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Preface

Even more than its predecessors, this edition
of Broadcasting in America, which appears three
decades after the first, has been heavily re-
vised and updated —and this time restruc-
tured as well. These changes are due partially
to our own evolving views of the field as well
as to the substantial changes going on in the
field itself. Starting with universally available
broadcasting, we take a more unified ap-
proach to the many competing electronic me-
dia, dealing with them in an integrated
fashion reflecting their true audience and mar-
ketplace interaction. Given the widespread
use of broadcast content on newer delivery
systems (most specifically including cable and
videocassette recorders), “broadcasting” in
this book’s title and text now generally refers
to all of the electronic media. Readers of past
editions will note the following:

¢ We have rearranged the book and reduced
the number of chapters to nineteen. Through-
out, we have updated and tightened our dis-
cussion and grouped related topics together.
For example, chapters on media impact and
policy have been recast to reflect changes in
the field and to make for clearer understand-
ing of relationships.

» We lead off the book with historical back-
ground, somewhat condensed from previous
editions, using it to lead into the technology
chapters that follow. The present role of tech-
nology is more clearly seen if we first trace the
development of knowledge and application of
that technology.

e We have integrated treatment of public
broadcasting and the newer technological ri-
vals to radio and television, rather than deal-
ing with each separately as in the fourth
edition. We now feel it important to under-
stand the changing interrelationships between
broadcasting, cable, and home video (as well
as other services with thus far limited audi-
ence penetration) all of which compete in the
same market for the same potential audience.

* We have retained our approach in the
chapters on technology of electronic media —
stressing the fundamental physical and policy
factors which are essential to a true under-
standing of how broadcasting and newer elec-
tronic media services work, and the different
ways that each is limited.

¢ Economic aspects of the fast-changing
electronic media have been given expanded
treatment in the three new chapters which
make up Part 3, contributed by Associate Pro-
fessor Lemuel B. Schofield of the University of
Miami. His extensive experience in television
station supervisory roles, including that of
general manager, combined with his legal
training (he holds a ].D. from the University of
Pennsylvania) add new insight to the treat-
ment of station, system, and network organi-
zation and operation, as well as to advertising
and the many other kinds of media financial
support.

 Likewise, we have greatly increased the
material on programming process and trends
that now make up three chapters in Part 4,
contributed by Dr. Susan Tyler Eastman, an

XXi
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associate professor at Indiana University. Dr.
Eastman is senior editor of Broadcast and Cable
Programming (Wadsworth, 1985), among many
other works, and has taught the "’BIA course”
for more than a decade. She deals with basic
aspects of all programming before concentrat-
ing on network programs (Chapter 12) and
nonnetwork, syndicated programming (Chap-
ter 13).

* The material on electronic media research
and consequences in Part 5 has been revised
and tightened to cover both industrial and
academic research efforts and findings. The
chief and best known type of research, that on
audience ratings, is now treated together with
the analysis of media impact and conse-
quences. The theoretical basis for the latter
(Chapter 15) is totally revised for this edition.

» The regulatory chapters in Part 4 have
been recast, reflecting the current deregu-
latory trend. Christopher Sterling, special as-
sistant to an FCC commissioner during the
transition from the Ferris to Fowler adminis-
trations (1980-82), highlights the regulatory
differences between broadcasting and its
newer rivals.

¢ For this edition, Dr. Norman Felsenthal,
an associate professor at Temple University,
has written the separately published Instruc-
tor’'s Manual (available to adopters) and a to-
tally new Study Guide. He has worked closely
with the authors so his work reflects the sub-
stantial changes in the revised main text.

Despite all these changes, our overall goal
remains the same: to treat the electronic media
within a broad academic perspective, touching
on such traditional fields as the physical sci-
ences, history, economics, political science,
psychology, and sociology. This approach is

rooted in our belief that for purposes of both
general and professional education, electronic
media should be studied as both the product
of social forces and as social forces them-
selves. We seek to explain how broadcasting
and more recent services developed, why they
operate as they do today, and what part these
services play in American society. We hope to
spark readers to draw their own conclusions
on the proper role of these services in the
future.

As with previous editions, a number of
colleagues gave valuable advice and sugges-
tions. Among them were James Anderson
(University of Utah) and Timothy Meyer (Uni-
versity of Wisconsin—-Green Bay), who guided
our revision of Chapter 15; Herbert Terry (In-
diana University) and Erwin Krasnow (of Ver-
ner, Liipfert, Bernhardt & McPherson in
Washington, and former general counsel of
the NAB) who gave detailed comments and
suggestions on Chapters 16-18; and Charles
Clift (Ohio University); Peter Habermann
(University of Northern Iowa); Darrel W. Holt
(The University of Tennessee, Knoxville);
Barry Litman (Michigan State University);
George Mastroianni (California State Univer-
sity, Fullerton); Michael J. Porter (University
of Missouri-Columbia); John A. Regnell
(Southern Illinois University at Edwardsville);
Ruth Schwartz (University of California, Los
Angeles); David L. Smith (Ball State Univer-
sity); Donna Walcovy (Emerson College); and
Judith B. Wallace (University of Miami). Natu-
rally, we assume final responsibility for what
we have done with their suggestions.

Sydney W. Head
Coral Gables, Florida

Christopher H. Sterling
Washington, D.C.
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CHAPTER 1

Global Context

Broadcasting in America is best understood
within the context of communications gener-
ally, both here and abroad. Telegraph, tele-
phone, and radio ship-to-shore technologies
led up to broadcasting. Its name came from
the farmer’s way of hand-sowing grain by cast-
ing broadly, letting seeds fall where they may.
In a similar manner, news, entertainment, ed-
ucation, and other types of messages are cast
into space to be picked up at will by the gen-
eral public. In contrast, the older media sent
private messages over predetermined paths to
individual recipients.

Strictly defined, broadcasting is a technol-
ogy that uses radio waves; cable television,
which reaches people by means of wires, is
therefore not broadcasting, though cable uses
programs that are broadcast. Communication
satellites use radio waves, but people who in-
tercept the signals by means of back-yard an-
tennas are not receiving true broadcasts
because the programs are not intended for
public reception — unless, of course, a direct-
broadcast satellite is involved.

At one time this book might have con-
fined itself to discussing broadcasting in the
limited sense defined above, and to describing
its use in the United States only. In recent
years, however, revolutionary changes in tele-

communication have made such a narrow per-
spective inadequate. One needs now to
understand broadcasting in a global context,
in both technological and geographic terms.

1.1 Convergence

This wider context is needed in part because of
convergence — the blending together of many
different services and technologies, such as
satellites, cable television, videocassettes, com-
puters, lasers, and telephones — into new con-
figurations. Technological convergence has
blurred the formerly sharp distinctions between
wire and wireless communication, between pri-
vate and public messages. Thanks largely to the
computer’'s ability to manipulate images,
sounds, and text, such varied modes of commu-
nication as the telephone, phonograph, motion
picture, radio, and television now interact in
novel ways.

Geographic convergence has also oc-
curred, especially as satellite communication
becomes more sophisticated. Cultural distinc-
tions among nations and differences among
their telecommunications systems erode as
satellites make possible rapid exchange of pro-
grams and communication software through-
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out the world. In sum, the phenomenon of
convergence requires that one view the spe-
cific medium of broadcasting in a telecommuni-
cation perspective, a perspective that includes
all the wire and wireless technologies that
have been said to turn the world into a “’global
village.”

People tend to think of broadcasting paro-
chially, in terms of their personal program
preferences, limited by their own national sys-
tem. To them the medium consists of their fa-
vorite programs, whether Dallas, Masterpiece
Theatre, MTV, a rock station, or talk radio.
Most audience members do not care who pays
for the programs, when they started, where
they came from, what technologies brought
them to the receiver, or why those programs
are scheduled instead of others. They might
think it odd to start a book about broadcasting
in America by talking about telecommunica-
tion instead of broadcasting and about foreign
nations instead of the United States. Students
of broadcasting, however, need to look be-
yond the receiving set and outward to the rest
of the world.

Starting the study of these topics from the
dual perspective of telecommunication and its
international aspect prepares you to look at
broadcasting in America more discerningly
than you might if you approached it from the
limited viewpoint of traditional broadcasting
in a single country. This wide-angle lens
should give you an enhanced awareness of
the medium’s infinite possibilities, enabling
you to imagine future developments in this
rapidly changing arena.

POTS and POBS  When new technical
marvels revolutionized the telephone busi-
ness, telephone experts adopted the wry term
POTS to describe traditional telephony. POTS
means “‘plain old telephone service,” dis-
tinguishing traditional telephony from the
new jazzed-up kind that uses computerized

switching, automated operations, communica-
tion satellites, fiber-optic transmission, tele-
phones with memories, answering machines,
and other innovations.

Now that broadcasting has reached a simi-
lar stage of development, we need a broad-
casting equivalent of POTS; in this book we
will use POBS, for “plain old broadcasting sys-
tem.” POBS denotes the traditional medium
as it existed before such technical develop-
ments as broadband cable television, satellite
networks, direct satellite broadcasting, optical
fiber links, videocassette recorders, and the
like transformed the media landscape.*

In drawing this distinction between old
and new, we by no means intend to imply the
imminent end of POBS. Traditional broadcast-
ing remains fundamental — still viable and
still the most universally available telecommu-
nication medium. Broadcasting faces many
new sources of competition for audience at-
tention, but it is also enhanced by many new
resources.

In some sections of this book the term
broadcasting refers only to POBS. In other
places, broadcasting, along with such phrases
as clectronic media and radio and television,
covers some of the wide range of old and new
services collectively denoted by the term muass
communication media as defined in the Commu-
nications Act of 1934: “television, radio, cable
television, multipoint distribution service, di-
rect broadcast satellite service, and other serv-
ices, the licensed facilities of which must be
substantially devoted toward providing pro-
gramming or other information services
within the editorial control of the licensee’” |47
USC 309G)(3)(C)(1)].

*Don’t worry about the specific meanings of these terms if
they are not familiar to you. Each will be discussed in rela-
tion to broadcasting later in this book.



Telecommunications Perspective  As
mentioned, convergence requires us to take an
even wider view of broadcasting, that of tele-
communications. Elsewhere you will sometimes
find the term telecommunications used to mean
primarily telegraphy and telephony. Here,
though, we intend it to mean more: communi-
cation by means of electromagnetic energy,
whether using wire, cable, radio, light, or
other channels of transmission. This definition
embraces many point-to-point forms of com-
munication, as well as electronic mass
communications.

The United States has been at the fore-
front of the world telecommunications revolu-
tion. For example, it made a decisive
operational leap forward in 1964, when the
International Telecommunications Satellite
Organization (Intelsat) began relaying trans-
atlantic communications traffic. Ever since, we
have been able to see live televised scenes
from distant overseas news events instantane-
ously.* More than a hundred countries share
Intelsat ownership, but the United States
originated it, owns the largest percentage of
its shares, and until 1979 operated it on behalf
of the rest of the consortium.

Intelsat makes possible instant worldwide
distribution of not only television programs
but also telephone conversations, news
agency services, and business data. Intelsat,
though primarily an international carrier, also
offers its facilities at reasonable rates to Third
World countries for domestic use. This en-

*In the early days, before videotape recorders and Intel-
sat, the U.S. networks occasionally installed film proces-
sers in airplanes so that they could develop film of
exceptionally newsworthy European events during the re-
turn trip across the Atlantic. Such strenuous efforts ena-
bled U.S. television to show the coronation of Britain’s
Queen Elizabeth in 1952, for example, only a few hours
after the event actually took place. This contrasts with
coverage of the marriage of the Prince of Wales to Lady
Diana in 1981, seen live, without delay, all over the world,
thanks to the global satellite system Intelsat.
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ables less developed countries to set up their
own internal satellite relay networks. Many of
these countries vaulted with the aid of Intelsat
directly into the satellite era, and have been
able to broadcast daily television news pro-
grams throughout their countries decades,
even generations, before such national pro-
gram distribution would have been possible
using earthbound, presatellite networks.

As the United States forged ahead with
new telecommunications technology, much of
the world, aside from participating in Intelsat
(and a much smaller USSR version, Inter-
sputnik), generally stayed with POBS while
cautiously experimenting with the new tech-
nologies — all the while watching the U.S.
telecommunications transformation with both
fascination and a certain amount of alarm. By
the late 1970s, however, European nations, Ja-
pan, and some other countries began to join
in, feverishly installing modern cable facilities
and launching satellites. At the same time
they began to reassess their traditional reli-
ance on highly centralized, state-owned POTS
and POBS.

True, Europe has had cable television for
many years. However, cable in these countries
merely extended POBS coverage, taking on
the form of CATV (community antenna televi-
sion) and MATV (master antenna television)
systems. These small cable systems, mostly
noncommercial, offered few program choices,
no local origination, no advertising, and cer-
tainly no satellite-to-cable networks and pay-
cable channels. They merely extended the cov-
erage of ordinary television stations. Sky
Channel, the first European satellite-to-cable
network, did not start until 1982. It relays a
pan-European service, delivering programs
via a multinational satellite to cable systems in
a growing list of countries. By that time, of
course, U.S. cable television subscribers had
long since become accustomed to numerous
satellite-distributed cable program channels
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such as ESPN and HBO, as well as supersta-
tions such as WTBS.

Aside from the difficulty of constructing
satellites, the communication industry faces
the problem of launching them into orbit.
Fighting the pull of gravity and resistance of
the atmosphere to get satellites off the ground
and into orbit some 22,300 miles above the
earth is expensive and technically difficult. As
another example of American pioneering, the
U.S. National Aeronautics and Space Admin-
istration (NASA) was for years the only
agency that sold satellite launch services to
foreign countries. By 1984, however, a Euro-
pean-owned launch facility, Arianespace, had
begun to challenge NASA’s monopoly. The
facility, named for Ariane, the rocket that
launches the satellites, is located in French
Guiana, on the northern coast of South
America near the equator —a more conve-
nient spot than NASA'’s Florida location for at-
taining equatorial orbit. In 1984 Arianespace
launched communication satellites for Brazil
and for a consortium of Middle Eastern
Arabic-speaking countries called Arabsat.

Of course, other innovations have come
from all over the world. For example, the
USSR pioneered in space and was the first
country to use satellites for relaying television
programs. Japan has led in consumer electron-
ics production and high-definition television
development. British television engineers de-
veloped the transmission of text and graphic
materials to television screens. The two British
radio and television authorities, the British
Broadcasting Corporation (noncommercial)
and Independent Television (the British com-
mercial program companies) began broadcast-
ing teletext services in 1974. These textual and
graphic materials are piggybacked onto regu-
lar television broadcast transmissions for dis-
play on home receivers equipped with special
converters. In Britain, daily television listings
published in the newspapers give Oracle, the

ITV’s teletext, and the BBC’s Ceefax as regular
television offerings.

Standardization  Another aspect of con-
vergence is the need to adopt universal techni-
cal standards. Standardization helps to
prevent interference, to maximize efficient use
of the electromagnetic spectrum, and to main-
tain quality of services. Moreover, common
telecommunication standards greatly facilitate
international exchange of technology and
programs.

Whereas technology thus encourages in-
ternationalism, national chauvinism tends to
impede it. If you take a portable radio receiver
abroad, you can pick up stations almost any-
where you travel. But television receivers and
most other items of video equipment do not
share that characteristic. Fourteen sets of in-
compatible black-and-white technical stan-
dards and three color-television systems make
it necessary to use converters when sets from
one country are exported to others. Interna-
tional exchange of videotaped television pro-
grams, an ever-expanding trade, requires not
only soundtrack dubbing to accommodate lan-
guage differences but also conversions from
one technical standard to another.

Nations sometimes find even domestic
compatibility hard to achieve. In the United
States, for instance, two incompatible types of
home videocassette recorders, Betamax and
VHS, compete for public acceptance; and
doubts as to which of several recording meth-
ods will prevail have delayed adoption of AM
stereo and the growth of teletext. In addition,
the Federal Communications Commission re-
fused to set standards for home satellite an-
tennas when it authorized companies to
prepare direct-broadcast satellite (DBS) serv-
ices. Such reluctance to mandate national
compatibility standards grows out of the now-
dominant U.S. federal policy of minimizing
government regulation.



Other nations do set their own national
standards, but international commercial and
political rivalries often prevent them from
agreeing among themselves on world stan-
dards. Nations try to win consensus through
their global regulatory agency, the Interna-
tional Telecommunication Union, but eco-
nomic chauvinism too often prevails. The
three color-television systéms, for example,
represent separate American, French, and
German government choices. Each of the
three countries lobbied frantically to persuade
other governments to adopt its version, since
adoption meant not only national prestige but
also tremendous profits from international
sales, both present and future, by manufac-
turers of equipment using the favored color
television system.*

1.2 Common Grounds

Despite differences in standards for specific
items of equipment, each country starts with
identical potentials because telecommunica-
tions use a fundamental technology based on
universal natural phenomena. Radio waves
behave in California, Kenya, and Denmark ac-
cording to the same physical laws that govern
them in Maine, Singapore, and France. Coun-
tries exchange know-how, equipment, and
programs on a worldwide scale, even though
they may need to overcome ditterences in lan-
guages and technical standards. All nations
must deal with the fact that the "airwaves”
(actually electromagnetic radiations, which
travel best in space, and have nothing to do
with air) are a universally available resource.

*A new single-standard color-television system called
MAC has been proposed for direct-broadcast satellites.
They require a common international standard because
they will often cover several countries. Immediately, how-
ever, many countries began advocating incompatible vari-
ations of MAC.

1.2 Common Grounds 7

However, since electromagnetic radiations in-
terfere with each other, regulation to prevent
mutual interference is necessary. And beyond
the technical realm, broadcasting has poten-
tially dangerous political power because of its
unique ability to go over the heads of leaders,
instantly reaching an entire nation, and to sur-
mount the political frontiers that otherwise set
nations apart.

The Spectrum as a Public Resource
Governments consider the electromagnetic
frequency spectrum, upon which all forms of
wireless telecommunication depend, as a vi-
tally important public resource, as part of their
“national patrimony.” No other communica-
tion medium depends for its very existence on
a resource that cannot be manufactured or pri-
vately owned. This dependence imposes a
duty on governments to administer radio fre-
quency usage in the best interest of national
sovereignty and public well-being. Naturally,
interpretations of this duty vary with political
philosophies.

Interference Prevention ~ Without regula-
tion of power, location, and types of emis-
sions, stations using the same or nearby
frequencies will inevitably interfere with each
other. In fact such interference occurred in the
United States during the early 1920s, creating
such discord among broadcasts that Congress
belatedly passed the Radio Act of 1927, the
foundation of present U.S. radiocommunica-
tion law. Not enough usable frequencies exist
to avoid the need for sharing, both among
services and among nations, obliging interna-
tional cooperation on rules for apportioning
the spectrum and governing its use:

One clearly cannot communicate by radio with another
country without its cooperation as to frequency, time,
power, and place of communication. In some cases one
cannot even use radio within one’s own boundarics
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without the forbearance of other nations. These and
other limits on national discretion could be said to
make the spectrum an international resource compar-
able in theory to airspace over the high seas, to inter-
national waterways, or even to migratory fisheries.
(Levin, 1971: 37)

Political Controls Revolutionaries at-
tempting a coup make a nation’s broadcasting
facilities one of their first targets. Many coun-
tries, sensitive to this danger, install machine-
gun emplacements guarding radio and televi-
sion facilities. Authoritarian rulers go to great
lengths to bar opposing political factions from
using the airwaves. Solidarity, the militant Po-
lish trade-union movement, made access to
the nation’s government-controlled broadcast-
ing system a primary goal in its confrontation
with the communist regime in the early
1980s. Even the most stable and democratic
countries take care to prevent a single political
party from exerting undue influence over
broadcasting.

Although they share these common
grounds, countries adapt the universal po-
tentials of broadcasting to suit their own
needs, circumstances, and limitations. As
you will see in the following sections of this
chapter, national broadcasting systems of the
POBS variety tend to reflect national charac-
ter, responding to fundamental political, cul-
tural, geographic, historical, and economic
imperatives.

1.3 Political Philosophies

Differing political philosophies produce differ-
ing systems of broadcasting control. The atti-
tude a country’s leadership takes toward its
people gives a clue to the amount of control a
nation exercises over broadcasting. The three
basic orientations are, broadly stated, permis-
sive, paternalistic, and authoritarian.

Permissive Orientation  Broadcasting in
America furnishes the major example of a per-
missive system. Congress considered federal
operation of the new medium only briefly
before turning it over to private enterprise (in-
cluding in some cases local public authorities
such as municipalities, school boards, and
state educational systems). Private entrepre-
neurs, the great majority of early licensees,
soon settled on advertisers as the preferred
source of funding. The profit incentive, when
minimally hampered by government regula-
tion, encourages reaching as many people as
possible and catering to the program tastes
shared by the largest number.

Operating within the permissive frame-
work of the free-enterprise system, American
commercial broadcasting took on the prag-
matism, aggressiveness, materialism, expan-
sionism, and free-swinging competitiveness
of American marketing in general. Whatever
critics may say (and many deplore the re-
sult), American commercialism achieves
more lively, inventive, popular, and slickly
produced broadcasting services than can be
found elsewhere in the world. And despite
criticism, American programs exported to
other countries win popular acclaim virtually
everywhere.

But many countries disagree with the ex-
treme permissiveness of the American sys-
tem’s commercial component. They do not
agree that popular acceptance and production
slickness represent the best that can be ex-
pected of broadcasting; they deplore commer-
cial motivations that emphasize what people
want rather than what critics and national
leaders think they need. In general, only coun-
tries influenced by the United States, such as
those in Central and South America, have
adopted similar permissive, profit-driven sys-
tems. Moreover, since the advent of televi-
sion, even these countries have retreated from
their former easy-going, permissive approach.



Paternalistic Orientation  Most coun-
tries, lacking the American dedication to un-
trammeled free enterprise, feel strongly that
programming cannot be left entirely to the
interaction of supply and popular demand.
Lacking also the avowed ““melting pot” char-
acter of the United States, they feel impelled
to ensure that broadcasting will play a posi-
tive role in preserving their national cultures,
including those all-important bearers of cul-
tural traditions, national languages. They
also feel justified in mandating a balanced
diet of program types. In particular, they
stress the importance of children’s programs,
expecting them to meet the needs of children
rather than those of advertisers, and to set
positive examples while avoiding exploitative
commercialism.

The paternalistic orientation aims at main-
taining a balanced program diet, with neither
too much cultural and informational spinach
nor too much entertaining ice cream for social
and personal well-being. Paternalists feel
obliged to gratify popular mass tastes to some
extent, but they also feel a duty to counterbal-
ance such preferences with programs appeal-
ing to more cultivated tastes. They want both
ethnic and intellectual minorities to receive
program services relevant to their tastes and
interests, whether or not it is commercially
profitable to do so. They believe rural citizens
should have the same access to program
choices as urban residents.

Most non-communist industrialized coun-
tries provide varying degrees of paternalism.
British broadcasting, the classic example,
started with the deliberate goal of avoiding
such American “mistakes’” as commercialism.
The British Broadcasting Corporation (BBC)
replaced a short-lived private company in 1927
with a public, chartered, nonprofit corpora-
tion.* The BBC carries no advertising, deriving
nearly all its funds from annual receiver-set li-
cense fees. The government appoints the BBC
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governing board but leaves its members free
to supervise the operation without interfer-
ence. Outsiders sometimes mistake the BBC
for a government service, but its charter, as
buttressed by the British unwritten constitu-
tional tradition, assures its independence from
both commercial and direct government
controls.

True, the home secretary, the public offi-
cial responsible for broadcasting and cable,
has on paper certain “reserve’” powers that
could be used to justify government interfer-
ence. Theoretically, the secretary could even
go so far as to veto a particular program or
class of programs, a power the Constitution as
well as broadcasting law denies to any Ameri-
can official. Common law and powerful, long-
standing traditions of government restraint
protect the BBC’s freedom. In a unique breach
of this tradition, the home secretary asked the
BBC governors in 1985 to cancel a scheduled
television interview with an Irish politician al-
leged to be a leader of the Irish Republican
Army (IRA), on the grounds that the BBC
should not provide a platform for terrorists.
(This request echoed statements many Ameri-
can observers had recently made criticizing
U.S. network coverage of press conferences
terrorists in Lebanon had staged concerning
hijacked Americans.) As evidence of the unu-
sual nature of the request, over two thousand
BBC employees called a 24-hour news strike in
protest, and the episode drew prominent no-
tice in both Eastern and Western media. After
some minor editing, the program was eventu-
ally run.

From its earliest days the BBC adhered to
a philosophy of conscientious public service,
stressing its obligation to the entire public, not
just those segments most easily and cheaply

*In the United States, corporation implies commercialism,
but the BBC chose that term for its noncommercial impli-
cations in Britain, where a “limited company” is compar-
able to the U.S. corporation.
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reached or, as in commercial systems, those
segments particularly interesting to adver-
tisers. It aimed to “give a lead” by program-
ming somewhat ahead of popular taste at least
part of the time. Symptomatic of the BBC's pa-
ternalism was the lack of interest its officials
took in conducting objective audience re-
search to validate their conscientious personal
judgments. Not until large segments of its
supposedly loyal audience began tuning to
popular music from European transnational
commercial stations such as Radio Luxem-
bourg did the BBC embark on systematic audi-
ence studies. As late as 1960, a BBC official
could write:

The real degradation of the BBC started with the in-
vention of the hellish department which is called "’Lis-
tener Research.” That Abominable Statistic is
supposed to show "“what the listeners like”” — and, of
course, what they like is the red-nosed comedian and
the Wurlitzer organ. (Quoted in Briggs, 1965: 261)
Robert Silvey, hired in 1936 to organize the
BBC audience analysis department, stead-
fastly refused throughout the thirty-two years
he headed that department to issue program
ratings. He said they imply that every pro-
gram should aim at reaching the total audi-
ence and they ignore the factor of audience
satisfaction (Silvey, 1974: 185). His reports al-
ways included, as does BBC research to this
day, "Appreciation Indexes” as well as audi-
ence size measurements.

BBC research methods and BBC broadcast
philosophy spread worldwide. Thousands of
broadcasters from scores of countries went to
the BBC’s famous Broadcasting House in
London for systematic training and indoctri-
nation (Exhibit 1.1). It is fair to say that the
BBC has been the single most influential and
imitated POBS in broadcasting history. Yet no
other country has come close to duplicating it.
Too much of its special character arises from
the special character of the British nation. In
this way, every broadcast system uniquely re-
flects its national setting.

Exhibit 1.1 Broadcasting House, London

In pretelevision days, broadcasters from all over the
world journeyed to this famous art deco building in the
heart of London for training and observation. The
sculpture above the entrance represents Prospero, the
wise magician of Shakespeare’s The Tempest, with
Ariel, a sprite whose lightning speed symbolizes radio.
The BBC toved here from its original quarters on the
bank of the Thames in 1932. Though Broadcasting
House tripled the corporation’s previous space, the new
building proved too small for the BBC's activities even
before completion. The giant BBC television center is
located in a London suburb.

Source: BBC copyright.




The advent of television and the turbulent
political and social changes of the 1960s modi-
fied BBC paternalism. Moreover, after 1955*
the BBC had to cope with a competing, ad-
vertising-supported service, albeit with strict
limitations on advertiser influence over pro-
gramming. More about this competing service
and its relation to the BBC is covered later in
§1.4.

Authoritarian Orientation  Communist
countries and many Third World countries
take an authoritarian approach to broadcast-
ing. The state itself finances and operates the
broadcasting systems, along with other tele-
communication services, harnessing them
directly to implementation of government pol-
icies. This means that governments own and
operate by far the greatest percentage of the
world’s broadcasting systems (Exhibit 1.2).

In the Soviet Union, a committee respon-
sible to the top echelon of political power runs
broadcasting. When challenged about their
subservience to government controls, Soviet
broadcasters are apt to dismiss the charge by
replying, “We are not controlled by the gov-
ernment — we are the government.” Marxist
doctrine holds that private ownership of the
media inevitably results in capitalistic exploita-
tion, and that only the government can truly
serve the masses. The writer of The Great Soviet
Encyclopedia’s entry for television (later chair-
man of the USSR central broadcast committee)
contrasts capitalist with communist uses of the
medium, asserting that capitalist countries use
television “in the interests of the ruling mo-
nopolistic circles to propagandize bourgeois
ideology.” With unconscious irony, in view of
this statement, the Soviet writer goes on to
say:

*The enabling law went into effect in 1954; the last of the
fifteen regional companies comprising the Independent
Television Network began telecasting in 1962.
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In the USSR and other socialist countries, television is
used to report the activities of communist and workers’
parties, the actions of government bodies, and workers’
participation in communist and socialist construction. It
demonstrates individual features of the socialist way of
life, molds public opinion, and helps provide the ideologi-
cal, moral, and aesthetic education of the masses. (Lapin,
1973: 484)

Because communist ideology stresses the
media’s importance for mass political educa-
tion, the Soviets embraced broadcasting early,
embarking on a vigorous “radiofication” pro-
gram. The Russian masses, however, failed to
invest in home radio receivers as extensively
as did Western audiences. Communist coun-
tries rely heavily on state-subsidized listening
by means of wired radio. This seemingly con-
tradictory term refers to an audio forerunner
of cable television, a system that receives
broadcasts at a local government redistribu-
tion center and forwards them by wire to
speaker boxes in homes and public places. Re-
distribution centers sometimes have their own
small studios for preparation of local material
on a closed-circuit (nonbroadcast) basis to sup-
plement programs received from a distant re-
gional or national capital. People rent speakers
for a nominal monthly fee or listen without
cost at work or in public squares.

About 14 percent of the radio reception
worldwide relies on speaker boxes; in Eastern
Europe the proportion reaches nearly 40 per-
cent (BBC, 1984). Lack of purchasing power
and shortages of consumer goods no doubt ac-
count in part for this dependence on subsi-
dized reception, but the government’s desire
to control information and the low motiva-
tional quality of didactic government pro-
gramming also discourage people from
purchasing radios.

In recent years Soviet television has paid
increasing attention to production values and
popular tastes. Even so, programming re-
mains predominantly serious, emphasizing
political commentary, documentaries, classical
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Exhibit 1.2 World Broadcasting Ownership

Radio Television
(184 countries) (131 countries)

21% S ‘ '
10% 14%
20% 16%

A AR

! ] Government-owned
E] Public-corporation-owned (nonprofit)
F

_] Commercial-proprietor-owned

m More than one of above

Percentages in the pie charts show the relative prevalence of each type of ownership.
Governments own about half of the world’s broadcasting systems. The public corporation type
of ownership implies nonconumercial or limited commercial operation by a public body
insulated from direct political control. Mixed systems combine two or more types of
ownership, usually a public corporation plus private commercial ownership. This tabulation
treats each national broadcasting system equally, regardless of its audience size. Relating type
of ownership to the number of receivers reachable yields quite different figures. For example,
government, public corporation, and mixed television systems each potentially reach about
equal numbers of receivers, with mixed systems somewhat ahead of the others (36 percent of
the potential receivers). Solely commercial systems reach less than 1 percent of the world’s
aggregate receiver potential.

Source: Based on data in UNESCO, Statistical Yearbook, 1984 (UNESCO, Paris, 1984), Tables 9.1
and 9.3.

music, ballet, and theater. From a production of the Soviet prime-time newscast, Vremya,
standpoint, Soviet shows occasionally seen on which American network news programs
Western television seem technically compe- sometimes excerpt. It is not surprising, there-
tent but constrained in comparison with sur- fore, that television-set penetration in the

rounding programming. This is especially true USSR still lags far behind that of the United



States, which in 1985 had 603 receivers per
thousand population, compared to 272 for the
USSR.*

In ascribing low television receiver pene-
tration to USSR programming, Time com-
mented that “between the culture and the
propaganda, there is little room for fun, and
many Soviet viewers seem to long for more di-
verting fare” (23 June 1980). Even entertain-
ment formats must serve ideological goals:

The quiz show, a popular item, is an example. One,
called “Let’'s Go, Girls” (“A nu-ka, devushki”), is
telecast once a month for an hour and a half. Everyone
wins something, a small prize of flowers or books, and
the object is not to get rich, but rather to popularize
occupations and encourage good work. Recently, a
group of policewomen performed on the show, march-
ing and drilling to music with their nightsticks. They
were asked (“‘quizzed”’) how to improve traffic rules,
and they offered such suggestions as redesigning traf-
fic signs. (Mickiewicz, 1981: 20)

In most Third World countries, woeful
lack of purchasing power means even lower
set penetration. Neither receiver license fees
nor advertising can be counted on to support
broadcasting. Out of necessity, Third World
governments therefore usually own and oper-
ate their own broadcasting systems. In any
event, leaders of these often-shaky regimes
feel they dare not allow private broadcasters
free rein in communicating with largely illiter-
ate masses. In most cases, Third World au-
thoritarianism thus rests more on pragmatic
than ideological considerations, but its net ef-
fect on programming tends to resemble that of
dogmatic Marxism.

*The quarterly periodical Television Age International pub-
lishes tables estimating current worldwide TV-set counts.
Sets-per-thousand-population figures in this chapter come
from the February 1985 issue.
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1.4 Pluralistic Trend

The three prototype regulatory systems —
permissive, paternalistic, and authoritarian —
exist nowhere in pure form. Permissive sys-
tems impose some regulations, paternalism
bows at times to popular demand, and even
authoritarianism finds it expedient to conduct
audience research to find out what people re-
ally want. Relatively few countries, however,
have truly pluralistic systems.

Role of Motives In the perspective of
over half a century of broadcasting experience,
pluralistic systems seem best able to assure
optimum development of the medium. Such
systems cultivate broadcasting’s beneficial po-
tentials to the fullest while minimizing its less
desirable effects. Pluralism in this context
means more than simply having many com-
peting services, since if the same motivation
drives all services, they tend merely to imitate
each other. Pluralism means putting more
than one motive to work in the production,
selection, and scheduling of programs, with
the profit-driven component on an approxi-
mately even footing with the public-service
component.

Commercial motives alone, no matter how
carefully regulated, constrict the range of pro-
gramming. Though regulations may prevent
advertisers from directly controlling pro-
grams, those responsible for schedules never-
theless will inevitably defer to advertiser
interests, even if unconsciously. Commercial
programmers imitate success, avoid contro-
versy, concentrate on audience segments hav-
ing the most buying power, and aim at the
lowest audience common denominator. By the
same token, a public-service monopoly risks
bureaucratic complacency, lack of responsive-
ness to popular tastes, and deference toward
the politicians and bureaucrats who control
the purse strings. A healthy competition
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between differently motivated broadcasting
organizations, on the other hand, can stimu-
late creativity and encourage innovation, giv-
ing audiences a range of genuine program
choices instead of several versions of essen-
tially the same type of program.

In the United States, broadcast pluralism
suffers from the weakness of its noncommer-
cial components, the public broadcasting radio
and television services. Their low-level and
uncertain funding, along with ambiguity as to
their proper goal, prevents them from compet-
ing effectively with commercial broadcasting.
The latter dominates in spectrum allotments,
numbers of stations, hours on the air, finan-
cial resources, and the strength that comes
from unambiguity of purpose.*

British Pluralism  Pluralism in Britain
rests on a sounder footing. The BBC’s monop-
oly began to end in 1954 with government au-
thorization of a competing, commercially
supported service known as Independent
Television (ITV). Local commercial radio fol-
lowed in 1972, though the BBC still retains a
monopoly on network radio.

A nonprofit, chartered corporation, the
Independent Broadcasting Authority (IBA),
authorizes and regulates the ITV companies
responsible for commercial programming.
Like the BBC, the IBA owns and operates its
own networks of television transmitters, so
that commercial considerations do not control
coverage. Unlike the BBC, the IBA has no
programming function. Instead it empowers
private commercial companies to do the pro-
gramming and to sell advertising. Commercial
programming comes mainly from fifteen re-

*There has even been a shortsighted proposal to abandon
what little pluralism exists in American broadcasting by
permitting public stations to sell time, thereby leaving
them with essentially the same motivation as commercial
stations.

gional companies licensed and regulated by
the IBA.* Regionalization prevents any one
company from dominating the commercial
field. The IBA even goes so far as to divide the
lucrative London market between two compa-
nies, Thames Television (weekday program-
ming) and London Weekend. Regional
franchising also prevents broadcasters from
neglecting regional interests in order to pur-
sue profits in the national market. Thus Brit-
ain avoided the American commercial
television pattern, which is dominated by an
oligopoly of only three huge television net-
works, all similar and each national in scope.

Nevertheless, in order to realize the bene-
fits of pluralism, commercial television serv-
ices in Britain need to compete as a national
network on a more or less equal basis with the
BBC networks. For this reason, the IBA allows
its fifteen regional (ITV) companies to join
forces most of the time to provide a coopera-
tive national network service. The five biggest
companies furnish most of the network pro-
grams, though the ITV network relies on ITN
(Independent Television News), a commonly
owned, nonprofit subsidiary, for its national
and international news programs.t

Until the 1980s the BBC still retained the
advantage of two television networks (BBC-1
and BBC-2) against the single ITV commercial
network. Though British viewers could choose
among only three television programs, all
three could be received nearly everywhere.
Britain thus avoided the marked inequality of
U.S. television distribution, by which eight or

*The 1BA also supervises subsequently authorized com-
mercial programmers: a national television service, Chan-
nel Four; a “’breakfast-time” television service, TV-am;
and about 50 local radio stations.

tU.S. viewers have become familiar with the larger ITV
company names through British programs seen on U.S.
networks, such as Anglia Television’s Survival, Thames
Television’s The Benny Hill Show, London Weekend's Up-
stairs, Downstairs, and Granada Television’s The Jewel in the
Crown,



ten over-the-air stations are available to metro-
politan residents whereas only one or two
(and sometimes none at all) reach small-town
and rural dwellers.

Pluralism in Britain has been a success.
When commercial broadcasting started there,
it captured three-quarters of the audience,
forcing the BBC to meet the competition by
sharpening its scheduling strategies and pay-
ing more attention to popular tastes. Now the
two major competing television services have
about equal audience ratings. But the BBC
maintains its dedication to offering alterna-
tives to commercial programming and to serv-
ing cultural and intellectual minorities. BBC-1,
its mass-appeal network, confronts the com-
mercial competition, and BBC-2 aims at
smaller, more specialized audiences. The BBC
retains its monopoly on national and regional
radio, operating four national networks plus
regional services in Northern Ireland, Scot-
land, and Wales. Radio 1 features pop music,
Radio 2 general middle-of-the-road program-
ming, Radio 3 serious music and talk, and Ra-
dio 4 news and current affairs.

1.5 Legal Foundations

In the United States private owners operate
the telecommunications facilities. In most
other countries, the government retains own-
ership, especially of common carriers such as
telephones, cable and microwave relay net-
works, and domestic satellites. Government
post office, telephone, and telegraph agencies
(PTTs) exercise central control. They often
supply the broadcast transmitters and relay
links even in countries where the program-
ming functions remain in the hands of private
entrepreneurs or nonprofit public corpora-
tions. The more nongovernment ownership
and operation prevail, the more elaborate the
domestic laws regulating transmitter licensing
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and the conduct of telecommunication serv-
ices tend to be.

International Law  Because radio waves
do not respect political boundaries, the world
has to cooperate in regulating use of the spec-
trum. Most nations belong to The International
Telecommunication Union (ITU), an agency of
the United Nations with headquarters in Ge-
neva, Switzerland. Nations join the ITU by
means of treaties, after which they meet in pe-
riodic conferences to agree on ITU regulations.
Members do not surrender their individual
sovereignty, so the ITU has no means of en-
forcing its rules. Nations may withhold agree-
ment by making a “comment” on any rule
they oppose, have doubts about, or simply do
not understand.

The ITU adopts both wire and wireless
communication rules, standardizing terminol-
ogy and procedures for international informa-
tion exchange. For example, it assigns each
country specific letters of the alphabet as ini-
tial letters of station call signs (which is why
U.S. broadcast call letters always being with
K or W). Most important is the ITU’s agree-
ments as to which frequencies will carry
which types of service. ITU members agree to
allocate specific bands of frequencies to specific
services. For example, AM radio, FM radio,
television, and broadcast satellite services
each have been allocated their own bands of
frequencies, in accordance with the needs of
each service. Frequencies within these bands
are then allotted to specific countries, each of
which assigns channels within its allotted
bands to individual stations or locations.*

*The high-frequency (HF or short-wave) bands used by
governments for international broadcasting are exceptions
to the allotment procedure because of their transborder
nature and because transmitters must switch channels fre-
quently to match changing ionospheric conditions. Each
country chooses its own short-wave channels within the
allocated bands, advising the ITU’s International Fre-
quency Registration Board (IFRB) of these choices.
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The ITU staff in Geneva makes no rules on
its own initiative; it must await agreements
reached by member states at regional or world
conferences. In 1979 the ITU held a World Ad-
ministrative Radio Conference (WARC) of
great importance, addressing fundamental
broadcasting regulations for the first time in
twenty years. The more than seventy new
sovereign countries that had joined the ITU
since the 1959 WARC had their first opportu-
nity to claim a share of the frequency pie. At
the time, the developing countries used only
an estimated 7 percent of the spectrum, vet
represented 75 percent of the world’s popula-
tion. Of course these pre-industrial countries
were not yet ready to expand their spectrum
use dramatically, but they approached WARC
‘79 expecting to obtain guarantees that their
future needs would be met as their telecom-
munications systems developed.

During preparations for WARC 79, ob-
servers anticipated that it might degenerate
into a fruitless wrangle between haves and
have-nots. However, true to ITU tradition (it
is sometimes cited as the most pragmatically
successful agency of world cooperation), con-
ferees managed to compromise on most points
of dispute — no mean achievement, consider-
ing that the conference debated fifteen thou-
sand proposals. But WARC 79 may have only
postponed the eventual showdown, for actual
implementation of most of its agreements
had to await further conferences scheduled
throughout the 1980s.

Domestic Laws  Broadcasting in America
falls under federal jurisdiction because U.S.
law classifies it as a form of interstate com-
merce, in accordance with the Constitution
(Article I, Section 8). However, national policy
favors local rather than centralized station
ownership and control. This policy reflects an-
other constitutional provision, the First
Amendment, which implicitly calls for the

maximum possible diversity of information
sources. In contrast, most countries prefer
centralized control, with emphasis on national
networks of repeater stations rather than on
autonomous local stations, with or without
network affiliation, but always with a residue
of local programming.

