is also
a factor in the amount of station profit. Figure 9-11 compares the profits of radio and
television stations located in five different markets. In two of the markets, radio had an
overall loss for the year. This might mean that one or two stations were very profitable
while the others weren't, or that the market just couldn't support that many radio
stations.

FIGURE 9-10. Expenses and Profits for TV Stations, 1980

EXPENSE CATEGORY VHF UHF
Technical (10.8%) $ 312,100,000 $ 77.900,000
Program (43.9%) 1.339.100.000 249,200,000
Sales (13.4%) 394.800.000 92.400,000
General and administrative (31.7%) 918.100.000 231,100,000

TOTAL EXPENSES 2.964,100.000 650,500,000
TOTAL INCOME 4,252,300.000 690.200,000
OPERATING PROFIT 1.288,200,000 39,700.000

NoTE: 0.2% lost to rounding.
SOURCE: Broadcasting, August 10, 1981.
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FIGURE 9-11. Station Profits in Five Markets

MARKET RADIO TELEVISION
(Size) (Number of Stations) (Number of Stations)

New York (1) $19,370,263 (41) $94,580,000 (10)
Phoenix (24) 442,953 (31) 20,491,000 (7)
Syracuse (66) -411.282 (21) 2,096,000 (3)
Corpus Christi (131) 418,901 (16) 1,306.000 (4)
Albany, Ga. (150) -15,768 (7) 3,510,000 (3)
NOTE: Size refers to the market's rank compared to other markets. New York is the largest while Albany
ranks 150.

source: FCC Financial Data, 1980.

9.34 Buying and Selling Stations

Profitable and not-so-profitable stations are sold frequently. In 1982, 627 stations
changed hands. Of these, 30 were television stations and 597 were radio stations. The
average price of a television station was approximately $12 million; in 1983 one station
sold for $145 million. The average price of an FM station sold in 1982 was approxi-
mately $1.2 million. The largest price paid for an AM station in 1982 was $6 million,
but the average sale price was approximately $500.000.

Prices of stations vary widely depending upon the service and market size. Another
factor is the profitability of the station. Most experts agree that stations sell for between
eight and ten times their yearly revenues. The station broker is the person who handles
the station's sale. Often the broker will not only find a buyer or a seller but will help
make the financing arrangements. For this service the broker receives a commission
which is a percentage of the sale price.

9.4 THE BROADCAST NETWORKS

The network is clearly an important component of the broadcast industry. Networks can
do things that stations simply don’t have the money or the personnel to accomplish.
First, networks have the capital to provide national and international news coverage. No
single station could afford to develop the news-gathering apparatus of a network. Sec-
ond, networks have the ability to obtain high-quality entertainment programs and pro-
vide them to a station at a much lower cost than if the individual station undertook to
produce the programs itself. Third, the networks centralize time sales to national adver-
tisers, which works to the advantage of both the advertiser and the station. ABC, CBS,
and NBC are called full-service networks because they provide a variety of services to
their affiliates. In addition to programming and national advertising. the full-service net-
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works pay for the technical interconnection fees, provide news inserts to be used locally,
promote national programs, and provide a center of expertise for their affiliates.

9.41 Types of Networks

A network is simply the interconnection of two or more stations for the purpose of shar-
ing programming. Most networks are interconnected electronically. However, in one type
of network, called a bicycle network, the affiliates must physically exchange the
programs.

Networks are classified by the geographical area that they cover. National networks
are set up to interconnect stations throughout the entire nation. The interconnection is
accomplished either through AT&T long lines or by satellite. Regional networks are or-
ganized to serve stations within a state or several states. Their signals are relayed pri-
marily through long lines.

While most networks are intended to be permanent, temporary networks are orga-
nized for one program or a limited series of programs. Operation Prime Time is a net-
work that occasionally provides programs to independent television stations. Radio
sports networks are organized to deliver the games of major league and college teams
to affiliate stations.

9.42 Network Organization

The three companies running the three largest national networks are complex corporate
organizations that include not only broadcasting but other activities such as publishing,
research, international communications, record production, and electronic equipment
manufacturing. ABC and CBS are the corporate entities of those two networks and their
other business activities, while NBC is part of the corporate structure of RCA. All three
networks have their corporate headquarters in New York City. They also have extensive
offices in the Los Angeles area. The corporate organization of CBS Inc. can be seen in
figure 9—-12.

9.43 Network-Affiliate Relations

A station not affiliated with any network is called an independent station. Over a hundred
television stations are independents. Most are located in the UHF portion of the spec-
trum. Some of the major independent stations are WOR-TV in New York, WTBS-TV in
Atlanta, WGN-TV in Chicago, and KTLA-TV in Los Angeles.

Stations associated with one of the three major television networks are called net-
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THE CBS ORGANIZATION
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work affiliates. A primary affiliate is associated with only one network, a secondary af-
filiate with two or more networks. The affiliation contracts that form the basis of the
agreement between the networks and their affiliates are regulated by the Federal Com-
munications Commission, and are limited to two years. The key to each contract is the
amount of money—the network compensation—the network will pay the affiliate to run
the network’'s programming and the accompanying national commercials.

The amount of network compensation varies from station to station depending on
the size of the market, the size of the audience, and other factors. The method used to
figure the amount of compensation received by the station varies also. In addition, the
networks provide slots for stations to place local and regional commercial messages.
The quality of the programs provided by the networks generates larger audiences than
the stations could attract on their own. This means that the local television station has
a large audience as a lead-in for its local programming.

9.5 THE CABLE INDUSTRY

The cable communications industry is relatively young compared to radio and television,
yet the basic structure is roughly the same. The key element is the local franchise, often
owned by a large corporation called a multiple system owner. Most of the program of-
ferings are delivered by either over-the-air broadcast stations or national program ser-
vices. Unlike the major commercial networks, the national program services are not full-
service networks. At present they provide only programs.

9.51 The Local Franchise

The cable communications equivalent to the broadcast station is the local franchise. Un-
like local broadcast stations. there is normally only one cable operator serving a com-
munity or portion of a community. The cable operator has a monopoly on the service.
The rationales for allowing a local monopoly range from achieving economies of scale to
maximizing the profit potential of the local operator so that the operator can provide
the city with access and local origination channels. There are some communities with
competing cable companies, however. Phoenix, Arizona, is the largest community where
that situation exists.

The organization of the local cable franchise is similar to a local broadcast station's. A
general manager (GM) is responsible for the operation of the franchise. If the system is
owned by one of the MSOs, the GM reports to corporate headquarters. In turn, four
areas report to the GM: engineering, programming, marketing, and business affairs.

The business affairs function mirrors that of a broadcast station. Accountants, book-
keepers, secretaries, purchasing agents, and similar positions make up the business de-