U.S. regulation also reflects the Constitu-
tion’s concern for due process of law. Broad-
casters can invoke an elaborate machinery for
review and appeal to preserve their freedom
of expression and to protect themselves from
arbitrary government action. Appeals can take
years to settle. Again, the U.S. regulatory
scheme differs from that of most other coun-
tries. It must deal with thousands of autono-
mous private licensees, each of whom can
invoke rights to rehearings and appeals.
American broadcasting has therefore spawned
a legal library of amazing proportions. The ba-
sic law, the Communications Act of 1934, runs
to about 150 pages, but Federal Communica-
tions Commission (FCC) regulations, based
upon the act, occupy over two thousand
pages, filling four volumes of the Code of Fed-
eral Regulations. The FCC’s published deci-
sions filled nearly 150 fat legal volumes by the
end of 1984. Federal courts of appeal and the
Supreme Court have handed down hundreds
of legal opinions, and congressional commit-
tees annually publish numerous transcripts of
hearings on electronic media issues.

Domestic broadcasting laws of most other
countries are relatively brief and simple. For
example, the charters and laws establishing
the two British broadcasting authorities, the
BBC and IBA, could be bound into a slim vol-
ume. Moreover, Britain has no written consti-
tution to serve as the basis of court challenges
to alleged curtailments of licensee freedoms.
The two British authorities, the BBC and the
IBA, can act quite arbitrarily, carrying out
most functions without benefit of public hear-
ings, reviews of decisions, or appeals to the



courts. Autonomous, private licensees that
control both programming and transmission
functions of individual stations simply do not
exist in Britain, or in most other countries, as
they do in the United States.

In Europe, broadcasting cases infre-
quently arise in the courts, and those that do
usually center on fundamental constitutional
issues. In Italy, for example, the official broad-
casting organization, RAI, went to court to
suppress unauthorized private cable television
operations that cropped up in the early 1970s.
The case went eventually to the Constitutional
Court, which ruled in 1975 that the RAI's legal
monopoly covered only network broadcasting
and so could not prevent local cable or broad-
cast operations by private owners. This ruling
opened the floodgates to thousands of private
radio stations and hundreds of private televi-
sion stations. Ten years later they still oper-
ated without benefit of formal regulation,
though a new comprehensive Italian broad-
casting law was imminent.

Statutes adopted to govern only POBS, as
this example suggests, proved inadequate to
deal with the new technology and newly
aroused interest in privately controlled broad-
casting. In the United States, the FCC for
years devised patchwork rules for cable televi-
sion under the 1934 act. Finally Congress
passed a special statute, the Cable Communi-
cation Policy Act of 1984. Similarly, Britain
adopted a new cable act in 1984. Many coun-
tries, however, still wrestle with the problems
of adapting their laws to deal with new
technologies.

1.6 Access to the Air

People in most developed countries have
equal access to such common-carrier facilities
as the telephone, usually at fixed, govern-
ment-approved rates. However, broadcasting
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is not a common carrier, and its power to in-
form, persuade, and cultivate values has al-
ways made access to the airwaves a jealously
guarded prerogative. Traditionally, access has
been reserved for professional broadcasters,
for experts on subjects of public interest, for
people currently in the news, and for
politicians.

Political Access In political systems that
allow free elections, broadcasting plays a vital
informational role. It can also pose a threat if
the party in power takes advantage of its in-
cumbency to monopolize broadcasting access,
converting it into an instrument of political
control. One critical task of regulation in de-
mocracies is to devise ways of preserving fair-
ness in the political uses of broadcasting
without inhibiting its legitimate role of inform-
ing the electorate.

U.S. law deals with the problem of candi-
date access in terms of equal opportunities. A
station may (with some exceptions) give or sell
unlimited time to a candidate, but doing so
obligates the station to grant equal opportuni-
ties to all other candidates for the same office.
Thus the weakest candidates and parties have
a right to the same broadcast opportunities as
the strongest, provided they can raise equal
amounts of money to buy time. Moreover, the
law requires stations to give or sell federal can-
didates “reasonable” amounts of time.

Few other countries allow candidates and
parties to exploit broadcasting to this extent.
Great Britain, for example, severely limits elec-
tion broadcasting, emphasizing parties rather
than individual candidates (in keeping with
the parliamentary system, in which party
membership plays a more important role than
in the United States). The two broadcasting
authorities, the BBC and the IBA, confer an-
nually with representatives of the political par-
ties to set up ground rules. In the recent past,
only parties offering fifty or more parliamen-
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tary candidates have been granted television
time. Each party is granted from one to five
free broadcasts of five to ten minutes’
duration.

Individual candidates may not make a
broadcast campaign appearance "in which
any other rival candidate neither takes part
nor consents to its going forward without his
taking part.” Thus a candidate can forestall
opponents’ broadcasts simply by refusing to
appear on the same platform with them. The
British people thus escape the interminable
merchandising of candidates so wearisome to
American audiences. Moreover, British candi-
dates have no need to collect huge sums to
pay for broadcast advertising.

However, in Britain as in the United
States, rules for candidates and incumbents do
not inhibit coverage of them in legitimate
news programs. In such appearances, journal-
ists rather than politicians choose the formats
and run the shows. Journalists must, how-
ever, use professional news judgment, taking
care to give fair opportunities for all sides of
issues to be aired.

Most continental European systems,
though similarly restrictive about candidate
appearances, are less successful in maintain-
ing neutrality, even though it may be man-
dated by law. Political parties can often evade
neutrality requirements by controlling ap-
pointments to the state broadcasting services,
enabling infiltration by politically motivated
personnel. When in 1985 Italy’s RAI proposed
a nighttime nonpartisan newscast, members of
the ruling party opposed introduction of such
a novel program. In France the party in power
has long regarded the right to appoint the
heads of the state networks and of the broad-
cast news organizations as one of the normal
spoils of office. A comprehensive new French
statute adopted in 1982 tried to eliminate this
political sore-point by barring partisan pro-
grams from state-operated networks, but be-

cause of strong political controls over the
broadcasting authority that appoints heads of
services, it seemed to have only limited
success.

In an attempt to achieve impartiality, the
West German states use a system called Pro-
porz (”proportion”), which requires that ap-
pointments to key broadcasting posts be
apportioned so as to mirror the political com-
plexion of the state legislatures. For example,
the chief executive officer of a broadcasting
unit would belong to the ruling party, and
that officer’s deputy would belong to the main
opposition party. Italy’s state-operated ser-
vice, RAI, uses a similar balancing system,
called lottizzazione (allotment). This kind of cal-
culated balancing errs in the opposite direc-
tion: it may ensure political neutrality, but it
also tends to promote undue reluctance to
come to grips with political issues.

Public Access  During the restless 1960s,
people increasingly began to question the
traditional barriers that denied the general
public access to broadcasting. They reasoned
that if the electromagnetic spectrum really
does constitute a common resource of all
people, then more people should have access
to it.

Abetted by numerous domestic and exter-
nal pirate stations, the access movement be-
came very widespread and vocal in the 1970s
— so much so that the United Nations Educa-
tional, Scientific and Cultural Organization
(UNESCO) commissioned a study to analyze
the movement in several Western countries.
The study identified five groups, in addition
to minority party politicians, that demanded
access to accomplish various ends:

* Social
opinion

¢ Artists, to add to the media that could be
used for self-expression

reformers, to influence public



* Educators, to try out innovative teaching
tools

e Private entrepreneurs, to capitalize on the
technology for personal financial gain

e Futurists, to experiment with the brave
new world of innovative technology

All these access seekers, said the editor of the
UNESCO study, shared “a common mood
and tone, at once romantic, radical, and mis-
sionary” (Berrigan, 1977: 15).

Access seekers could hardly expect the
highly centralized systems of Europe to open
their studios for messages of less than national
importance. Development of local or com-
munity stations therefore became a goal of the
access movement (community stations being
smaller in scope than local stations). Only in-
dividual stations originating local programs
can answer the needs of local advertisers, poli-
ticians, and other individuals. As one outcome
of the access movement, community broad-
cast stations and cable systems have grown
tremendously in recent years. France, for ex-
ample, legitimized over a thousand small, pri-
vately owned FM stations following passage
of its 1982 broadcasting law. Many started as
pirate operations, subject to rigorous suppres-
sion by the French government. Italy has a
flourishing private radio and television indus-
try, the legacy of the previously mentioned
1975 court decision barring RAI from closing
down nonnetwork private broadcasters and
cable systems (§1.6).

Even some authoritarian regimes have re-
sponded to the demand for local outlets.
China, noted for highly centralized control of
broadcasting and widespread use of wired ra-
dio speaker boxes (65 percent of all receivers),
has begun regionalizing and localizing its
broadcast services. In much of the Third
World, however, lack of trained personnel,
tribalism, and the ever-present threat of politi-
cal subversion tend to keep program control
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centralized in the capital city, with provincial
transmitters functioning only as relays for the
national network. '

Group Access  Some countries seek to en-
sure access, if not to every individual, at least to
every significant social group. One way of
widening representation is to give groups a role
in the national controlling bodies. The Nether-
lands has gone farther, actually turning over op-
eration of most programming to social groups.
Eight major sociopolitical groups share most of
the time on the national facilities. Six have com-
mon religious or political bonds; two are non-
ideological. Even very small constituencies such
as immigrant workers or people from former
Dutch colonies can obtain small amounts of air-
time. As a by-product of this system, groups
have no obligation to practice fairness in their
programming. Since each group has its own
time on the air, each can promote its own view-
point to the exclusion of all others.

Associations seeking recognition as regu-
lar daily broadcasters in the Netherlands set
up nonprofit corporations, obtaining govern-
ment-allotted funds from receiver license fees
and generating income from their member-
ship in the form of subscriptions to program
guides. The associations sell no airtime but
can sell advertising in their program guides
(the system carries a limited amount of broad-
cast advertising, handled by a separate official
agency). A coordinating unit, known as NOS,
provides common studio facilities for the
groups.

1.7 Economics

Economics is second only to politics in deter-
mining the nature of a country’s telecommuni-
cation system. No country can afford the
entire range of services that technology could
provide if expense were no object.
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Facilities  The world has some 220 broad-
casting systems, nearly a quarter of which do
not include television.* The number of trans-
mitters and receivers within each system var-
ies widely relative to population size. The
United States leads in television-set penetra-
tion, as noted earlier, with 603 television sets
per thousand population. Among other major
countries, leaders in set penetration are Can-
ada (493 television sets per thousand), the
United Kingdom (399), Australia (387), Aus-
tria (375), Sweden (375), Denmark (355), and
West Germany (354). U.S. leadership can be
ascribed in part to economics — high living
standards that make sets affordable to most of
the population. However, another factor also
plays a role: strong motivation for set purchas-
ing, aroused by highly attractive mass appeal
programming. Additionally, the national pol-
icy favoring numerous localized stations has
stimulated interest by enabling some types of
local access.

In Third World countries where low pur-
chasing power, lack of attractive indigenous
programming, and paucity of local stations
minimize set-buying incentives, investment in
transmitters and production facilities can be
extremely uneconomic. It costs just as much in
program and transmission expenses to reach a
few scattered individuals as to reach the total
population within a transmitter’s reach. A
poorly developed communications infrastruc-
ture (electric power, telephones, and intercon-
nection facilities for networks) further
impedes broadcasting growth in many Third
World countries.

Revenue Sources  Most broadcasting sys-
tems depend primarily on government fund-

*This enumeration, based on listings in the World Radio-
TV Handbook (Frost, 1985), includes dependencies as well
as sovereign nations. Most of the fifty-one systems with-
out TV are on small islands.

ing. Authoritarian regimes regard government
support as natural, for in their view the media
exist to serve the state. Third World countries,
even if they would prefer to rely on advertis-
ing or receiver license fees to finance broad-
casting, usually must use government funding
because nongovernment sources, in the
absence of mass purchasing power, cannot
generate enough revenue. In contrast, indus-
trialized democracies usually take pains to
avoid direct government funding so as to in-
sulate broadcasting from political control.

Government-imposed receiver license fees
can provide such insulation. In Europe, where
fees are almost universal, color-television-set
licenses in 1984 ran from the equivalent of
about $45 to as much as $100 a year. Receiver
licensing imposes on fee-supported broadcast-
ing organizations a strong sense of public re-
sponsibility. From the public’s viewpoint, fees
distribute the cost of a system fairly, provided
the social setting encourages voluntary com-
pliance and there is an efficient and cost-effec-
tive method of collection. At best, collection
and enforcement are relatively costly. Great
Britain has one of the more efficient systems,
using the postal service as a collection agency;
about 8 percent of the revenue goes to defray
collection and enforcement expenses. NHK,
Japan’s equivalent of the BBC, is unique in
employing its own collectors. They call per-
sonally on set owners and have little difficulty
persuading the law-abiding Japanese to
pay up.

With the advent of color television and its
high production costs, systems relying on fees
found themselves in financial trouble. As set
penetration reached the saturation point, the
revenue curve leveled off while operational
costs continued to rise. Fees lag behind need
because voter resistance makes increases a
touchy political issue. Politicians, who always
control fee levels, therefore delay authorizing
increases as long as possible. Some European



fee-supported systems have had to cut back
production or turn to advertising for at least
partial support. Even the staunchest holdouts
against broadcast advertising welcome its sup-
port for modernized cable, subscription televi-
sion, and direct-broadcast satellite services,
while continuing to insulate POBS from the
commercial marketplace.

As for the communist world, Marxist doc-
trine frowns on advertising as a capitalistic de-
vice for exploiting workers. In practice,
however, communist countries find broadcast
commercials useful for moving consumer
goods that sometimes pile up because of cen-
tral-planning errors. In the West, liberal and
Socialist political parties usually oppose
broadcast advertising and conservative parties
favor it. Thus a Conservative British Parlia-
ment voted for the IBA’s advertising-
supported services, whereas the Labor oppo-
sition voted against it; in the United States,
Democrats have been more generous in voting
funds for public (that is, noncommercial)
broadcasting than have Republicans. How-
ever, France, always a maverick, introduced
private station ownership under a Socialist
government; and rightist French politicians
want to sell off the government television net-
works as well, to private businesses.

Founders of early national broadcast sys-
tems often looked toward the United States
for the prime example of advertising’s adverse
social consequences. They abhorred the
American system’s permissiveness and what
they viewed as its advertising excesses. News-
paper owners strongly opposed broadcast
commercialism, especially at the local and re-
gional levels. Some countries initially ap-
proved television advertising only on
condition that part of the proceeds would be
turned over to the press as compensation for
lost advertising revenue.

In Europe, only Belgium, Denmark, Nor-
way, and Sweden still bar advertising from
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POBS. Most European countries that do ac-
cept commercials try to insulate their pro-
gramming from advertiser influence by strict
regulations, including a ban on sponsorship*
and limits on the percentage of revenue that
may be derived from advertising. For exam-
ple, in the early 1980s, the Italian parliament
allowed RAI to rely on advertising for only
23.8 percent of its budget. Aside from a few
transnational commercial broadcasters (dis-
cussed in §1.10), Spain permitted the highest
proportion of advertising revenue, 75 percent.
The public-service components of pluralistic
systems also moderate the impact of commer-
cialism. Thus Britain’s BBC bans advertising,
whereas the IBA companies totally rely on it.

Most European countries further limit the
intrusion of commercials by scheduling them
all in a few special time blocks devoted exclu-
sively to advertising, leaving the rest of the
schedule free of interruption. And Italy,
France, and Holland, for example, have still
another method of keeping the advertiser at
arm’s length: they create official advertising
agencies with monopolies on the sale of com-
mercial time.

Transborder Advertising  Severe Euro-
pean restrictions on advertising left a large,
unsatisfied commercial demand in many
countries. In response, two external advertis-
ing-supported sources of programs emerged:
offshore pirates and transborder commercial
stations.

Because of its permissive system, its am-
ple localism, and its free-enterprise advertis-
ing, the United States has not experienced

*While Europeans are unanimous in forbidding out-and-
out commercial sponsorship (in which advertisers sched-
ule commercials within their own programs), there is a
trend toward more liberal rules governing program under-
writing, a limited form of sponsorship familiar to Ameri-
can viewers of public broadcasting.
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pirate invasions of its airwaves except occa-
sionally by youthful pranksters. Europe’s less
permissive systems have been plagued by pi-
rates operating stations on small ships and off-
shore World War Il forts in the English
Channel and North Sea. Transmitting from
beyond the territorial limits of their target
countries, they violate licensing, copyright,
and music performance laws with impunity.
The first offshore pirate began broadcasting
from a ship anchored between Denmark and
Sweden in 1958. Often financed by U.S.
companies and always frankly imitative of
American pop-music formats, advertising
techniques, and promotional gimmicks, the
pirates quickly captured large and devoted
youthful audiences. Some pirates made a lot
of money, but only at great risk. They suffered
from storms, raids by rival pirates, and finally
from stringent laws penalizing land-based
firms for supplying the pirates or doing any
other business with them. Nevertheless, in
spite of punitive laws, offshore pirates still
crop up even today.

The pirates whetted appetites for pop mu-
sic and radio advertising, forcing national sys-
tems to adapt their programming to hitherto
ignored musical tastes and to reexamine their
opposition to commercials. The BBC, as one
example, reorganized its national radio net-
work offerings, adding a pop-music network
(Radio 1) imitative of the pirates. Some of the
offshore disc jockeys ended up working for
the BBC and other established broadcasters.
After Holland revised its broadcasting system
as a result of pirate influence, two pirate
organizations even moved ashore to become
legitimate broadcasters.

Several ministates in Europe have long
capitalized on the demand for broadcast ad-
vertising, furnishing transborder commercial
services beamed to neighboring countries.
Like the pirates, they employ popular music
formats, often supplemented by objective
news programs, welcome in countries where

the ruling political parties dominate broadcast
news. The Grand Duchy of Luxembourg, at
the intersection of Belgium, France, and Ger-
many, has an ideal location for a peripheral
station and earns much of its national income
from international commercial broadcasting.
Radio-Télé-Luxembourg (RTL) broadcasts com-
mercial radio services in Dutch, English,
French, and German and television services in
German; it also plans direct broadcast satellite
television aimed at Western Europe. Other no-
table transborder commercial stations operate
in the German Saar (Europe No. 1), Monaco
(Radio Monte Carlo), Cyprus (Radio Monte
Carlo East), Morocco (Radio Mediterranean
International), Yugoslavia (Studio Koper/
Radio Capodistra), and Gabon (Africa No. 1).

Program Economics Television con-
sumes expensive program materials at such a
rate that most countries, even highly industri-
alized ones with strong economies, cannot af-
ford to program several different television
networks exclusively with homegrown pro-
ductions. In Europe, this shortfall has stimu-
lated cable television growth, for in many
small countries a half-dozen foreign signals
can be picked up and redelivered via cable.
Shortages also account for the lively interna-
tional trade in syndicated programs. The bulk
of these programs comes from the United
States, and a relatively large number from
Britain. However, communist and Third
World countries increasingly display their
wares at international program fairs. Most
countries try to limit U.S. imports, but the
quantity, low cost, and mass appeal of Ameri-
can programs make abstinence difficult.

One solution devised to ease the problem
of program shortage, other than commercial
syndication, is transnational sharing. For ex-
ample, the European Broadcasting Union, an
association of official broadcasting services in
Europe and nearby countries, facilitates pro-
gram sharing through Eurovision. It arranges



regular exchanges among its members, pri-
marily of news, sports, and entertainment
items. [n 1982 Eurovision transmitted nearly
two thousand hours of television program-
ming, including more than seven thousand
news items (Eugster, 1983: 224-225). The East
European communist countries have a similar
association with their own program coopera-
tive, Intervision. The East-West groups ex-
change programs with each other, most of the
material flowing from Eurovision to Intervi-
sion. African, Arabic-speaking, Caribbean,
and Asia-Pacific broadcasting unions also ex-
ist, but they have not yet developed their pro-
gram exchanges to anywhere near the level of
the Eurovision-Intervision operations.

1.8 Geography

A nation’s size, shape, population distribu-
tion, and nearness to neighbors are factors
that determine its broadcasting coverage. Effi-
cient coverage of a country depends on the
country’s shape as well as its size. The conti-
nental United States, for example, consists of
a relatively compact, unified land mass, sur-
rounded mostly by large bodies of water —
favorable factors from the viewpoint of broad-
cast coverage. The outlying states of Alaska
and Hawaii, however, had to await satellite
relays to enjoy coverage simultaneous with
the rest of the country. Contrast the geogra-
phy of Japan, an archipelago of mountainous
islands spread over two thousand miles of
ocean. Indonesia, another archipelago,
presents a still more forbidding challenge to
efficient coverage. It consists of six thousand
or so widely scattered inhabited islands. Such
difficult coverage problems could not be
solved satisfactorily prior to satellite distribu-
tion of programs.*

*Indonesia launched Palapa, its own domestic satellite, in
1976, the first Third World country to have such a facility.
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Geography insulates most American lis-
teners and viewers from spillover programs
originating in foreign countries, and relatively
few of them listen to foreign stations on short-
wave receivers. Treaties with Canada, Mexico,
and the Caribbean islands minimize trans-
border interference. In recent years, however,
Cuba has announced plans to put 500-kilowatt
AM stations on the air, in defiance of interna-
tional agreements. Such high-powered signals
would interfere with U.S. stations in Florida
and even cause skywave interference to sta-
tions as distant as lowa (NAB, 1982).

Geography both helps and hinders Euro-
pean broadcasting. National systems suffer a
great deal of interference from neighbors be-
cause of proximity and their numerous trans-
mitters. On the other hand, as previously
noted, the smaller countries count on foreign
stations to supplement their own program-
ming. Spillover sometimes creates odd situa-
tions, as in divided Berlin, whose West
German television reaches into surrounding
East Germany. Citizens on either side of the
Berlin Wall enjoy each others’ programs,
though their governments are politically at
odds and though they need to buy converters
to match the different color systems. East Ger-
man authorities, after trying fruitlessly to stop
their citizens from viewing Western programs,
have resigned themselves to living with the
electronic invasion.

Because most of Canada’s population lives
along its border with the United States, Can-
ada is ideally situated to pick up American ra-
dio and television signals. In addition,
Canadian cable television companies deliver
American programs to their subscribers, with
the result that Canada has become one of the
world’s most cabled countries (about 60-
percent penetration). Resenting the domi-
nance of U.S. culture, Canada imposes quotas
on the amount of syndicated programming
that Canadian broadcasters and cable opera-
tors may import.
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1.9 Programs and Schedules

One of the results of broadcasting’s techno-
economic and social nature is the use of the
same basic program formats throughout the
world. News, commentary, music, drama, va-
riety, studio games, sports events — these
genres appeal to people everywhere. How-
ever, there are marked differences in the de-
tails of program content, in the balance among
program types, and in the length of program
schedules from one country to another.

News and Public Affairs  National dif-
ferences are especially evident in the treat-
ment of news and public affairs. Daily news
presentation is one of the most universally
popular programs. However, each system has
its own version of what has taken place. Paro-
chialism, chauvinism, and ideological biases
affect the choice, treatment, and timing of
news stories.

TV Guide once compared a single week’s
television news as seen by six widely scattered
systems. Not unexpectedly, each country
stressed its own national happenings, few of
which held the slightest interest for the rest of
the world. When treating the same interna-
tional story, each saw the event in a different
light. For example, the American networks re-
ported vigorous debates within the United
States on a controversial arms-limitation sum-
mit meeting between the two superpowers.
Viewers in the USSR heard only statements
from the American Communist Party leader,
who said there was no U.S. opposition to the
treaty. Chinese television acted as if the meet-
ing had never taken place, only to show the
opening session a week later. Likewise, on the
night Israeli television showed its basketball
team defeating the USSR in a championship
match, Soviet television showed an earlier
contest between two East European teams. As
for domestic news events, variety prevailed:

U.S. television news covered in depth American’s en-
ergy crunch. Egyptian TV news pursued the runoff
elections for the Eqyptian parliament. Israeli TV news
focused on a member of the Nigerian mission to the
United Nations caught smuggling arms into Israel on
behalf of the Palestine Liberation Organization. On
Japanese TV, the major domestic news story was the
payoff scandal rocking the Japanese parliament . . . So-
viet TV news was fascinated by the marathon ordeal of
Russian cosmonauts orbiting in the Salyut 6 space lab.
Even China had a story to cover: the Second Session of
the Fifth National People’s Congress.

Yet no one — including the U.S. TV news — de-
voted anything but minimal coverage to the major do-
mestic stories of any of the other five nations that
week. (Kowet, 1979)

Third World leaders tend to take the same
approach to news as the communist countries
do. Having no need to compete with alternate
domestic news sources, Third World journal-
ists can afford to ignore timeliness, human in-
terest, and Western news values. Political
correctness and educational values come first.
They play down or omit stories about crime,
accidents, civil disorders, and the personal
lives of political figures. If Third World gov-
ernments were to allow broadcast employees
to report and edit according to Western stan-
dards, they reason, the news could become
depressingly downbeat, loaded with reports
on food shortages, crop failures, black mar-
kets, industrial mismanagement, official cor-
ruption, breakdowns in public services, urban
blight, and all the other horrendous problems
that plague the less developed nations. In-
stead, most Third World leaders expect their
journalists to look for news, or to devise news
treatments, supportive of the government,
praising its leaders, heralding the nation’s ac-
complishments, and urging audiences to work
hard at nation building.

Program Balance  Audiences everywhere
prefer light entertainment to more serious



content; accordingly, entertainment domi-
nates most schedules. But aside from the
United States, most industrialized nations reg-
ulate broadcasting to ensure a certain balance
between light entertainment and news, infor-
mation, culture, and education. Third World
nations find regulating program balance more
difficult because of the paucity of home-grown
productions. This shortage makes inexpensive
shows imported from abroad hard to resist,
even though they may throw schedules out of
balance and play up alien cultures.

U.S. dominance in the international syn-
dication market has led to charges of “cultural
imperialism.” Spokespersons for Third World
cultures, some of which are uncertain even of
survival in the modern age, profess to find im-
ported entertainment especially damaging.
The images and values depicted in Dallas and
Three’s a Crowd, for example, tend to under-
mine indigenous cultures; moreover, every
program purchased from abroad denies indig-
enous artists and craftspersons opportunities
to develop their own talents and skills. Nor
does the Third World monopolize these ap-
prehensions; even highly developed nations
with their own flourishing production re-
sources impose import quotas, putting a ceil-
ing on the amount of entertainment their
national systems may import from the United
States, as in the previously mentioned exam-
ple of Canada.

Schedules  Eighteen- to twenty-four-hour
broadcast days, though commonplace in the
United States, occur in very few other coun-
tries. Many radio services go on the air for a
short morning segment, take a midmorning
break before a midday segment, and take an-
other midafternoon break before the evening
segment. Television services usually com-
mence late in the afternoon and go off the air
by 11:00 P.M. Even in such a highly developed
system as Britain’s, the BBC did not begin
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twenty-four-hour radio until 1979, when Ra-
dio 2 filled in the previously blank hours of
2:00 to 5:00 A.M. "Breakfast television” began
in Britain in 1983, when both the BBC and a
new IBA-franchised commercial company be-
gan offering early-morning programs.

Audience Research  All broadcasting sys-
tems agree in principle on the importance of
using audience research as a management tool
in making program and schedule decisions.
Not all systems, however, can afford continu-
ous, systematic audience studies. The more a
service depends on advertising for revenue,
however, the more likely it is to allot funds for
audience measurement.

U.S. commercial broadcasters, extremely
research conscious, spend large sums on audi-
ence studies, but they emphasize audience
size and composition more than audience
opinions and reactions. Most foreign systems
put emphasis on qualitative as well as on
quantitative measurements. In Britain, as in
many other developed countries, the law re-
quires broadcasting authorities to conduct re-
search on audience likes and dislikes as well
as on audience size. As noted previously, the
BBC stressed Appreciation Indexes from the
outset of its in-house research. A survey of fif-
teen European systems revealed that two-
thirds of them measure television audience
appreciation (McCain, 1985: 75).

In the USSR, the government once
frowned on social research, of which audience
research is an applied example. It took for
granted that whatever it put on the air would
be heard or seen and sufficiently understood
(Mickiewicz, 1981: 6). During the 1970s, how-
ever, Soviet authorities increased both the
amount and quality of their audience research.
More attractive programming seems to have
followed, evidence of the role audience re-
search can play in shaping broadcasting out-
put, even under authoritarian systems.
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Exhibit 1.3 Major External Broadcasters

U.S.S.R.
(81 languages)

UNITED STATES
(48 languages)

CHINA

(43 languages)
TAIWAN

(17 languages)
EGYPT

(30 languages)
WEST GERMANY
(37 languages)

U.K. (BBC)
(36 languages)

(VOA 967)

2,175 hrs.
(RFE/RL 102) 1,988
1,395

1,154

798

The relative size of external broadcasters is usually measured in aggregate weekly hours of air
time in all languages, without taking into consideration repeat broadcasts. Adding the outputs
of Radio Marti, a special service aimed at Cuba, and RIAS (Radio in the American Sector of
Berlin), a special service aimed at East Germany, increases the U.S. total hours to a figure

well above the USSR total.

Source: U.S. Advisory Commission on Public Diplomacy, 1985 Report (Government Printing

Office, Washington, D.C., 1985): 23.

1.10 Transborder Broadcasting

Broadcasting introduced a potent new factor
in relations among nations. Never before had
it been so easy to cross national boundaries
and talk directly to a nation’s people. Broad-
casting can inform and persuade people in so-
cieties impossible to penetrate with in-person
messages. Using mostly short-wave radio (be-
cause of its long range), external broadcasting —
that is, official programming aimed at foreign
countries, — has become an important ideo-
logical weapon, both during war and in times
of peace. More than 80 countries operate ex-
ternal broadcasting services, though many

have little more than symbolic importance. In
1984, the USSR topped all external broadcast-
ers in weekly time on the air, as shown in Ex-
hibit 1.3.

External Service Origins  Colonial com-
mitments abroad prompted the first external
services. Holland and Germany started theirs
in 1929, and France in 1931. After experi-
menting for several years, Britain’s BBC for-
mally launched its Empire Service in 1932.
Broadcast entirely in English, it sought to
maintain home-country ties with colonial ex-
patriates and people in the dominions (inde-
pendent ex-colonies such as Canada and



Australia). Later on, the use of foreign lan-
guages in external services shifted the focus
toward diplomatic and propaganda roles. The
BBC launched its first foreign language exter-
nal broadcasts in 1938 on the eve of World
War II, countering Italian radio propaganda in
Arabic to the Near East. Soon Britain and the
Axis powers became locked in a deadly war of
words, using many languages.

The United States added its voice to the
war when President Franklin D. Roosevelt ap-
pointed a popular radio newscaster, Elmer Da-
vis, to head the Office of War Information
(OWI). As a component of the OWI, the Voice
of America (VOA) went on the air in February
1942. Wary of creating a propaganda agency
that might be turned against the American
people by the U.S. party in power, Congress
forbade the VOA to release its programs in the
United States, though anyone with a short-
wave radio can pick up VOA programs aimed
at overseas listeners. There is no such pro-
scription in Britain; the BBC’s external service,
coming as it does from a nongovernment
source, welcomes domestic listeners to its 24-
hour World Service in English, which can be
heard in Britain on regular AM radio sets.

The USSR, not having a colonial empire
when broadcasting began, had different mo-
tives than the West for starting an external ser-
vice. The Soviets were anxious to explain their
recent revolution to sympathizers in Western
Europe and to legitimize their regime among
the family of nations. From the outset they
recognized the importance of broadcasting in
foreign languages as a means of gaining and
influencing friends abroad. Radio Moscow be-
gan regular external services in 1929.

Voice of America Today the VOA func-
tions as an arm of the United States Information
Agency (USIA), the federal unit responsible for
informational and cultural contacts with the rest
of the world as well as for the official interna-
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tional exchange of teachers, artists, students,
and so on. In 1985, the VOA broadcast in over
forty languages in addition to English, ranging
from Albanian to Vietnamese (see Exhibit 1.3).
Programs originate in Washington, D.C., and
are sent to VOA short-wave transmitters in
Greenville, North Carolina, and several second-
ary U.S. sites. Programs go overseas via both
short-wave transmitters and leased satellite fa-
cilities. The VOA leases sites in about a dozen
foreign countries where it maintains transmit-
ters for rebroadcasting programs to listeners in
nearby areas.

VOA programs use most of the formats fa-
miliar in domestic radio, including even a tele-
phone talk show.* Entertainment programs
feature materials about American culture.
News and public affairs items naturally reflect
official U.S. policies, but for the sake of credi-
bility the VOA tries to observe the spirit of its
original 1942 manifesto: "Daily at this time we
shall speak to you about America.... The
news may be good or bad. We shall tell you
the truth.” Despite some lapses for expedi-
ency’s sake, truth-telling continues as VOA
policy. Its news staff, which has civil-service
status, has a keen sense of professionalism. It
vigorously resists occasional efforts by parti-
san officials appointed by the U.S. party in
power to bend the truth to suit political
objectives.

The Republican administration that took
over in Washington in 1981 called for vigorous
exploitation of the VOA as a propaganda or-
gan. Implementation of this policy caused dis-
sension; some staff people felt that new

*The VOA launched ""Talk to America,” a 50-minute
monthly call-in program hosted by Larry King, a Mutual
radio network talk-show host, in October 1984. King in-
terviewed ex-president Gerald Ford in the first program.
During the program the VOA telephones, at its own ex-
pense, foreign callers who have left their numbers with an
answering machine located in Washington.
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Exhibit 1.4 Voice of America
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Voice of America master control panel, which visitors to the VOA have been shown since
1954. It was due to be replaced in 1986 with a modern, solid-state, computerized facility, part
of the Republican administration’s multi-miltion-dollar updating of VOA facilities at home

and abrond.

Source: Courtesy Voice of America.

directives tended to undermine VOA credibil-
ity as a reliable information source and as an
effective external service. In keeping with
their aggressive information policy, the
Republicans undertook a major VOA im-
provement and expansion plan, committing
$1.5 billion to updating long-neglected equip-
ment and to building new facilities. They
planned to add a dozen languages and to up-
grade and increase the number of overseas re-
lay transmitters, especially in the Caribbean
and Central America, where the VOA has in-
stalled powerful standard AM transmitters in

order to reach listeners with no access to
short-wave receivers.

Because of its short range, television does
not lend itself to external broadcasting. In-
stead, the USIA attempts to persuade the do-
mestic television services of foreign countries
to carry USIA-furnished programs. In the
1980s the agency took an innovative approach
by setting up Worldnet — daily features, news
feeds, and satellite teleconferences that enable
journalists in foreign countries to interview
important U.S. officials by satellite intercon-
nection. The resulting coverage of U.S. official



viewpoints in foreign media afforded more ef-
fective exposure than that arranged by direct
USIA placement of tapes and films. USIA also
gives visiting journalists generous assistance
in sending their coverage of events in the
United States back to their home media. It fre-
quently arranges U.S. visits and tours for for-
eign broadcasters and other media people,
enabling them to witness American elections,
for example. In 1985 the VOA considerably ex-
panded the training services it offers to for-
eign broadcasters —a device used by all the
major external services to exert indirect
influence.

Direct-broadcast satellites (DBS) could
presumably enable a nation to deliver both ra-

dio and television programs to listeners and
viewers anywhere in the world without inter-
mediary relays. Many nations, both East and
West, have expressed concern in the United
Nations about this possibility, which they re-
gard as much more threatening to national
sovereignty than short-wave radio. They de-
mand the right to prevent such electronic in-
vasions, whereas the United States argues
almost single-handedly for a “’free-flow” pol-
icy. However, DBS technology, at least for the
near future, requires expensive reception
equipment and conspicuous receiving anten-
nas. Presumably, a government wishing to
suppress satellite reception of foreign pro-
grams could spot the antennas and take action
against their owners.

Surrogate Domestic Services In addi-
tion to conventional external services, the
United States engages in a special type of ex-
ternal broadcasting designed to simulate do-
mestic  services within target countries.
Authorities in communist countries censor
their own domestic media, withholding or dis-
torting information unfavorable to communist
regimes or favorable to the West. Surrogate
services seek to act as uncensored substitutes
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for domestic services, representing the send-
ing countries’ views of the facts. The two main
U.S. services of this type, Radio Liberty (RL)
and Radio Free Europe (RFE), aim at the USSR
and the East European Communist states, re-
spectively. They have studios and transmitters
in Munich, West Germany, and additional
transmitters in Israel, Portugal, and Spain.

RFE/RL originated after World War 11, co-
vertly supported by the Central Intelligence
Agency. They aimed at stirring up dissent
within, and undermining the credibility of,
communist regimes. After the ClA connection
became known publicly in 1973, Congress cre-
ated a special agency, the Board for Interna-
tional Broadcasting (BIB), to supervise the
operations. Congress funds them openly with
annual appropriations.

RFE/RL scriptwriters rely on extensive re-
search libraries in Munich. These libraries
subscribe to many kinds of communist publi-
cations, obtain transcripts of communist do-
mestic broadcasts, and collect information
from travelers and defectors. Broadcasting
entirely in the languages of their target coun-
tries, RFE/RL cover domestic and foreign news
from the target countries’ perspective. In con-
trast, the VOA covers U.S. news and foreign
news from the United States’ perspective.

The USSR deeply resents RFE/RL, claim-
ing they violate international law by interfer-
ing in the internal affairs of the communist
states. Congress has been of two minds about
these operations. Some legislators feel they
represent a counterproductive hangover from
the 1950s Cold War. Others argue, as did the
Republican administration of the 1980s, that
the West should vigorously counteract the do-
mestic propaganda of communist regimes on
their home ground and help keep alive the
spirit of dissent among their citizens.

In 1985 the United States introduced a
new surrogate service, Radio Marti, aimed at
giving the people of Cuba news and informa-
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tion free of Castro-regime bias. Anti-Marxist
Cuban exiles in South Flordia zealously sup-
ported the Radio Marti scheme, but it ran into
opposition from more objective observers. The
latter contended that the multimillion dollar
radio operation aimed merely at gaining the
expensive satisfaction of tweaking Castro’s
nose. After all, they argued, the Cuban people
can get ample outside news from regular VOA
Latin American services as well as from U.S.
commercial Spanish-language stations in
south Florida, which are easily picked up on
the island.* Moreover, U.S. broadcasters op-
posed Radio Marti, fearing that Castro would
retaliate by stepping up interference with U.S.
stations, already a problem in south Florida,
where the FCC allowed some stations to in-
crease their power to overcome Cuban
interference.

After much debate, Congress declined to
set up Radio Marti as an independent surro-
gate service like RFE/RL. Instead it was au-
thorized as a special VOA service, transmitted
from an existing VOA station at Marathon, in
the Florida keys. Unlike other VOA services,
however, Radio Marti has its own presidential
advisory board. It started in May 1985, with an
authorized staff strength of about 175. At first
Castro reacted sharply, canceling an agree-
ment to take back some unwanted Cuban im-
migrants. Later he ignored Radio Marti’s
existence. Supporters claim it has a strong ef-
fect, while opponents claim its only success
has been to win an audience for an old Span-
ish-language soap opera. Some observers
think that competition from Radio Marti has
motivated the Castro regime to upgrade its
own domestic services — in other words, that
Cuban radio now benefits from inadvertent
pluralism.

*See for example the arguments pro and con in a 1982
House Subcommittee on  Communications hearing
(USHR, 1982).

BBC  Foreign listeners generally regard the
Voice Of America as a relatively objective
source of news, but the BBC retains the high-
est credibility among external broadcasters.
Throughout the world, listeners tune auto-
matically to the BBC when in doubt about the
authenticity of news sources. In times of local
disorder, it is not uncommon for foreign gov-
ernment officials to turn to the BBC for vital
information about the state of affairs in their
own countries.

The BBC has a longer tradition than the
VOA and greater insulation from government
influence. Listeners know the VOA as a
government agency, staffed by federal em-
ployees. Its news commentaries come from
government spokespersons, whereas the
BBC’s come from university professors, news-
paper correspondents, and other independent
specialists speaking on their own behalf. True,
the British Foreign Office reimburses the BBC
for the cost of the External Services, but that
ministry’s main control over programming
concerns only the choice of the languages
used.

Radio Moscow  During the 1970s the So-
viet Union forged ahead of the VOA to be-
come the leading international broadcaster in
terms of hours on the air (Exhibit 1.3). Radio
Moscow uses fewer overseas relay stations
than the major Western external broadcasters,
though it does have one in Cuba aimed at the
Americas. Radio Moscow, like the external
services of all communist countries, tends to
be relentlessly propagandistic. Western stud-
ies of audience reactions in a variety of coun-
tries always show Radio Moscow’s appeal
running well behind that of the BBC and the
VOA. However, Moscow has tried to lighten
the tone of its broadcasts. It initiated a 24-hour
daily service in English, using the BBC’s long-
established title, “World Service.” It departs
from the traditionally solemn Soviet tone,



even going so far as to make occasional jokes
about itself.

Jamming  Ideally, truth should be the best
rebuttal to propaganda. The truth often hurts
both the teller and the listener, however, so
nations sometimes resort to jamming foreign
broadcasts instead of rebutting them. Jammers
transmit programs or sheer noise on or near
the offending program’s channel, making lis-
tening difficult if not impossible. Communist
countries jam more massively and persistently
than any others, but most countries have occa-
sionally resorted to jamming, despite its ineffi-
ciency and high cost.

Western sources estimated in the early
1970s that the USSR devoted three thousand
transmitters to jamming operations, at an an-
nual cost of $185 million. Willingness to
devote so much equipment and money to jam-
ming testifies to the effectiveness of external
broadcasting, at least in the minds of com-
munist authorities. But jamming never suc-
ceeds in completely overwhelming incoming
signals:

The effectiveness of jamming varies: at times it can
block a signal in a city and fail to do so a few miles
away in the countryside; the use of high-power trans-
mitters and several frequencies can overcome some
Jamming; and there are limited periods during the day
when propagation conditions give a properly sited
broadcaster wvirtual immunity. (President’s Study
Commission, 1973: 19)

The extent of jamming by the USSR and
its allies serves as an East-West relations ba-
rometer. During the détente of the late 1970s,
jamming almost ceased, only to soar again in
1980 with the Soviets’ Afghanistan invasion
and Solidarity’s confrontation with the Polish
government (the Solidarity issue gave RFE a
wonderful opportunity to needle the Polish re-
gime with news Poles could not obtain from
their own domestic services). RFE/RL have al-
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ways been more subject to jamming than the
VOA. News reports of the Polish turmoil,
however, triggered jamming not only of VOA
but of the BBC and West Germany’s external
services as well.

1.11 U.S. Dominance

Private U.S. program sources probably exer-
cise far more influence on other countries than
do the combined efforts of USIA and the sur-
rogate services. The emergence of pay cable,
over-the-air subscription television, and satel-
lite-to-cable networks in Europe has created
enormous new demands for program mate-
rials. This means new markets for American
feature films and television series, exacerbat-
ing fears of American cultural domination.

As Europe began installing the new tech-
nologies, U.S. program providers started
wheeling and dealing with large European
publishing and telecommunication cartels,
forming complex consortia to answer these
new demands. Third World charges of U.S.
cultural imperialism gained strength not only
from the dominance of American programs
but also from the worldwide impact of such
American institutions and activities as its com-
mercialism, its consumerism, its telecommuni-
cations manufacturing, its international news
agencies, its RFE/RL broadcasts, its govern-
ment-aid programs to developing countries,
its invasion of foreign economies by multina-
tional corporations, its preeminent position in
maintaining data banks and controlling trans-
border data flows, and its dominant position
as operator of Intelsat. The leading American
critic of U.S. media behavior, Herbert I. Schil-
ler, charged that

messages “‘made in America’”’ radiate across the globe
and serve as the ganglia of national power and expan-
sionism. The ideological images of “have-not’ states
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are increasingly in the custody of American informa-
tion media. . . . The facilities and hardware of interna-
tional information control are being grasped by a
highly centralized communications complex, resident
in the United States and largely unaccountable to its
own population. (Schiller, 1971: 147)

Free Flow, Balanced Flow U.S. policy
ardentlv favors the free flow of communica-
tions, both within and between countries. The
phrase occurs in the 1946 United Nations Dec-
laration on Freedom of Information: "All
states should proclaim policies under which
the free flow of information, within countries
and across frontiers, will be protected.” Free-
dom of expression, a fundamental article of
faith in American political philosophy, was in
1946 generally accepted as a sound principle.
However, both the world and its means of
communication have changed drastically since
the UN voted to support that principle. Over
seventy new nations have joined the UN,
most of them extremely conscious of prior his-
tories as colonial territories of the Western
powers.

Third World nations complain bitterly that
Western international news agencies domi-
nate worldwide news flow. An estimated bil-
lion people each day see and hear Associated
Press stories, for example. Western editors
and reporters, claim Third World critics, seek
mainly negative stories in the less-developed
countries, choosing riots, famines, natural dis-
asters, and the antics of military dictators as
far more colorful and interesting subjects than
factories, dams, education, hospitals, agricul-
ture, and the achievements of Third World
intellectuals.

A United Nations bloc claiming nonalign-
ment with either superpower is intensely pre-
occupied with neocolonialism, which it sees as
threatening to drag emergent countries back
into dependent status. What value does free
flow have for us, these countries ask, when it
runs almost entirely in one direction — from
the United States and a few other industrial-

ized countries to the Third World? We need
not free flow but balanced flow, they say; we
need news reporting that treats us qualita-
tively fairly and quantitatively in proportion to
our numerical significance. They demand ac-
cess to the means of communication, charging
that the West monopolizes access and uses the
free-flow doctrine to maintain the status quo.
As a former VOA officer summarized it, one-
way flow means that

citizens of the less developed countries must depend on
foreigners to a significant extent for the books they
read, the television programs and films they watch,
and the news stories they read. They rely on foreign
foundations for scholarly research grants, depend on
untiversities abroad for better-quality higher education,
and, indeed, must even learn a foreign language, most
often English, in order to avail themselves of desired
information. (Read, 1976: 163)

UNESCO’s Role  Third World opponents
of the free-flow doctrine used their preponder-
ance of votes to advance their views in the UN
and in its specialized agencies, such as the In-
ternational Telecommunication Union and the
United Nations Educational, Scientific and
Cultural Organization (UNESCQ). The latter,
which had made Third World communication
a major subject of study and aid, became the
main arena of debate.

After spending several years polishing
draft documents, UNESCO adopted a resolu-
tion in 1978 known as the Mass Media Decla-
ration. lts intricate full title, “"Declaration on
Fundamental Principles Concerning the Con-
tribution of the Mass Media to Strengthening
Peace and International Understanding, to the
Promotion of Human Rights and to Coun-
tering Racialism, Apartheid and Incitement to
War,” was read by Western observers to mean
that journalists should abandon professional
objectivity in order to take active part in politi-
cal disputes. In response to Western opposi-
tion to implementation of the declaration,
UNESCO set up a commission to attempt a



definition of a New World Information Order
(NWIOQ), a revised way of organizing and con-
trolling the world’s flow of news and of com-
munications in general. Called the MacBride
Commission, after its chairman, Sean Mac-
Bride, a distinguished Irish statesman, it
brought forth a report offering over 80 recom-
mendations (UNESCO, 1980). They turned
out to be relatively conciliatory, urging, for ex-
ample, development of

* Third World broadcasting, especially lo-
calized radio

* National production capacity, to reduce
dependence on syndicated material from for-
eign sources

* Mechanisms for dealing with consumer
complaints about advertising

* Nonprofit means of information distribu-
tion and news dissemination, including curbs
on advertiser influence

» Codes of journalistic ethics, self-generated
by the profession

e Revised news values and standards for
news processing

e More inclusive communication rights for
the individual, including freer access to the
media.

Although it toned down the more strident
anti-Western NWIO demands, the report dis-
pleased many U.S. government and media
leaders. Typical of U.S. reaction, the trade
journal Broadcasting editorialized that the Mac-
Bride report

is heavy with recommendations that go against the
grain of press freedom. [t advocates free access to news
sources and professes to oppose censorship, but at the
same time it urges news media to support — not
merely report on, but support — social, cultural, eco-
nomic and political goals set by governments. (Broad-
casting 12 Jan. 1981)

The editorial concluded by recommending
U.S. withdrawal from UNESCO, and four
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years later the United States did just that. Al-
leging that UNESCO was not only against the

free-flow doctrine but was also politicized and
given to spendthrift ways, the United States
took the drastic step of canceling its UNESCO
membership at the close of 1984, thereby de-
leting a quarter of the agency’s budget. Ameri-
can defenders of UNESCO, including the
private U.S. Commission for UNESCO, dis-
agreed with this decision, pointing out the
many beneficial aspects of U.S. membership
and the inevitability of politics in such interna-
tional agencies (USNCU, 1982). Critics of the
U.S. action deplored the cutting off of Ameri-
can scholars from participation in important
UNESCO projects in science, education, and
the international copyright field.

The “Media Box” A fundamental conflict
between two ideologies, broadly identifiable
as an aspect of the East-West conflict, lies at
the root of the opposition between the NWIO
movement and the free-flow doctrine. The
Third World joined hands with communist
ideologues on the issue, though not necessar-
ily because of doctrinaire Marxist convictions.
As mentioned earlier, Third World leaders
generally find the Soviet media model less
threatening than the Western free-enterprise,
freedom-of-expression model. Most approve
of state-controlled media devoted to educating
the masses and to preserving the political sta-
tus quo. The Western model, they fear, would
endanger their struggle to stay in power and
undermine their countries’ chances to become
economically viable and culturally autono-
mous. For its part, the USSR welcomes emula-
tion and the chance to cultivate anti-Western
attitudes among Third World nations.
Charges of cultural imperialism became
most pronounced in the late 1960s and early
1970s, when television stations began to go on
the air in the developing world. But evidence
of Western dominance collected during that
formative period, though dramatic, reflected
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an exceptional, one-time situation. Though
most new Third World television systems at
first depended entirely on foreign equipment,
training, know-how, and program materials,
many have since become more self-sufficient.
In a study of the decline of American influence
on Brazilian television, for example, a re-
searcher concluded:

Imported programs occupy less viewer time. . . . Pro-
gramming ideas once imported from the U.S. have
largely been ”’Brazilianized” almost beyond recogni-
tion.  American  management concepts have been
similarly " Brazilianized”” and new commercial broad-
casting ideas have been created to fit the looser Brazil-
ian regulatory laws. (Straubhaar, 1982: 21)

Even though U.S. syndicated programming
still dominates the world market, Third World
production centers have sprung up, supplying
programs to culturally similar countries.
Undoubtedly the NWIO agenda includes
legitimate grievances; and the West has in fact
made efforts at rectification. News agencies
have become more sensitive to Third World
feelings, and Western governments have in-
creased their aid to development of Third
World communications. In the matter of pro-
gram exports, however, a look at the experi-
ence of Europe’s small but well-financed
systems suggests that television program au-
tonomy cannot be realistically expected in
countries of limited size, especially when they
also lack the financial means, the appropriate
cultural traditions, and the communications
infrastructure demanded by television. They
will always need to import a certain amount of
programming. Viable cultures can survive the
onslaught, but unfortunately not all cultures
have the strength to remain viable in the mod-
ern world. Once their shell of isolation is bro-
ken, they are doomed, with or without
television. A British media scholar, Jeremy
Tunstall, wrote a book on the subject of media
imperialism, The Media Are American. Though
critical of many aspects of Anglo-American

broadcasting influence, he rejects the position
of Herbert Schiller, the American scholar
quoted earlier. Schiller, he says,

attributes too many of the world’s ills to television. He
also has an unrealistic view of returning to traditional
cultures, many of which although authentic are also
dead. In my view a non-American way out of the me-
dia box is difficult to discover because it is an Ameri-
can, or Anglo-American, built box. The only way out
is to construct a new box, and this, with the possible
exception of the Chinese, no nation seems keen to do.
(Tunstall, 1977: 63)

Ironically, since Tunstall wrote that comment,
even China has stepped tentatively into the
Anglo-American “media box.” Following
overthrow of the “gang of Four” in 1977 and
abandonment of its devastating Cultural Rev-
olution, China began cautiously to import
Western television programs, advertising
techniques, consumerism ideology, and even
free-enterprise marketing.

Summary

e Convergence has brought technologies
and countries together, causing new configu-
rations and new associations. As a result, one
needs to see American broadcasting in the
wider perspective of telecommunications tech-
nology and of the other national broadcasting
systems.

e The United States has led in private satel-
lite and cable development, but the rest of the
world, in which telecommunications tend to
be state-operated and centralized, is now
catching up.

 National pride and economic chauvinism
interfere with adoption of universal technical
standards, causing incompatibilities that com-
plicate the international exchange of programs
and equipment.



e The current U.S. domestic regulatory phi-
losophy favors standardization by the market-
place rather than by government regulation.

e Each country must decide how to treat the
medium as a national resource, how to pre-
vent interference, and what political controls
to impose.

¢ Responses to these challenges can be cate-
gorized as permissive, paternalistic, or author-
itarian. The U.S. response is more permissive
than most, the British system paternalistic,
and communist and Third World systems
authoritarian.

e Ideally, broadcasting systems are pluralis-
tic, combining both commercial and public-
service motivations. Relative to Britain’s, for
example, the U.S. system is only weakly plu-
ralistic because its public broadcasting is
inferior.

* The world shares common regulations
through the ITU, but domestic regulations
vary.

¢ The U.S. Constitution shields U.S. broad-
casters, making regulation lighter and more
subject to review and appeal than in most
countries.

¢ Broadcasting systems respond in various
ways to growing demands for access to the
medium by politicians and by the general
public.

» U.S. politicians have more access and
spend more money on obtaining it than politi-
cians elsewhere.

* Reception facilities vary greatly from one
country to another, both because of economic
constraints and because of varying ability of
programs to motivate set purchasing.

e Revenue to support broadcasting systems
comes from governments, receiver license
fees, and advertising, often in combination.

* Economic and political considerations rule
out advertising as a major source of support in
many countries.

¢ International syndication flourishes in re-
sponse to television’s high program costs.
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e Program formats are similar all over the
world, but program content and scheduling
varies from country to country. Few countries
other than the United States use continuous
schedules.

* All countries use audience research as a
management tool, but not all can afford full-
scale rating services, nor do all agree with the
United States broadcasters’ stress on audience
size rather than on audience characteristics
and the quality of programming.

* Political, military, and economic motives
encourage transborder broadcasting. The
USSR and its allies invest heavily in political
transborder services and in jamming facilities
to prevent their citizens from hearing Western
services.

¢ The USIA provides both television and ra-
dio external services for the United States. The
VOA is its radio external service.

* RFE/RL and Radio Marti, surrogate do-
mestic services aimed by the United States at
communist countries, have a more explicit
propaganda purpose and so do not come
under the USIA umbrella. Some critics oppose
these services, believing they exacerbate rela-
tions with the communist world without real-
izing corresponding gains for the United
States.

* U.S. media dominance has led the Third
World, backed by the communist world, to
demand a New World Information Order.
Western governments and news media op-
pose this movement, seeing it as an attack on
freedom of expression, the free flow of ideas,
and the free-enterprise marketplace. This con-
frontation contributed to the United States’
withdrawal from UNESCO, the United Na-
tions agency most supportive of the NWIO
demands.

* Despite the legitimacy of many Third
World complaints, there seems little likelihood
that Western communication dominance can
soon be rectified, given the technoeconomic
nature of telecommunications.






PART 1

Development

American broadcasting took a number of decades to
develop into the widespread and varied system we
know today. The next three chapters trace that
evolution: the development of wireless and then ra-
dio to 1927 (Chapter 2); the heyday of radio and
television for the next half-century (Chapter 3); and
the deveiopment of competing electronic media
services, mainly in the past decade or so (Chapter
4). We consider the inventors who made broadcast-
ing possible, along with the business innovators
who made it a universal reality, and follow the
growth of system and content from the first tenta-
tive programs and hookups of the crystal-set era of
the 1920s to the cornucopia of electronic media
services available in the 1980s.
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CHAPTER 2
The Rise of Radio

Broadcasting spread from a series of tentative
local ventures to a recognized national service,
more universal than bathtubs and refrigera-
tors, in a very short time. To introduce pho-
tography into general use took a century, the
telephone half a century; radio technology it-
self took thirty-five years to become widely
used, but broadcasting took only about eight
years. The preconditions for its emergence,
however, had been evolving for at least a cen-
tury. Several developments intertwine: (1) the
emergence of social conditions favorable to the
development of mass communication, leading
to the habit of media consumption; (2) the cor-
responding growth of the appropriate indus-
trial and business institutions able to provide
consumer goods in quantity (including enter-
taining and informative media content); and
(3) the progress of scientific know-how that
made possible new ways of communicating
that content.

2.1 Precedents

The habit of mass media consumption had al-
ready been cultivated by the popular press,
the phonograph, and the motion picture long
before broadcasting began. These older media

arose from the mechanical inventive tradition
of the nineteenth century and from funda-
mental social changes brought about by the
Industrial Revolution (roughly 1750-1850). For
centuries the primary occupations of the
masses of people living in Western countries
had been agricultural; but increasingly, indus-
trial occupations began to draw people away
from the land until, eventually, most people
lived and worked in cities.

The concentrations of people in cities be-
came the target of what we now call the “mass
media” — those means of communication that
use technology to reach large parts of the total
population almost simultaneously with the
kinds of news and entertainment that ordi-
nary people find attractive and at a price that
ordinary people can afford to pay.*

The Penny Press Urban concentration,
education, and more leisure all contributed to

*It is worth remembering that the word media is a plural
noun (the media are), in spite of the fact that many writers
use it as a singular. This is more than a petty usage error,
for it implies that all the media — broadcasting, print,
film, and the rest — are identical, obscuring the important
fact that each medium has its own separate identity and
unique characteristics. One of the goals of this book is to
delineate the uniqueness of broadcasting as a medium
among media.

39
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changing the medium of print from a special
amenity provided primarily for the elite to a
commonplace product for the masses. The
penny press was the most visible example of
this transformation. In the 1830s the New York
Sun led a new trend toward mass-oriented
and mass-produced papers that were sold on
the streets for a mere penny a copy. They sold
in the thousands and eventually in the mil-
lions of copies.

Until that time newspapers had concen-
trated on news of commerce, party politics,
and other such "’serious” subjects. The popu-
lar press broadened the coverage, exploiting
news of everyday events, sensational crimes,
gossip, human interest stories, and sports —
all presented in a breezy, colloquial style that
contrasted with the flowery essay style of the
past. Popular newspapers broadened their ap-
peal by cutting across lines of party, class, sex,
age, and cherished beliefs. By the 1890s some
mass-oriented newspapers had circulations of
over a million. This helped to create the habit
of mass media consumption from which
broadcasting would profit in the 1920s.

Vaudeville  The sound of 1920s broadcast-
ing (§2.8) was heavily drawn from vaudeville,
a traveling successor to minstrel shows. Im-
mensely popular in the 1880-1920 era as the
pinnacle of show business, vaudeville shows
featured song-and-dance teams, blackface
comics, Irish tenors, ethnic comics, and the
like, and ran in established vaudeville theaters
in cities large and small. New York had 37
vaudeville houses, Philadelphia 30, and Chi-
cago 22. Hundreds operated in smaller towns
across the country. A headliner would be pre-
ceded by perhaps a dozen other acts. By the
turn of the century, vaudeville theaters would
show short bits of novelty film while clearing
the house between programs— "“an ironic
foreshadowing of impending doom” (Nye,
1970: 171). At its peak, the vaudeville circuit

was pulling in more of an audience than all
other kinds of entertainment combined. But
the greater revenue potential of movies and
then radio helped the newer media take over
vaudeville’s content in the 1920s. Radio picked
up many of the better people and acts, espe-
cially the song-and-patter teams. Such famous
radio comics as Jack Benny and Fred Allen got
their start in vaudeville, and Charlie Chaplin’s
immortal Little Tramp’’ was based on a char-
acter that had long figured in vaudeville pro-
grams. The highly popular musical variety
shows of network radio and, later, television
are modern adaptations of vaudeville modes
and routines.

The Phonograph A late-nineteenth-
century invention, the phonograph, combined
with vaudeville to prepare the public for radio
broadcasting. Owning a phonograph accus-
tomed people to investing in a piece of furni-
ture that brought entertainment into the
home; it was an individual means of listening
to the same material presented in vaudeville
shows. Public appetite for this entertaining
novelty was so great that by the end of World
War I, on the eve of the introduction of broad-
casting, some two hundred phonograph man-
ufacturers were turning out over two million
machines a year.

When radio began to develop in the 1920s,
phonograph recording was still dependent on
acoustic methods not fundamentally different
from those used by Thomas Edison in 1878.
This obsolete technology, competition from
radio broadcasting, and the impact of the 1929
stock market crash devastated the phono-
graph industry. By 1933 "the record business
in America was practically extinct” (Gelatt,
1977: 265). Ironically, not long after forcing
many phonograph companies out of business,
broadcasting began to help them revive. This
came about partly as a result of the increased
mass appetite for music that radio created and



partly because of the dramatic improvement in
recording methods made possible by the be-
lated application of radio technology to the
phonograph.

Motion Pictures  Closely paralleling the
phonograph in its evolution was the motion
picture. Edison’s name is linked with both.
His 1889 kinetoscope was the first commer-
cially usable motion picture camera (though
some people contend he merely placed his
marketable name on the work of others). With
slight moditication it served also in the 1890s
as a projection device that enabled one viewer
at a time to see a brief film sequence as a
peepshow.

Like the phonograph industry, motion
pictures had achieved the status of a well-
established industry by the time broadcasting
began in 1920. The movies created a mass au-
dience for information and entertainment
(newsreels were an important part of movie
theater presentations before television phased
them out).

Nevertheless, as in the case of the phono-
graph, the motion picture had something to
learn from radio technology — the ability to
talk. Progress toward “talkies” was stymied
by the need for synchronized sound (precise
matching of sound and picture). Talkies finally
began in earnest in 1928, with several rival
sound systems competing for acceptance. One
of these had been developed by RCA, an ex-
ample of the many links between broadcasting
and motion pictures that began in the 1920s,
long before the advent of television.

2.2 Wire Communication

Although broadcasting benefited from the
prior arts of sound recording and the motion
picture, its direct technical and industrial de-
scent was from the telegraph and the tele-
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phone — from point-to-point rather than from
mass-oriented communications media. This
means that electrical technology, rather than
the mechanical technology of the early phono-
graph and the movies, led to the invention of
radio and, eventually, to its application to
public rather than private communication
purposes.

The Land Telegraph  Most people did
not feel any urgent need for instant communi-
cation beyond the horizon in times of peace
until the era of the steam railroad. Then some
means of signaling to distant stations became
essential for safe and efficient rail operations.
To meet this need, the British developed a
form of electrical telegraphy in the 1820s.* Elec-
trical impulses sent along a wire caused de-
flections of a pointer in a detecting device at
the receiving end. An operator “read” the
message by interpreting the movements of the
pointer.

Crucial improvements were made by an
American, Samuel F. B. Morse, after extensive
experiments in the 1830s. His telegraph re-
ceiver had the great advantage of automati-
cally making a permanent record of messages
on strips of paper. We still use the term Morse
code for the system that he and a partner de-
veloped for translating the letters of the al-
phabet into patterns of electrical impulses.

With the help of federal money, in 1844
Morse installed the first operational telegraph
line using his system between Washington,
D.C., and Baltimore. The first message over
the 40-mile line suggests the awe with which
the achievement was regarded: “What hath
God wrought!”

In most parts of the world, governments
still retain responsibility for operating national

*The word telegraphy ("distant writing”) was already in
use, referring to relaying semaphore (visual) messages by
means of a series of line-of-sight signaling stations.
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telegraphic systems. Congress, however, fear-
ing the federal Post Office would lose money
if the government competed with itself by
running the telegraph as well, sold its interest
in Morse’s line to private investors, retaining
only the right of government regulation. By
the end of the Civil War, a single company,
Western Union, had emerged as the dominant
force in the telegraph field.

Submarine Cable Laying telegraph lines
underwater offered a more difficult challenge
than overland telegraphy. Technological
problems and the search for financial backing
led to several frustrating attempts to cross the
Atlantic Ocean with a telegraph cable. Regular
transatlantic cable communication began in
1866, and soon all the major centers of the
earth could exchange information in minutes
instead of weeks or months. This brought
profound change. The first breach had been
made in the walls of international isolation,
with far-reaching effects on trade, politics, di-
plomacy, and war.

Submarine cable and telegraphy had an
early and lasting association with news. Even
before the electric telegraph became available,
newspapers had begun to share the costs of
news gathering, which was, in effect, the first
form of media syndication (§13.2). The British
news agency Reuters “followed the cable”
wherever it led around the globe, establishing
what is today one of the five worldwide news
agencies or news wire services. The others are
Associated Press and United Press Interna-
tional (the two U.S. agencies), Agence France
Presse (French), and Tass (Soviet).

Bell’s Telephone  The next goal of inven-
tors was to transmit speech itself, eliminating
the tedious business of encoding and decod-
ing telegraph messages. Sound, of course, in-
volves a much more complex variation of
electromagnetic waves (§5.4) than does the

simple “on-off” signal of the telegraph. The
problem of the telephone centered on finding
a sensitive transducer, a modulating device
able to convert complex sound energy from
one medium (air) to another medium (elec-
trical current). Many investigators were
struggling with this problem, and were ap-
proaching a solution, when Alexander Gra-
ham Bell filed for the key telephone patent in
1876.

Bell organized his original telephone firm
in 1877, the year in which he secured his sec-
ond essential patent. But the inventor and his
friends could not raise enough capital to de-
velop the new invention. Control over the pat-
ents soon passed to others who went on to
develop the company known today as AT&T.

AT&T (The Bell System) Rather than
spread to ungainly proportions by trying to
serve the entire country directly, AT&T
adopted a policy of franchising regional oper-
ating companies. These firms received the ex-
clusive and permanent right to use the Bell
patents. They in turn gave AT&T substantial
stock holdings. By the time the Bell patents
ran out in 1893-1894, AT&T had controlling
interests in the franchise companies. Further-
more, AT&T had developed the long lires con-
necting the central offices of telephone
companies with one another. AT&T’s
supremacy in the long-distance field was as-
sured by its acquisition of a key radio inven-
tion, the Audion (§2.4), in 1914, making coast-
to-coast telephone service possible. With
AT&T’s 1881 purchase of Western Electric as
its manufacturing arm, the whole process of
manufacture, installation, and servicing could
be kept within the Bell companies.*

*This very control led to the eventual breakup of the tele-
phone monopoly. For several decades, AT&T operated as
a regulated monopoly under supervision of the Federal
Communications Commission. Development of micro-
wave and later satellite technology, along with a general



This centralization of control and exten-
sive electronic communication experience al-
lowed AT&T to dominate broadcasting briefly
in the 1920s when the company saw radio as
closely related to telephony (§2.9). The need
for long-distance terrestrial relay facilities used
for network interconnections was the basis of
AT&T’s continuing role in broadcasting into
the 1980s.

2.3 Big Business and Patents

Before turning to the development of wireless
communication, we must briefly examine the
industrial context for that development.
We've examined the precedents in journalism,
show business, and wire communication that
laid the groundwork for broadcasting. In our
discussion, we’'ve noted the importance of
patents in the control of technology. Under-
standing the basis of patents, and how compa-
nies were built around patents, is vital to
understanding the development of wireless
and radio.

Role of Patents To be valid, a patent
must describe a “novel” invention; it must in-
troduce something genuinely new, not merely

trend toward electronic miniaturization, began to revolu-
tionize the communications industry in the 1970s, and
firms offering specialized long-distance communications
began to compete with AT&T. The government grew
wary of AT&T’s monopolistic response to these compet-
ing firms and its apparent suppression of some promising
technologies. In 1974 the Department of Justice brought
suit to break up the Bell System on antitrust grounds. Af-
ter years of legal wrangling, the case was settled with a
1982 “consent decree,” wherein the defendant admitted
no wrong but changes were made. AT&T agreed to divest
itself of its local operating companies and to get out of the
local telephone business entirely, retaining the manufac-
turing arm and the country’s premier industrial research
operation, Bell Laboratories. Each of the now-indepen-
dent regional holding companies and the now-leaner
AT&T provide communication services to the electronic
media.
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improve on a previous invention. One of the
reasons inventor Lee de Forest would have so
much trouble defending his Audion patent
was that it built on a previous patent (§2.4).
Such interdependence was characteristic of
improvements in the radio field; as a result,
the history of wireless invention in the first
half of this century was marked by constant
patent litigation.

As we shall see, the grand objective of
wireless inventors was to carve out a self-
sufficient system, independent of the need to
get licenses from rival patent holders. The
more the wireless art progressed, the more
impossible that goal became. Literally
thousands of patents were on the books in
several different countries, and no patent
holder was safe from suit.

A patent gives an inventor an exclusive
property right to an invention for a period of
seventeen years. During that time the inven-
tor has a legal monopoly. The inventor can
manufacture and sell the product himself or
herself or can license others to do so. Patents
are intended to provide economic incentive to
encourage creativity. The Constitution, in Ar-
ticle I, Section 8, emphasizes the public inter-
est in invention rather than stressing the
private gain of inventors.

Patent control was at the core of the first
huge telecommunications monopolies, West-
ern Union and AT&T. Western Union, when
first offered the fledgling Bell patent in 1877
for a mere $100,000, turned down the chance,
figuring telephony was unimportant to their
sure monopoly position. Yet in a few years, te-
lephony’s expansion carried AT&T to much
greater size and scope than Western Union.
Indeed, the telephone firm bought control of
its older rival in 1910 and held it until pres-
sured by the government to sell in 1913.

Electrical Manufacturing During the
early years of this century, AT&T’s manufac-
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turing arm, Western Electric, was one of the
largest industrial concerns in the country.
With two other companies, General Electric
and Westinghouse, it largely dictated the di-
rection of the electrical industry and set the
tone for the industry’s reaction to early wire-
less communication.

General Electric was created by the 1892
merger of two earlier firms. GE took immedi-
ate interest in development of the vacuum
tube, which would prove crucial to wireless
innovation. The company also became a key
investor in early radio broadcasting, and to
this day it controls a group of stations that pio-
neered AM, FM, and television service. Its
great rival, Westinghouse, was founded on
the basis of control of the railroad air-brake
patent control. It owned broadcast stations
even before GE, including the pioneer station
KDKA (§2.8), and now controls radio and tele-
vision stations in a subsidiary known as
Group W.

Increasing use of electrical power after
1900 made both Westinghouse and GE ex-
tremely profitable. Together with AT&T’s
Western Electric, they formed an invincible tri-
umvirate in the fields of electrical lighting,
power, and transport manufacturing, as well
as in communication. Their patent control, ec-
onomic power, and know-how were all to
have a crucial impact on the emergence of
wireless and broadcasting.

2.4 Invention of Wireless

The notion that it should somehow be pos-
sible to do the job of the telegraph and the
telephone without using costly and confining
wire connections stimulated the inventive
juices of many scientists and tinkerers in the
last quarter of the nineteenth century. Their
goal was wireless communication — what we
now call radio.

Conflicting Claims Many inventors in
many countries claimed to have been the first
to solve the problem of wireless transmis-
sion. Most of those people who claimed the
invention had common access to some criti-
cally important scientific knowledge about
electromagnetic energy that had recently
been published by two physicists: (1) an 1873
theoretical paper by James Clerk Maxwell,
predicting the existence of invisible radiant
energy similar to light; and (2) the report of a
laboratory experiment by Heinrich Hertz, in
which he proved Maxwell’s theory by gener-
ating and detecting radio energy and measur-
ing its wavelength.

Maxwell, a Scot, hypothesized that elec-
tromagnetic wave energy must exist. Using
mathematical proofs and drawing upon ob-
servable facts about the behavior of light
waves, he constructed a theory about electro-
magnetic energy, hypothesizing that this en-
ergy existed not only as light but also in forms
invisible to the eye. Nearly twenty years went
by before Hertz, a German physicist, suc-
ceeded in a laboratory demonstration that de-
tected the invisible waves that Maxwell had
predicted. His 1888 paper Electromagnetic
Waves and Their Reflection led directly to the in-
vention of radio within a few years of its pub-
lication. In recognition of the importance of
his contribution, his name, abbreviated Hz,
has been adopted internationally as the stan-
dard way to express the frequency of radio
waves, with the meaning “one cycle per
second.”

Hertz sought to verify a scientific theory,
not to invent a method of communication. He
failed to realize the practical implications of
his experiments.

Marconi’s “’Releasing Touch” It re-
mained for Guglielmo Marconi — more an in-
ventor than a scientist — to supply the “right
releasing touch,” as a Supreme Court justice



put it in an opinion on a patent case many
years later (320 US 65, 1942).

Stimulated by Hertz’s paper, as a young
man Marconi experimented with equipment
similar to Hertz’'s, first indoors and then on
the grounds of his father’s estate in Italy. End-
less experiments with different shapes, sizes,
and types of antennas, ground systems, and
other components gradually improved the
performance of his pioneering wireless sys-
tem. Fortunately, Marconi had the leisure for
experimentation and the money for equip-
ment. Equally important, he had access
through his family to high official and busi-
ness circles.

As soon as Marconi had convinced him-
self that wireless was more than a laboratory
toy, he offered it to the Italian government,
only to be rebuffed. His mother, who came
from a well-known family of British whiskey
distillers, was able to arrange introductions to
important English postal and military officials,
the most likely customers in Britain for the in-
vention. Marconi went to London and regis-
tered his patent in 1896. He was twenty two.
In 1897 he launched his own company with
the help of his mother’s family. Its object was
to manufacture wireless equipment and to of-
fer wireless telegraphic services to the public.

To a remarkable degree Marconi com-
bined the genius of the inventor with that of
the business innovator. As an inventor he per-
sisted tirelessly, never discouraged, even by
hundreds of failed attempts at solving a prob-
lem. As a businessman he had a flair for effec-
tive public relations. In the early years of the
century he repeatedly staged dramatic and
convincing demonstrations to prove the use-
fulness of wireless (Exhibit 2.1). In 1909 Mar-
coni shared the Nobel prize in physics with
Germany’s Ferdinand Braun for achievements
in wireless telegraphy.

Among Marconi’s business ventures, the
U.S. branch of his company, known as Ameri-
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Exhibit 2.1 Guglielmo Marconi (1874-1937)

In a 1902 photo, the inventor examines the paper tape
on which a radiotelegraphic message is inscribed in
Morse code. At that time radio equipment was still very
crude, but the already well-developed equipment of wire
telegraphy was readily adaptable to the task of recording
wireless messages. Seated: George Kemp, Marconi’s
most trusted engineering assistant.

Source: Courtesy Smithsonian Institution, Washington,
D.C.

can Marconi, is of particular interest because it
had decisive influence on the development of
broadcasting in America. Founded in 1899,
American Marconi finally began to realize sub-
stantial profits in 1913 with its virtual monop-
oly on U.S. wireless communication: it owned
seventeen land stations and four hundred
ship’s stations. All these facilities used a wire-
less extension of the telegraph principle —
point-to-point communications between ships
and shore stations, between ships at sea, and
between countries.
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Signal Generation, Detection, and Am-
plification  After years of experimentation
with radio waves, the invention of the vacuum
tube oscillator provided the means for transmit-
ting a continuous signal. Only this continuous
signal could provide effective transmission of
speech via the new wireless technology. Early
experimental versions were in use by the end
of World War I, but at that time, the only ef-
fective means of long-distance wireless trans-
mission (of telegraphy, not voice, signals) was
by way of a huge, cumbersome device, the
Alexanderson alternator, perfected at General
Electric by Ernst Alexanderson for the experi-
ments of Reginald Fessenden (§2.6).

Another key problem in the development
of early wireless was achieving adequate detec-
tion, or sensing, of incoming signals. Marconi
and later inventors worked on a variety of ap-
proaches to this dilemma. In 1904 Marconi ob-
tained a U.S. tuner patent, which enabled his
transmitters to restrict their radiations to a lim-
ited group of frequencies. Receivers could
then select, or tune to, the desired frequen-
cies, excluding simultaneous signals present
in other parts of the spectrum.

Yet another early equipment drawback
was lack of signal amplification, at both the
sending and receiving ends. The electronic de-
vice that finally solved this problem, the Au-
dion, also solved the generation and detection
dilemmas, making possible radio as we know
it today. For that reason, the Audion’s inven-
tor, Lee de Forest, felt justified in titling his
autobiography Father of Radio (1950).

De Forest’'s Audion  After receiving a
Yale Ph.D. in 1899, de Forest worked first as
an engineer but soon began to devote all his
time to developing his own inventions. Fol-
lowing the leads of Edison’s electric light in
1883 and Marconi researcher Ambrose Flem-
ing’s vacuum tube patent of 1904, he experi-
mented with the idea of creating a radio

detector by using a glowing filament to heat
gas within a glass enclosure. Edison and Flem-
ing had both patented devices based upon the
then-unexplained fact that an electric current
would flow between the hot filament of an
electric lamp and a nearby metal plate inside
the lamp. Because such lamps or tubes had
two elements, the filament and the plate, they
were called diodes.

De Forest took the next crucial step by
adding a third element to the tube, making it a
triode. He positioned the new element, a grid,
between the filament and the plate. A small
voltage applied to the grid could control with
great precision the flow of electrons from fila-
ment to plate. Thus a weak signal could be-
come strong — amplification could occur. De
Forest first used the triode, or Audion, as one
of his associates dubbed it, in 1906.

Development of the Audion and the new
circuits to go with it took more than a dozen
years. lts first practical application was not to
radio but to telephony. In 1913 AT&T bought
telephone rights for vacuum tube repeaters
(amplifiers in telephone lines) from de Forest,
making the first long-distance service possible
two years later.

De Forest and the Feedback Circuit  All
the inventors of the wireless era engaged in
constant patent litigation, but de Forest seem-
ingly more than most. He filed over thirty pat-
ents in the pioneer years 1902-1906, and in all
was granted over one hundred. His most bit-
terly fought suit had to do with the feedback, or
regenerative, circuit — the subject of “the
most controversial litigation in radio history”
(Maclaurin, 1949: 78). This design feeds back
part of a received signal on itself, greatly in-
creasing signal strength. The circuit was of
vital importance because it increased tremen-
dously the sensitivity of radio receivers. In
fact, it has been called “as historic as the first
Bell telephone patent and as clearly decisive in



the development of the modern world” (Les-
sing, 1956: 78).

Four powerful companies claimed to hold
the controlling patent on this improvement,
including AT&T, with the de Forest patent,
and American Marconi, with a patent granted
to Edwin Armstrong. This four-way battle
moved in and out of the courts for twenty
years. In 1934, after the contenders had spent
millions of dollars in legal fees, the Supreme
Court finally decided in favor of de Forest.
Even the final court decision did not com-
pletely clear the atmosphere. Engineers today
generally recognize Armstrong’s claim, de-
spite the court’s award to de Forest.

This case shows how the growing compli-
cations of the wireless patent situation during
the early twentieth century made substantial
control of the new industry by the great corpo-
rations inevitable. They alone had the re-
sources to build up patent strength, to
withstand frequent court battles, and to un-
dertake the developmental work that patents
always need.

2.5 Initial Development of
Wireless Services

During its first two decades wireless as a busi-
ness made its money from supplying communi-
cations services. Wireless manufacturing was
not yet a big industry because the market for
the equipment was limited to the specialized
needs of the few communications service com-
panies. The mass market for millions of broad-
cast receivers and thousands of broadcast
transmitters lay in the future. The main de-
mand was for services that wire could not du-
plicate; therefore, overland wireless services
were not at first important. The efficient net-
work of existing telephone and telegraph lines
already did the job.
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Maritime Service  Ships at sea were the
first commercial customers for radio commu-
nication. Now they could communicate with
each other over long distances and with
coastal stations far beyond the horizon. Wire-
less was used in a maritime disaster as early as
1898. In 1909, when the S.S. Republic foun-
dered off New York, all passengers were
saved by wireless-alerted rescue ships. In that
same year wireless came to the rescue in other
emergencies at sea, and each year the number
increased (see Box, page 48).

Naturally, the naval powers of the world
took an immediate interest in military applica-
tions of wireless. Both the British and Ameri-
can navies began experimenting with ship
installations in 1899. The Japanese victory in
the Russo-Japanese War in 1904-1905 is
ascribed at least in part to the superiority of
their Marconi equipment to that used by the
Russian Navy.

Transoceanic Wireless  Long-distance ra-
dio communication across oceans held com-
mercial promise as an alternative to telegraph
cable, but because of technical limitations this
radio service did not become strongly compet-
itive until the 1920s. In the meantime, the
Marconi company, which dominated the
transatlantic wireless business, built several
high-power coastal spark-transmitter stations
in the United States and Canada prior to the
outbreak of World War I, in 1914.

In 1917 GE installed a 200-kilowatt Alex-
anderson alternator in New Brunswick, New
Jersey. The alternator, a huge and costly ma-
chine, put out a powerful very low frequency
(VLF) signal of about 20 kHz.* It represented a
major improvement in long-distance radio
communication.

*For more about the division of the radio frequency spec-
trum into bands, see Exhibit 5.4.
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The Titanic Disaster

In 1910 Wanamaker’s Department Stores
contracted with American Marconi to install
wireless stations in its outlets in Philadelphia
and New York. The Wanamaker stations ex-
changed messages between the two stores and
ships at sea. By chance, the store’s New York
station played a bit part in radio history, for it
was the first station to make contact with the
rescue ships involved in the 1912 Titanic disas-
ter. The young operator who ran that station
was David Sarnoff (§2.10), later to become the
preeniinent industrial leader in broadcasting
and electronics.

A luxury liner advertised as unsinkable,
the Titanic struck an iceberg and sank in the
mid-Atlantic on her maiden voyage from Brit-
ain to the United States. A heroic Marconi op-
erator stayed at his post and went down with
the ship. Some 1,500 people died —among
them some of the most famous names in the
worlds of art, science, finance, and diplomacy
— partially because nearby vessels had but one
radio operator each (as then required), who
had turned in for the night. Only by chance

did a ship some fifty miles distant hear the dis-
tress calls and steam full speed to the rescue of
about seven hundred survivors.

The fact that for days radiotelegraphy
maintained the world’s only thread of contact
with the survivors aboard a rescue liner
brought the new medium of wireless to public
attention as nothing else had done. Subse-
quently, inquiries revealed that a more sensible
use of wireless (such as a 24-hour radio watch)
could have prevented the accident, or at least
decreased the loss of life. Because of these find-
ings, the Titanic disaster had an important in-
fluence on the worldwide adoption of stringent
laws governing shipboard wireless stations. It
also set a precedent for regarding the radio
business as having a special public responsibil-
ity. This concept carried over into broadcasting
legislation a quarter of a century later.

Sources: Titanic, courtesy United Press International/
Bettman; Sarnoff, courtesy RCA.




During the 1920s the alternator was dis-
placed by vacuum tube transmitters. They en-
abled development of the short-wave (high-
frequency) portion of the spectrum (§5.1),
which turned out to be much more efficient
than the lower frequencies previously used for
long-distance communication. A dramatic rise
in transatlantic radio traffic followed.

Wireless in World War I~ When U.S. di-
rect participation in the war began in April
1917, the navy took over all U.S. wireless sta-
tions, commercial and amateur alike, and ei-
ther dismantled them or ran them as part of
the navy’s own facilities, which included
thirty-five shore stations.

The Army Signal Corps also used radio, as
did the Air Service. However, U.S. combat
participation was so brief, and the trench war-
fare in Europe so static, that radio’s uses were
limited. The navy, however, having the most
urgent need for wireless, had been developing
its use since the turn of the century. Some ten
thousand soldiers and sailors received training
in wireless. After the war they helped popu-
larize the new medium. They formed part of
the cadre of amateur enthusiasts, laboratory
technicians, and electronics manufacturing
employees that constituted the ready-made
first audience for broadcasting.

In order to mobilize the total wireless re-
sources of the country for war, the Navy de-
creed a moratorium on patent suits.
Manufacturers agreed to pool their patents,
making them available to each other without
risk of suits for infringement. Such extraordi-
nary measures were necessary because by that
time the tangled web of conflicting patent
rights had begun to strangle the progress of
wireless manufacturing.

The wartime patent pool broke this stale-
mate. After the war, the radio industry prof-
ited from its wartime experience by
voluntarily entering into patent-pooling agree-
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ments. These, as we shall see, had important
implications for broadcasting in the 1920s.

Military purchases and a moratorium on
patent suits greatly increased the quantity and
sophistication of wartime wireless manufac-
turing. The war served as a transitional pe-
riod. In prewar days the wireless industry had
been dominated mainly by inventor-entrepre-
neurs, struggling to market their discoveries
while at the same time feverishly experi-
menting on new ones (§2.6). After the war,
big business took over. AT&T had added
wireless rights to its original purchase in 1914
of telephonic rights from de Forest. General
Electric was in the forefront with the powerful
Alexanderson alternator and the ability to
mass-produce vacuum tubes. Westinghouse,
also a producer of vacuum tubes, was casting
about for new ways of capitalizing on
wireless.

2.6 Experiments with
Radiotelephony

All the wireless services we have been
discussing used radiotelegraphy, not voice
transmissions. Throughout this early period,
however, eager experimenters sought the
key to radiotelephony, the essential precursor
of broadcasting.

Fessenden’s 1906 ““Broadcast”  The first
known wireless transmission using radiote-
lephony and resembling what we would now
call a broadcast took place in 1906, and was
made by Reginald Fessenden. Using an ordi-
nary telephone microphone and his Alex-
anderson alternator to generate radio energy
(§2.5), Fessenden made his historic transmis-
sion on Christmas Eve 1906 from Brant Rock, a
site on the Massachusetts coast south of Bos-
ton (Exhibit 2.2). Fessenden himself played a
violin, sang, and read from the Bible. He also
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Exhibit 2.2 Reginald Fessenden (1866-1932)
at Brant Rock

P R .
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Fessenden (center) stands with some of his associates in
front of the building where he made the historic 1906
broadcast. The column in the background is the base of
his antenna.

Source: Courtesy Smithsonian Institution, Washington,
D.C.

transmitted the sound of a phonograph re-
cording. Ships’ operators heard the transmis-
sion far out at sea, utterly amazed to hear
actual voices and musical tones in earphones
that up to then had reproduced only static and
the harsh staccato of Morse code. In a sense
this event marked the start of broadcasting,
though of course it lacked the essential attri-
bute of continuousness of service. Fes-
senden’s historic transmission was merely the
first in a long string of demonstrations that
would culminate in the start of regular broad-
casting services in 1920.

De Forest’s Experiments  The prolific in-
ventor who patented the Audion (§2.4) also
felt the challenge of radiotelephony. Lee de
Forest, a lover of fine music, naturally turned
toward the idea of using radiotelephony to
communicate sound. In 1907, hard on the
heels of Fessenden, de Forest made experi-
mental radiotelephone transmissions from a
building in downtown New York City (Exhibit
2.3).

In 1916 de Forest began using his Audion
as an oscillator to generate radio frequency en-
ergy. In doing so he opted for electronic
means, rather than the mechanical means of
the Alexanderson alternator. He set up an ex-
perimental transmitter that year in his Bronx
home and began to transmit phonograph re-
cordings and announcements. He even trans-
mitted election returns in the fall of 1916,
anticipating by four years a similar program
on KDKA, now considered to be the oldest
regular broadcasting station (§2.8).

The Fessenden and de Forest radiotele-
phone transmissions are examples of the
many experiments that were conducted at uni-
versity laboratories and in private research fa-
cilities throughout the United States and
elsewhere in the world during the early years
of the century.
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Exhibit 2.3 Lee de Forest (1873-1961)

The inventor is shown in 1907 with a transmitter of the type used in his famous 1907
voiceeast, along with a shipboard receiver of the type that picked up the transmissicn.

Sources: Courtesy Smithsonian Institution, Washington, D.C. and Culver Pictures.

2.7 Government Monopoly: The
Road Not Taken

The Navy’s Claims  World War I ended
in November 1918, yet the navy did not relin-
quish control of radio properties until early in
1920. The critical decisions made during this
delay of over a year affected the whole future
of radio in the United States.

Was radio too vital to entrust to private
hands? The U.S. Navy thought so. In fact, the
navy had always asserted jurisdiction over ra-
dio as a natural right, assuming that it was

destined to remain primarily a marine service.
The navy supported a bill, introduced into
Congress late in 1918, proposing in effect to
make radio a permanent government monop-
oly. Despite strong arguments from navy
brass at the congressional hearings, the bill
failed to get out of committee. Its wartime
powers over civilian radio having thereby
lapsed, the navy reluctantly turned the sta-
tions it had seized back to private ownership
early the next year.

The Alternator Issue  Restoration of pri-
vate ownership meant, however, turning over
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most commercial wireless communication fa-
cilities in the United States to a foreign com-
pany, American Marconi. Moreover, that
company seemed about to capture exclusive
rights to use a most important American in-
vention — the Alexanderson alternator that
had greatly improved transoceanic radioteleg-
raphy during the war. Marconi had grasped
the significance of the original alternator three
years earlier and had started negotiations with
GE for exclusive rights to its use. The talks
had been interrupted by the U.S. entry into
the war, but in March 1919 the negotiations
were reopened. The navy was deeply dis-
turbed at the prospect of American Marconi
consolidating its U.S. monopoly by captur-
ing the exclusive rights to the Alexanderson
alternator.

British Marconi found itself caught in a
squeeze play. The U.S. government made no
actual overt move to expropriate British Mar-
coni’s American holdings. But with tacit gov-
ernment approval, negotiations for the sale of
American Marconi were carried out privately
by Owen D. Young, board chairman of Gen-
eral Electric. The Marconi company’s position
in the United States was plainly untenable.

RCA Founded Under such pressures
British Marconi agreed to sell its stock in its
American subsidiary to General Electric, on
condition that it be allowed to buy Alexander-
son alternators for its own use outside the
United States. GE thereupon created a new
subsidiary in the fall of 1919 to carry on Amer-
ican Marconi’s extensive wireless telegraphy
business — the Radio Corporation of America
(RCA). Under RCA’s charter all its officers had
to be Americans and 80 percent of its stock
had to be in American hands.

RCA took over American Marconi’s assets
on November 20, 1919. Eventually RCA’s
name became closely linked with broadcast-
ing, but in 1919 its first permanent broadcast-

ing station was still a year away and its
founders had no plans to enter that field.
Westinghouse and AT&T joined General
Electric as investors in the new corporation.
AT&T sold its RCA interest in 1923. RCA re-
mained under the control of General Electric
and Westinghouse until, in order to settle an
antitrust suit, they sold their stock in 1932,
making RCA an independent corporation, as
it remained until repurchased by GE in 1986.
David Sarnoff had followed up the
favorable notice he had won in connection
with the 1912 Titanic disaster (see Box, page
48) by becoming assistant traffic manager of
American Marconi’s radiotelegraphic busi-
ness. In 1919, when American Marconi be-
came RCA, he stayed on with the new
company, promoted to commercial manager.
His role was to convert the company from a
collection of small radiotelegraph firms into a
major corporation presiding over numerous
subsidiary companies. In 1930 he became
president of the company and in 1947 chair-
man of the board, finally retiring in 1969. As
Time said in its obituary in 1971, his was "one
of the last great autocracies in U.S. industry.”

Cross-Licensing: Phase 1  RCA’s mission
was more than to take over the half-dozen
American Marconi wireless communication
businesses. Each of its parent companies held
important patents, yet each found itself
blocked by patents held by the others. As GE’s
(and RCA’s) board chairman, Owen D.
Young, testified to a Senate committee, "It
was utterly impossible for anybody to do any-
thing in radio, any one person or group or
company at that time [1919]. . . . Nobody had
patents enough to make a system. And so
there was a complete stalemate’” (Senate CC,
1930: 1116). Young proposed that in RCA the
major patent rivals could find common meet-
ing ground. Accordingly, in the period 1919 to
1923 the contenders worked out a series of



cross-licensing agreements, modeled after the
World War 1 patent pool. These allowed the
signatory companies to use one another’s pat-
ents, dividing income.

In addition to resolving the patent stale-
mate, the cross-licensing agreements divided
up the communications pie, giving each com-
pany exclusive rights in its special area of in-
terest. General Electric and Westinghouse
used the pooled patents to manufacture elec-
tronic goods. RCA acted as their sales agent.
AT&T’s exclusive right to manufacture, sell,
and lease transmitters for commercial use was
intended to ensure the telephone company’s
control over telephonic communication,
whether by wire or wireless means. GE and
Westinghouse were allowed to make transmit-
ters for their own use but not for sale to
others. Within a few years, however, these
carefully worked out plans were thrown into
utter confusion by the astonishingly rapid
growth of a brand-new use for radiotelephony
— radio broadcasting.

2.8 The “First’”” Broadcast Station

Amateur Beginnings In 1920 Dr. Frank
Conrad, an engineer with Westinghouse in
Pittsburgh, operated an amateur radiotele-
phone station, 8XK, in connection with experi-
mental work at the factory (Exhibit 2.4).
Conrad fell into the habit of transmitting rec-
orded music, sports results, and the like in re-
sponse to requests from other amateurs.
These informal programs built up so much in-
terest that they began to get mentioned in the
newspapers. None of this was particularly un-
usual; similar amateur transmissions had been
made by other experimenters, in other parts of
the world as well as elsewhere in the United
States (§2.6). What made Conrad’s 8XK trans-
missions unique was the chain of events they
set in motion.
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Horne’s department store in Pittsburgh,
noting the growing public interest in wireless,
sensed an opportunity to develop a hitherto
untried commercial sideline. Previously, wire-
less had been primarily the domain of engi-
neers and earnest amateurs. Now it seemed
the general public might be willing to buy
ready-built receiving sets. Horne’s installed a
demonstration receiver in the store and ran a
box in their regular newspaper display adver-
tisement of September 22, 1920. It was head-
lined “Air Concert ‘Picked Up’ by Radio
Here,” and concluded: “Amateur Wireless
Sets made by the maker of the Set which is in
operation in our store, are on sale here

$10.00 up.”

Opening of KDKA  Westinghouse execu-
tives had been looking for a profitable entry
into the consumer communications field; in
fact they had already explored several possible
new types of radio service. Thus they were
alert to the implications of Horne’s modest ad-
vertisement. They saw the possibility of a
novel merchandising tie-up: Westinghouse
could manufacture home radiotelephone re-
ceivers and at the same time create a demand
for the new product by transmitting programs
for the general public. Accordingly, Westing-
house Vice President H.P. Davis ordered con-
version of a radiotelegraph transmitter for
radiotelephony. It went on the air as station
KDKA from an improvised studio on the roof
of the Westinghouse factory in East Pittsburgh
on November 2, 1920.

KDKA'’s opening was scheduled to coin-
cide with the presidential election of 1920 so
that the maiden broadcast could take advan-
tage of public interest in the voting results.
This first KDKA program consisted of news
about the Harding-Cox presidential election,
fed to the station by telephone from a news-
paper office, interspersed with phonograph
and live banjo music.
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Exhibit 2.4 Conrad’s 8XK and Its Successor, KDKA

'
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T

Frank Conrad’s transmitter (left) is typical of the improvised setups used by wireless
inventors and experimenters. It contrasts with the KDKA professional broadeasting facilities,
from which the Harding-Cox election returns were broadcast on November 2, 1920.

Source: Courtesy Group W (Westinghouse Broadcasting Co.), Pittsburgh, PA.

The Listeners  Broadcasting would have
developed much more slowly than it did had
it not been for a ready-made audience of
the thousands of amateur set-builders who
created a demand for a type of radio ser-
vice never before supplied commercially —
entertainment.

In order to appreciate the fascination of
the 8XK and early KDKA transmissions for lis-
teners of the day, we have to remember that
previously, with rare exceptions, the only sig-
nals on the air had been in code. To hear mu-
sic and the human voice instead of the
monotonous drone of Morse was a startling
and thrilling experience for listeners.

The audience quickly expanded beyond
the original nucleus of amateurs. Ready-made
crystal sets were cheap, and many receivers
were inexpensive homemade affairs.* More-
over, the experience of listening-in created an
insatiable public appetite for bigger and better
receiving equipment: first (after 1922) a detec-
tor vacuum tube, then another tube for an am-

*A homemade set consisted at the minimum of a hand-
wound coil (a round Quaker Oats box was a favorite form
on which to wind the coil) with a slide to make contact at
various points along the coil as a means of tuning, a crys-
tal, and a pair of earphones. A simple length of wire
strung outdoors acted as an antenna.



plifier, then more tubes for a superheterodyne
circuit, then a loudspeaker. Manufacturers
could not keep up with the demand.

KDKA’s  Success  Because broadcast
channels were as yet uncrowded, station in-
terference did not exist and KDKA’s sky wave
(85.6) could be picked up at great distances.
Newspapers all over the country and even in
Canada printed the station’s program logs. To
assist DX (long-distance) listeners, stations
later observed a local “silent night”” each week
when they went off the air so as not to inter-
fere with incoming signals from distant sta-
tions (Barnouw, 1966: 93).

In its first year of operation, KDKA pio-
neered in broadcasting many types of pro-
grams that later became standard radio fare:
orchestra music, church services, public-
service announcements, political addresses,
sports events, dramas, and market reports
(Exhibit 2.5). But one now-familiar type of
broadcast material was conspicuously absent
— commercials. Westinghouse did not sell ad-
vertising but rather bore the entire expense of
operation as a means of promoting sales of its
own products. It was taken for granted that
each firm that wanted to promote its wares
over the air would open its own station and
do likewise.

KDKA meets five criteria that qualify it as
the oldest U.S. station still in operation, despite
earlier experiments, demonstrations, and tem-
porary operations: KDKA (1) used radio
waves, (2) to send out noncoded signals, (3) in
a continuous scheduled program service,
(4) which was intended for the general public,
and (5) was licensed by the government to
provide such a service (Baudino & Kittross,
1977).%

*There was of course no broadcastmg license as such in
1920. KDKA received a license equivalent to the ones is-
sued to commercial shore stations that exchanged
messages with ships under the Radio Act of 1912 (§2.11).
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Competition Begins  Westinghouse did
not have the field to itself for very long.
Broadcast station operation had strong appeal
for department stores, newspapers, educa-
tional institutions, churches, and electrical
equipment supply dealers. The number of sta-
tions increased slowly in 1920, with 30 licenses
issued by the end of the year. In the spring of
1922, however, the new industry began to
gather momentum. In that year alone 100,000
sets were sold. By May over 200 stations had
been licensed, and the upward trend contin-
ued the next year, reaching 576 early in 1923.

Among these early stations, however,
mortality was high. Would-be broadcasters
hastened to get in on the ground floor of —
they knew not quite what. Inadequately
backed stations soon fell by the wayside. Edu-
cational stations were particularly heavy losers
in this process of elimination.

2.9 Radio Broadcasting vs.
Radiotelephony

No such problems of money or managerial
support bothered the two leading New York
stations, representing major groupings in the
patent-pooling consortium — WJZ, flagship
station of the Radio Group (General Electric,
Westinghouse, and RCA), and WEAF, flag-
ship of the Telephone Group (AT&T and
Western Electric). They represented two op-
posing philosophies of broadcasting.

Radio Group Station  Westinghouse
opened WJZ in October 1921. That station,
like KDKA, started in a Westinghouse factory,
this one in Newark, New Jersey. Westing-
house transferred ownership of WJZ to RCA,
which moved it across the river to Manhattan
as the flagship station of the Radio Group. As
manufacturing companies, the Radio Group at
first saw WJZ as a sales-promotion device,
a good way to stimulate interest in their
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Exhibit 2.5 KDKA'’s Studio in 1922

Before development of the modern acoustic wall treatments, heavy drapes were used to
dampen reverberation. The producer Robert Saudek visited this studio as a boy, remembering
it as ""very much like the inside of a burlap-lined casket. Burnt orange, a favorite decorator
color in 1922, was chosen for the draped silk meringues that billowed from the ceiling”’
(Saudek, 1965: 25).

Source: KDKA Radio Photo, Pittsburgh, PA.

own products. Attractive programming was
needed to motivate people to buy receivers.
WJZ therefore accepted from the start the re-
sponsibility for producing its own programs.

Telephone Group Station AT&T’s
WEAF went on the air August 16, 1922. The
company spared no expense because WEAF
served as a laboratory for experimenting with

ways of making a profit out of the new me-
dium. As the country’s leading communica-
tion firm, AT&T gave WEAF every technical
advantage.

Programming was a different matter.
AT&T explained that it would “furnish rno pro-
grams whatsoever over that station” (Dept. of
Commerce, 19227, italics supplied). In other
words, telephone company officials thought



of broadcasting as a common carrier, as a new
form of telephony. In a 1922 press release
about WEAF, AT&T emphasized the point:

Just as the company leases its long distance wire facili-
ties for the use of newspapers, banks, and other con-
cerns, so it will lease its radio telephone facilities and
will not provide the matter which is sent out from this
station. (Quoted in Banning, 1946: 68)

It soon became clear, however, that the
idea of filling the schedule entirely with leased
time simply would not work. Not only were
there not enough customers at first, but more
important, advertisers were not prepared to
fill their leased time with program material ca-
pable of attracting listeners. The telephone
company therefore found itself forced into
show business after all — a decidedly uncom-
fortable role for a regulated monopoly ex-
tremely sensitive about maintaining a serious
and dignified public image.

Rival Theories Thus the two groups
started with opposing theories about the way
broadcasting should work. In the end it
turned out that each group was partly right,
partly wrong. The idea of the Radio Group
that each advertiser would own a separate sta-
tion devoted exclusively to promoting that ad-
vertiser’'s goods was not practicable. The
Telephone Group correctly foresaw that the
number of stations would have to be limited,
and that each station would be used by many
different advertisers. It miscalculated, how-
ever, in placing the primary emphasis on mes-
sage senders rather than on the interest of the
general public, whose good will had to be
earned. In this matter the Radio Group’s con-
cept — to accept responsibility for providing a
service to the receiving public, emphasizing
the public’s own needs and wishes — pre-
vailed. It took about four years for these con-
flicting ideas to sort themselves out.
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“Toll” Broadcasting  WEAF called adver-
tiser-leased time "toll” broadcasting. Its first
lease of facilities for a toll broadcast occurred
on August 28, 1922. A Long Island real-estate
firm paid a $50 toll for ten minutes of time,
during which it explained the advantages of
living in Hawthorne Court, an apartment
complex in the Jackson Heights section of
New York.

True to the telephone company’s concept,
WEAF at first allowed advertisers to fill entire
segments of leased time with promotional
talk. The idea that advertising messages
would occupy only occasional one-minute-or-
less announcements in programs consisting
mostly of entertainment came later.

AT&T thought in terms of institutional ad-
vertising, the type it used itself. Nothing so
crass as price could be mentioned. In 1923 the
first weekly advertiser appeared on WEAF,
sponsoring a musical group it called ""The
Browning King Orchestra” — a handy way to
ensure frequent mention of the sponsor’s
name. The fact that Browning King sold cloth-
ing, however, was never discussed.

AT&T Monopoly on Radio Advertising
Even had it wished to, WJZ was not in a posi-
tion to sell time to advertisers, as did WEAF.
A clause in the patent cross-licensing agree-
ments (§2.7) gave AT&T the exclusive right to
sell radio transmitters that used patents in the
pool. AT&T refused to sell to radio stations
that planned to offer broadcast time for sale,
unless those stations paid it a license fee for
that right.

AT&T foresaw that if every firm that
wanted to advertise bought its own station,
interference would become intolerable. It had
already received no less than sixty requests for
delivery of transmitters from would-be broad-
casters in the New York area alone. Shared
use of facilities by advertisers, therefore,
seemed essential.
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The effect of AT&T’s policy on commercial
operation was soon reflected in the relative ec-
onomic positions of WJZ and WEAF. Within a
few years, WJZ was costing the Radio Group
$100,000 a year to operate without realizing
any direct income whatever, while WEAF was
grossing $750,000 in advertising revenue
annually.

AT&T was not so successful in preventing
other stations from infringing on its patent
rights. By early 1923, 93 percent of the 576 sta-
tions on the air were selling time in violation
of AT&T restrictions (Banning, 1946: 134).
Worried about the charges of monopoly, the
telephone company was reluctant to take ag-
gressive action against the infringers. Rather
than let its rights go by the board completely,
AT&T reluctantly issued licenses to the trans-
mitter owners, permitting them to operate
commercially.

“Chain”” Broadcasting  AT&T also inter-
preted the cross-licensing agreements as giv-
ing it the right to prevent other broadcasters
from connecting broadcast equipment to its
telephone lines. WEAF soon began to capital-
ize on this advantage.

In 1923 the first permanent interconnec-
tion was set up, between WEAF and WMAF
(South Dartmouth, Massachusetts), the latter
owned by a rich eccentric who operated
WMAF for his own amusement but who had
no means for programming the station. He
persuaded WEAF to feed him both toll (com-
mercial) and nontoll (sustaining) programs,
paying a fee for the latter and broadcasting the
commercial programs without additional cost
to the advertisers.

AT&T gradually added to its “’chain” (net-
work) of stations. By October 1924 it was able
to set up a temporary coast-to-coast chain of
twenty-two stations to carry a speech by Presi-
dent Calvin Coolidge. The regular WEAF net-
work at this time, however, consisted of only

six stations, to which WEAF fed three hours of
programming a day. Interconnection was by
regular AT&T telephone lines. But by 1926 the
telephone company began setting aside per-
manently equalized circuits for the exclusive
use of its radio network.

Meanwhile WJZ, already prevented by the
cross-licensing agreements from selling adver-
tising, was also refused network interconnec-
tion by AT&T. The Radio Group’s station
turned to the telegraph lines of Western Un-
ion, but telegraph wires pass such a narrow
band of frequencies that these lines were far
less satisfactory for broadcast programs than
AT&T’s telephone lines. Despite these diffi-
culties, WJZ in 1923 opened a station in Wash-
ington, D.C., and by 1925 it had succeeded in
organizing a network of fourteen stations.

New Cross-Licensing Agreements  The
rivalry between WEAF and WJZ was not the
only source of irritation among the companies
that signed the patent-pooling agreements of
1919-1923 (§2.5). The market for broadcasting
equipment, and in particular the mass market
for receivers, upset the delicate balance of
commercial interests that cross-licensing had
devised.

The fad that Horne’s department store an-
ticipated in 1920 had really caught on: “The
public appetite for sets was insatiable and not
to be filled for years. Queues formed before
stores that had any sets or parts. Dealers were
a year catching up on orders” (Lessing, 1969:
111).

Between 1923 and 1926 continual behind-
the-scenes negotiations went on aimed at
settling the differences among the cross-
licensees. A federal suit, alleging that the pool
violated antitrust laws, added urgency to the
need for action. By 1926 the telephone com-
pany was ready to admit that it had been mis-
taken in its original concept of broadcasting as
just another branch of telephony.



Accordingly, the signatories of the cross-
licensing agreements finally arrived at a re-
vised set of three agreements in July 1926. The
new agreements redistributed and redefined
the rights of the parties to use their commonly
owned patents and to engage in the various
aspects of the business that grew out of the
patents. Briefly summarized, the following
terms directly affected broadcasting:

1. AT&T was granted exclusive control over
wire telephony and two-way wireless telephone
(that is, nonbroadcast radiotelephony).

2. Telephony was defined in a way that left
AT&T in control of both wire and future wire-
less relays used for broadcasting.

3. RCA agreed to lease network relay facilities
from AT&T.

4. Western Electric was barred from compet-
ing with the Radio Group in the manufacture of
radio receivers.

5. AT&T surrendered its exclusive right to
use the pool patents to control the manufac-
ture of broadcast transmitters.

6. AT&T agreed to sell WEAF and all its other
broadcasting assets to the Radio Group for a
million dollars.

7. AT&T agreed not to reenter the broadcast-
ing field. RCA received the right to carry on
commercial broadcasting.

It would be difficult to overestimate the
significance of the 1926 cross-licensing revi-
sions to the future of broadcasting in America.
As long as the two groups of major communi-
cations companies disagreed about fundamen-
tal policies, broadcasting’s economic future
remained uncertain. The 1926 agreements re-
moved this uncertainty.

2.10 Evolution of Radio

NBC Organized A few months after the
1926 settlement, the Radio Group, under
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David Sarnoff’s leadership, created a new sub-
sidiary, the National Broadcasting Company
(NBC). NBC was the first company organized
solely and specifically to operate a broadcast-
ing network. Its four-and-a-half-hour coast-to-
coast inaugural broadcast took place on No-
vember 15, 1926. The twenty-five stations in
the network reached an estimated five million
listeners on that occasion. Not until 1928,
however, did coast-to-coast network opera-
tions begin on a regular basis.

Starting with the new year in 1927, RCA
organized NBC as two semiautonomous net-
works, the Blue and Red. WJZ (later to be-
come WABC) and the old Radio Group
network formed the nucleus of the Blue;
WEAF (later to become WNBC) and the old
Telephone Group network formed the nucleus
of the Red. This dual network arrangement
arose because NBC now had duplicate outlets
in New York and other major cities. By tying
up two of the best stations in major cities, and
by playing one network off against the other,
NBC gained a significant advantage over the
rival networks that had begun to develop.

Paley and CBS  The second network fol-
lowed soon after NBC, in 1927. It began as
United Independent Broadcasters (UIB),
launched by an independent talent-booking
agent who wanted an alternative to NBC as an
outlet for his performers. Off to a rocky start,
the UIB network went through rapid changes
in ownership, picking up along the way the
name Columbia Phonograph Broadcasting
System as a result of an investment by a rec-
ord company. The latter soon withdrew, but
UIB retained the right to use the Columbia
name.

The network’s future remained uncertain
until September 1928, when William S. Paley
purchased the “patchwork, money-losing lit-
tle company,” as he later described it. At that
point it had only twenty-two affiliates. Paley
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quickly turned the failing network around
with a new affiliation contract. In his autobi-
ography a half-century later he recalled:

I proposed the concept of free sustaining service . . . 1
would guarantee not ten but twenty hours of program-
ming per week, pay the stations $50 an hour for the
commercial hours used, but with a new proviso. The
network would not pay the stations for the first five
hours of commercial programming time . . . to allow
for the possibility of more business to come, the net-
work was to receive an option on additional time.

And for the first time, we were to have exclusive
rights for network broadcasting through the affiliate.
That meant the local station could not use its facilities
for any other broadcasting network. | added one more
innovation which helped our cause: local stations
would have to identify our programs with the CBS
name. (Paley, 1979: 42)

The Paley innovations outlined in the
above passages became standard practice in
network contracts, though some of the more
restrictive terms were later banned by the Fed-
eral Communications Commission.

Paley also simplified the firm’s name, call-
ing it Columbia Broadcasting System (the cor-
porate name was later further simplified to
CBS, Incorporated), and bought a New York
outlet as the network flagship station (now
WCBS). From that point on CBS never
faltered, and Paley eventually rivaled Sarnoff
as the leading executive in the history of
broadcasting in America (see Box, page 61).

Doubts About Commercialism  Paley’s
enthusiasm for the exploitation of radio as an
advertising medium was not universally
shared in the 1920s. At the First Radio Confer-
ence, called by Secretary of Commerce Her-
bert Hoover in Washington in 1922 (§2.11), the
sentiment against advertising had been almost
universal.

At the Fourth Radio Conference, in 1925,
broadcasters still considered direct advertising

objectionable, recommending good-will an-
nouncements only. Two years later the author
of a book titled Using Radio in Sales Promotion
could write, “the broadcast listener regards
any attempt at radio advertising as an affront”
(Felix, 1927: 211). As the book’s title implies,
the author saw radio only as a supplement to
direct advertising: "clearly it is not an adver-
tising medium, useful in disseminating sales
arguments and selling points” (8). The same
concept had governed WEAF's early experi-
ments with toll broadcasting, described in
§2.9.

But only a year or so later, under the pres-
sure of rising operating costs and advertiser
interest, advertising became more acceptable
and much more common. Because stations
themselves had not yet developed the produc-
tion and programming skills needed for mass
appeal entertainment, advertising agencies
moved in and took over the programming
role, introducing the idea of sponsorship. Spon-
sors did more than simply advertise: they also
brought to the networks the shows that
served as vehicles for their advertising
messages. Advertising agencies thus became
program producers, and during the height of
network radio’s popularity most major en-
tertainment shows were controlled by agen-
cies on behalf of their advertiser clients.

The agencies evaded early network rules
against frequent mention of sponsors by tack-
ing trade names to performers’ names. Audi-
ences of the late 1920s heard ""The Cliquot
Club Eskimos,” "The A&P Gypsies,” "“The
Ipana Troubadours,” and so on. An opening
"billboard” from this period manages to add
four indirect product mentions to the permis-
sible single direct mention of sponsor name
and product name:

Relax and smile, for Goldy and Dusty, the Gold
Dust Twins, are here to send their songs there, and
brighten the corner where you are.”” The Gold Dust
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)

Sarnoff and Paley

Both these pioneers of network broadcasting
came from immigrant Russian families, but
there the similarity ceases. Sarnoff (left) rose
frem the direst poverty, a self-educated and
self-made man. In sharp contrast, Paley (right)
had every advantage of money and social posi-
tion. After earning a degree from the Wharton
School of Business at the University of Penn-
sylvania in 1922, he joined his father’s prosper-
ous cigar company.

The differences between Sarnoff and Paley
extended to their personalities and special
skills. Sarnoff was “an engineer turned busi-
nessman, ill at ease with the hucksterism that
he had wrought, and he did not condescend to
sell, but Bill Paley loved to sell. CBS was Paley,
and he sold it as he sold himself” (Halberstam,
1979: 27).

Sarmoff had been introduced to radio by
way of hard work at the telegraph key, Paley
by way of leisurely DX listening: “As a radio
fan in Philadelphia, I often sat up all night,
glued to my set, listening and marveling at the
voices and music which came into my ears
from distant places,” he recalled (Paley, 1979:
32).

Paley’s introduction ta the business of ra-
dio came by way of sponsored programming.
After becoming advertising manager of his fa-
ther’s cigar company in 1925, he experimented
with a program on WCAU (Philadelphia). Im-
pressed with the results, he explored radio fur-
ther. The rest is history.

Sources: Sarnoff, courtesy RCA; Paley, courtesy CBS.
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Corporation, manufacturer of Gold Dust Powder, en-
gages the facilities of station WEAF, New York,
WJAR, Providence, WCAE, Pittsburgh, WGR, Buf-
falo, WEEI, Boston, WFI, Philadelphia, and WEAR,
Cleveland, so that listeners-in may have the opportu-
nity to chuckle and laugh with Goldy and Dusty. Let
those Gold Dust Twins into your hearts and homnes
tonight, and you'll never regret it, for they do
brighten the dull spots. (Quoted in Banning, 1946:
262)

Anyone not already aware of the product
could hardly guess that the commercial refers
to laundry soap powder.

Most commercial programs were musical
variety shows, sponsored by advertisers of
batteries, radios, soft drinks, bread, and
candy. Even though such down-to-earth de-
tails as the mentioning of price were still
banned, advertising was already well on its
way to Lecoming the dominant factor in
broadcasting in America.

A Still Small Voice The federal govern-
ment had licensed many of the earliest broad-
casting stations to universities, outgrowths of
experiments in their science and engineering
laboratories. Though usually operated non-
commercially, educational AM stations held the
same kind of licenses as commercial stations,
since the Radio Act of 1927 (§2.11) made no pro-
visions for a separate noncommercial service. As
channels increased in commercial value, most of
these educational stations lost their assignments
to commercial interests. Only a score survived,
representing a still, small voice crying out for
broadcast pluralism in the ever growing com-
mercial wilderness (§4.6).

2.11 Government Regulation

There remains one final foundation block to
put in place before the story of broadcasting’s

emergence is complete: the passage of legisla-
tion capable of imposing order on the new
medium.

Regulation of Wire The government’s
decision to return radio to private operation
after World War 1 (§2.7) did not mean aban-
donment of government oversight. Since the
beginning of telegraphy, governments
throughout the world had recognized that
both national and international regulation
were essential to fair and efficient operation of
telecommunication systems. In 1865, twenty-
five European countries drew up the Interna-
tional Telegraphic Convention, precursor of
the International Telecommunication Union
that now provides a cooperative world forum
for administration and allocation of wire and
wireless communication. Thus prior experi-
ence in the regulation of the wire services set a
pattern for radio regulation.

Maritime Wireless Regulation  The first
international conference specifically con-
cerned with wireless communication took
place in Berlin in 1903, only six years after
Marconi’s first patent. Its main object, in fact,
was to deal with the Marconi Company’s re-
fusal to exchange messages with rival mari-
time wireless systems. It was agreed at the
conference that humanitarian considerations
had to take precedence over commercial rival-
ries when human lives were at stake in mari-
time emergencies. Three years later, at the
Berlin Convention of 1906, nations agreed to
require ships to be equipped with suitable
wireless gear and to exchange 5OS5 messages
freely among different commercial systems.*

*The international distress, or SOS, frequency was set at
500 kHz. This decision had a bearing on the eventual allo-
cation of the broadcasting band. It would have been more
efficient to start the AM band lower in the spectrum, but
this was prevented by the need to avoid interference with
the 500-kHz distress frequency.



Finally, prodded by the terrible lesson of
the Titanic disaster (see Box, page 48), Con-
gress confirmed the 1906 convention rules by
passing the Radio Act of 1912. This was the
first comprehensive U.S. radio (not broadcast-
ing) legislation, replacing earlier piecemeal en-
actments, including a wireless act passed in
1910. The 1912 act remained in force during
the period of broadcasting’s emergent years.

Failure of the 1912 Act The new law
worked well enough for point-to-point serv-
ices. Broadcasting, however, introduced un-
precedented demands on the spectrum never
imagined when the 1912 act was written. That
act directed the secretary of commerce and la-
bor to grant licenses to U.S. citizens “upon ap-
plication therefor.” It gave no grounds on
which the secretary could reject applications.
In 1912 the demand for channels was so lim-
ited that Congress had no reason to anticipate
the need to reject applicants. Presumably all
who had a good reason to operate radio sta-
tions could be allowed to do so.

Secretary of Commerce Herbert Hoover at
first made all broadcast stations share time on
the same channel. Then in 1921 he allocated
the carrier frequency 833 kHz for “'news and
entertainment’ stations and 618 kHz for “crop
and weather report” stations. The practice of
time-sharing worked well for ships’ stations,
which needed to make only occasional ex-
changes of specific messages and could wait in
line to get access to a shared channel. But
broadcast stations, with their need to transmit
uninterrupted program services, demanded
continuous access to their channels.

The rapid growth in the number of sta-
tions soon created intolerable interference.
Adding more channels helped not at all, for
stations multiplied faster than ever. Some sta-
tion owners took matters into their own hands
and began to change frequency, power, times
of operation, and location at will —all in vio-
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tion of their licenses. These changes created
even worse interference, of course, so that in-
telligible reception became impossible. (Ex-
hibit 2.6)

National Radio Conferences Herbert
Hoover, a Republican and an ardent believer
in free enterprise, hoped that the industry
would be able to discipline itself without gov-
ernment regulation. To that end he called a se-
ries of four national radio conferences in
Washington. At the first, in 1922, only 22
broadcasters attended; by 1925 the number
had risen to 400.

In 1924 Hoover optimistically called the
national radio conferences “experiments in in-
dustrial self-government” (Dept. of Com-
merce, 1924: 2), but even at that time he must
have suspected the hopelessness of the experi-
ment. He commented repeatedly on the fact
that here was an industry that actually wanted
government regulation. From year to year the
radio conferences grew more explicit in their
suggestions for government regulations.

Zenith Decision  Finally, a 1926 court de-
cision completely undermined the secretary’s
power of enforcement. A Zenith Radio Corpo-
ration station, WJAZ (Chicago), had operated
at times and on frequencies different from
those authorized in its license. The secretary
of commerce brought suit under the Radio Act
of 1912 to enforce compliance, but the court
found in favor of the station, stating, ”’. . . Ad-
ministrative rulings cannot add to the terms of
an act of Congress and make conduct criminal
which such laws leave untouched” (12 F 2d
618, 1926).

The Zenith case illuminates a fundamental
concept of the American system of “‘govern-
ment by laws, not men.” No government
official is granted unlimited authority. Para-
doxically, by failing to limit the secretary’s dis-
cretionary powers to enforce the radio act,



64 The Rise of Radio

Exhibit 2.6 Hoover vs. the Evangelist

An example of the bizarre problems faced by the secretary of commerce was the station owned
by Aimée Semple McPherson, a popular evangelist of the 1920s. She operated a pioneer
broadcast station from her *'temple” in Los Angeles. The station “wandered all over the wave
band.”” After delivering repeated warnings, a government inspector ordered the station closed
down. The secretary of commerce thereupon received the following telegram from the
evangelist:

PLEASE ORDER YOUR MINIONS OF SATAN TO LEAVE MY STATION ALONE.
YOU CANNOT EXPECT THE ALMIGHTY TQ ABIDE BY YOUR WAVE-LENGTH
NONSENSE. WHEN I OFFER MY PRAYERS TO HIM I MUST FIT INTO HIS WAVE
RECEPTION. OPEN THIS STATION AT ONCE. (Hoover, 1952: 11-142)

Evangelist McPherson, after being persuaded to engage a competent engineer, was allowed to

reopen her station,

Source: United Press International/Bettmann.

Congress left him with such unconstitution-
ally broad powers that ne became powerless.
In less than a year, two hundred new
broadcast stations took advantage of the gov-
ernment’s inability to enforce licensing rules.

Meaningful reception had become impossible
in most places. "’Co-channel interference be-
came so bad at many points on the radio dial,”
reported the Federal Radio Commission later,
“’that the listener might suppose instead of a



receiving set he had a peanut roaster with as-
sorted whistles” (FRC, 1927: 11). Thirty-eight
stations created bedlam in the New York area,
as did forty in the Chicago area. Sales of radio
sets declined noticeably. In his message to
Congress in December 1926, President Calvin
Coolidge said, "The whole service of this most
important public function has drifted into
such chaos as seems likely, if not remedied, to
destroy its great value. I most urgently recom-
mend that this legislation should be speedily
enacted” (Coolidge, 1926: 32).

Radio Act of 1927  Coolidge was referring
to the proposed new radio law, which Con-
gress finally passed on February 23, 1927. The
Radio Act of 1927 embodied the recommenda-
tions of Hoover’s Fourth Radio Conference
and so can be said to represent what most of
the broadcasters themselves wanted.

The act provided for a temporary Federal
Radio Commission (FRC) to put things in or-
der. After two years, though, it became clear
that broadcasting and other radio services
would in fact need continuing and detailed at-
tention, and so Congress made the FRC a per-
manent body.

The FRC was not in a position to wipe the
slate clean by canceling existing licenses and
assigning channels from scratch, but it did
take immediate steps to reduce interference. It
temporarily limited license periods to only
sixty days (the law allowed a maximum of
three years), continuing an earlier edict of
Congress. The commission defined the broad-
cast band, standardized channel designation
by frequency instead of by wavelength, closed
down portable broadcast stations, and cut
back on the number of stations allowed to op-
erate at night. At last investors in broadcasting
could move ahead with assurance that signals
would not be ruined by uncontrollable maver-
icks on the airwaves. The passage of the Radio
Act of 1927 and the start of continuing super-
vision by the FRC meant that the final founda-
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tion stone of broadcasting as a new
communication service was in place. The pe-
riod of emergence was over and the period of
stable growth could now begin.

Summary

* Among the preconditions for develop-
ment of broadcasting were the general late-
nineteenth-century trends toward urbaniza-
tion, education, and development of major in-
dustries. The penny-press newspaper,
vaudeville, the phonograph, and the motion
picture gave rise to patterns of mass media
production, distribution, and consumption
that would soon be followed by radio
broadcasting.

* The industrial context for radio was the
electrical industry, dominated by AT&T’s
Western Electric, by General Electric, and by
Westinghouse, all of which controlled impor-
tant patents. The immediate technical precur-
sors of wireless were the land telegraph of the
1840s, the submarine cable of the 1860s, and
the telephone of the 1880s.

¢ The theories of James Clerk Maxwell in
the 1860s led to the experiments of Heinrich
Hertz two decades later, and provided the im-
petus for Guglielmo Marconi’s development
of a working wireless system in the 1890s.

* Wireless was first applied to maritime and
transoceanic telegraphic communication early
in this century. Only after development of the
vacuum tube in 1904 by Ambrose Fleming,
and its major improvement in 1906 by Lee de
Forest with the Audion, did practical radio-
telephony become possible.

* World War I accelerated the development
of radio technology, bringing about the pool-
ing of crucial wireless patents and the devel-
opment of radio manufacturing and trained
radio personnel. The U.S. Navy took over



66 The Rise of Radio

control of most radio transmitters for the
1917-1920 period.

* Under protest, the navy in 1920 handed
back nonmilitary transmitters to private
hands. General Electric formed RCA to take
over and operate the holdings of American
Marconi. Major manufacturing firms entered
patent cross-licensing agreements in the 1919-
1923 period to allow wireless development.
All of this, however, was aimed at furthering
the application of wireless to point-to-point
long-distance services.

e The foundation for broadcasting in
America was laid between 1919 and 1927, a
period of time that brought about (1) the con-
cept of broadcasting to entertain a general au-
dience, (2) the acceptance of advertising as the
means of radio’s financial support, (3) the de-
velopment of competing national networks of
stations, and (4) the federal regulation and li-
censing of stations.

* The development of broadcasting, with its
market for receivers and advertising time,
brought conflict between the Radio and Tele-
phone groups of broadcasters. RCA, GE, and

Westinghouse stations comprised the former,
and AT&T stations the latter. Disagreements
centered on use of pooled patents, rights to
sell advertising on the air, and the use of tele-
phone lines for networking.

¢ In 1926 cross-licensing agreements drawn
up prior to the development of broadcasting
were replaced. AT&T withdrew from broad-
casting, except to provide network intercon-
nection. The rival networks came under RCA
control. RCA formed NBC Red around WEAF,
which it had purchased from AT&T, and NBC
Blue around WIJ]Z. A rival firm, CBS, was
formed in 1927 and came under the control of
William Paley two years later.

e A wireless act passed in 1910 and other
piecemeal legislation were replaced by the Ra-
dio Act of 1912, which was not designed to
control broadcasting. By 1926, despite the ef-
forts of Secretary of Commerce Hoover, radio
had fallen into a chaotic unregulated state.
Congress finally passed the Radio Act of 1927
to control broadcasting, the final step in estab-
lishing the foundation of broadcasting in
America.



CHAPTER 3

From Radio to Television

For nearly three decades AM radio dominated
the broadcasting business. While other technol-
ogies were slowly developing in laboratories,
broadcasting grew within lines that had been
established in the 1920s. Changes were evolu-
tionary as networks matured, the number of
stations and receivers increased, and radio be-
came part of the American fabric of life.

These were radio’s “golden years” of ex-
panding popularity and success with audi-
ences and advertisers. Yet they were years of
extreme social stress — the Great Depression,
followed soon by the Second World War. For
millions of listeners, radio provided both en-
tertainment that provided an escape from real-
ity and news that described the changing
world. Changes in older print, film, and rec-
orded media became evident in the 1930s and
accelerated rapidly with the inception of com-
mercial television. This chapter relates the im-
portant transition from radio to television,
setting the stage for the even more dramatic
changes of recent years.

3.1 Radio During the Great
Depression (1929-1937)

During the early 1930s, for the first time in
broadcasting history, the number of stations

on the air actually decreased (Exhibit 3.1). This
decline occurred both because of the efforts of
the Federal Radio Commission to clear up in-
terference among stations and because of the
shortage of investment funds during the De-
pression years. By 1937, however, three-
quarters of all U.S. homes had radios and the
number of stations had again begun an up-
ward climb that has continued ever since.

During these years from 1929 to 1937 a
third of American workers lost their jobs and
national productivity fell by half. Suffering
was intense, for none of the welfare programs
that now cushion the effects of unemployment
and poverty were in place. In this time of
great trial, radio entertainment came as a god-
send, the one widely available distraction
from the grim realities of the daily struggle to
survive. As little as $15 could buy a vacuum
tube receiver. Listener loyalty was so intense
it became "almost irrational,” according to his-
torian Erik Barnouw:

Destitute families, forced to give up an icebox or furni-
ture or bedding, clung to the radio as to a last link to
humanity. In consequence radio, though briefly jolted
by the Depression, was soon prospering from it. Mo-
tion picture business was suffering, the theater was
collapsing, vaudeville was dying, but many of their
major talents flocked to radio — along with audiences
and sponsors. Some companies were beginning to
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make a comeback through radio sponsorship. In the
process, the tone of radio changed rapidly. (Barnouw,
1978:27)

Coming into office early in 1933, Franklin
D. Roosevelt proved to be a master broad-
caster, the first (and some still think the most
skillful) national politician to exploit the new
medium to its full potential in presidential pol-
itics. The nation’s spirit was lifted during his
inaugural address by the ringing phrase “"The
only thing we have to fear is fear itself,”
broadcast throughout the country by both CBS
and NBC (still the only national networks on
the air in 1933).

Soon Roosevelt’s distinctive, patrician
voice became familiar to every listener who
tuned in to his "'fireside chats,” the term used
to suggest the informality, warmth, and di-
rectness of these presidential radio reports to
the people —a brand-new phenomenon in
American politics. "It was in the most direct
sense,” wrote David Halberstam, “the gov-
ernment reaching out and touching the citizen
.. . Roosevelt was the first professional of the
art” (1979: 15).

Creation of the FCC  Roosevelt also had
an important impact on the regulation of com-
munications. Uncomfortable with the confu-
sion and overlap among the several agencies
then dealing with telegraph, telephone, and
radio operations, he sent a message to Con-
gress early in 1934 urging formation of a com-
munications commission to pull together the
different pieces under one roof. Based on that
request, plus its own study of the situation,
Congress passed the comprehensive Commu-
nications Act of 1934 (§16.2). The act created a
seven-member Federal Communications Com-
mission to regulate all interstate electrical com-
munication, including broadcasting. The old
FRC was abolished, but much of the Radio Act
of 1927 survived, its text incorporated as part

of the 1934 act. The FCC began operation in
mid-1934, one of the many agencies estab-
lished in the flurry of New Deal government
activity. A half century later, FCC Chairman
Mark Fowler would often refer to the agency
as the last of the New Deal dinosaurs.

Broadcast Conservatism  Major stations
and networks of the 1930s maintained stan-
dards of deportment that today would seem
absurdly formal. Network announcers were
expected to wear dinner jackets in the evening
and to speak literate English. Broadcasters and
advertisers were sensitive to radio’s status as a
guest in the home. A public furor erupted in
1937 over some lines read by Mae West in a
comedy dialogue with Charlie McCarthy, Ed-
gar Bergen’s ventriloquist dummy (now in the
Smithsonian Institution):

West: Why don’t you come home with me? I'll let you
play in my woodpile. . . . You're all wood and a yard
long. You weren’t so nervous and backward when you
came to see me at my apartment. In fact, you didn’t
need much encouragement to kiss me.

Charlie: Did I do that?

West: You certainly did, and I got marks to prove it,
and splinters, too. (Quoted in Broadcasting, 1970:
119)

The FCC responded to outraged complaints
by lecturing NBC on its obligation to maintain
proper standards of taste and propriety.
Another aspect of broadcast conservatism
was its refusal to permit all-out advertising.
The networks continued their ban on men-
tioning prices until 1932. A prime mover in
overcoming radio’s reticence about direct ad-
vertising was William Benton, who cofounded
the Benton and Bowles advertising agency in
1929. Benton realized that to be effective on ra-
dio, advertising had to make two adaptations:
it had to break away from the print-media
style of copywriting and compensate for ra-
dio’s lack of visual cues. When Benton started
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Exhibit 3.1 Growth of Radio Stations, 1920-1985
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Note that the only down-trends in the growth curves occurred in 1930s AM (when the FRC
was imposing order on the pre-radio act chaos) and in 1950s FM (when its initial promise
seemed not to be paying off). The sharp upward trend in the AM growth curve in the late
1940s occurred after removal of World War II's restraints on consumer goods.

Sources: Adapted from Stay Tuned: A Concise History of Broadcasting, by Christopher H. Sterling
and John M. Kittross. Copyright 1978 by Wadsworth Publishing Co., Inc. Reprinted by
permission of Wadsworth Publishing Company, Belmont, CA. 1985 data from Broadcasting (21

Jan. 85), p. 105.

writing advertising copy for radio, a commer-
cial consisted of someone simply reading an
announcement. Benton changed all that, as he
later recalled: "I staged commercials, you could
hear the spoons, people clinking cups of cof-
fee, everything acted out” (quoted in Whit-
man, 1973, emphasis added). Besides helping

to revolutionize commercials, Benton devel-
oped consumer research techniques, launched
some of the most successful radio network
shows of the period, introduced live studio
audiences as an acoustic setting (using audi-
ence reaction cue cards), and popularized the
singing commercial.
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Programming Excesses  Side by side with
the self-conscious correctness and conserva-
tism of network radio, however, there existed
another, quite different standard of broadcast-
ing. All across the country radio proved irre-
sistibly attractive to a variety of raffish, offbeat
individualists who exploited it as a personal
mouthpiece. As pioneer radio critic Ben Gross
recalled it:

Tailors, preachers, loan sharks, swamis, and physical-
culture men, merchants, nostrum dispensers and fren-
zied advocates of odd ideas, such as Colonel Henderson
of Shreveport, Louisiana, who combined primitive the-
ology with hatred of chain stores, indulged in a satur-
nalia of "free speech.” ... In a steady procession,
there came before the microphones newscasters who
merely read word-for-word items from the daily pa-
pers, owners of diploma mills, crystal-gazing fortune-
tellers, installment furniture men, conductors of
matrimonial bureaus, fakers, nuts and dreamers mak-
ing merry carnival. (Gross, 1954: 68)

[n most cases the Federal Radio Commis-
sion (FRC) was able to correct abuses without
withdrawing licenses (which at first had to be
renewed at six-month intervals). But in two
notorious instances in the early 1930s the com-
mission did administer the ultimate penalty.
[n one case the FRC objected to the broadcast-
ing of medical advice by a “Dr.” J. R. Brinkley
on his station, KFKB, in Milford, Kansas.
Brinkley was not a qualified physician and yet
prescribed drugs that he packaged himself
and sold by number, rather than by name.
The FRC refused to renew KFKB’s license,
saying Brinkley conducted the station only in
his personal interest, not in the interest of the
public.

The second case involved a religious
crusader alleging municipal corruption. The
Reverend Dr. Shuler of the Trinity Methodist
Church (South) broadcast in Los Angeles over
KGEF, a small, shared-time religious station.
His fire-and-brimstone personal attacks drew

the biggest radio audience in Los Angeles
when he was on the air. When KGEF's license
came up for renewal in 1931 some ninety wit-
nesses appeared in opposition. The FRC
turned down the renewal application.

Both the KFKB and the KGEF renewal de-
nials withstood court appeals, establishing in
the early 1930s the commission’s legal right to
review a station’s past programming in decid-
ing whether license renewal would be in the
public interest.

The fact that Brinkley and Shuler were
broadcast licensees made them vulnerable.
Most personal exploiters of radio, however,
simply bought time on the air. Notable among
this group during the 1930s was the Reverend
Charles E. Coughlin, a Catholic priest with a
charismatic radio appeal. From the unlikely
base of a small parish church, the Shrine of
the Little Flower, in a suburb of Detroit, Fa-
ther Coughlin built up a fanatically loyal na-
tional radio following. His vitriolic sermons
against communism, Wall Street, Jews, labor
unions, and other targets generated millions
of dollars in small donations from his devoted
followers. Because of his pro-Nazi sympathies
his opponents called his church "the Shrine of
the Little Fithrer.” He was finally silenced in
1940, not by his political opponents directly or
his church superiors, but by the refusal of net-
works and most larger stations to continue
selling him time (Brown, 1980). With U.S. en-
try into World War II imminent, his tirades
had become an embarrassment to the broad-
casting industry.

Brinkley, Shuler, and Coughlin were ex-
amples of the more extreme consequences of
radio’s innate susceptibility to misuse. Their
downfall did not put other exploiters out of
business; it merely caused most of them to
lower their profile. Spellbinders, quacks, cult-
ists, zealots, and get-rich-quick schemers have
always been part of the broadcasting scene.
They cannot be completely suppressed with-
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out violating the First Amendment’s guaran-
tees of freedom of expression and of religion
and the constitutional separation of church
and state.

Network Development  William Paley’s
upstart rival network, CBS, struggled for years
to overcome its image as the number-two
chain, laboring in the wake of NBC. Big adver-
tisers and star performers automatically pre-
ferred NBC to CBS whenever they had a
choice, regardless of CBS’s growing popular-
ity. “We were at the mercy of the sponsors
and the ad agencies,” wrote Paley. “They
could always take a successful show away
from us and put it on NBC” (1979: 174).

NBC remained a wholly owned RCA sub-
sidiary while RCA itself developed into a giant
diversified corporation with worldwide inter-
ests in communication services and manufac-
turing. NBC, reflecting the parent company’s
high corporate status, tended to assume the
role of a dignified elder among the networks.
Its image was further enhanced in 1933 when
NBC moved into its new headquarters in the
seventy-story art-deco-style RCA building,
part of New York’s famed Rockefeller Center.*

The Mutual Broadcasting System started
on a different premise from the older net-
works. Only two major-market radio stations
on clear channels had remained in the early
1930s without affiliation with CBS or NBC,
WGN-Chicago and WOR-New York. They ar-
ranged in 1934 to form a network organization
to sell time jointly with WXYZ-Detroit and
WLW-Cincinnati. The four stations started the

*CBS did not achieve its own architectural monument un-
til 1965, when it moved into splendid new headquarters at
the corner of 52nd Street and Avenue of the Americas,
two blocks from NBC. Sheathed in elegant dark granite,
the CBS building came to be known as Black Rock. In
1986, NBC announced plans to move elsewhere in New
York City.

network by exchanging programs on a re-
gional network basis. Their chief program as-
set at the start was The Lone Ranger, a series
that WXYZ had introduced in 1933.

Radio Comedy The first network radio
entertainment program to achieve addictive
popularity was a prime-time, five-days-a-week
situation comedy, Amos ‘n” Andy. Charles Cor-
rell (“Andy”’) and Freeman Gosden (’Amos"’)
came to radio as a song-and-patter team, a for-
mat much esteemed in early radio. At a station
manager’s suggestion they tried their luck at a
comedy series. The two white performers de-
veloped a black dialect show in fractured
ghetto English, featuring the ups and downs
of the “Fresh Air Taxicab Company of
America, Incorporated.”

Amos 'n’ Andy became the top network
show in the early 1930s. Traffic would stop on
the main streets of towns across the country
and movies would be halted in midreel at 7:00
P.M. so that people would not miss their
nightly fifteen minutes of chuckles over the
antics of Amos, Andy, the Kingfish, Lightnin’,
Madam Queen, and a host of minor charac-
ters, most of whom Correll and Gosden
played themselves.

Today the impersonation of blacks by
white actors using exaggerated dialect and
comedy situations based on ghetto poverty
could not be seriously proposed. A Pittsburgh
newspaper asked the FCC to ban the series in
1931, alleging racism, but its defenders had a
convincing argument: most blacks seemed to
enjoy the program just as much as whites.*

*Opposition became more general in the 1950s. CBS ran a
television version of Amos ‘n’ Andy (with black actors)
from 1951 to 1953, but dropped it because of opposition
from the National Association for the Advancement of
Colored People. Syndicated showings continued until
1966, but the syndicator finally agreed to withdraw the se-
ries from both national and international svndication
(Brown, 1977: 16).
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3.2 Radio Controversies

Live Music Era  Both networks and the
larger stations relied heavily on music from
the very beginning of radio. In the mid-1930s
over half of all radio programming was music,
and three-quarters of it was carried on a sus-
taining (nonsponsored) basis. Most large sta-
tions had their own musical groups, and the
networks even had their own symphony
orchestras.

In CBS’s early years, a quarter of its entire
schedule was devoted to music. NBC began
regular broadcasts of the Metropolitan Opera
in 1931, carrying it mostly on a sustaining ba-
sis.until 1940. Thereafter Texaco, Inc., under-
wrote the Met broadcasts and has continued
to do so ever since — "the longest continuous
commercial underwriting of the same program
by the same sponsor in the history of radio”
(McDowell, 1979). Texaco, which now or-
ganizes a special ad hoc 300-station radio net-
work to carry the programs, abstains from
commercial interruptions, inserting brief
sponsor identifications only at intermissions.

All this had tremendous impact on the
musical world, creating vast new public appe-
tites for all sorts of music, old and new, classi-
cal and popular. While expanding the market
for music, however, radio also created copy-
right and union-rights problems never before
faced by the creators and performers of musi-
cal works.

Music Performing Rights: ASCAP and
BMI  Under the copyright law* the playing
of a recording in public for profit is regarded
as a performance. As such it obligates the user
(in this case the radio station) to pay the copy-

*The present law, the Copyright Act of 1976 (17 U.S.
Code), replaced the 1909 law that was in effect when radio
broadcasting began. (Details of the 1976 Act are discussed
in §16.5.)

right holders (who may include composers of
the music, lyricists, and music publishers) for
performing rights.

Music copyright holders cannot possibly
monitor personally all the tens of thousands of
commercial establishments where music is
performed, including concert halls, hotels,
nightclubs, and other such public places as
well as broadcasting stations. Instead they rely
on music licensing organizations to act on their
behalf in collecting copyright fees for perform-
ances of both live and recorded music. The
first U.S. organization of this type, the Ameri-
can Society of Composers, Authors and Pub-
lishers (ASCAP), was founded in 1914. It
checks on the public performances of music
copyrighted by its members, collects royalty

fees, and distributes the net income to the
copyright owners.

When radio began, no one could be sure
what impact this new way of performing mu-
sic would have. Would repeated radio per-
formances quickly kill off interest in new
musical works, or would they enhance the
market for sheet music, recordings, and in-
person performances? As early as 1922,
ASCAP began making substantial demands
for payments by broadcasters for the use of
musical works in its catalog, whether broad-
cast live or from recordings. These demands
imposed a new and unexpected financial bur-
den on radio stations. In 1923 station owners
formed the National Association of Broadcast-
ers (NAB) to deal with ASCAP’s demands on
an industry-wide basis. Nevertheless, as radio
grew the fees collected by ASCAP also grew,
and soon broadcasting was contributing the
major share of the association’s royalty collec-
tions. Effective resistance to ASCAP’s de-
mands was impossible because it was the sole
U.S. licensing organization and controlled vir-
tually all contemporary American music,
along with contemporary arrangements of
older compositions on which original copy-



rights had expired. Radio stations found it im-
possible to produce listenable music programs
without infringing on ASCAP copyrights.

Finally broadcasters moved to break the
ASCAP monopoly. When ASCAP proposed
yet another substantial fee increase in 1937 the
broadcasters rebelled, forming their own co-
operative music-licensing organization, Broad-
cast Music, Inc. (BMI). The new organization
started business in 1940. Its first "affiliates,”
as the copyright owners are called, were com-
posers of country, western, and "race” music
(black popular music), most of whom had
never registered with ASCAP. Eventually,
BMI built up a comprehensive library repre-
senting over a million musical works owned
by some 55,000 publishers and writers.

Union Battle Against Recordings
Although broadcasting created many new jobs
for musicians, they saw its increasing reliance
on recorded music (especially the electrical
transcriptions then used for syndicated pro-
grams) as a threat. If stations and networks
made use of recordings, many musicians
would lose their jobs. Each of the major net-
works, and many larger stations, had full-time
orchestras, which would become redundant if
records were used heavily. In 1922 an implac-
able opponent of radio’s use of recordings,
James Caesar Petrillo, had become president
of the Chicago chapter of the American Feder-
ation of Musicians (AFM).

”Little Caesar,”” as Petrillo was called, first
built a strong political base locally in Chicago,
then went on to become national AFM presi-
dent in 1940. He threatened to close down
transcription makers, forcing syndication
firms to pay substantial extra fees for every
broadcast transcription made, the money go-
ing to a union slush fund that Petrillo alone
controlled. He succeeded in forcing broad-
casters to hire professional musicians as "plat-
ter turners” in the control rooms and as
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librarians in the station record libraries of his
hometown, Chicago. He demanded that sta-
tions increase musicians’ pay as much as five-
fold. With unprecedented bravado, Petrillo
defied the National War Labor Board, Presi-
dent Roosevelt, the Supreme Court, and the
Congress of the United States.

Congress finally passed the Lea Act in
1946, amending the Communications Act of
1934 specifically to bring Petrillo under con-
trol. The Lea Act forbade stations to hire un-
needed personnel to satisfy union demands,
banned union restrictions on the use of tran-
scriptions, and forbade unions from prevent-
ing broadcasts by amateur musicians.

Press-Radio “War””  News, no less than
broadcast entertainment, depends on syndica-
tion (§13.2). Newspapers share material by
means of press associations — or wire services, as
they were traditionally called, referring to the
fact that they flourished with the telegraph
(§2.1).

Radio disturbed the vested interests of the
news agencies and their customary clients, the
newspapers. Radio, in bypassing the written
word, seemed to threaten the very future of
news publications. Who would want to buy a
paper to read news already heard on the ra-
dio? Who would want to buy advertising
space in papers whose news was already
stale? The newspapers recognized that the key
to suppressing radio competition was control
over broadcasters’ access to the output of the
major established news agencies. At the time,
these were the Associated Press (AP), which
was owned cooperatively by newspapers
themselves, the International News Service
(INS), and the United Press (UP).

NBC’s Blue Network inaugurated regular
fifteen-minute nightly newscasts by Lowell
Thomas in 1930, a sign that radio might soon
assume a serious competitive role. In response
to threats that news agency services would
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soon be cut off, CBS began forming its own
newsgathering organization. To defuse pos-
sible competition, the newspaper publishers
proposed a truce in 1933. The result, known as
the Biltmore Agreement, set up a Press-Radio
Bureau designed to protect the papers’
interests.*

According to the terms of the agreement,
CBS suspended its own newsgathering, and
the two networks agreed to confine them-
selves to two 5-minute press-wire news sum-
maries a day from the Press-Radio Bureau.
These could be aired only after the morning
and evening papers had appeared, could be
used only on a sustaining (non-sponsored) ba-
sis, and had to be followed by the admonition,
"For further details consult your local news-
paper(s).” The bureau agreed to issue addi-
tional special bulletins on events “of
transcendent importance,” but they had to be
written “in such a manner as to stimulate pub-
lic interest in the reading of newspapers”
(quoted in Kahn, 1983: 103).

In practice, however, the Press-Radio Bu-
reau never worked effectively. Only about a
third of the existing stations subscribed to it,
and several independent radio news services
sprang up to fill the gap. Broadcasters also
took advantage of escape clauses in the agree-
ment that exempted news commentaries. In
consequence a great many radio newscasters
became instant commentators.

United Press broke the embargo in 1935,
soon to be joined by International News Ser-
vice. The Press-Radio Bureau finally expired,
unmourned, in 1940 when the Associated
Press began to accept radio stations as mem-
bers of the association.

As broadcast news matured it became evi-
dent that, contrary to the expectations of the

*CBS and NBC were parties to the agreement, but not the
nonaffiliated stations. The relevant parts of the document
are reprinted by Kahn (1984: 101).

newspaper publishers, radio coverage actually
stimulated newspaper reading instead of dis-
couraging it. The press services eventually
acquired even more broadcasters than pub-
lishers as customers and began to offer serv-
ices especially tailored for broadcast stations,
including audio feeds ready to go directly on
the air.

3.3 Television and FM Radio

As they tuned in to radio entertainment and
news, listeners in the 1930s began to hear and
read more about radio-with-pictures, or televi-
sion, experiments. There were also rumors of
a new kind of radio that eliminated static.
While highly promising, both developments
were to take far longer to reach commercial
fruition than their backers then suspected.

Why TV Took So Long  The idea of wire-
less transmission of pictures occurred to in-
ventors as early as did the idea of wireless
sound transmission. However, even after
sound broadcasting became a reality, televi-
sion still remained in the experimental stage.
This delay was partly because of the more
sophisticated technology that television re-
quired, but even more because of the need for
compatibility, the need to adopt a single na-
tional standard specifying the details of the
television signal. The act of standardizing
such technical details as frame- and line-
frequency (§6.6) would freeze development at
a particular level. If it turned out later that
standards should have been set at a higher
level, tremendous waste would occur because
millions of receivers and much studio and
transmitter equipment would be outmoded.
Setting television standards involved find-
ing a compromise among the conflicting inter-
ests of patent holders, manufacturers, and
government bureaucracies, all with their own



economic and political concerns. For these rea-
sons, in the years before 1948 television
moved forward in fits and starts as standards
were improved bit by bit and FCC permission
was won to try the improvements out on the
public.

This technological evolution went through
two phases: that of mechanical scanning and
that of electronic scanning. The latter began to
take the lead in the early 1930s and had just
begun to reach a satisfactory level when
World War Il interrupted further develop-
ment. Accordingly, widespread introduction
of modern television occurred only after the
conclusion of the war.

Experimental television existed for dec-
ades before television became a mass medium.
Early systems worked, but the pictures were
far too crude to be regarded as anything but
curiosities. The problem was basically one of
getting a clear enough picture, or what televi-
sion engineers refer to as sufficient resolution
(§6.6). A standard at least as good as home
movies was needed for widespread public
acceptance.

Mechanical TV~ The mechanical era in
television began with development of the scan-
ning wheel or disc, invented in 1884 by Paul
Nipkow in Germany. A large flat metal disc,
perforated with a ring of small holes in a spiral
pattern, the scanning wheel was central to ex-
periments with television through the 1920s.
Early experimental TV depended on the rapid
spinning of synchronized discs in both camera
and receiver to reproduce a crude picture
made up of about 30 lines (compared to the
all-electronic system of 525 lines we use today;
see §6.6 and Exhibit 3.3).* Charles Jenkins in

*A variant of this mechanical system of television pro-
vided the first pictures of man on the moon in 1969. Scien-
tists reverted to the older system because of its
ruggedness, which was desirable under the conditions of
broadcasting from space.
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the United States and John Logie Baird in Brit-
ain demonstrated mechanical systems, and
both briefly manufactured and sold receivers.
Baird’s persistent efforts, along with the com-
peting all-electronic system of the Marconi-
EMI concern, culminated in late 1936 with the
BBC'’s introduction of the first high-definition
television service.* Mechanical television had
by the late 1930s reached the peak of what it
could offer, and electronic systems, even in
the crude stage they were in at that time, pro-
vided far better transmission and reception
and much clearer pictures. The BBC soon
dropped Baird’s mechanical apparatus and
concentrated on electronic developments.
Though German experiments with television
continued sporadically during World War 1I,
the BBC closed down its service when the war
began.

Electronic Television  The names most
prominent in U.S. television developments af-
ter Baird’s mechanical system was abandoned
were those of two inventors of widely differ-
ent backgrounds, Philo T. Farnsworth and
Vladimir Zworykin. Farnsworth, an American
genius who was virtually self-taught, devel-
oped an electronic (nonmechanical) scanning
system he called “image dissection.” He is
credited with the invention of the basic meth-
ods still used for suppressing retrace path and
for inserting synchronizing pulses (§6.6-6.8).
Zworykin emigrated to the United States
from Russia in 1919 and worked as an engi-
neer for Westinghouse. In 1923 he applied for
patents covering the basic all-electronic televi-
sion system, but he immediately found him-
self embroiled in a seven-party patent
interference suit. One of the seven parties was
Farnsworth, who finally won a key decision
on his electron optics patent in 1934. RCA

*High-definition television is characterized by pictures that
consist of at least 200 scanning lines (§6.6).
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Exhibit 3.2 Vladimir Zworykin

R

The inventor holds the 1923 invention for which he is
most famous, the iconoscope camera tube. RCA made
Zworykin an honorary vice president of the company
upon his official retirement in 1962, but he was still
active in his late 80s at the company’s Princeton, N.].,
research laboratories. He died, age 92, in 1982.

Source: Brown Brothers.

acknowledged Farnsworth’s victory by paying
him a million dollars for the rights to use his
discoveries. In the interim Zworykin won last-
ing fame as the inventor of the iconoscope, the
electronic camera pickup tube, for which he
was granted a patent in 1928 (Exhibit 3.2).

In 1930 Zworykin became head of a cele-
brated research group of more than forty engi-
neers at the RCA laboratories in Camden,
New Jersey. Formed from a merger of the tele-
vision research programs of General Electric

and Westinghouse as well as that of RCA, the
Camden team mounted a systematic investi-
gation of all aspects of television develop-
ment, aimed at solving not only technological
problems but also the subjective problem of
setting the specific standards of picture quality
that would be needed to win full public accep-
tance. The RCA studies made it clear that
much higher resolution than had been ob-
tained in the early 1930s was essential.

During the 1930s the Camden team tack-
led and solved all the outstanding problems.
They progressed to higher and higher line fre-
quencies, year by year, from the 60-line stan-
dard of 1930 (Exhibit 3.3) to 441 lines in 1939.
They increased image size and brightness, in-
troduced interlace scanning (§6.7), adapted
equipment to use the newly opened VHF
band, and introduced sets into homes on an
experimental basis.

By 1939 the Camden group felt ready for a
major public demonstration. RCA chose the
1939 New York World’s Fair, with its “"World
of Tomorrow” theme, as a suitably prestigious
and symbolic launching pad for the 441-line
RCA television demonstration. For the first
time the general U.S. public had a chance to
see (and to be seen on) modern television.

Nevertheless, the Federal Communica-
tions Commission withheld permission for
full-scale commercial operations pending in-
dustry-wide agreement on engineering stan-
dards. This came with the recommendations
of the National Television Systems Committee
(NTSC), representing the fifteen major elec-
tronics manufacturers. In 1941 the FCC
adopted the NTSC standards for black-and-
white television, including the 525-lines-per-
frame and the 30-frames-per-second standards
still in effect today (§6.6).

Within the year the United States was at
war. Production on civilian consumer elec-
tronics came to a halt and television develop-
ment had to be shelved for the duration.
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A 12-inch model of Felix the Cat (a popular cartoon movie character of the 1920s), posed on a
revolving turntable, was used at the RCA laboratories as a moving subject to televise during
the development of electronic television. The image at left shows how Felix looked on television
in 1929 when picture definition was still only 60 lines per frame.

Source: Photos courtesy of the National Broadcasting Company, Inc.

FM'’s Troubled Origins  For its first quar-
ter century, the word broadcasting meant only
one thing, amplitude-modulated (AM) radio.
Edwin Armstrong (Exhibit 3.4) invented a
much improved alternative system using fre-
quency modulation (FM) in 1933, but for al-
most thirty years it languished as a poor
relation of the established AM system.
Initially, Armstrong delayed making a
public announcement of his invention because
of his friendship with David Sarnoff, to whose
RCA he gave a first option. Unknown to Arm-
strong, Sarnoff was about to commit RCA to a
multimillion-dollar investment in the develop-
ment of electronic television. Moreover, FM
threatened the continued high profitability of

the AM system and its networks. RCA did col-
laborate with Armstrong for two years in car-
rying out tests, but in the end, it turned down
the chance to pioneer FM development.
RCA’s failure to take up the cause of FM
increased Armstrong’s bitterness at having
lost the long court battle over paternity of the
regenerative radio circuit to de Forest in 1934
t§2.4). Now he started another frustrating
suit, this time against RCA for patent infringe-
ments.” Armstrong saw himself as the victim

*The suit was not settled until 1954, after the inventor’s
suicide, for the same million-dollar settlement offered by
RCA in 1940 when the suit was brought.
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Exhibit 3.4 Edwin Armstrong (1890-1954)

The inventor is shown on the catwalk of his 400-foot
experimental FM antenna, built in 1938 on the
Palisades high above the Hudson River at Alpine, N.J.
He opened station W2XMN at this site in 1939, the first
high-powered FM station, the only previous one having
been a low-powered amateur station used for
demonstration purposes.

Source: Courtesy Broadcasting.

of a conspiracy to kill FM, to frustrate his sec-
ond chance at fame.

Costly changes in spectrum allocations,
favoring television over FM, seemed to Arm-
strong still more evidence of conspiracy. First,
in 1939 the FCC allocated 19 VHF channels to
experimental television, only 13 to FM. The
next year the FCC authorized commercial FM

operation in the VHF band, 42-50 MHz, but
only thirty stations had gone on the air when
further development was frozen in 1942 by
World War II. At the close of the war, on the
basis of controversial engineering advice, the
FCC took away FM’s prewar channels, mov-
ing FM up to its present location at 88-108
MHz. This 1945 move made obsolete the half
million FM receivers that had been built up to
that time.

Many major AM station owners neverthe-
less obtained FM licenses, simply as insurance
against the possibility that FM might catch on
and make AM obsolete. They made no at-
tempt to take advantage of FM’s superior
quality or even to program it as a separate ser-
vice. Instead they merely “simulcast” their
AM programs on FM transmitters. In the ab-
sence of high-fidelity programming, listeners
had little incentive to buy, and manufacturers
had little incentive to develop, high-fidelity
receivers.

The interest in FM stations, mostly
planned as minor partners in AM/FM combi-
nations, peaked in 1948, when over a thou-
sand were authorized. But in that year
television began its rapid climb to power, and
FM was pushed into the background. In 1949
alone, 212 commercial FM stations went off
the air, and total authorizations continued to
decline until 1958 (Exhibit 3.1).

Program Recordings = When radio began,
phonograph recordings were still relatively
primitive. They ran at 78 revolutions per min-
ute, allowing time for only three or four min-
utes to a side. Sixteen-inch ETs (electrical
transcriptions), running fifteen minutes to a
side at 33 1/3 rpm, were introduced in 1929
specifically for radio program syndication and
for subscription music libraries. The latter pro-
vided stations with a basic library of music on
ETs, supplemented at regular intervals by ad-
ditional recordings.



The radio networks, however, scorned
recorded programs. They regarded their abil-
ity to distribute live programming to their affil-
iates as a major asset.

ABC, formed in 1945 (§3.5), was the first
network to do away with the recording ban
completely, in order to lure Bing Crosby away
from NBC in 1946. The singer hated the ten-
sion and risks of real-time broadcasting, which
were compounded by the need to repeat each
live program in New York a second time for
the West Coast to compensate for time-zone
differences. Crosby himself financed a com-
pany to make tape recorders, based on mag-
netic tape recording technology developed by
the Germans during World War II. As soon as
broadcast-quality audio tape recorders became
available Crosby insisted on recording his
weekly prime time program. CBS and NBC
soon followed the ABC lead.

Development of LP Recording Mean-
while, by the mid-1940s CBS had assigned
Peter Goldmark, head of the network’s re-
search laboratories, to explore ways of im-
proving the technology of disc recording.
Goldmark took the entire process apart, piece
by piece, from the recording microphone to
the playback speaker, analyzing each compo-
nent and the relationships of one to another.
By 1948 CBS was able to announce its new
long-playing (LP) 33 1/3-rpm records and new
playback equipment to go with them.

CBS’s arch-rival, RCA, countered with the
45-rpm “extended play” recording, but soon
had to accept the longer-play CBS system as
well. Both systems used a vinyl disc, which is
light, flexible, and durable, a great improve-
ment over the old 78-rpm shellac. More
grooves per inch and slower turntable speeds
enabled dramatic increases in playing time.
For the first time music lovers could hear long
pieces played back without interruption. Well-
designed electronic components greatly im-

3.4 Broadcasting at War (1938-1946) 79

proved quality and reduced noise. These im-
provements soon started a boom in high-
fidelity music, which in turn increased public
interest in the “hi-fi”" capabilities of FM
broadcasting.

3.4 Broadcasting at War (1938-1946)

The last shackles of the Great Depression fell
away only when the country began to increase
production in response to the growing threat
of war in Europe and the Pacific. Radio devel-
oped the first live overseas reports of events in
Europe, relayed by short wave back to New
York, and thence to network affiliates. Hitler’s
annexation of Austria in 1938, the invasion of
Poland a year later, and finally the 1941 Pearl
Harbor attack were all brought into American
homes by radio reporters on the scene.
During World War 1I, radio escaped direct
military censorship by complying voluntarily
with common-sense rules. For example, man-
on-the-street and other live interviews were
avoided and weather reports were discontin-
ued.” In 1942 President Roosevelt appointed a
well-known CBS radio newscaster, Elmer Da-
vis, to head the newly created Office of War
Information (OWI). The OWI coordinated the
mobilization of domestic broadcasting and ini-
tiated the external broadcasting service that
eventually became the Voice of America. By
1944, even though broadcasting had been de-
clared an essential industry and therefore ex-
empt from the draft, half the broadcast

*During World War [ private radio stations had been
closed down (though this was before the broadcasting
era). During World War II the president refrained from
using his right, under §606 of the Communications Act of
1934, to assume sweeping controls over all federally regu-
lated wire and radio communications. Currently, broad-
casting stations voluntarily participate in the Emergency
Broadcasting System, a set of standby procedures that can
be put into immediate effect in case of national
emergency.
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employees of the country had joined the
armed forces.

Although wartime restrictions on civilian
manufacturing, imposed in 1942, cut back on
station construction and receiver production,
during this period the number of stations on
the air more than doubled, reaching just over
a thousand by the end of 1946 (Exhibit 3.1).
Moreover, the lack of civilian goods actually
worked to radio’s advantage. The government
allowed manufacturers to write off advertising
costs as a business expense, even though they
had nothing to advertise. This stimulated
manufacturers to spend freely to keep their
names before the public. They were willing at
times to invest in first-rate programming, be-
cause they were not under competitive pres-
sures to maximize audiences with sure-fire,
mass appeal material.

The networks, too, invested in creative
programming, particularly drama. The most
sensational radio play for this period, “The
War of the Worlds,” was a production of The
Mercury Theater on the Air, a series directed by
Orson Welles and John Houseman. The play
presented an imaginary invasion from Mars in
the form of a series of radio news reports. It
caused widespread panic among listeners,
many of whom began to flee the imaginary
Martians even though the play had been
clearly identified as a Halloween prank. One
reason for the extraordinary impact of the play
may have been that it was broadcast on Octo-
ber 30, 1938, only a month after radio reported
the month-long Munich Crisis.

Radio developed many of its own play-
wrights, notably Norman Corwin and Arch
Oboler, who won their chief literary fame in
broadcasting. CBS commissioned Corwin to
celebrate the great moment of Allied victory in
Europe with an hour-long radio play, “"On a
Note of Triumph.”

”On a Note of Triumph” climaxed an ex-
traordinary flowering of radio art — original

writing of high merit, produced with consum-
mate skill and always live, for the networks
still banned recordings. With the end of the
war years and the artificial support for culture,
competitive selling resumed and this brief,
luminous period of radio creativity came to
an end.

Radio News  Anxious to outdo NBC'’s de-
veloping European news operation, CBS de-
cided on a bold stroke, a full half-hour
devoted to a CBS foreign news “roundup’’ on
the Nazi invasion of Austria, originating live
from key points: London, Paris, Rome, Berlin,
Vienna. The problems of coordination and
precise timing were tremendous, because of
the networks’ ban of recordings. In that his-
toric half-hour, which was anchored by Robert
Trout and featured reports by William Shirer,
Edward R. Murrow (see Box, page 81), and
others, “radio came into its own as a full-
fledged news medium’ (Kendrick, 1969: 158).

Later in 1938 came the Munich Crisis. The
Allies abandoned Czechoslovakia to Hitler,
climaxing eighteen days of feverish diplomatic
negotiations among the great powers. During
these tense days and nights, pioneer commen-
tator H. V. Kaltenborn achieved fame and for-
tune by extemporizing a remarkable string of
eighty-five live broadcasts from New York, re-
porting and analyzing news of each diplo-
matic move as it came in by wire and wireless.
News staffers at CBS would shake Kaltenborn
awake (he slept on a cot in a studio) and hand
him the latest bulletin; he would go on the air
immediately, first reading the bulletin, then
ad-libbing his own lucid, informed commen-
tary. “Even as I talked,” wrote Kaltenborn, “I
was under constant bombardment of fresh
news dispatches, carried to my desk from the
ticker room. I read and digested them as I
talked” (Kaltenborn, 1938: 9).

Thanks to CBS'’s early start, Paley’s enthu-
siastic support, and his good luck in assem-
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“h‘f iy e

Edward R. Murrow

Murrow is seen here walking not far from the
BBC’s Broadcasting House in downtown
London during the war. He and other Ameri-
can reporters used a tiny studio located in a
sub-basement. Once when the building took a
hit during a German bombing raid, Murrow
continued his live report as stretcher bearers
carried dead and injured personnel past the
studio to a first-aid station (Kendrick, 1969:
212). First employed by CBS in 1935 as “direc-
tor of talks” in Europe, he came to the notice of
a wider public through his memorable live re-
ports from bomb-ravaged London in 1940, and
later from even more dangerous war-front van-
tage points. Unlike other reporters, he had a
college degree in speech rather than extensive
newspaper or wire-service experience. The
British appreciated his realistic and often mov-
ing word-and-sound pictures of wartime, and
American listeners appreciated what William
Paley termed his radiation of “truth and con-
cern”’ (1979: 151). He was widely admired and
became the core of the CBS wartime and post-
war news organization. He served briefly as a
CBS news vice president, but resigned the ad-
ministrative post to resume daily newscasting.
As an on-the-air personality, he survived the
transition to television better than others, mov-
ing on to still greater achievement. Murrow
died in 1965.

Source: Photo CBS News.

bling a superlative staff of news specialists,
CBS set a high standard for broadcast journal-
ism during the war years, establishing a tradi-
tion of excellence that has lasted to this day.

Television During and After the War
During the war six experimental stations re-

mained on the air, located in New York City
(two stations), Schenectady, Philadelphia,
Chicago, and Los Angeles. They devoted their
brief schedules (they were required to be on
the air only four hours a week) primarily to ci-
vilian defense programs. About 10,000 sets
were in use, half of them in New York City.
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The end of the war in 1945 did not, as
some expected, bring an upsurge in television
activity, despite a backlog of 158 pending sta-
tion applications. Investors held back for sev-
eral recsons. The 1941 decision on standards
(83.3) had left the issue of color television un-
resolved, and many experts believed that all-
out development should await adoption of a
color system. Moreover, potential investors
wondered whether the high costs of sets
would repel buyers who were accustomed to
inexpensive radios, and whether the major ad-
vertisers would be willing to pay the higher
cost of television programming. Owners of
successful radio stations, accustomed to mak-
ing money with the greatest of ease, were re-
luctant to take on the formidable complexities
of an unknown new medium.

Two favorable developments had oc-
curred shortly after the war, however: (1) the
image orthicon camera tube, introduced in 1945,
had improved camera sensitivity, eliminating
the need for the uncomfortably high levels of
studio light that the iconoscope had required;
and (2) AT&T had begun to install intercity co-
axial cable links (§7.4) to enable network inter-
connection, starting with the New York-
Washington, D.C., link in 1946. In the sum-
mer and fall of 1947, the long-predicted rush
into television finally began.

3.5 Radio Networks:
Development and Decline

The year 1948 marks both the highwater mark
of network radio and the beginning of the
end. Radio networks grossed more revenue
than ever before or since that year, excluding
profits from their owned and operated sta-
tions (§8.2). For better than fifteen years, the
networks had dominated radio. Yet dramatic
changes were fast approaching, developments

in television that would undo the command-
ing radio network role.

Chain Broadcasting Investigation  Back
in 1938, radio stations representing 98 percent
of the total nighttime wattage were affiliated
with either NBC or CBS. This included virtu-
ally all of the major stations in the country.
Then as now, the great majority of affiliated
stations were tied to their networks not by
ownership but by contract.

As we have seen, NBC had the advantage
of deploying a double network, NBC Red and
NBC Blue, against CBS. This meant that NBC
tied up the two best stations in many markets
and could afford to use the weaker of its line-
ups, NBC Blue, as a kind of loss leader to un-
dercut CBS.

In 1934, the Mutual Broadcasting System
(MBS) began to emerge in the Midwest. Frus-
trated in its attempts to expand from a re-
gional into a national network, MBS
complained to the Federal Communications
Commission that the older chains unfairly
dominated the network field. The FCC initi-
ated a major inquiry. After more than three
years of investigation, the FCC issued a set of
”Chain Broadcasting Regulations” aimed at
relaxing the hold of the older networks over
affiliates and talent, to free affiliates to pro-
gram for local needs and interests. Among
other things, the new rules forbade dual net-
works covering the same markets and forced
both CBS and NBC to give up the talent-book-
ing agencies they had developed as sidelines.
The rules also forbade the networks to force
stations to carry programs they did not wish
to accept, or to infringe in other ways on the
autonomy of affiliates.

CBS and NBC were outraged at these in-
trusions into their business affairs. Predicting
total collapse of the network system if the reg-
ulations went into effect, they fought the case
all the way to the Supreme Court, but in 1943



the Court finally settled the argument in favor
of the FCC (319 U.S. 190).* The most tangible
immediate outcome was the end of NBC's
dual network operation, with the sale in 1943
of its Blue network, which later became the
American Broadcasting Company (ABC). The
predicted collapse of network broadcasting
failed to materialize and Mutual began to ex-
pand rapidly. Thus emerged radio’s four-
network pattern, which endured until the
1960s.

CBS vs. NBC  After the war, CBS’s Wil-
liam Paley launched an all-out attack on
NBC's leadership. 1 would grant NBC its
greater reputation, prestige, finances, and fa-
cilities,”” said Paley, “but CBS had and would
continue to have the edge in creative program-
ming’’ (1979: 174). By 1948 CBS was packaging
twenty-nine sponsored radio programs, two
of which were in the top ten. Paley’s next tar-
get was a bigger prize — NBC's superstars.

The ensuing CBS “talent raid” used a
secret weapon, the discovery that star per-
formers could increase their income by incor-
porating themselves, then selling their
corporations to a network instead of taking
salaries. Profits on corporate sales were taxed
as capital gains at only 25 percent, whereas
the tax on a correspondingly high salary was
77 percent (Paley, 1979: 193).

With this leverage, Paley went after Jack
Benny in 1948, and Benny moved over to CBS.
Within a short time Bing Crosby, Red Skelton,
Edgar Bergen, George Burns and Gracie Allen,
Groucho Marx, and Frank Sinatra all deserted
NBC for greener fields at CBS.

By the fall of 1949 Paley finally achieved
his dream of taking the lead away from NBC,

*The Chain Broadcasting Regulations were later extended
in 1946 to television networks. In 1977, after radio net-
works had ceased to play a dominart role, most of the
original chain regulations were lifted for radio. (For details
see §8.2.)
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a lead CBS held for the brief remaining life of
big-time network radio.

Mutual Broadcasting System  The net-
work whose complaints against CBS and NBC
had precipitated the chain broadcasting inves-
tigation, MBS, signed up several of the smaller
regional networks that had developed in the
1930s and, in the post-World War II period, of-
fered a haven for the newly emerging small
stations that began to go on the air in great
numbers. By 1948 MBS affiliations had passed
the five hundred mark, and it was advertising
itself as “the world’s largest network.” The
significance of the number of affiliates in a net-
work has to be judged in terms of their power,
however, and most of MBS’s affiliates were in
the lower power classes, many located outside
the major urban centers. Mutual took on a
somewhat conservative political tone. Lacking
the prestige and corporate resources of the
older networks, it had to scramble to stay
alive. It tended to be less choosy about both its
programs and their sponsors than the older
networks and carried many paid religious and
politically right-wing programs that would
have had difficulty finding time on the more
prestigious networks.

Under the pressure to survive, MBS intro-
duced innovative business practices, such as
network cooperative advertising. This is a means
of using local advertisers to support network
programming, originally the exclusive domain
of national advertisers.

Such expedients never succeeded in mak-
ing Mutual financially stable, however, and its
whole history has been marked by frequent
changes in ownership. During a four-year pe-
riod in the 1950s its ownership changed six
times.

American Broadcasting Company
When NBC was forced to sell one of its two
networks in 1943 as a result of the chain
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broadcasting investigation, it naturally chose
to sacrifice the weaker of the two, NBC Blue,
which had descended from the old W]Z Radio
Group network of the 1920s (§2.10). Thus the
new owner of the Blue network (who
renamed it American Broadcasting Company
in 1945 and dropped the historic WJZ call let-
ters in favor of WABC) faced a difficult com-
petitive situation, running well behind both
NBC and CBS.

A second government-decreed corporate
breakup resulted in ABC’s rescue in 1953. Ear-
lier the Justice Department had forced "di-
vorcement”” on the Big Five motion picture
companies. This meant that the major Holly-
wood production studies had to sell off their
extensive theater chains. One of the spin-off
companies, Paramount Theaters, merged with
ABC, injecting much-needed funds into the
radio network and also establishing a link
with Hollywood that eventually paid off hand-
somely when ABC went into television. But
these developments came after the period of
network radio dominance; during it, ABC ran
third to NBC and CBS, with MBS trailing even
further behind.

Network Decline  During their heyday,
radio networks supplied a full schedule of
programs much as television networks do to-
day. Advertisers sponsored entire prcgrams,
rather than buying scattered spot announce-
ments as they now do in television (§9.4). But
this very identity of sponsors with network
programs and stars led to the precipitous de-
cline in radio network fortunes after 1948, as
television rapidly captured the mass audience,
luring away major advertisers and with them
the major performers. By the early 1950s, the
complacent pretelevision days were over. Wil-
liam Paley, who led CBS through this transi-
tion, recalled:

Although [CBS’s] daytime schedule was more than
90 percent sponsored, our prime-time cvening shows

were more than 80 percent sustaining. Even our
greatest stars could not stop the rush to television.
Jack Benny left radio in 1958; Bing Crosby left night-
time radio in 1957 and quit his daytime program in
1962. It was sad to see them and other old-timers go.
Amos ‘n’ Andy, which had been on radio since 1926
and on a network since 1929, left the air in 1960.
(1979: 227)

The ultimate blow came when radio
stations actually began refusing to renew
network contracts — a startling change, con-
sidering that previously a network affiliation
had always been regarded as a precious asset.
But rigid network commitments interfered
with the freedom that stations needed to put
their new tailor-made, post-television pro-
gram formulas into effect. Only a third of the
stations had network affiliations by the early
1960s. Networks scaled down their service to
brief hourly news bulletins, short information
features, a few public affairs programs, and
occasional on-the-spot sports events.

3.6 Television at Last

After several false starts, American commer-
cial television finally began its explosive
growth in 1948. That year, the number of sta-
tions on the air increased from 17 to 48. The
FCC reported an “unprecedented surge in the
number of applications for new television sta-
tions.” The number of cities served by televi-
sion went from 8 to 23. Set sales increased
more than 500 percent over the 1947 level and
by 1951 had already surpassed radio set sales.
Increased opportunities for viewing in 1948
multiplied the audience in one year by an
astonishing 4,000 percent.

In 1948 coaxial cables for network relays
became available in the Midwest as well as on
the East Coast, and regular network service
began. Important advertisers started experi-
menting with the new medium and large-scale
programming emerged.



Freeze Imposed (1948-1952) Televi-
sion’s growing pains were not yet over, how-
ever. The FCC’'s go-ahead for commercial
television had made only fourteen VHF chan-
nels available to serve the entire United
States.* As more and more stations began to
go on the air it became obvious that (1) the de-
mand for stations would soon exceed the sup-
ply of channels, and (2) the FCC had not
required enough geographical separation be-
tween stations on the same channel to prevent
serious co-channel interference.

To forestall a potentially chaotic situation,
the FCC on September 29, 1948, abruptly im-
posed a freeze on processing of further appli-
cations. The freeze did not affect applicants
whose permits had already been approved;
thus they were able to go ahead with construc-
tion of stations. As a result, for the nearly four
years of the freeze, 108 "‘pre-freeze” stations
had an enviable monopoly.

Enough stations were on the air through-
out the freeze years so that television’s for-
ward surge was not seriously inhibited.
During the freeze the number of sets in use
rose from a quarter-million to over 17 million.
After heavy losses at the outset, by 1951 sta-
tions began to earn back their investment. The
coaxial cable and microwave networks joined
the East Coast to the West Coast in 1951, inau-
gurating national network television, which
soon reached 60 percent of American homes.

Sixth Report and Order (1952) Mean-
while, the FCC had been holding a series of
hearings to settle the engineering and policy
questions that had brought on the freeze. The
long-awaited decision, the charter of present-
day U.S. television, came on April 14, 1952, in
the historic FCC Sixth Report and Order (41 FCC

*Originally there were thirteen channels, but channel 1
experienced too much interference from adjacent frequen-
cies. It was reassigned in 1948 to land-mobile communica-
tion. The rest were the same VHF channels, numbered 2
through 13, still in use today.
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148).* The new rules expanded the number of
channels by supplementing the twelve ex-
isting VHF channels with seventy new chan-
nels in the UHF band (the feasibility of using
this higher range of frequencies had been
demonstrated during World War II; see §6.9).

A table of 2,053 allotments awarded the
use of one or more channels to each of 1,291
communities —a sharp contrast with the
prefreeze plan, which had allotted channels to
only 345 cities. Over 66 percent of the allot-
ments were UHF. About 10 percent of the
total were reserved for noncommercial educa-
tional use, mostly in the UHF band. Exhibit
3.5 shows how co-channel allotments are
spread around the country to avoid interfer-
ence and also gives an example of individual
city allotments. The table of allotments has
been amended many times, one of the more
significant changes being an increase in educa-
tional reservations to about 35 percent of the
total.t

Tremendous pressures for new stations
had built up during the freeze. In less than a
year after the thaw, all outstanding uncon-
tested applications had been granted. Then
began the long-drawn-out process of deciding
among competing applicants for the few, im-
mensely valuable remaining channels in the
most desirable markets. The number of sta-
tions more than tripled in the first postfreeze
year (Exhibit 3.6).

However, the new channel allotment plan
had serious defects. For one thing, there still

*When faced with complex decisions the FCC often issues
preliminary “reports and orders” for public comment
before arriving at a final version. The fact that it took six
such reports to decide on the television allotment plan is
evidence of the complexity of the problem.

tOther major changes include reallocating channel 37 to
radio astronomy and, in 1970, channels 70-83 to land-mo-
bile use. In 1980 the FCC proposed over a hundred addi-
tional VHF channel allotments, to be made available as
“drop-ins.” These would be shoehorned into the allot-
ment plan by reducing co-channel mileage separations
and using directional antennas. In the end, only four such
allotments were added.
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Exhibit 3.5 TV Channel Allotment Plan
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The map shows the occupied channel 7 allotments (except for Anchorage, Alaska; Wailuku,
Hawaii; and Ponce, Puerto Rico). They are scattered relatively evenly throughout the country,
separated from each other by a minimum of 170 miles. The list of all channels available in one
of the cities to which channel 7 has been allotted is shown below. Rapid City’s UHF channels
have not been activated, but it gets service from translators that bring in signals of several

stations allotted to other cities in that region.

Status of channel allotments in Rapid City, S.D. (shown by white dot on map)

3 — Occupied by KOTA (NBC/CBS affiliate)
7 — Occupied by KEVN (ABC affiliate)

9 — Occupied by KBHE (noncommercial, licensed to state ETV system)

15 — Not occupied
21 — Not occupied

were not enough channels to give viewers in
every market an equal number of choices. Ide-
ally, every viewer would eventually have the
choice of being able to tune in at least five local
stations: an affiliate of each of the three com-
mercial networks, a noncommercial station,
and at least one independent station.

In practice 70 percent of the television
households in the country can receive nine or
more stations off the air (not counting cable
TV). But only 8 percent of the markets in the

country have five or more local stations. The
entire state of New Jersey, for example, had
no VHF station until the 1980s, and only four
or five UHF commercial stations.* Yet New
Jersey was flooded with signals from two ma-

*WOR-TV, channel 9, was reassigned to northern New
Jersey from New York City in response to strong Congres-
sional pressure in 1982. In return, the licensee, RKO Gen-
eral, achieved license renewal amidst some controversy
(§17.3).
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Exhibit 3.6 Growth of Television Stations, 1948-1985

900 900
800 800
700 700
Commercial TV
600 600
500 500
400 400
300 300
200 200
Noncommercial
(public) TV
100 100
-
1945 1955 1975 1985

The modern TV era started in 1948, with sixteen stations on the air. [Just over a hundred
stations had been authorized when the 1948-1952 freeze imposed a temporary ceiling. After
the thaw the mumber shot up remakably until about four hundred was reached in 1955,
Growth began to slow down at that point, but has never actually stopped. Noncommercial

stations grew more slowly. starting with the first two in 1954,

Source: Adapted from Stay Tuned: A Concise History of Broadcasting, by Christopher H. Sterling
and John M. Kittross. Copyright 1978 bv Wadsworth Publishing Company, Inc. Reprinted by
permission of Wadsworth Publishing Company, Belmont, CA. 1985 data from Broadcasting (21

Jan. 85), p. 105.

jor neighboring markets, New York and Phila-
delphia. In several of the biggest cities, New
York, Los Angeles, and Philadelphia among
them, the maximum feasible number of VHF
channels had already been licensed before the
freeze, so that it was impossible to designate
noncommercial VHF channels in those cities
in the allotment table.

UHF Dilemma  The inequities of channel
distribution were increased by the FCC’s deci-
sion to allot television to both VHF and UHF
channels and, moreover, to intermix the two in
many localities. The commission had tried
originally to ensure equal coverage potentials
for both VHF and UHF allotments by author-
izing UHF to use much higher power, hoping
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in this way to overcome the inherent propaga-
tion weakness of UHF waves as compared to
VHF waves. Even if added power could have
had the desired effect, however, years went
by before maximum-power UHF transmitters
became available.* UHF transmitters cost
more than VHF to install and operate, and at
first there were no UHF receivers on the mar-
ket. To pick up UHF stations, set owners had
to buy converters. Long after UHF was intro-
duced, manufacturers continued to build
VHF-only receivers because of the low de-
mand for all-channel sets. Viewers had no in-
centive to buy UHF receivers in areas where
they could pick up VHF signals, because in
such markets UHF stations had little to offer in
the way of attractive programming.

Faced with such overwhelming disadvan-
tages, UHF television began to slip backward.
From an initial high point of 120 stations in
1954 soon after the freeze was lifted, the
number of UHF licenses steadily declined un-
til the low point of only 75 stations was
reached in 1960. The FCC tried a variety of
measures to encourage the failing stations. In
Fresno, California, for example, it deleted the
one VHF channel, making Fresno a five-
station all-UHF market. But this deintermixture
option could not be widely adopted without
making a shambles of the entire allotment
table.

In 1961 and 1962 the FCC financed a
model station in New York to demonstrate the
viability of a well-engineered UHF operation.
The most useful step, however, was to compel
manufacturers to equip all receivers with UHF
tuning. This legislation became effective in
1964, creating an amendment to Section 303 of
the Communications Act of 1934. Television

*The pioneer commercial UHF station, KPTV (Portland,
Oregon), went on the air in September 1952, using an
RCA experimental transmitter. The first maximum-power
(5 million watts) UHF transmitter did not go on the air
until 1974,

receiver manufacturers at first undermined
the rule by installing continuous tuners,
which the public found difficult to use. Not
until the late 1970s was this problem resolved
by the introduction of ““click-stop”” tuners. In
1980 the FCC was still struggling with the
UHF problem. In that year it released a special
study on how to improve UHF reception,
stressing the importance of upgrading receiv-
ing antennas.

By 1965 some of the FCC's efforts had
taken effect, and UHF began a steady, though
not spectacular growth. FCC financial reports
indicate that until 1974 UHF stations as a
group continued to lose money. Thereafter
their profit margin increased each year.

In practice it appears that at present UHF
stations can achieve only 80 to 85 percent—at
best—of the coverage enjoyed by competing
VHF stations, though UHF proponents still
have hope that improved receivers and anten-
nas — as well as carriage of UHF stations on
cable television — will some day equalize cov-
erage with VHF except in areas of rough ter-
rain and in cities with many tall buildings.

Color Rivalry RCA’s leadership in the
original development of black-and-white tele-
vision gave NBC a substantial head start over
the other networks. CBS saw an opportunity
to counter NBC’s advantage by taking the lead
in color. During the 1940s, CBS developed a
partially mechanical color television system
that was incompatible, meaning that viewers
would have to buy separate receivers to pick
up color programs. Meanwhile, RCA contin-
ued working on its own compatible all-
electronic color system.

The competition between the rival net-
works and their systems shifted from the labo-
ratories to a series of FCC proceedings that ran
from 1946 to 1953. Eventually tired of the ex-
pensive wrangling, all parties accepted new
standards proposed by the National Televi-



sion System Committee (NTSC) for an elec-
tronic system patterned closely on RCA’s, and
thus compatible with sets already in use. This
meant black-and-white receivers already on
the market could pick up color signals in
monochrome.

But color telecasts on a large scale were
slow to develop, because of high costs of re-
ceivers and lack of advertiser interest. Five
years after the 1953 FCC adoption of the NTSC
standards, only NBC was producing programs
in color. Full network color production in
prime time came only in 1966. By 1972 half the
country’s homes had color television sets.
With the exception of small portables, virtu-
ally all sets manufactured today are color sets.

3.7 The TV Age Begins

Television grew far more rapidly than had ra-
dio two decades before because developers of
the new medium could build on the knowl-
edge and capital they had attained from the
old. But the shoestring operations sufficient to
get small radio stations on the air were no
longer possible: the very nature of television
programming favored the network approach.
True television networking had to await devel-
opment of special coaxial cable and microwave
relay links built by AT&T.

The first regular intercity relay circuit,
running between New York and Washington,
D.C., was operating by 1946, and the first
transcontinental links came only five years
later. Until the early 1950s, however, many
television stations had to survive without a di-
rect network connection. The recorded alter-
native was a filmed version, called a kinescope,
of the television picture as it appeared on the
face of a receiver tube. These filmed record-
ings of network programs were available in
1948 but were poor in quality and thus little
used. Only in 1956 did the Ampex Corpora-
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tion demonstrate a successful videotape pro-
cess, which saw its first practical use that fall
on CBS. In a rare spirit of cooperation, com-
peting manufacturers put aside their rivalries,
opting for a compatible standard from the out-
set of the new technology.

Three Networks  Several factors kept the
number of national commercial television net-
works to three: limitations on the availability
of suitable and sufficient programming, on ad-
vertiser support, on hours available at affili-
ated stations, and most crucial of all, on the
number of channels available in urban areas.
To be competitive, a full-service commercial
network must have access to affiliates of ap-
proximately equal coverage potential in all
major markets. The FCC’s 1952 Sixth Report
and Order effectively limited television to three
network services, since too few cities were al-
lotted more than three channels. Even if all
the independent commercial stations in the
country today were to combine forces in a
fourth network, it would only be able to reach
about 85 percent of the population, whereas
the three existing networks can reach better
than 95 percent of television homes.

Nevertheless, there have always been
pressures for, and candidates to be, a fourth
network, if not some lesser alternative be-
tween the extremes of independence and net-
work affiliation. When television networking
began, the Mutual radio network was too
weak to consider branching into television.
But from 1946 to 1955 a fourth chain did exist,
the DuMont Television Network. Founded by
Allen B. DuMont, a developer and manufac-
turer of cathode ray tubes and a pioneer re-
ceiver manufacturer, DuMont survived only
while the lack of live interconnection facilities
kept networking somewhat localized, for it
could not compete with the larger and older
networks. Its demise helped to strengthen
ABC’s position against CBS and NBC.
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It also prompted the FCC'’s second investi-
gation of networks in 1955-1957. Under attor-
ney Roscoe Barrow, the inquiry concluded
that the television networks held too much ec-
onomic power over their affiliates (House
CIFC, 1958). While not a landmark like the
first network report of 1941 (see §3.5), the Bar-
row study did lead eventually to substantial
rule changes (see Box in Chapter 13).

Weaver’s Innovations at NBC  Most of
NBC’s early programming strategies sprang
from the fertile imagination of Sylvester “Pat”
Weaver. Weaver resigned his job as the broad-
casting chief of a major advertising agency in
1949 to become NBC’s vice president for tele-
vision. He left NBC only six years later as
chairman of the board, but in those few forma-
tive years made a permanent mark on televi-
sion programming. Though assuredly an
intellectual, Weaver had the common touch in
mass entertainment without being common.
Most presumed television “experts” at that
time simply tried to adapt radio or the theater
to television. Weaver’s special talent was the
ability to free himself of preconceived media
habits and to look at television with a fresh
vision.

He foresaw, for example, that the single-
sponsor show, the hallmark of big-time net-
work radio, simply could not last in television.
Program costs would eventually become far
too high for any but a few rich, highly prestig-
ious corporations to bear, and even they
would be able to afford full sponsorship only
occasionally. Instead, Weaver introduced seg-
mented sponsorship, which enabled a number of
different advertisers to share the spotlight in a
single program, and the magazine format,
which combined a number of separate fea-
tures within the framework of a single pro-
gram. Disregarding conventional wisdom
about the inviolability of established viewing
habits, he disrupted regular schedules to run

occasional one-time “’spectaculars,” 90 min-
utes long. The other networks refused to take
such risks at first, but eventually, under the
name “specials,” Weaver’s spectaculars be-
came common practice on all networks.

Weaver, as well as William Paley at CBS,
wished to recapture control of commercial en-
tertainment from the advertising agencies,
who had taken command during radio days
(82.10). He recognized that advertiser control
meant conservative, no-risk programming.
Only the networks, Weaver said, could “gam-
ble on shows, on talent, on projects; and we
will lose in doing this all too often. But only a
great network can afford the risk, and that is
essentially why the great network service is so
important to this country” (1955). As produc-
tion costs rose, fewer advertisers could afford
to supply programs. A study of prime-time
program sources in the period 1957 to 1968
showed that advertisers declined as a source
from 33 percent of the total to 3 percent. Inde-
pendent program packagers (§11.2) increased
during the same period, producing 81 percent
of all regularly scheduled prime-time pro-
grams by 1968 (Little, 1969: 1).

Despite Weaver’s success with specific in-
novations, however, CBS steadily gained in
the overall ratings race with NBC during
Weaver’'s tenure. In consequence, NBC let
Weaver go.

CBS Leadership  William Paley’s struggle
to prevail over prestigious NBC started to pay
off in 1953 when CBS Television first became
profitable — after a start-up investment of
$60 million. By 1955 CBS achieved number-
one place in the ratings, holding undisputed
leadership for twenty-one years.

Paley had become chairman of the board
of CBS in 1946, but he continued to act as the
master programmer. On CBS’s fiftieth anni-
versary, when Paley was 76, he still reportedly
saw every program pilot, read many new



scripts, and expected to have a say in the de-
tails of program decision making and schedul-
ing. His instincts must have been right, for
’no corporation can trace as long and unbro-
ken an ascent to prosperity under the unques-
tioned control of a leader on active duty”
(Broadcasting, 19 Sept. 1977).

ABC Seizes the Lead  As the networks en-
tered the television age in 1948, ABC Television
found itself in somewhat the same position that
CBS had occupied in the early days of network
radio. Top advertisers and performers automati-
cally tumed to CBS or NBC, regarding ABC
only as the last resort. ABC began to pay more
attention to demographics, tailoring prime-time
shows to the young, urban, adult segments of
the audience. In practice, this policy meant em-
phasizing action, violence, and sex, and aban-
doning any serious attempt to offer the more
balanced range of programming that the older
networks had always thought essential to their
national images.

ABC was aided by its link with the motion
picture industry, an association that had be-
gun with the ABC-Paramount Theaters
merger in 1953 (§3.5). In 1954 Walt Disney, the
first of the major studio leaders to make a deal
with television, agreed to produce a series of
programs for ABC called Disneyland (1954-
1957; then other various titles on NBC until fi-
nally dropped in 1981). The ABC deal was an
exceptionally good one for Disney, who got
free advertising for his theme park (just then
opening) and for Disney feature films.

The “Live Decade”: 1948-1957 If we
look back with nostalgia to radio’s ““golden
era” of the 1930s and 1940s, we may justifiably
feel the same way about television’s first dec-
ade. The networks put first priority on stimu-
lating people to buy sets. Only attractive
programs could provide the necessary
stimulus:
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It was the only time in the history of the medium that
program prioritics superseded all others. If there was
an abundance of original and quality drama at the time
... it was in large part because those shows tended to
appeal to a wealthier and better-educated part of the
public, the part best able to afford a television set in
those years when the price of reccivers was high.
(Brown, 1971: 154)

Most programming, local and network,
was necessarily live — a throwback to the ear-
liest days of radio. Videotape recording had
not yet been invented. Original television
plays constituted the most memorable artistic
achievements of television’s live decade. "'Tal-
ent seemed to gush right out of the cement,”
wrote the pioneer New York Times critic, Jack
Gould (1973: 6). Robert Alan Aurthur, a young
playwright at the time, recalls the challenge of
producing fifty-two live, original plays a year
— no network reruns in those days.

It is easy to become oversentimental about
the live decade. A more realistic appraisal,
perhaps, is that of Robert Saudek, producer of
Ommibus, a prestigious series initiated in 1952
with Ford Foundation support as an experi-
ment in high-quality television. Asking him-
self if the strain of live production was really
worthwhile, Saudek concluded:

Any sane observer would have to say no, because it is
both efficient and economical to put shows on film or
tape. Not only does it provide profitable reruns, but
also . . . the scheduling of crews, studios, lights, cam-
cras, sound and all the other hardware can be comput-
erized. In that way a whole season of shows can be
frozen and stored away like TV dinners to be retrieved
and served up on demand. (Saudek, 1973: 22)

In short, the economics of television drove it
unrelentingly toward syndication and there-
fore toward recording. This was equally true
at both the local and the network levels.

Production Moves to Hollywood  Tele-
vision programs could, of course, have been
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Exhibit 3.7 Early TV Shows

What's My Line? exemplifies the half-hour panel show (in this case celebrity panelists tried
to identify mystery guests’ careers) and the heavy presence of early advertisers. Lassie was a
long-running Sunday evening program aimed at children. Mary Martin as Peter Pan, on
NBC in 1955, was an early example of the “'spectacular” or special program. The
Honeymeooners, starring Art Carney, Jackie Gleason, and Audrey Meadows was an early
sniccess as a half-hour situation comedy built around a plumber (Carney) and a bus driver
(Gleason).

Sources: What's My Line, Lassie, The Honeymooners courtesy of CBS; Peter Pan courtesy of NBC.




recorded from the very beginning by making
them originally on motion picture film. Eco-
nomic, technical, and social barriers delayed
adoption of this solution.

First, the slow and cumbersome single-
camera production method traditional in
Hollywood was far too expensive for televi-
sion. Time was needed to adapt film technol-
ogy to the physical limitations of television,
with its lower resolution, its smaller projected
picture area, and its much more restricted
range of contrast. Solutions to these problems
were slow in coming because the motion pic-
ture industry regarded the upstart television
medium with a mixture of overt contempt and
secret fear. Moreover, many television special-
ists and critics wanted television to stay clear
of the movies, counting on it to bring about a
new breed of mass entertainment, indepen-
dent of the familiar Hollywood fare.

The two points of view were as far apart
as their two centers, television in New York
and film in Los Angeles. But the economics of
the two media drove them ever closer to-
gether. Inexorably, as the technical barriers to
producing television programs on film were
overcome, the production base for entertain-
ment programming shifted to the West Coast.

In the 1956-1957 season, 63 percent of all
network programming was still being pro-
duced in New York, nearly all of it live, with
most of the West Coast production on film.
But in 1958 NBC moved Studio One, which for
a decade had been the most prestigious of the
New York live television drama series, to
Hollywood. Studio One died within months,
symbolizing the demise of the live decade.

Television’s live production methods
brought about changes in Hollywood'’s tradi-
tional production techniques. Live television
usually employs three or more cameras run-
ning at the same time, taking shots from dif-
ferent angles and at different focal lengths.
The live action unfolds continuously, while
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the director edits simultaneously, selecting
optional shots from the several cameras. The
result is continually recorded on videotape for
possible further editing. Adaptations of this
technique to film make possible much faster,
more economical shooting than the traditional
Hollywood method of staging and lighting
each short scene separately for a single cam-
era. In the traditional method, after filming
many “takes” of the same scene, the camera
had to be moved to a new setup and the scene
relighted before the next shot was taken.

Feature Films In a replay of the news-
papers’ earlier fears about the inroads radio
might make on the news business (§3.1),
Hollywood withheld its better and more re-
cent theatrical feature films from television for
a dozen years. Only pre-1948 films were re-
leased to television, except for some foreign
imports, and even these were released grud-
ingly by the film companies in fits and starts.
The cutoff year was 1948, because after that
year feature-film production contracts con-
tained restrictive clauses taking into account
the possibility of release to television.

During the early 1950s, then, television
stations had to content themselves with old
”B” grade movies produced by minor compa-
nies. Somewhat in the spirit of early radio,
when networks disdained to use recorded
sound, television networks in the 1950s dis-
dained to use feature films. For the time being
movies served only as fillers in locally
programmed hours. For example, the WCBS-
TV (New York) movie series The Late Show,
which started in 1951, was one of the longest-
running feature-film series on television. Its
producer recalled that the first break in the
major studios’ united front came in 1955. By
1956 most of the big Hollywood studios had
begun to offer him ”packages” of films culled
from their vaults (Broder, 1976). Only in the
early 1960s did Hollywood conclude that the
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television bane could also be a boon because
of the substantial prices that the networks
would pay for “post 48s” films that had no
further theatrical value.

3.8 Radio Responds to Television

Predictions of what the growth of television
would do to radio were dire in the 1950s, with
some observers predicting the demise of radio
entirely. Others felt that, despite its shaky be-
ginnings, FM would at last supersede AM.
Public and industry attention was on televi-
sion, with radio seemingly relegated to a back-
water, though it was radio revenue that had
made expansion into television possible.

Radio’s Identity Crisis  As radio stations
continued to expand in number and shrink in
revenue, they faced a growing problem of ano-
nymity. Cast adrift from their network pro-
gram moorings, stations floundered in a sea of
sameness. Networks had given their affiliates
ready-made personalities, and unaffiliated sta-
tions were few enough in number to have rel-
atively little difficulty in creating recognizable
independent public images. But with the loss
of star talent to television and the cutback in
network program schedules, all stations be-
came very much alike.

Declining income told the story in a nut-
shell. In 1948, the year television began its
phenomenal growth, the radio networks and
their few owned-and-operated stations earned
$18 million. By 1958 network income had
dropped to zero. Total income of the rest of
the stations dropped in the same period from
$46 million to $41 million, but by 1958 twice as
many stations claimed a slice of the pie. On an
average, each station earned only half as
much in 1958 as it had in 1948.

The Role of Rock  If music had been im-
portant to radio during the pretelevision era,

after television began it became all-important.
With the loss of network dramas, variety
shows, quiz games, and documentaries, radio
programming fell back essentially to music
and news/talk, with music occupying by far
the majority of time on most stations. Provi-
dentially for radio, this programming transi-
tion came at a time when a new musical
culture was arising, one that was to find in ra-
dio an ideally hospitable medium.

Early in the 1950s, a Cleveland D] named
Alan Freed gained national recognition:

[Freed] began playing a strange new sound. A sound
that combined elements of gospel, harmony, rhythm,
blues, and country. He called it "'rock and roll.” And
people everywhere began to listen. . . . It transcended
borders and race. It was enjoyed down South as well
as in the North. The music was no longer segmented.
Both blacks and whites were able to listen. . . . Rock
and roll sang to the teen-ager; it charted his habits, his
hobbies, his hang-ups. (Drake-Chenault, 1978: 1)

Radio proved to be the perfect outlet for
this new form of expression. Rock lyrics
spread the slogans of the disenchanted and
the disestablished in a coded language, in de-
fiance of the stuffy standards that broadcast-
ing had previously sought to maintain.

Top-40 Radio  The answer to radio’s iden-
tity crisis came in the late 1950s in the form of
"Top-40"" programming. The name referred to
the practice of rigidly limiting DJs to a pre-
scribed playlist of currently best-selling popu-
lar recordings. Gordon McLendon (Exhibit
3.8), a colorful sportscaster and station owner,
is one of those credited with launching the
format.

Another pioneer, Todd Storz (Exhibit 3.8),
applied the Top-40 formula to group-owned
stations. Such innovators frequently moved
bottom-ranked stations to the first rank in
their markets in a matter of months. An hour’s
monitoring of a Storz Top-40 station in the late
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The two most important innovators of formula music radio programming in the 1950s were
Todd Storz (left) and Gordon McClendon (right), both of whom experimented with varied
combinations of hit music, short newscasts, spot advertising, and "'personality’ disk jockeys.

Source: Photos courtesy of Broadcasting.

1950s yielded the following statistics: 125 pro-
gram items in the single hour; 73 time,
weather, promotional, and other brief an-
nouncements; 58 repetitions of call letters; a
three-and-a-half-minute newscast featuring
accidents and assaults, each item averaging
two sentences in length. The overall effect was
loud, brash, fast, hypnotic — and memorable.
The station acquired an instantly recognizable
”sound.” No other station on the dial in a
Storz market sounded anything like the newly
programmed Storz station.

The dramatic success of the Top-40
formula came as much from its ruthlessness
in repelling listeners as in its skillfulness in
attracting them. To formula programmers,

consistency was of the utmost importance.
They defined a specific audience segment (in
terms of age and musical taste), programmed
relentlessly for that segment no matter how
many other segments took offense, and
fulfilled the established formula with unwa-
vering consistency.

The second ingredient in Top-40 success
came from an equally single-minded dedica-
tion to ceaseless promotion and advertising.
Everything possible was done to imprint call
letters and dial position indelibly on the lis-
tener’s mind (§13.9).

FM’s Triumph  The resurgence of FM that
began in 1958 continued at an accelerated
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pace. This success was attributable not only to
the inherent physical advantages of FM in
terms of sound quality but also to the drying
up of AM channel availabilities and to a delib-
erate FCC policy of encouraging FM licensees.
In the earlier years, when FM stations had dif-
ficulty in persuading advertisers to use their
facilities, their financial survival was helped
by the sale of Subsidiary Communications Au-
thorization (SCA) services. In effect, the FM
licensee could provide a regular public broad-
cast service plus a separate broadcast service
for subscribers renting special receivers. Mu-
zak, a firm providing background music for
offices and stores, became an early customer
for SCA (810.3).

Important to the rapid expansion of FM in
the 1960s was FCC approval in April 1961 of
technical standards for FM stereo transmis-
sion. Following the pattern of its previous de-
cisions on black-and-white and color
television, the commission followed the ad-
vice of an industry testing committee that rec-
ommended a specific standard, which would
allow stereo broadcasting without harming
SCA income. The combination of the new
stereo capability with FM’s greater frequency
response (§6.4) provided a substantial advan-
tage over AM sound, and came just as public
interest in high-fidelity stereo recording was
rising to a peak. FM rode that technical lead to
become the fastest-growing broadcasting me-
dium of the 1960s.

A series of related FCC decisions in mid-
decade contributed greatly to FM’s success.
The commission’s nonduplication rule required
AM/FM owners in major markets to program
FM operations independently of AM sister
stations at least half the time, giving an impor-
tant stimulus to independent FM program-
ming. The rule was gradually expanded to
cover smaller markets and more station time.
Resisted at first by the radio industry, the de-
cision proved crucial in transforming FM from

a shadow of AM to an independent service
with as much format specialization as AM.
One indication of this change was a trend to-
ward adoption of separate call letters for FM
operations, away from the use of hyphenated
call signs based on AM call letters. The
nonduplication rule was dropped in 1986
(84.6).

Another FM limitation that was overcome
was the relative scarcity of FM receivers com-
pared to AM radios. The development of tran-
sistor radios in the 1950s had assisted AM in
becoming a truly portable medium. Further,
the important morning and afternoon “drive
time” audiences were dominated by AM sta-
tions, since few cars had FM receivers.
Though FM spokespersons lobbied Congress
for an “all channel” bill similar to that passed
for television (§3.6), audience demand for ac-
cess to both radio services eventually accom-
plished the same end without legislation.
Receiver cost came down and quality im-
proved. By 1974 the majority of all radios had
FM capability, and two years later most car ra-
dios could also receive FM signals (Sterling,
1984: 225). By the 1980s few radios were sold
that did not have both bands, many with the
new AM stereo service (§4.5).

3.9 Ethical Crises

The explosive growth of broadcasting and the
potential for vast profits created considerable
temptation for networks and stations to cash
in on the situation by any means possible.
A series of ethical crises occurred in the
1950s: fraudulence in programming (including
payola, payoffs to radio DJs for playing certain
records), political blacklisting, and malfea-
sance in office by FCC commissioners. By the
end of the decade, soul-searching by broad-
casters and their critics was giving rise to con-
cerns about social responsibility.



Quiz Scandals In the mid-1950s, high-
stakes television quiz programs captured na-
tional attention. They dominated prime-time
ratings and became almost an obsession for
audiences and programmers alike. The first
big-time quiz show, The $64,000 Question,
premiered on CBS in 1955 and was followed in
1956 by NBC’s Twenty-One and then dozens of
others. At the height of the fad, five new quiz
shows were introduced in one day.

Producers milked the contests for the last
possible drop of suspense. Thousands of dol-
lars hung in the balance as audiences awaited
crucial answers from contestants enclosed in
“isolation booths” to prevent prompting.
Most glamorous of the contestants on Twenty-
One was Charles Van Doren, a bachelor in his
twenties and a faculty member at Columbia
University (see Exhibit 3.9). For fifteen breath-
less weeks, Van Doren survived the chal-
lenges of other contestants. By the time he
was finally defeated he had won $129,000 and
had become a media supercelebrity. But the
worm in this apple was that Van Doren, and
most of the other contestants, had been faking
all the time, conniving with program produc-
ers to rig the outcome. Advertisers interested
in the largest possible audiences had supplied
the impetus for the quiz rigging in order to
keep appealing contestants on the air over
long periods.

The first hints of quiz rigging began to
surface in 1956, when several unsuccessful
contestants began to speak out about what
was going on. Amid pious disclaimers from
other contestants, producers, advertisers, and
network officials, the New York district attor-
ney began an investigation late in 1958. Ulti-
mately ten persons pleaded guilty to having
perjured themselves by denying complicity in
quiz rigging. By the time official confirmation
of fraud came in July 1959, the quiz craze had
run its course, having earned millions of dol-
lars for drug and cosmetic sponsors. Van
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Exhibit 3.9 Quiz Scandals

Former Columbia University instructor Charles Van
Doren speaks before press after a New York grand jury
hearing. In the investigation of rigged quiz shows, Van
Doren was given a suspended sentence after pleading
guilty to charges of perjury.

Source: Wide World Photos.

Doren and others indicted by the grand jury
received suspended sentences.

The ripples spread far and wide. President
Dwight D. Eisenhower requested a report
from the U.S. Attorney General, and Congress
investigated. As a result, Section 509 was
added to the Communications Act of 1934,
threatening fines and/or jail for complicity in
rigging “contests of intellectual knowledge,
intellectual skill or chance.” Also, the net-
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works moved to take back some degree of pro-
gramming control from advertisers — a move
reinforced by the rising cost of television time,
which discouraged advertisers from paying
for total program control and forced them to
share expenses of the medium. For a time,
network officials spoke in glowing terms of an
increase in public-affairs and documentary
programming. The industry set up a Televi-
sion Information Office to give broadcasting a
better public image.

The quiz scandals dramatized divergent
views of the role of broadcasting. To some, the
quiz deceptions seemed a massive betrayal of
public trust, a symptom of widespread moral
decay.” But to others, the rigging seemed no
more fraudulent than a stage pistol with
blanks rather than real bullets. In response to
an opinion survey taken just after the disclo-
sure of the quiz rigging, a quarter of the re-
spondents saw nothing at all wrong with the
deception (Kendrick, 1969: 130).

Blacklisting  The social role of broadcast-
ing came into question from another perspec-
tive during the late 1940s and 1950s. This was
the period of the Cold War, when some Amer-
icans feared imminent Russian takeover. One
reaction in the United States was an intensive
hunt for evidence of procommunist, subver-
sive influences. People in the news and en-
tertainment media became favorite targets of
the hunters. Many performers and writers
suspected of leftist sympathies found them-
selves on blacklists — privately (and sometimes
publicly) circulated rosters compiled by zeal-
ous investigators. These list makers searched
through newspaper files and other records for
evidence of people’s associations with certain
causes and organizations that were suspected
to have subversive intentions.

People whose names appeared on such
lists lost their jobs suddenly and thereafter
found themselves unemployable, usually with

no explanation or opportunity for rebutting
the evidence. Actors were especially vulner-
able because a few years before, during World
War II, they had often been asked to appear at
benefit performances and rallies in support of
various aspects of the war effort. Because Rus-
sia was a wartime ally of the United States,
these conspicuous appearances were often
misinterpreted as evidence of communist
leanings.

After news of a few cases of arbitrary dis-
missals became embarrassingly public, little
more was heard about them. This meant not
that the blacklisting had let up but that the
networks and advertising agencies had “insti-
tutionalized”” it in order to avoid unfavorable
publicity. According to a study commissioned
by the Fund for the Republic, they assigned
top executives to comb through blacklists and
to compile their own “black,” “gray,” and
“white” lists as guides to safe casting and job-
assignment decisions (Cogley, 1956). They
found plenty of names in such publications as
Red Channels: The Report of Communist Infiltra-
tion in Radio and Television, published by
Counterattack in 1950. Scores of writers, per-
formers, newspersons, and other broadcast
employees found their careers abruptly
halted. Many innocent people were perma-
nently damaged, and some even committed
suicide.

Proving that accusations were false (as
many of the accused did), showing that cir-
cumstances were entirely innocent (as many
did), or disclaiming any communist leanings
(as many tried to do) did not suffice to “’clear”
names once clouded. Mere innocence was not
enough. Private anticommunist “consultants”
demanded that suspects purge themselves of
“dangerous neutralism.” AWARE, Inc., one
of the self-appointed blacklist groups, pub-
lished The Road Back: Self Clearance. It advised
those who wanted to clear their names to ac-
tively “support anti-Communist persons,



groups, and organizations” and “’subscribe to
anti-Communist magazines, read anti-Com-
munist books, government reports and other
literature.” Religious conversion was sug-
gested as a favorable sign of political redemp-
tion (quoted in Cogley, 1956: 136).

The broadcasting industry knuckled
under with scarcely a murmur of public pro-
test. However, when the Fund for the Repub-
lic polled broadcasting executives it found that
only 11 percent considered the blacklisters as
"”sincere and patriotic.” Other executives re-
ferred to them as “misguided,” “crazy,”
"profiteers,” and “pathological.” Sixty-seven
percent of the industry members interviewed
believed the blacklisters were motivated by
professional jealousy. But still no one wanted
to be quoted by name (Cogley, 1956: 242).

Among the talent unions, only Actors’ Eg-
uity took an antiblacklisting stand. The Ameri-
can Federation of Television and Radio Artists
(AFTRA) was nearly torn apart by contro-
versy. Even though a problacklist group of of-
ficers was shown to represent only a minority
of the members, AFTRA still failed to come to
the aid of its accused members, who were fac-
ing the most serious crises in their careers.

The Faulk Case One AFTRA member
who fought back was John Henry Faulk, a suc-
cessful radio and television personality at
CBS. He had helped to organize an antiblack-
list (but also anticommunist) ticket for the
New York AFTRA chapter, winning election
as second vice president. The problacklist fac-
tion included several officers of AWARE, Inc.
Following the defeat of its slate in the AFTRA
election, AWARE published a report accusing
Faulk of seven instances of activities it consid-
ered politically suspect.

He brought suit against the blacklisters in
June 1956. Late in 1956 CBS abruptly dis-
charged Faulk while he was out of the country
on vacation. Upon his return he found his ca-
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reer suddenly at an end. Alleging a malicious
conspiracy to defame him, Faulk proved in
court that each of AWARE’s seven charges
against him was false. The viciousness of the
libel so appalled the jury that it awarded even
more damages than Faulk asked — a total of
$3.5 million. On appeal, the defendants re-
ceived another stinging rebuff when a five-
judge New York appellate court unanimously
upheld the guilty verdict, remarking that “the
acts of the defendants were proved to be as
malicious as they were vicious.” The court
did, however, reduce the damages to $550,000
(19 AD 2d 464, 1963), most of which Faulk was
never able to collect. Louis Nizer, Faulk’s law-
yer, concluded his own story of the case by
saying, “One lone man had challenged the
monstrously powerful forces of vigilantism
cloaked in super patriotism’’ (1966: 464).

In point of fact the blacklisters only seemed
monstrously powerful. They gained their
strength from the timidity of the broad-
casters, advertisers, and agencies who gener-
ally surrendered meekly in order to avoid
controversy.

Murrow Confronts McCarthy  Accep-
tance of broadcasting’s journalistic responsi-
bility was exemplified by another episode in
the 1950s. The best-known exponent of the
blacklisting approach to patriotism was Sena-
tor Joseph R. McCarthy. As chairman of a Sen-
ate subcommittee on investigations, McCarthy
staged a series of flamboyant witch hunts. So
notorious were his methods that the term Mc-
Carthyism has since entered the language as a
synonym for public character assassination
based on unfounded accusations.

One of those who took the risk of openly
opposing McCarthy was Edward R. Murrow,
a CBS newsman (see Box, page 81). In televi-
sion documentaries and radio commentaries
Murrow had criticized specific instances of
McCarthy’s unfairness, but not until March 9,
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1954, did he mount a direct attack on McCar-
thy’s methods as a whole. That night, Murrow
devoted his entire See It Now program to a
devastating critique of McCarthyism (Exhibit
3.10).

To create the program, Murrow and his
producer, Fred Friendly, needed to do little
more than draw upon their film files. McCar-
thy was so outrageously inconsistent, illogical,
opportunistic, and devious that he con-
demned himself. McCarthy accepted CBS’s of-
fer of rebuttal time, filming his reply on a Fox
Movietone soundstage at a cost of $6,000,
which CBS paid. With his usual wild rhetoric,
McCarthy called Murrow "'the leader and the
cleverest of the jackal pack which is always
found at the throat of anyone who dares to ex-
pose individual Communists and traitors”
(quoted in Friendly, 1967: 55). Later in 1954,
television dealt another blow to McCarthy by
broadcasting in full the 36-day hearings of his
Senate subcommittee, during which he at-
tacked the patriotism of the U.S. Army.* As in
the See It Now broadcast, on camera McCarthy
turned out to be his own worst enemy.

Murrow himself never claimed that the See
It Now analysis played a decisive role in Mc-
Carthy’s subsequent decline. But press criti-
cism was on the rise, and the mood of the
country was changing. In any event, within
the year McCarthy’s career was effectively
brought to an end when the Senate passed a
motion of censure against him.

In doing its part to expose McCarthy,
broadcasting to some extent redeemed itself
for having given in so tamely to the demands
of the blacklisters. Nevertheless, as Murrow
said, looking back five years after the event,

*In those days the networks, especially the weaker ones,
could find time for such extended coverage without un-
due sacrifice. Both the DuMont network and ABC carried
the 187 hours of hearings in full, though ABC did not at
that time have complete coast-to-coast coverage. NBC car-
ried a few days of the hearings and CBS showed film clips
in the evenings.

”the timidity of television in dealing with this
man when he was spreading fear throughout
the land is not something to which this art of
communication can ever point with pride. Nor
should it be allowed to forget it” (quoted in
Kendrick, 1969: 70).

FCC Payoffs  Concern over the identifica-
tion of regulators with the industry they regu-
late is a recurring issue; but it came to a head
in the late 1950s when two members of the
FCC were forced to resign under pressure. In
March 1958, Commissioner Richard Mack re-
signed when it became known he had ac-
cepted a bribe to vote for a particular applicant
for a potentially lucrative television license in
Florida. Two years later, FCC chairman John
Doerfer was pressured out of office after hav-
ing accepted cruises on the yacht of a group
broadcaster and having submitted double and
triple billing for official travel.

These and other FCC transgressions led to
a series of intensive Congressional investiga-
tions of FCC operation. Part of the problem
was the quality of appointments made to the
FCC (and other agencies of government). But
the problem was also due in part to a too-close
industry-regulator relationship. This problem
became largely irrelevant by the 1980s when
regulators adopted industry viewpoints on
minimizing regulations (§17.2).

Summary

* Over the four decades covered in this
chapter, broadcasting expanded from a small
prewar business of 800 AM stations to a mod-
ern industry of some 10,000 radio and televi-
sion stations. Throughout, first in radio and
after 1948 in television, the three national net-
works dominated broadcast programming and
economics. Early concern about broadcasting’s
competitive impact was evident in 1930s’ bat-
tles over music licensing, union battles against
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Exhibit 3.10 Murrow vs. McCarthy on See it Now

CBS journalist Edward R. Murrow (see Box, page 81)
detailed the investigative methods of Senator Joseph R.
McCarthy (R-Wis) on See it Now in March 1954. The
senator replied with a strong attack on Murrow three
weeks later on the same program. The two telecasts,
alang with the Army-McCarthy televised Senate
hearings later that spring marked the beginning of the
end of McCarthy’s political career.

Source: Murrow, courtesy of CBS; McCarthy, UPY
Bettmann.
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use of recordings, and the brief press-radio
war.

* RCA spearheaded the U.S. television sys-
tem finally approved by the FCC in 1941. FM
radio, the brainchild of inventor Edwin How-
ard Armstrong, was also approved for com-
mercial operation in 1941 but saw only limited
growth until the 1960s.

e Though the radio industry grew little in
size during World War II, it gained enor-
mously in stature as it reported from the
world’s battlefronts, laying the ground for
postwar broadcast journalism.

¢ Postwar network radio reached the height
of rivalry as CBS surpassed NBC in popular-
ity. ABC, which developed from the sale of
NBC Blue, continued to struggle and Mutual
developed its small market affiliations.

¢ Commercial television began in earnest
with the inception of network service in 1948,
though coast-to-coast interconnection did not
come until 1951.

* Demand for station assignments became
so heavy that the FCC was forced to re-evalu-
ate its entire allotment scheme. A freeze on li-
censing was implemented from 1948 to 1952,
ending with the Sixth Report and Order, which
opened up UHF frequencies and set aside re-
served assignments for noncommercial opera-
tion. Channel assignment, and the problems
of limited UHF coverage, were dominant in-
dustry issues in the 1950s.

o After years of developmental work by CBS
(on a mechanical system) and RCA (on an
electronic system), the FCC approved color
television operations late in 1953. But color did
not take off commercially for another decade,
largely because of its high cost.

e Patterned on the radio model, networks
dominated the first decades of television oper-
ation. Though NBC pioneered many original
programs, CBS soon dominated audience rat-
ings. ABC struggled in a weak third place; and

DuMont, a fourth network attempt, failed in
1955, since too few markets had four stations.

e Production of network programming
moved from New York to the West Coast, pro-
viding a closer alliance with the film industry.
In 1956 videotape was introduced, making
possible greater production and scheduling
flexibility.

 As viewers and advertisers flocked to tele-
vision, the old radio network system fell
apart. The development in the mid-1950s of
rock music, formula Top-40 radio formats, and
portable transistor radios helped to build a
new identity for radio.

¢ FM radio became the fastest growing
broadcasting medium of the 1960s, en-
couraged by FCC decisions that allowed SCA
services to generate income, that established
stereo standards, and that required separate
AM and FM programming from owners who
operated both kinds of stations. In addition,
the general overcrowded nature of AM con-
tributed to FM’s growth.

¢ Rapid change and expansion of the broad-
cast industry, and the potential for fast and
vast profits, led to several ethical crises late in
the 1950s. Rock radio was shaken by DJ
payola, popular TV network quiz shows
turned out to be largely rigged, political black-
listing was widespread, and two FCC commis-
sioners were forced to resign due to
malfeasance in office. Yet the industry showed
what impact television could have as CBS’s
Edward R. Murrow took on demagogue Sena-
tor Joseph McCarthy in a hard-hitting docu-
mentary that helped end the senator’s reign of
political terror.

¢ Throughout this period, broadcasting had
little competition, except from established
newspapers. Radio and television stations
were often money machines for owners. Net-
work-dominated television appeared likely to
dominate leisure time for decades to come.
But dramatic changes were in the offing.



CHAPTER 4

Era of Electronic Media

Through the 1970s, traditional television and
radio broadcasting continued to develop and
prosper. Though not much changed in outline
from a decade or two earlier, broadcasting in
1970 was a bigger and more complicated busi-
ness. Network-dominated television and local
music-radio formats continued their evolution
based largely on earlier patterns. But major
competition on the horizon would dilute the
dominance of radio and television with new
delivery options.*

4.1 The Limits of Television

Unfulfilled Demand  The seeds of future
change had already been sown in the 1952
Sixth Report and Order (§3.6). The television
channel allotments set up by that watershed
decision severely limited the number of televi-
sion signals that could be received in even the
largest cities. Minority groups and people in
rural areas demanded more video signals than
the allotment plan could provide. Some
wanted more specific types of programs,
others a wider choice of channels than the
three to five most homes could receive. Some

*The technical details of the services that appear in this
chapter are discussed further in Chapters 5 through 7, es-
pecially the latter.

wanted to watch distant stations, and others
called for more cultural, educational, or chil-
dren’s programs.

Interim Services  The 1950s and 1960s
saw a number of experiments intended to ex-
pand signal availability. Mountain states with
poor reception supported establishment of
mini-TV stations tied directly to main trans-
mitters. Low-power transmitters called boosters
filled holes in VHF and UHF station coverage.
They boosted weak signals, using the same
channel as the main transmitter. Translators
also strengthened signals but used a different
channel for the “fill-in”’ station, to avoid inter-
ference. Satellite stations provided some local
independent programming but generally re-
broadcast programs from an originating sta-
tion under the same ownership, much in the
way of a network affiliate. The aim of all these
stations was to provide an interim service to
underserved areas.

But none of these options, some quite
controversial at the time,* provided more or

*At first, these small operations were not licensed, since
they didn’t fit into the scheme of the Sixth Report. The
FCC tried to force them off the air, but the governor of
Colorado, Edwin Johnson, formerly an influential sena-
tor, used his contacts in Congress to force the FCC to li-
cense the boosters and translators retroactively.
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different service; they merely expanded cover-
age of existing stations, one signal at a time.
As we will see, however, they laid the techno-
logical groundwork for a new service of the
1980s, low-power television (LPTV).

Basis for Change  Audience demand for
more viewing options coalesced in the 1970s
with the development of technological alterna-
tives to broadcasting, and with a combination
of political and economic thinking that
stressed marketplace choice rather than gov-
ernment regulation, to create the fast-chang-
ing electronic media scene of the 1980s. By the
mid-1980s, alternative media delivery technol-
ogies were becoming commercial competitors
with broadcast stations.

Such alternative means of delivery can be
regarded as parasitic. Demand for broadcast
television created a nation of homes with TV
sets, the essential home-viewing devices on
which the newer services depend. Yet the
new media do not contribute anything to the
profitability of the broadcasters who made
universal ownership of TV sets possible
(though it can be argued that program produc-
tion has been substantially increased as a re-
sult of the demands of these newer services).

4.2 Rise of Cable Television

Origins  Community antenna televi-
sion (CATV) emerged soon after broadcast
television began commercial service. One of
the first systems began operation in 1950 at
Lansford, PA, miles from the nearest large
market, whose stations Lansford residents
could not receive because of hilly terrain. The
system picked up three stations from Philadel-
phia with a large antenna on a nearby hilltop,
delivering the signals to subscribers via cables.

During its first decade, cable remained
primarily a local concern. Initial regulation

came from municipal governments, from
which permission was needed to run cables
over or under public property. Municipal au-
thorities granted cable operators franchises to
install and operate their systems for a fixed
number of years. These early systems carried
only a few channels, usually five or six, virtu-
ally all of them occupied by off-the-air televi-
sion signals of stations in nearby larger cities.
Most served from a few dozen to a few hun-
dred subscribers. Few systems in the 1950s
reached more than a thousand homes. CATV
was a small business in every way.

Cable Augmentation  After their initial
success at answering existing demand for bet-
ter reception of broadcast television, cable op-
erators began to seek ways to augment this
service in order to make subscriptions more
salable. After a system repaid its installation
costs, new services could be added at small
additional cost.

Augmentation takes several forms. One ap-
proach is simply to increase the number of
available programs by importing more distant
signals via microwave relay. Another type of
augmentation is local origination, whereby sys-
tems supply original programming on one or
more cable channels at no extra subscriber
cost. And a third type, eventually crucial to
cable development, is the provision of feature
films, sports, and special events, at extra cost
to subscribers, usually without advertising
(§4.4).

But augmentation developed slowly. For
years, cable simply extended the coverage of
over-the-air stations. As long as cable acted as
a neutral redelivery system, filling in coverage
”shadow”” areas, beefing up fringe reception,
and overcoming local interference, broad-
casters welcomed it. Some stations found their
signals carried by dozens of cable systems,
reaching substantially larger audiences than
before.



Big-City Cable Cable found initial suc-
cess in small communities, where it brought
good television reception for the first time or
increased viewer choice. But when cable pio-
neers began to look for ways to expand their
business, the obvious direction was toward
larger towns and cities where large concentra-
tions of potential subscribers could be found.
Big-city dwellers, despite ample local over-
the-air service, would often experience direct-
reception difficulties because of various kinds
of interference. Cable operators could sell
them clearer reception, but they wanted to sell
them more — importation of distant signals,
local origination, and sometimes extra-cost
services.

Cable augmentation and the invasion of
big-city markets created complex new legal
and economic problems. By the mid-1960s,
broadcasters began to wonder if cable was be-
coming a dangerous predator rather than a be-
nign parasite. The growing practice of
importing signals tended to obliterate the
fixed market boundaries previously imposed
by the limitations of over-the-air broadcasting.
A network affiliate might find its network pro-
grams duplicated in its viewing area on a
cable-carried distant station, thus dividing its
audience. Cable tended to fragment audi-
ences, leaving broadcast stations with lower
ratings and thus with far less appeal for
advertisers.

Protectionist Regulation  Broadcasters
began to appeal to the Federal Communica-
tions Commission for help. Several times in
the 1950s, the FCC had declined to regulate
cable, since cable was not strictly broadcasting
and therefore not subject to existing law. The
FCC saw cable systems merely as extensions
of the viewer's own antenna. As cable’s po-
tential economic impact on broadcasting in-
creased, however, the FCC felt obliged to
intervene. Having nurtured UHF television

4.2 Rise of Cable Television 105

for years, the commission could not afford to
see UHF’s shaky foundation threatened by
cable expansion, which hurt the weakest
stations first. Even educational stations ex-
pressed concern about imported noncommer-
cial signals from other markets, claiming cable
was unfair competition for their small
audiences.

The FCC based its initial foray into regula-
tion on cable’s use of microwave relays to im-
port distant signals, since the FCC licenses
interstate wire communications. In 1962 the
commission began to impose case-by-case re-
strictions on cable systems applying for micro-
wave licenses. In 1966 regulation was ex-
tended to all cable systems, beginning a pe-
riod of pervasive cable regulation.

Cable systems now were told they must
carry all local television stations and must not
duplicate network programs on the same day
the network presented them. No new signals
could be imported into any of the top hundred
markets without a hearing on the probable ef-
fect of such importations on existing television
stations. On appeal in 1968, the Supreme
Court upheld the FCC’s expanding jurisdic-
tion (Southwestern Cable, 392 US 157).

A period of intense effort to create a com-
prehensive system of cable regulation fol-
lowed, with extensive negotiations between
the FCC and broadcast and cable trade
associations. The debate centered on cable de-
velopment in the top hundred television mar-
kets. Broadcasters feared unrestricted invasion
by augmented cable. They spread scare stories
of viewers soon having to pay a monthly fee
to obtain theretofore “free”” television and
warned of the demise of network-supported
news and local-station public-service pro-
grams if cable were allowed to cut deeper into
broadcaster revenues.

1972 Rules  The result was the issuance in
1972 of so-called definitive FCC regulations
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governing cable television. The order (36 FCC
2d 143) incorporated an industry compromise
of conflicting views, with cable severely re-
stricted in the type and number of signals it
could bring into the largest cities. Commission
concerns included the desire to avoid exces-
sive division of the broadcast audience, pro-
tection of syndicated television programming
from being freely imported by cable, and the
economic health of UHF stations. In other
words, the economic interests of the existing
service were to govern expansion of the newer
competing option. Further, cable now had to
provide, on request, "’access” channels for lo-
cal government entities, educational institu-
tions, and the general public. As long as cable
served primarily to expand coverage of televi-
sion stations, or provided new kinds of viewer
access, it would be allowed, if not en-
couraged, by the FCC to develop further.

The heavy hand of regulation at both fed-
eral and state levels (some states had estab-
lished franchise standards to be administered
by public utility commissions) slowed the ex-
pansion of cable development. Blue-sky pre-
dictions of a “wired nation” made in the early
1970s now seemed highly unlikely. But the
regulatory cage built to contain cable began to
come apart in short order.

Deregulators  Only five years after the
FCC rules appeared, a Court of Appeals deci-
sion (Home Box Office, 567 F 2d 9, 1977) held
that the commission ”has in no way justified
its position that cable television must be a sup-
plement to, rather than an equal of, broadcast
television.”” This rebuff, plus a change in ad-
ministration (both at the White House and in
the FCC chairmanship), led the FCC to recon-
sider its approach to cable. Under court or-
ders, and also on its own initiative, the
commission removed itself step-by-step from
cable regulation. No longer would the FCC
oversee local cable franchise standards, nor

did systems have to meet federal standards of
construction or number of channels provided.
A requirement that large cable systems origi-
nate at least some programming was also
dropped.*

Amidst the court actions, the commission
initiated a massive investigation of the
economic relationship between cable and tele-
vision broadcasting. After compiling consider-
able statistical evidence, the commission
concluded that cable penetration (see Exhibit
4.1) would likely have little impact on audi-
ences or revenues of broadcast stations.
the face of lasting broadcaster opposition, the

In response to these findings, though in
the face of lasting broadcaster opposition, the
FCC in 1980 dropped two important and limit-
ing cable programming rules. These rules had
banned the importation of most distant signals
and had mandated protection of some broad-
cast syndicated programming from cable com-
petition. Under the triple pressures of court
review, its own economic analysis, and a
changed political sense of its own proper func-
tion, the commission had turned completely
around in its perception of cable’s role.

At the same time, the advent of satellite-
distributed services allowed previously local
cable systems to become outlets for an increas-
ingly wide choice of national program serv-
ices. This increase in program diversity
coincided with longtime FCC broadcasting
objectives. Consequently, the commission no
longer sought to protect broadcasting from
cable, but rather encouraged competition be-
tween the two.

*The impact of this regulatory cycle shows up best in FCC
employment records. With the promulgation of the 1972
rules, the commission established a new bureau to over-
see cable, and within a year the bureau had grown to
some three hundred employees. A decade later, the de-
cline in the FCC'’s role had left but thirty persons working
on cable television, and these employees were joined with
the FCC's Broadcast Bureau to form a Mass Media Bureau

(§17.1).



Exhibit 4.1 Cable Growth Indicators: 1960-1985
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Average
Number of Number of subscribers per
Year systems subscribers sysfem
1960 640 650,000 1,016
1965 1,325 1,275,000 962
1970 2,490 4,500,000 1,807
1975 3,506 9,800,000 2,795
1980 4,225 16,000,000 3,787
1985 6,500 35,000,000 5,385

Percentage of
systems with 13 or
more channels*

Percentage of
homes with cable

1.4 na
2.4 na
7.6 3
14.3 22
20.0 29
41.1 29

*Data on svstem channel capacity for 1980 and 1985 actually reflect data for 1979 and 1984, respectively.

The major trend in cable TV has been the increasing size of individual systems, followed by
greater channel capacity. Pay cable spurred the dramatic growth of basic cable pencetration

after 1975.

Sources: Christopher H. Sterling, Electronic Media: A Guide to Trends in Broadcasting and Newer
Technologies, pp. 28, 30. Copyright © 1984 by Christopher H. Sterling. Reprinted and adapted
with permission of Praeger Publishers; 1985 data, National Cable Television Association, citing

TV Factbook.

4.3 The Cable Establishment

Deregulation was accompanied, and to some
degree pushed, by expanding options in cable
delivery. Though cable was in only 10 percent
of the nation’s homes in 1972, its major
growth would come in the next decade (Ex-
hibit 4.1). How cable expanded in the face of
initial regulatory intransigence is a story of
technological advances and entrepreneurial
risk.

Domsats To understand the dramatic de-
velopment of cable and its competitors in the
1980s, we must briefly review the creation of
the domestic communications satellite, or do-
sat. Developed for and funded largely by com-
mercial and military interests, international
communication satellites had been in use since
the 1960s. U.S. domsats date to a 1972 “open
skies” decision by the FCC to allow free entry

into the business by any firm with the finan-
cial and technical ability to provide a satellite
for the National Aeronautics and Space Ad-
ministration (NASA) to launch (35 FCC 2d
844). Western Union’s Westar I, launched in
1974, was the first American domsat.

The FCC regulates satellite operators as
common carriers (point-to-point rate-regu-
lated communication services). Carriers lease
or sell transponders (combination receiver-
transmitters) to program distributors and
many nonmedia services. Reception of satel-
lite signals is a different matter, however.
Development of inexpensive television re-
ceive-only (TVRO) satellite antennas for sta-
tions and cable systems was a crucial factor in
conversion to satellite distribution. Mass pro-
duction brought down costs of these TVROs
(Exhibit 4.2 and §10.4). Late in 1979 the FCC,
faced with a sharply rising demand for
licenses just as it was relaxing its approach
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Exhibit 4.2 TVRO Earth Station

The most important technical development in the use of
satellite distribution of video signals was the relatively
small and inexpensive receive-only earth station, or
TVRO. The dish collects and focuses the weak satellite
signal for processing and boosting at the TV station,
cable sustem, motel, or residence. Such dishes,
thousands of which were in use in the early 1980s, are
usually aimed at a single satellite (to cover two or more
would add greatly to ground station costs).

Source: Eric A. Roth.

toward regulation of the antenna business,
dropped its requirement that TVROs be li-
censed, thus eliminating a cumbersome and
expensive licensing process. Lack of regula-
tory barriers combined with dropping prices
opened the way for widespread use of satellite
distribution.

The Entrepreneurs: HBO and Turner

The story of satellite-to-cable networks can be
told in terms of two companies, Home Box Of-
fice (HBO) and Turner Broadcasting System.

HBO started in 1972 in Wilkes-Barre,
Pennsylvania. It supplied pay-channel movies
to several cable systems in the Northeast, de-
livering its programs to cable companies by
mail or by microwave relays. Lack of an inter-
connected affiliate system restricted pay cable
companies to a few thousand subscribers, and
limited income in turn limited the ability to
purchase programming.

In 1975, HBO announced it had leased a
transponder on RCA'’s Satcom [ and would offer
its programs to any system in the country able
to buy or lease a TVRO antenna. Satellite deliv-
ery sharply reduced distribution costs and ena-
bled national promotion of the service because
of simultaneous scheduling. This move trans-
formed the cable business at a stroke:

Rarely does a simple business decision by one company
affect so many. . . . In deciding to gamble on the leas-
ing of satellite TV channels, Time, Inc. [by then the
owner of HBOJ, took the one catalytic step needed for
the creation of a new national television network
designed to provide pay TV programs. (Taylor, 1980:
142)

HBO charged a flat monthly payment
rather than the complicated pay-per-view
charge used in earlier experiments. At first,
subscribers complained about the quality of its
films, but after 1978 HBO began to make a
profit and was able to improve programming.
HBO promotion escalated audience demand
for pay cable services, stimulating other entre-
preneurs. Whereas fewer than 200 cable sys-
tems had TVROs in 1977, some 8,000 antennas
were in place by 1983 (many systems using
two or more to cover different satellites). Only
a quarter of all cable systems carried pay cable
in 1977, but by 1983 over three quarters did
(Sterling, 1984: 33-34).

In 1970, wealthy sportsman Ted Turner
(see Box, page 276) purchased the fifth-ranked
television station in Atlanta (which only had
five stations), an independent UHF on chan-



nel 17. In 1976 Turner contracted with South-
ern Satellite Systems (S5S) to relay WTBS
programming to RCA’s Satcom I for distribu-
tion to cable systems. He enticed cable sys-
tems to invest in TVRO’s to carry WTBS (the
call letters stand for Turner Broadcasting Sys-
tem) by offering its sports and movie pro-
gramming practically for free: systems paid
SSS only 10 cents per subscriber (Turner’s rev-
enue came from higher advertiser rates, which
were charged starting in 1979). Turner had in-
vented the superstation. WTBS programs
went up on Satcom I in December 1976 for re-
lay to about twenty systems. By the end of
1978, more than two hundred systems re-
ceived his signal, and a year later, ten times
that many did. Changing TVRO technology,
which made the dishes smaller and thus less
expensive, helped Turner to expand.

The models provided by HBO and Turner
were soon copied. By the 1980s, cable compa-
nies could choose from dozens of basic, pay,
and superstation cable services (§8.4). The in-
creasing number of such services in the late
1970s, virtually all distributed by satellite, en-
couraged cable expansion and experimentation.

In 1985, NBC became the first commercial
broadcast television network to distribute pro-
gramming to its affiliates by satellite. CBS and
ABC soon followed suit. PBS, the major cable
program services, and some program syndica-
tors (for Donahue and Entertainment Tonight) al-
ready were using satellites.

The Interactive Experimenters  The po-
tential of cable to provide many program
channels inspired predictions of specialization
unthinkable in traditional broadcasting. Some
writers in the early 1970s predicted a multi-
tude of exotic cable services, including one al-
lowing viewers literally to talk back to their
television sets.

In 1977 Warner Cable, one of the large
multiple system operators (MSOs), began to
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offer a service called ’Qube’’ on its Columbus,
Ohio, system. Warner selected Columbus as a
test market because its demographics paral-
leled those of the country at large. Qube pro-
vided ten special channels over which viewers
could respond, by means of a touch-pad con-
trol, to questions aired during programs. At
the height of the experiment, Qube asked
viewers to respond to questions about ten
times a day.

In 1980 American Express bought a
50-percent share in the MSO, and Warner-
Amex announced plans to provide expanded
Qube-type services in other cities where it had
franchises. But the difficult economic condi-
tions of the early 1980s brought an end to such
expansion and to the Columbus experiment,
which in three years of operation had never
broken even. Too few in the viewing audience
had made enough use of the option to warrant
its cost.

Numerous other two-way experiments
took place, often supported by research grants
from federal or local government. These usu-
ally utilized the basic cable network to provide
intracommunity communication among such
groups as the elderly. But when government
or foundation support lapsed, most of these
experiments also ended. Simply because tech-
nology makes a new service possible does not
guarantee consumer appetite or advertiser
support for that service.

4.4 Pay Television

The notion of paying to receive special kinds
of programming is not new; it dates back at
least to experiments with radio in the 1930s.
Pay television can be categorized by means of
delivery or by number of channels provided.
Delivery is either wired (cable) or wireless (all
other systems). The number of channels pro-
vided can be single or multiple. But all pay
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television is built around the idea of present-
ing feature films or sports events without ad-
vertising. Audiences pay either a flat per-
month fee, as pioneered by HBO (§4.3), or,
more rarely, a per-view fee. Generally ac-
cepted today as a part of modern electronic
media, pay television was a matter of consid-
erable controversy for decades. The different
means of delivering pay television have had
varying degrees of success (Exhibit 4.3).

Rise and Fall of STV  Zenith and other
firms pioneered the theory and technology of
subscription television (STV), or over-the-air pay
television, in the late 1940s. But broadcasters
and theater owners, fearful of new competi-
tion, lobbied the FCC and Congress to delay
authorization of the new service. News media
devoted much time and space to reports of
fears that pay television would “siphon” pro-
gramming, especially big-ticket sporting
events, away from "free” television. This was
not in the public interest, critics argued, be-
cause soon viewers would have to pay for
what they then received free, and many could
not afford to pay. But broadcasters were split
on STV’s role, since weak independent UHF
stations saw STV as an alternative source of
income.

After years of scattered and inconclusive
STV experiments, the FCC finally adopted
STV rules in 1968. They were so restrictive
that no one rushed to begin service. Only in
1977, as part of its general deregulatory thrust
(§17.2), did the FCC start to eliminate most
STV rules. The eased regulatory situation
prompted the first STV stations to go on the
air in 1977 in Los Angeles and New York;
27 stations were in operation by 1983, with an-
other 20 in various planning and financing
stages. They served about two million view-
ers, only one-tenth the number of pay cable
viewers. [ronically, the newer service of pay
cable was most responsible for audience de-

Exhibit 4.3 Growth of Pay TV Subscribers,
1977 and 1985

1977 1985

Pay Cable

subscribers 1,174,000 29,966,000

as percentage of homes

passed 11% 50%

as percentage of homes

with basic cable 23% 88%

average monthly

charge $7.81 $10.08
Multipoint Distribution Service (MDS)

subscribers 65,000 438,600

as percentage of homes

passed 21% 3%

number of systems 22 86

average monthly

charge $10.39 $15.24
Subscription TV Stations (STV)

subscribers 5,000 622,000

as percentage of homes

passed 4% 3%

number of stations 2 12

average monthly

charge $14.98 $18.43

The data given here are for June 1977 and December 31,
1984. Among the pay services available, only pay cable
reaches a substantial population, despite the fact that all
three services have grown since 1975. ' Percentage of
homes passed’” here means homes passed by a cable
system, or within the coverage area of MDS or STV
signals — that is, potential subscribers. STV was
already in decline and would disappear by the middle of
1986. Single-channel MDS was also down from
subscribers highs of a year before, as system owners got
ready to convert to multichannel MDS in the face of pay
cable competition. Subscriber data and percentages are
rounded.

Source: The Cable TV Financial Databook (Carmel, CA: Paul
Kagan Associates), June 1985, p. 16. Used by permission.




mand for pay services and created a tempo-
rary market for STV in those cities not yet
wired for cable’s multiple signals.

Single vs. Multiple Channels  The bot-
tom soon fell out of STV. As cable service ex-
panded rapidly in the 1980s, markets in which
single-channel STV could compete declined
accordingly; the last STV operations closed
down in 1986. The decline and failure of STV
brings into sharp focus the chief division
within the pay-television business: one-chan-
nel versus multichannel services. Broadcasters
pioneered pay television, but as a broadcast
service an STV station could provide only one
program channel at a time. Cable television
can provide many channels simultaneously,

giving viewers a welcome choice among

programs.
The dichotomy between multiple- and
single-channel systems has become sharper as
large-capacity cable systems begin to appear in
major markets. Some offer viewers the poten-
tial of more than a hundred channels, though
many of the channels are not activated for
years. But even older and smaller cable sys-
tems provide more viewing options for about
the same price as a single-channel STV ser-
vice. Two other services, MDS and SMATYV,
demonstrate what has been happening.

MDS and MMDS  Operating far higher
in the frequency spectrum than traditional
television channels, multipoint distribution ser-
vice (MDS) is a specialized kind of television
broadcasting operation (Exhibit 4.4 and §7.6).
As its name indicates, it is able to transmit
from one place to multiple points of reception,
where those leasing special down-converter de-
vices convert the high-frequency MDS signals
to normal television frequencies viewable on
any set. First authorized only for common-
carrier (mainly business-oriented) service in
1962, MDS channels were widened eight years
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later by the FCC to allow the transmission of
television signals. Two such channels were
made available in each of the fifty largest U.S.
cities. MDS service began to expand in the
1980s, sparked by increasing demand for mov-
ies and special events offered on a pay-televi-
sion basis in cities with little or no cable
service.

Because MDS is regulated as a common
carrier, holders of licenses may not themselves
provide programming. Instead, the program
function is contracted out, often to HBO or
some other pay cable provider. MDS is the
only electronic medium in which the owner
does not directly program the service. The
common-carrier classification, however, al-
lows for simpler regulation and faster entry
for new services, since FCC procedures are
less cumbersome. Also, construction costs are
lower for MDS than for cable.

Yet until 1983, MDS, like STV, remained a
single-channel service, limited to a few large
market areas, facing multichannel competition
from expanding cable services. Several firms
proposed to the FCC a multichannel MDS (or
MMDS) service in major markets, which
would allow MDS operators to offer several
pay channels in competition with cable. The
most logical source of additional channels was
the list of frequencies reserved for the non-
commercial Instructional Television Fixed Service
(ITFS). After FCC approval in 1983 of addi-
tional MDS channels, interest in the medium
boomed. Faced with an avalanche of applica-
tions (16,000 for the approximately 1,000
MMDS channels available), the FCC an-
nounced plans to choose licensees by lottery
(§17.3). The first MMDS service, Capital Con-
nection of Arlington, Virginia, began opera-
tions in December 1985.

SMATV  The first satellite master antenna
television system (SMATV) operations began to
appear around 1980, as a result of the FCC
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Exhibit 4.4 MMDS
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Multichannel multipoint distribution services (MMDS) serve major urban areas with
programming picked up from satellites and transmitted on high frequencies to apartments
(using their master antenna television or MATV systems), and private homes where the
signal is ""downconverted” to frequencies tuned by regular television sets. MMDS systems
cover much smaller areas than full-power broadcast television stations.

Source: Copyright COM/TECH Report Series National Association of Broadcasters,
Washington, D.C. 20036.

deregulation of TVROs. SMATYV is similar in plexes, and motels or hotels, and is limited to
concept to cable, but operates on private prop- servicing that property. This fact exempts
erty, usually large apartment buildings, com- SMATV from the government controls im-
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Exhibit 4.5 SMATV

Satellite
transponders
\\ TV antenna
\ Processing !
\ equipment
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Distribution system 1
1
TV set . |
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\ »— Receivers,
Uplink Receiving T
transmitter antenna (dish)
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on top of building)

Satellite Master Antenna Television (SMATV) systems pick up basic and pay signals from
satellites, as well as off-air broadcasts using a building-top antenna, and then distribute them
to individual apartments by means of a cable distribution system. SMATV systems thus
provide multiple channels like cable, but are usually not subject to local franchising as the
system is entirely on private property.

Source: Pragram on Information Resources Policv, Harvard University, Cambridge, MA 02137.

posed on cable television systems that string may tie into an existing master antenna televi-
cables over or under public rights of way. A sion system (MATV) already in place, or
rooftop TVRO (Exhibit 4.2) brings satellite-dis- cabling may be needed (Exhibit 4.5).

tributed signals to the building(s) for a There is considerable controversy surround-

monthly viewer subscription fee. The TVRO ing SMATV. Naturally, cable-system operators
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want access to all households in their franchise
areas and fear competition from SMATV in-
roads in heavily populated building complexes.
Applicants for cable television franchises often
pressure the governmental unit granting the
franchise either to dismantle existing SMATVs
or to require that cable operators be given equal
access to SMATV buildings. MMDS and
SMATYV compete head-to-head, each with sev-
eral channels of pay programming. And both of
these services compete with single-channel STV
and regular television broadcasting, yet are not
subject to broadcast-type regulation.

4.5 Traditional Broadcasting

Amidst all the rising competition (and further
potential developments discussed below),
traditional broadcasting after 1975 has been
marked by several trends. The number of ra-
dio and television outlets has continued to
grow, but at a slower rate (Exhibits 3.1 and
3.6). Technical developments have been high-
lighted by satellite program distribution
inspired by cable television. And noncommer-
cial radio and television underwent funda-
mental reorganization on the national level as
federal support increased temporarily. But
most important, broadcasters in the 1980s face
a growing cadre of competitors for access to
the home television screen.

Regulatory Parity In the late 1970s
broadcasters called for dismantling of much of
the regulatory structure that had been built up
since the 1920s. Faced with competition from
less heavily regulated cable systems and
newer delivery systems, broadcasters argued
for regulatory parity. Yet traditional content
and behavioral controls on radio and televi-
sion stations persisted, despite the weakening
of a prime rationale for those regulations —
the scarcity of channels. As discussed further

in §17.2, the FCC and Congress began to come
around to the broadcasters’ thinking in the
late 1970s, responding to changing political
ideology, economic theory, and the new op-
tions created by technology. The quest for fur-
ther deregulation has remained the top
industry priority in the 1980s.

Television Network Competition  Dur-
ing the 1970s, ABC finally achieved competi-
tive equality with the CBS and NBC television
networks. ABC had long had the fewest and
weakest affiliates; lacking funds, it was last to
expand its evening news to a half-hour and
was late getting into color. Only late in the
1970s, with a new network management team
in place, did ABC climb to equal status with —
and for a time surpass — both CBS and NBC.
Network president Fred Pierce and program
chief Fred Silverman forged popular entertain-
ment series that grabbed audience ratings.
ABC’s entertainment-program success paid off
in the marketplace, as the network picked up
greatly increased advertising revenue plus
about thirty new affiliates, some wooed from
the other networks.*

These gains supported ABC’s upgrading
of its news. Sports wizard Roone Arledge, a
proven ratings success, was assigned respon-
sibility for improving the quality and visibility
of the ABC news division. Some journalists
feared that ABC’s “happy talk”” and entertain-
ment approach would dilute its news content,
but critics praised what quickly became a
viable third network news voice.

Building on his success at ABC, Fred
Silverman moved with considerable fanfare to
the NBC presidency in 1978. He thus became
the only person to occupy top-level program
roles at all three networks (he had been day-

*By 1985 each television network served from 206 to 210
affiliates (the number varying a bit from year to year).
Before 1980, ABC had 20 to 30 fewer stations than either
CBS or NBC, and thus had lower ratings and lower adver-
tiser appeal.



time program chief at CBS prior to joining
ABC). Silverman’s earlier magic did not work
a third time, and NBC remained in third place,
losing millions in revenue to the other net-
works from advertisers seeking the top-rated
shows. NBC eased Silverman out in 1982,
replacing him as network president with
a respected independent producer, Grant
Tinker. By the 1985-86 season, Tinker's NBC
team moved to prime-time ratings supremacy.

CBS’s story in the 1970s and early 1980s is
largely that of a search for William Paley’s re-
placement. After a half-century at the helm,
Paley (still the largest single stockholder in the
firm) brought in a string of potential suces-
sors, only to tire of each and force him out.
Finally, when Paley retired in 1983, Thomas
Wyman, a proven executive in several non-
broadcast firms, was brought on board to be-
come only the second chief executive officer in
the network’s history.

FCC Network Investigation  In 1978 the
FCC began its third investigation into the role
of national networks (see §3.7), this time
studying the potential for a fourth television
broadcast network. The study had been
prompted in part by complaints from affiliates
of excessive network profit-taking at their ex-
pense. The Department of Justice had previ-
ously settled, with consent decrees, antitrust
suits against all three networks, contending
that the networks had too much control over
independent programmers. In light of the Jus-
tice settlements and rising complaints from
some affiliates that they received too little of
the networks’ revenue, the commission un-
dertook careful research on the impact of its
own network rules.

The Network Inquiry Special Staff* issued
nearly twenty detailed study reports in 1979-

*Suggesting the interplay of legal and economic factors in
network behavior, the inquiry was headed by attorney
Thomas Krattenmaker and economist Stanley Besen.
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1980. The staff concluded that most FCC rules
that limited network behavior had little value,
merely restricting normal business interaction
between networks and affiliates without pro-
viding any real protection for the stations. It
also found that only three national television
networks existed not because of network
greed but because of allotment decisions made
in the 1952 Sixth Report (§3.6). As a result of
the 1952 allotments, markets given three com-
mercial television channels could, as a group,
reach virtually all of the country’s population,
whereas larger markets allotted four stations,
taken as a whole, could reach only about
75 percent of the population, and markets
with more stations could reach even smaller
proportions of people. Thus possible fourth or
fifth networks could never have achieved par-
ity with the existing three.

The FCC, said the staff, lacked the exper-
tise and personnel to closely monitor or tightly
control network business practices, and they
recommend dropping the prime-time access
rule (§13.2) and most other rules. Further, the
study found that the rise of competing deliv-
ery technologies made the broadcast net-
works’ role less crucial than it had been at the
time the FCC originated its network rules. The
network study staff concluded:

The Commission presently faces a clear choice. It can
attempt to continue to deal with network dominance
through what we regard as a vain search for effective
regulation. Or it can try to deal with the source of that
dominance by reducing or eliminating barriers to the
entry of new networks. (FCC, 1980: 29)

Radio Expansion Radio continued to
grow as the number of FM stations increased
to match that of AM by the early 1980s (Ex-
hibit 3.1). Indeed, projections indicate that
by the late 1980s, FM will surpass AM in
number of stations, as it already had by early
in the decade in overall audience popularity,
if not advertiser response. Continued de-
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mand for new stations led the FCC to “drop
in” (that is, to add within the existing alloca-
tion) about six hundred potential new FM al-
lotments for smaller towns, especially in the
South and West.

Facing increased competition from FM sta-
tions, AM broadcasters petitioned the FCC to
allow stereo transmissions on their stations.
Five stereo systems competed for acceptance,
however, and neither the industry nor FCC
engineers could choose any one of them as
best. Thus in 1981 the commission approved
AM stereo, but declined to set any standard.
This sét a precedent, as hitherto the FCC had
always set national standards for new technol-
ogies. The commission argued that the mar-
ketplace should set the standard, and that
individual stations should decide which sys-
tem they wanted to use. Consumers could
then purchase AM stereo sets for whatever
system broadcasters might adopt. The FCC
would get involved only if interference re-
sulted. Broadcasters argued that lack of a re-
quired standard would delay the spread of
AM stereo, and unsuccessfully urged the com-
mission to reconsider its marketplace ap-
proach. The broadcasters were right. Three
years after the go-ahead, only a handful of
AM stations had started to broadcast in stereo,
though the number of viable competing sys-
tems had dropped to two.

4.6 Public Broadcasting

Origins  Faced with the decline in AM ed-
ucational radio (§2.10), the FCC had estab-
lished reserved channels for noncommercial
FM (1941) and television (1952) stations.
Growth was slow. By 1960, there were only
162 educational FM and 44 educational televi-
sion stations on the air. The problem was lack
of funding. Prior to the 1960s, educational ra-
dio and television depended for financial
support on state and local governments, foun-

dations, and some business underwriting.*
Hard pressed to raise the money to build and
operate television stations, educational inter-
ests had been slow to activate the channels re-
served for them in the Sixth Report and Order
(§3.6). Beginning with the Kennedy adminis-
tration, the federal government began to pro-
vide grants and loans to speed development
of noncommercial television.

In 1967 the Carnegie Commission on Edu-
cational Television (CCET) issued its water-
shed report calling for a stronger national
organization of what they termed "public”
television, to be aided by greatly increased
federal funding. Use of the term public under-
lined the CCET's belief that a viable alterna-
tive system had to reach beyond narrowly
defined educational content.

National System  The Public Broadcast-
ing Act of 1967 created the Corporation for
Public Broadcasting (CPB) as a nongovern-
mental organization to funnel federal funds
to individual stations and to create public ra-
dio and television networks. CPB established
the Public Broadcasting System (PBS) to ar-
range network facilities for linking noncom-
mercial television stations nationally. Unlike
PBS, National Public Radio (NPR), which the
CPB also established, not only arranged in-
terconnection of some two hundred of the
larger public radio stations (by the 1980s) but
also produced programming.

During the early 1970s, the CPB, PBS, and
NPR jockeyed for power as PBS and NPR tried
to limit the programming input and general
oversight role of the CPB. Public radio and
television stations, not used to the highly cen-
tralized network approach to programming
and funding, chafed at the new structure.

*From 1951 to the early 1980s, the Ford Foundation was
the largest nongovernmental funding source for educa-
tional television stations, providing some $300 million in
grants. Ford began to phase out this support in the 1970s,
moving on to other projects.



Out of this matrix of forces emerged con-
flicting views of the nature and proper role of
the noncommercial service. Some felt public
television and public radio should serve a
broad cultural and informational role, but
others saw a narrower instructional priority.
Some wanted to stress high culture through
intellectually ~ stimulating programs, and
others wanted programming of interest and
value to children, ethnic minorities, and the
poor. The issue of whether the national orga-
nizations or the local stations were to be domi-
nant in this debate added to the confusion.
Arguments over the long-range financing of
the expanding public broadcasting system
provided the grist for further debate (§10.6).

Satellite Distribution  Public broadcasting
gave electronic media a major improvement
in the technology of program distribution.
Since their inception, broadcast networks had
used AT&T telephone lines, coaxial cables
(§7.4), or microwave to relay their signals to
affiliates. These relays were expensive and
limiting, since stations could generally get
but one signal from their networks at a time.

PBS pioneered a new approach by switch-
ing from landlines to satellite. In 1978, 280
public television stations began receiving their
network feeds via the Westar 1. Satellite deliv-
ery provided better-quality transmission;
quicker flexibility to send programming east,
west, or within specific regions; greater choice
of programming (because PBS fed four differ-
ent signals, stations usually carried one signal
and recorded others for later use as needed);
and, over time, a substantial cost saving. Six
regional ground stations send programming
to the satellite, and some 150 receive-only an-
tennas allow all PBS members to pick up
programming.

NPR developed satellite delivery for its ra-
dio interconnection in 1980, programming
four audio channels and paving the way for
commercial network satellite use (§4.3).
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4.7 Home Video Center

Even more dramatic than the rise of new de-
livery systems has been the increasing ability
of home viewers to control their immediate
electronic media environment. Home video
systems allow viewers to purchase and use
programs of their individual choosing, rather
than having to accept common signals sent at
one time to a large, widely separated audi-
ence. Home video and other developments of
the past decade are based on the integrated
circuit.

The Chip  We left the evolution of the
electronic age at the stage where de Forest’s
improvement of the electronic tube had
opened the way to broadcasting (§2.4). De
Forest’s thermionic device has since been sup-
planted by a far more efficient means of
manipulating electrons, the transistor. It re-
placed the fragile, bulky, power-hungry tube
with a tiny solid block of crystal — hence the
term "’solid-state device” for the transistor and
its later offspring. Such devices are less expen-
sive, smaller, lighter, cooler, more rugged,
and faster working than any electronic tube.

A trio of Bell Laboratory engineers — John
Bardeen, Walter Brattain, and William Shock-
ley* — invented the transistor in 1947, and col-
lectively received the Nobel Prize in Physics
for it in 1956. In a very few years, the transis-
tor transformed the electronics industry. The
transistor radio, one of the first mass-
produced products based on the transistor,
appeared first in 1954 and quickly became the
best seller in consumer product history.

The transistor made possible the develop-
ment of the prime electronic artifact of the
modern age, the computer. Early experimen-
tal computers used electronic tubes, but they

*Shockley’s name is the best known of the three because
of his later espousal of controversial theories about intelli-
gence and race.
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needed thousands of them, plus miles of
wires. The tubes generated so much heat that
attendants had to stand by to replace the ones
that blew out. Transistors solved this problem,
making computers with greater speed and ca-
pacity a practical reality.

Small computers could not be con-
structed, however, so long as thousands of
separate transistors had to be meticulously
wired together with hand-soldered connec-
tions. True miniaturization became possible
with the invention of the integrated circuit, or
computer “chip.” Two engineers working
separately arrived at this solution six months
apart, Jack Kilby in 1959 and Robert Noyce in
1960. Each one’s version had an advantage
over the other, but Kilby won the rights to the
invention in a lengthy patent suit in 1969 (416
F 2d 1391). Today the two regard each other in
friendly fashion as co-inventors of the chip.
Curiously, these heroes of modern electronics
remain unsung:

Twenty-five years after they came up with the idea
that changed the world and launched the microelec-
tronic revolution — a revolution that has become a
part of daily life for everyone on Earth — both Robert
Noyce and Jack Kilby are cloaked in almost total obscu-
rity. (Reid, 1984: 195)

Their epochal invention uses a single crys-
talline material, often silicon (hence the name
Silicon Valley for the area south of San Fran-
cisco where much of the computer industry is
concentrated), to make each of the main elec-
trical components needed in most circuits. A
single chip no bigger than a baby’s fingernail
can contain hundreds of separate resisters, ca-
pacitors, and other components, all linked to-
gether electrically by a circuit etched on the
surface of the chip. Zenith first used such
chips commercially in a miniature hearing-aid
amplifier marketed in 1964. The concentration
of functions in the chip makes possible com-
puters of all sizes, digital watches, hand-held
calculators, cable TV remote-control pads,

TV electronic graphics—and home video
recording.

Home Recording The idea of modern
home video recording dates back at least to
1972, when Sony introduced the first video-
cassette (VCR) machine, the U-Matic stan-
dard, for the educational and business market.
Three years later the same firm marketed its
Betamax machine for the home, at an initial re-
tail price of $1,300. Pundits predicted a new
video revolution, now that consumers could
not only choose when they would view some-
thing but could also choose what they would
view from broadcast, prerecorded, or their
own home sources.

For two years, Sony had the market to it-
self, selling some 50,000 units. Its monopoly
ended in 1977 with Matsushita’s introduction
of a technically incompatible cassette format,
the VHS system, also developed in Japan. The
new system had a longer recording time
(though the Beta machines soon matched it)
and gradually acquired about 70 percent of the
home VCR market. Various “bells and
whistles” were added to both types of VCR as
companies here and abroad competed for mar-
ket share. Increased sales volume brought
prices down from an average of over $1,000 to
less than half that amount, and encouraged
further sales (see Exhibit 4.6).

Discs  The videodisc, yet another alterna-
tive for home playback, was first marketed by
Magnavox in 1978. Though technically limited
(it did not allow for home recording), it was
less expensive than VCRs and offered a supe-
rior picture. Several incompatible formats, us-
ing either a laser or capacitance (nonlaser
electronic) technology, were soon on sale.
RCA bet on the latter format, introducing its
“Selectavision” with considerable fanfare in
1981.

Both disc players and prerecorded discs
were cheaper per unit than their VCR counter-
parts, at least initially. But mass marketing



Exhibit 4.6 The VCR Comes Home

VCRs Average  VCRs in Titles
Year sold price use available
1978 402,000  $1,200 200,000 na
1980 805,000 $1,080 1,200,000 3,000

1982 2,035,000 $900
1984 7,616,000 $680

4,500,000 4,000
15,000,000 7,000

By 1986, videocassette recorders were in about 30
percent of the nation’s homes. Sales shot up as prices
dropped, and by early 1986 it was possible to buy basic
models for well under $200. Of the thousands of tape
titles available, most were rented, not sold.

Source: Data from Electronic Industries Association.
Reprinted by permission.

brought VCR prices down faster than ex-
pected, wiping out the cost advantage of
videodiscs. Coupled with the inability of discs
to record off the air, this proved fatal to the
home-market potential of videodisc machines
(though they continue to play an important
role in training for schools and businesses). In
1984 RCA pulled out of the home consumer
videodisc market, taking a loss of some $500
million.

VCR Boom By 1985 several trends com-
bined to create the long-promised home video
revolution. Sufficient numbers of VCR ma-
chines had been sold to lower prices of basic
units below $200, thus widening the potential
audience. Indeed, sales of VCRs since 1975
have closely paralleled the "’take-off” years of
color-television sales, from 1959 to 1966. As
the penetration of VCRs rose, Hollywood rec-
ognized a new market for motion pictures.
Soon hundreds of films could be bought or,
more likely, rented for home showing. This
increase in available films also encouraged
VCR sales.
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Perhaps more fundamental to the boom in
VCR sales has been the change in how movies
and other prerecorded materials are marketed.
By 1983, rentals (for as little as $1 a night) were
far more common than sales (given retail
prices of about $50 for first-run films). VCR
users had discovered how easily a tape could
be duplicated, so that one purchased copy
was often widely duplicated, at a charge, for
friends of the purchaser (§16.5). Film distribu-
tion methods changed to meet the threat of il-
licit copying, as chains of outlets opened to
rent films at just a dollar or two a night —
cheaper than copying. The opportunity of
such inexpensive rentals encouraged still
more people to buy VCRs.

Impact  Experts predict VCR penetration
of half of all television homes by 1990, though
the explosive growth in sales that occurred be-
tween 1983 and 1985 is not likely to continue.
Such widespread availability of this technol-
ogy has naturally raised the concerns of both
broadcasters and cable system operators, as
the attention of their audiences becomes in-
creasingly divided.

VCRs encourage timeshifting, or recording
programs for viewing at a later time. Research
shows that daytime soap operas are the most
heavily recorded programs (often by people
who are at work during the original broad-
cast), but that between 20 and 25 percent of all
programs recorded are never played back at
all (Newsweck, 6 Aug. 1984)! Nonetheless, the
fact that VCRs allow viewers to control what
they see, and when, gives VCRs an important
psychological effect. Furthermore, the ma-
chines make it fairly easy to cut out commer-
cials during recording and playback, thus
limiting viewer exposure to advertising — a
selling point for VCRs, but a great concern to
both broadcasters and advertisers.

Cable interests also see VCRs as competi-
tors. HBO and the other pay services have
seen little audience growth in the mid-1980s,



120 Era of Electronic Media

4.7 Home Video Center
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In the 1980s, the home television receiver became the reception center for an increasing variety
of video distribution channels including such out-of-home sources (left, with dashed lines) as
off-air broadcasting, backyard TVROs, MMDS systems, cable television, videotex/teletext
experiments; and in-home inputs (right), with solid lines) including home computers, video
games of various kinds, high-fidelity sound, and, most important, home videocassette

recorders.

partially because of the competition VCR film
rental offers cable film presentations. (Other
reasons for pay cable’s slackening appeal in-
clude repetition of films among the competing
services and the perceived low quality of most
films shown.)

Audience diversion from broadcasting
and cable is only in part due to VCRs, of
course, for many homes have video games
and some have home computers. Video games
and computers often use home television sets
as display screens. Thus far, relatively little re-



search has been done to determine how much
television “viewing’’ in such homes has noth-
ing to do with broadcasting or cable (Exhibit
14.9). These nonbroadcast options help illus-
trate the central role the receiver plays as more
inputs become available (Exhibit 4.7).

Additionally, the home VCR appears to be
expanding the amount of program material
available to rural viewers. Often able to re-
ceive only one or two off-air television signals,
and sometimes beyond the reach of any cable
system, such homes in the past were largely
isolated from mainstream electronic media.
Now, through mail or nearby retail outlets as
well as TVROs, rural dwellers are able to en-
joy the variety of material long available to city
residents.

4.8 Developments to Come

Several further video-related developments
are being claimed as constituting the next rev-
olution of the 1980s.

Teletext and Videotex  Broadcast teletext
and wire- or cable-delivered videotex systems
provide means of delivering print and graphic
materials to home and office television
screens. Developed first in Britain, with im-
proved systems appearing in France and Can-
ada by the late 1970s, these twin technologies
were subject to numerous experiments in the
United States. The lack of technical standards
among the competing systems arose from dis-
agreement over whether these services are
best aimed at homes or at institutions.

Some experts tout teletext as the core of a
developing home information utility built
around the television or computer screen.
Whether delivered over the air (teletext) or by
wire (videotex), these print and graphic sys-
tems are a kind of pay television, in that sub-
scribers pay a monthly connection fee, plus an
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amount determined by the number of infor-
mation “‘pages’”’ screened (§7.6 and §7.8). A
decoder on the television set provides access
to the teletext information, much in the way
the decoder used for closed captions for the
deaf does (Exhibit 4.8).

Common-carrier firms usually control the
videotex delivery system, selling access or
page space to information providers who fill
their pages with specialized kinds of data,
such as weather, news, sports scores, catalog-
ordering, consumer information, games,
education, cultural and theater guides, and
advertising. Though such information is of
course widely available in other formats, both
teletext and videotex offer in-the-home instant
retrieval. Early in 1986, however, the two larg-
est videotex services aimed at home consum-
ers closed up shop within two weeks of one
another, having lost some $90 million because
of insufficient consumer and advertiser ap-
peal. By then, it appeared that the home com-
puter would be used more frequently than the
television set for interactive information re-
trieval services such as CompuServe and The
Source.

DBS  One of the most exciting and glamor-
ous proposed new technologies was the direct-
broadcast satellite (DBS). At first widely touted,
but fading in popularity by 1985, DBS prom-
ised to make land-based delivery systems ob-
solete by sending programming direct from
producer to consumer, without benefit of an
intervening television station or cable system.
In theory, each subscribing home (for this is
another means of delivering pay television)
would use a TVRO antenna to receive signals
directly from specially designed high-power
domsats (Exhibit 4.9).

In 1980 a subsidiary of the Communica-
tions Satellite Corporation (Comsat) applied to
the FCC for permission to launch a DBS sys-
tem providing three channels of programming
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Exhibit 4.8 Teletext and Closed Captions

NAT 1 ONAL
PHILA. i1
CARDINALS 5
NEW YORK 8
CHICAGOD 3
PITTSBURGH 10
MONTREAL
ATLANTA
HOUSTON
CINCINNATI
SAN DIEGD

LOS ANGELES

SAY

Broadcast transmission of text and graphics to the home or office TV receiver makes use of the
vertical blanking interval (VBI) lines between TV pictures. The various systems can produce a
variety of effects in multiple colors. Simple lists or computer graphics are the least expensive

approach. The transmission of closed captions for the deaf (shown at right) uses the same basic

technology and VBI lines (see §7.6).

Source: Courtesy CBS Television Network.

for the eastern part of the United States. The
service was designed for those unable to get
cable or off-air service, mainly rural residents.
Construction cost estimates ran from $250 to
$750 million, including satellite design and
launch fees and initial program expenses.
Eight other firms soon announced similar
plans.

After a lengthy proceeding, the FCC au-
thorized commercial DBS operations in June
1982. In 1983, a landmark year for DBS,
United Satellite Communications (USCI) inau-
gurated America’s first DBS service in Indian-
apolis, albeit using temporary facilities.
Debate ensued as to whether DBS should be
regulated as a broadcasting service or a com-
mon carrier. Economists claimed that DBS
aimed only at a rural audience would never be
able to recoup its costs, and others argued that
DBS offered nothing not already available

from existing broadcast and cable services or,
for those outside their range, from videocas-
sette recordings.

When USCI expanded beyond its initial
market area in 1984, it was said to have com-
mitted $178 million for equipment, marketing,
programming, and customer service. But in
that same year, some of the biggest names in
electronic communication decided not to con-
tinue their investment in this new technology.
Western Union, CBS, and Comsat all backed
away from earlier DBS plans. The Comsat de-
cision was critical to USCI, which had hoped
for a lifesaving infusion of fresh capital
through a partnership with Comsat. With only
about seven thousand subscribers in 1985,
USCI managed to stay alive for a time, thanks
to new money pumped in by Tele-Communi-
cations, Inc., the nation’s largest cable MSO.
But it was not enough. USCI, unable to meet
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Exhibit 4.9 A Direct Broadcast Satellite System
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Unlike the present-day use of satellites to transmit programs to cable systems or even local TV
stations, a DBS system sends signals directly to viewer homes, each of which is equipped with
a small receive-only antenna. Such services are likely to be offered on a pay basis, with
subscribers buying the equipment and paying a monthly reception fee for the right to decode
scrambled signals.

Source: Federal Communications Commission.

its bills, shut down on April 1, 1985. Estimated expansion of cable systems and home VCR
losses from DBS endeavors included $140 mil- sales, made DBS prospects dim indeed.

lion by Comsat and $68 million by Prudential But despite these losses, others still
Insurance Company, the principal investor in planned to launch some form of DBS services.

USCI. This dismal performance, plus the rapid These included RCA Americom, Hughes



124 Era of Electronic Media

Communications, and Advanced Communica-
tions Corporation. Another, United States Sat-
ellite Broadcasting, a service of Hubbard
Broadcasting, had been in the planning stages
for several years and was scheduled to begin
DBS service in 1988 with a mixture of
advertiser-supported and pay television.
Nonetheless, far more attention overall has
been paid to DBS technology than to services.
And in the United States, at least, DBS
seemed to offer nothing sufficiently different
from other media to make it likely to succeed.*

HDTV and Stereo TV~ Meanwhile, labo-
ratories in Japan had announced impressive
improvements in the television receiver.
Demonstrated in Washington in 1981, high-def-
inition television (HDTV) provided a picture
resolution of 1,125 lines, rather than the stan-
dard 525 lines —a picture as good as 35mm
motion-picture film. Japanese HDTV initially
required a 36-MHz channel, which is the
equivalent of six regular television channels
(86.9). By mid-decade, it appeared that HDTV
might first be used in cinemas and for home
video recording, where spectrum limitations,
broadcast transmitters, and existing home
television receivers — all designed to operate
on the existing 525-line standard — would not
be a barrier.

Another improvement, multichannel or
stereo television, seemed more likely to reach
the marketplace. In 1984, acting on petitions
from the industry, the FCC approved the idea
of stereo TV, leaving details of the technical
system to the marketplace. Manufacturers
who had already generally agreed upon a
technical standard announced availability of
decoders to pick up the stereo sound, and the

*Plans for DBS service in several other countries continue
to evolve. In Western Europe, for example, where there
are fewer delivery options available, several regional DBS
projects are being planned. A number of developing re-
gions are likewise pressing ahead with DBS options.

first network programs providing stereo trans-
missions appeared in the 1984-1985 season.
To receive the signals, however, consumers ei-
ther had to invest in one of the new receivers
or hook up a decoder to their existing audio
system.

Too Much Technology?  Development of
new delivery systems and improvements on
older systems raised a number of questions for
manufacturers, broadcasters, cable-system op-
erators, and critics. For one thing, what
should be concluded from the highly expen-
sive failures of the 1980s, such as RCA’s video-
disc and Comsat’s DBS? Some argued that too
much technology was chasing too little pro-
gram creativity and too few audience dollars.
Were consumers being offered a real choice or
simply different means of receiving the same
content long provided by plain old broadcast-
ing? Were marketplace pressures encouraging
the wrong kind of media investment — over-
lapping services providing nothing really
new?

A widespread preference for marketplace
rather than government control became in-
creasingly evident after 1970. Services devel-
oped since then—pay cable, MMDS,
SMATYV, DBS, and videocassette recordings,
for example — have little or no regulatory
oversight. The FCC, beginning with its AM
stereo ""nondecision,” abandoned its tradi-
tional role of helping to shape electronic me-
dia by controlling application of technology
through mandated standards.

In this new competitive arena some serv-
ices will survive and others will fall by the
wayside. But thus far, all the technological
jockeying has offered only a variety of deliv-
ery systems rather than a real choice of new
and different program options. Diversity of
channels has not been matched by comparable
variety in content. The chapters that follow
provide more detail on why this is so.



Summary

* The years since 1970 have been marked by
dramatic expansion in the number and type of
delivery systems competing with radio and
television broadcasting. This expansion grew
out of limitations in television coverage, some
of them traceable to the 1952 FCC Sixth Report
decision on television allocations (§3.6).

¢ Community antenna television (CATV)
began in several mountain communities in
Pennsylvania in the late 1940s, using a com-
mon antenna and direct cabie connections to
subscriber homes.

¢ Cable service was augmented with origi-
nal program channels and distant signal im-
portation by the 1960s, and with pay channels
by the late 1970s. This augmented competition
concerned broadcasters, who pressured the
FCC to regulate cable. In addition, several
states set up cable commissions, and operators
had to negotiate with local government
franchise authorities.

* The late 1960s and early 1970s saw the
peak of FCC activity in controlling cable. But
the 1972 FCC rules unraveled over the next
several years, under pressure of both judicial
review and revised economic thinking, and
nearly all had been lifted by 1980.

* Cable continued to expand, despite regu-
latory confusion, because of the opportunities
provided by use of domestic satellites. The de-
cisions of Home Box Office and Ted Turner to
use domsats to deliver programming nation-
wide opened the door to other operators.

* By the 1980s, it was clear that single-chan-
nel pay television systems, such as over-the-
air  subscription television (STV) and
multipoint distribution systems (MDS), were
losing the competitive battle with multichan-
nel services: pay cable, multichannel multi-
point distribution systems (MMDS), and
satellite master antenna (SMATV) systems.
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* Traditional broadcasting continued to
thrive in the 1970s and 1980s, despite the new
competition. Broadcasters argued for less reg-
ulation to match the virtually unregulated new
delivery systems. The FCC conducted its third
investigation of networks and concluded that
most existing rules limiting television network
behavior should be eliminated.

* Educational radio and television stations
developed slowly for a lack of funds until the
1960s. In 1967 Congress, following most of the
recommendations of the Carnegie Commis-
sion, established the Corporation for Public
Broadcasting (CPB), which in turn set up the
Public Broadcasting Service (PBS) and Na-
tional Public Radio (NPR). The noncommercial
system suffered considerable financial and or-
ganizational tensions in the 1970s as it sought
long-range funding.

* Following the lead of public radio and
television, broadcast networks took to using
satellite delivery, ending decades of landline
use. Live satellite-delivered news reports were
common by the early 1980s.

* Based on development of the integrated
circuit, or computer chip, the home videocas-
sette recorder (VCR) by 1986 was in a quarter
of the nation’s homes, was changing film dis-
tribution patterns, and was limiting the
growth of pay cable networks.

¢ Several technologies remain in the wings,
not yet beyond the market experimentation
stage. These include teletext, direct-broadcast
satellites (DBS), and high-definition television
(HDTV). By 1985, it appeared that develop-
ment of a successful DBS system in the United
States was highly unlikely because of cost and
competition from cable and other services.

¢ Many critics argue that we have plenty of
technological options in the 1980s, but no-
where near enough original programming
ideas or new applications of the technology to
meet societal needs.






PART 2
Technology

To understand broadcasting and related media
you must understand something of their physical
nature. Stubborn physical facts dictate where and
how far electromagnetic signals travel and how
much information they carry. Propagation factors
affect transmitter placement, limiting how many
transmitters can operate in any one locality. Tech-
nology calls for standardizing of systems, equip-
ment, and procedures, demanding a high degree
of international coordination. To avoid interfer-
ence, users must cooperate in ways unique to elec-
tronic communication.

The next three chapters survey in lay terms the
basic concepts involved in using radio energy for
communication (Chapter 5); the technology of
POBS, the traditional broadcasting system (Chapter
6); and the supporting distribution and recording
technologies, along with the newer methods of
electronic communication and their interaction with
traditional methods (Chapter 7).
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CHAPTER 5

Basic Physical Concepts

The ability to radiate through empty space
and to travel in all directions without benefit
of any vehicle is electronic communication’s
most dramatic advantage over other modes of
communication. Radio* waves can leap over
oceans, span continents, penetrate buildings,
pass through people, go to the moon and
back, and reach the earth from the farthest
star.

5.1 Electromagnetic Spectrum

In the context of this chapter, radio must be
understood as a form of energy, belonging to
the same class of energy as visible light,
X rays, and cosmic rays. Collectively, such
phenomena constitute the domain of electro-
magnetic energy. All forms of this energy share
three fundamental characteristics: (1) they all
travel at the same high velocity; (2) in traveling,
they assume the properties of waves; and
(3) they radiate outward from a source, with-
out benefit of any discernible physical vehicle.

Radiation can be explained in terms of

*As used in this chapter, the word radio refers not only to
sound broadcasting but to the wireless method of commu-
nicating. In this sense, radio conveys not only sounds and
pictures but streams of coded data and many other types
of content — even sheer noise.

light. Turn on an electric bulb, and light radi-
ates into the surrounding space. Light rays,
fundamentally the same as radio waves, travel
at a velocity of 300 million meters (186,000
miles) per second. The two forms of energy
differ, however, in the length and frequency
of their waves: light has much shorter waves
and higher frequency. All electromagnetic en-
ergy has an oscillating (vibrating or alternating)
motion, depicted in terms of waves. The
number of separate wavelike motions pro-
duced in a second determines a wave’s fre-
quency —a key concept because differences
in frequency determine the varied forms that
electromagnetic energy assumes.

A large number of frequencies visualized
in numerical order constitutes a spectrum. The
keyboard of a piano presents one version of a
spectrum, starting with keys that produce low
sound frequencies at the left end and pro-
gressing through higher and higher frequen-
cies toward the right end of the keyboard. You
can see a visible spectrum when a rain
shower, acting as a prism, breaks up sunlight
into its component colors (sunlight, though
seemingly colorless, actually combines “all the
colors of the rainbow’’). Humans perceive the
lower frequencies of light as red in color and,
as frequency increases, see light as yellow,
green, blue, and finally violet. Above the fre-
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Exhibit 5.1 How the Electromagnetic Spectrum Is Used

Electromagnetic

phenomena Examples of uses

Approximate
frequency ranges

Typical wavelengths

Cosmic rays Physics, astronomy

Gamma rays Cancer therapy

X rays X-ray examination

Ultraviolet radiation Sterilization

Human vision
Photography

Radar, microwave relays,
satellite communication

UHF television

VHEF television, FM radio
Short-wave radio

AM radio

Visible light
Infrared radiation
Microwave radio waves

Radio waves
Radio waves
Radio waves
Radio waves

10" GHz and Diameter of an electron

above

10"-10" GHz Diameter of smallest atom

10°-10° GHz Diameter of largest atom

10°-10" GHz 1 hundred millionth of a
meter

10-10° GHz 1 millionth of a meter

10°-10° GHz 1 ten thousandth of a meter

1-300 GHz 1 centimeter

470-806 MHz 1/2 meter

54-216 MHz 3 meters

3-26 MHz 30 meters

535-1,605 kHz

3,000 meters

Note that frequency decreases as wavelength increases (reading from the top down). As
frequency increases, the manifestations of electromagnetic energy become more dangerous to
man (though not necessarily less useful). Even frequencies as low as those used in radar and
microwave relays can damage humans exposed to long-term, high-level radiation. Microwave
ovens can also pose a hazard if not properly shielded. Not mentioned in the usage examples
are the many nonbroadcast and auxiliary broadcast applications of radio communication. The
table does not mention the lowest frequencies, which manifest themselves as radiant heat and

electric power.

quency of visible violet come ultraviolet fre-
quencies; below the frequency of visible red
come infrared frequencies.

Exhibit 5.1 shows at what frequencies the
various types of energy in the spectrum occur.
Note that as frequency increases, wavelength
decreases. Frequencies usable for radio commu-
nication occur near the lower end of the
electromagnetic spectrum. As frequency in-
creases, the practical difficulties of using elec-
tromagnetic energy for communication
purposes also increase, until finally it can no
longer be used. As communication methods
improve, the limit to usable frequencies has
been pushed higher and higher. The higher

the frequency, the more radio waves behave
like light. Today communication satellites use
frequencies near 14 gigahertz (14 billion oscil-
lations per second). This is still far below light
frequencies, but in the enclosed environment
of fiber-optic cable, light itself can be used for
radio communication.*

5.2 Sound Waves

Although sound energy differs in fundamen-
tal ways from electromagnetic energy, it pro-
*Of course light as such has long been used to communi-

cate by means of semaphores, lighthouses, and other
devices.



vides a useful analogy because sound, too,
has an oscillating motion and can be depicted
as traveling in a wavelike manner. Sound
therefore serves as a means of illustrating the
characteristics of waves in an understandable
way, because we can perceive sounds.

Wave Motion  Using the example of a
conversation between two people at a party,
consider what happens in terms of wave mo-
tion. A speaker’s vocal cords vibrate, produc-
ing word-sounds; these oscillations of the
vocal cords set molecules of air in wavelike
motion; sound waves travel through the air to
the eardrums of a listener, which respond by
vibrating in step with the wave motion of the
air molecules. Eardrum vibrations stimulate
nerve fibers leading to the listener’s brain,
which interprets the vibrations as words.

The chief wave-motion concepts can be
deduced from this sequence of events. At each
step in the sequence, vibration (alternation,
oscillation) occurs. Vibration in one object (vo-
cal cords) causes cortesponding vibratory mo-
tion in other objects (air, eardrums). The
medium of vibrating air molecules carries
meaning from one point to another.

Wave Motion Analyzed To break wave
motion down into its components, consider
the motion of a point on the perimeter of a re-
volving wheel, as depicted in Exhibit 5.2. A
tracing of that motion renders a waveform
that has amplitude, length, frequency, and veloc-
ity. Distance above and below the level of the
axle represents amplitude, which in the case of
sound is perceived as loudness. We can mea-
sure the distance the wheel travels in one rev-
olution, which tells us the length of the wave.
We can count the number of revolutions the
wheel makes in a second, which tells us the
frequency of the wave, perceived in terms of
sound as pitch. Finally, the distance traveled
in a unit of time (in this case a second) yields a
measure of velocity.
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Phase  As the wheel in Exhibit 5.2 goes
through its first half revolution (180 degrees),
the waveform rises to a maximum and then
drops back to its starting level; then, during
the second half of the wheel’s revolution, the
waveform goes through an opposite phase.
Each half of the entire cycle of motion is in fact
called a phase, so that a complete wave in-
volves two opposite phases.

These opposing phases of a wave cycle
may be regarded as positive (plus) and nega-
tive (minus) aspects of the wave. If the posi-
tive aspects of two simultaneous waves
coincide, their energies combine to make a
larger total amplitude at that point. If, how-
ever, a negative and a positive aspect of two
waves coincide, the smaller subtracts from the
larger, making a smaller total amplitude at
that point. When two waves of the same fre-
quency exactly coincide they are said to be “in
phase.” If they have the same amplitude, their
combined amplitude is double the amplitude
of each one.

Phase plays an important role in many
practical applications throughout electronic
systems. Two or more microphones fed to the
same amplifier must be phased correctly to
prevent their signals from interfering with
each other; and television relies on phase dif-
ferences in processing color information. Also,
some directional antennas use phase rein-
forcement and cancellation to strengthen radi-
ation in one direction and to weaken it in
another.

Overtones  Phase also has an important
bearing on sound quality. A sound having a
perfectly smooth, symmetrical waveform con-
sists of a single frequency, a pure tone. Pleas-
ing musical tones and natural sounds,
however, consist of many different frequen-
cies of varying amplitudes, all produced at the
same time. When these frequencies combine,
their phase differences result in complex
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Exhibit 5.2 Wave Motion Concepts
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Tracing the rise and fall of a spot on the rint of a
revolving wheel illustrates the wave-niotion concepts
cycle, phase, amplitude, and velocity. The spot
starts at the level of the axle, moving first up, then
down, then up again. The changing distances of the spot
above and below the axle level represent changes in
anplitude. One complete revolution of the wheel
represents one cycle of wave movement. If we regard
movement above the level of the axle as positive and that
below the axle as negative, we can say that each cycle
consists of two opposite halves, or phases. The distance
covered during the time the wheel takes to make one
revolution can be used to calculate its speed-of-travel, or
velocity. For example, a wheel that revolved ten times a
second and travelled four feet for every revolution would
have a velocity of 10 x 4, or 40, feet per second.

Source: Adapted from John R. Pierce, Signals: The
Telephone and Beyond (W. H. Freeman & Co., San
Francisco, 1981), p. 35.

waves that have irregular patterns, as shown
in Exhibit 5.3.

Complexity in sounds comes from over-
tones, or harmonics. The frequency we hear as
the pitch of a sound is its fundamental. The
fundamentals of human speech are quite low
— from 200 to 1,000 hertz (cycles per second)
for women, from 100 to 500 hertz for men.
Overtones, which give voices their distinctive
timbres, are higher frequencies, multiples of

the fundamentals. Thus middle C, with a fun-
damental of 264 hz, may have overtones at
528 hz, 792, 1,056, and so on. Differences in
the distribution and amplitudes of overtones
account for qualitative differences between
sounds having the same pitch. One can distin-
guish a violin from a clarinet, even when they
are producing exactly the same note at the
same volume, because their overtones differ.
For high-fidelity sound reproduction, over-



Exhibit 5.3 Complex Waves
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Fundamental

10cps

1st harmonic

20cps

2nd harmonic

30cps

— 3rd harmonic

40cps

Composite

In practice, most waves have more complex forms than the symmetrically shaped wave in
Exhibit 5-2. Overtones in a musical note, for example, markedly alter the shape of its
fundamental wave as they interact with it. The smooth fundamental 10-cps wave at the top,
combined with its shorter-wave-length 1st, 2nd, and 3rd harmonics, results in the complex

composite wave at the bottom. Cps = cycles per second.

Source: Adapted from Paul Davidovits, Communication (Holt, Rinehart & Winston, New York,

1972), p. 129, Fig. 11-1.

tones, having relatively high pitch by defini-
tion, require equipment able to reproduce the
higher sound frequencies.

Acoustic Environments  Sound waves,
once launched into a given environment, be-
gin to attenuate, gradually losing their energy
as they travel. Draperies, human bodies, and
other soft, irregularly shaped objects tend to
absorb sound energy, increasing the rate of at-
tenuation. Hard, flat room surfaces reflect
sound waves, causing reverberations or
echoes (reverberations are echoes so closely
spaced in time that they are not heard as sepa-
rate sounds). Excessive sound absorption

gives a room a "“dead,” uninteresting sound;
reflections produce “live,” bright sounds.
Acoustic engineers design studios and audito-
riums with the optimum degree of reverbera-
tion. Often they provide adjustable reflective
and absorptive panels to enable the increase
or lessening of reverberation, according to the
specific needs of particular performers and
instruments.

The shorter the waves, the more easily
they are blocked by small objects. Long waves
tend to "bend”” around objects in their path.
You can verify this fact by listening to music
in another room or from around the corner
of a building. As soon as you turn the corner
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into the area where the music originates,
the sound you hear immediately becomes
brighter. You begin hearing the shorter-wave
(that is, higher-pitched) sounds that were un-
able to get around corners as readily as the
longer-wave sounds.

5.3 Radio Waves

Like sound waves, radio waves behave in
characteristic ways, depending on their fre-
quency and phase relationships. Radio waves
attenuate, can be absorbed or reflected, and
produce echoes. Visual echoes resulting from
reflected signals account for the “ghosts”
sometimes seen as double images in television
pictures. Keep in mind, however, that radio
waves differ fundamentally from sound
waves, especially in terms of frequency, veloc-
ity, and mode of travel. Limitations of the ear
confine audible sound to a frequency range of
about 16 to 20,000 cycles per second (individ-
ual hearing acuity varies greatly, especially at
the upper frequencies). In comparison, the
frequency range of the radio spectrum is vast,
running from a few thousand cycles per sec-
ond into the billions. Radio waves travel with
the speed of light, about 900,000 times the
speed of sound in air. Finally, radio waves
need no intervening medium in which to
travel, such as air. Indeed they travel best in a
total vacuum. Sound, on the other hand, must
have air, water, or some other physical con-
duit through which to travel.

Frequency-Wavelength Relationship

The phrase “cycles per second” has been
shortened by international agreement to the
term hertz* (abbreviated Hz), meaning a fre-
quency of one cycle per second. The numbers of

*So named to honor the pioneer radio physicist, Heinrich
Hertz (1857-1894). His contribution is discussed in §2.4,

Exhibit 5.4 Divisions of Radio Frequency
Spectrum into Bands

Name of band Frequency range
Very low frequency (VLF)  3-30 kHz
Low frequency (LF) 30-300 kHz
Medium frequency (MF) 300-3,000 kHz
High frequency (HF) 3-30 MHz
Very high frequency 30-300 MHz
(VHF)
Ultra high frequency 300-3,000 MHz
(UHF)
Super high frequency 3-30 GHz
(SHF)
Extremely high frequency  30-300 GHz
(EHF)

By international agreement, the radio frequency
spectrum has been divided into large groups of
frequencies called bands. Various radio services occupy
parts of these bands. The bands become progressively
larger as frequency increases, necessitating changing the
nomenclature to avoid excessively long numbers. A
kilohertz (kHz) = 1,000 hertz (Hz, or cycles per
second); a megahertz (MHz) = 1,000 kilohertz; and a
gigahertz (GHz) = 1,000 megahertz.

hertz in the higher-frequency radio waves rise
into the billions, making for awkwardly long
numbers. Prefixing the term hertz with the
standard metric multipliers kilo- (thousand),
mega- (million), and giga- (billion) simplifies
the numbering system. Exhibit 5.4 shows the
use of these metric terms in identifying the
radio-frequency- spectrum’s major subdivi-
sions (or bands) and the abbreviations such as
VHF and UHF used to identify them.

As Exhibit 5.1 indicates, the location of
any wave in the electromagnetic spectrum can
be stated either in terms of its frequency or its
wavelength. The term microwaves identifies a
group of waves by their length, but the term
VHF identifies a group by frequency. If one



knows the length of a wave in meters, one can
easily find its frequency in hertz by dividing
its length into 300 million, which is the veloc-
ity of radio waves in number of meters per
second. For example, a wave with a length of
300 meters would have a frequency of 1 mil-
lion hertz (1 MHz). Conversely, one can deter-
mine the wavelength by dividing frequency
into velocity; thus a wave with a frequency of
100 million hertz would have a length of
3 meters. Looked at another way, velocity
(treated as a constant of 300 million meters per
second) is the product of wavelength times
frequency.

Because of the fixed relationship between
wavelength and frequency, one can identify
the position of a radio station within its band
by either the frequency or the length of its car-
rier wave. Usually frequency is used. The
number 600 (often abbreviated 60) on a stan-
dard (AM) radio receiver dial identifies a car-
rier frequency of 600 kHz; an FM station’s dial
number gives frequency in megahertz (98.9,
for example, meansa carrier frequency of 98.9
MHz). Television stations, however, have dif-
ferent carrier frequencies for their video and
audio components; for the sake of conven-
ience, television stations are identified by
channel number rather than by wavelength or
frequency. For example, it is easier to say
“channel 6" than to speak of a station having
a video carrier-wave frequency of 83.5 MHz
and a sound carrier-wave frequency of 88.75
MHz.

Carrier Waves  Recall that sound produc-
tion needs some physical vibrating object —
vocal cords, drum head, saxophone reed, gui-
tar strings, or the like. Radio-wave produc-
tion, too, depends on vibration (oscillation),
but of an electrical current rather than a physi-
cal object. An oscillating current can be envi-
sioned as power surging back and forth in a
wire, rising to a maximum in one direction
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(one phase), then to a maximum in the other
direction (the opposite phase).

When current alternates in any electric cir-
cuit, even in the wiring of one’s home, it re-
leases electromagnetic energy into the
surrounding space. The 60-cycles-per-second
oscillation of household electrical power
causes radiations that a broadcast receiver
would pick up and reproduce as a 60-cycle au-
dible hum, were it not for shielding that cuts
off the emissions. The tendency of alternating
current to radiate energy increases with its fre-
quency; the higher the rate of alternation, the
more radiation. Dangerous radiations occur at
the higher frequencies.

A broadcast transmitter generates radio-
frequency energy for radiating into space via
the transmitting antenna. The basic emission,
the transmitter’s carrier wave, oscillates at the
station’s allotted frequency, radiating energy
at that frequency continuously, even though
no sound or picture may be going out at the
moment.

5.4 Modulation

The next basic concept, modulation, concerns
the method by which information is im-
pressed on a transmitter’s carrier wave.

Energy Patterns We can modulate a
flashlight beam merely by turning it on and
off. A distant observer can decode a modu-
lated light beam according to any agreed-upon
meanings: a pattern of short flashes might
mean “All O.K.” and a series of short-long
flashes might mean ""Having trouble, send
help.” Thus modulation produces a signal, a
meaningful pattern. Any perceptible physical
variation can become a signal — light chang-
ing from green to red, a head nodding up and
down, a finger pointing.
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In terms of waves, sounds consist of am-
plitude patterns (loudnesses) and frequency
patterns (tones, or pitches). A microphone,
responding to variations in air pressure,
translates these pressure patterns into corre-
sponding electrical vibrations — a sequence of
electrical waves having amplitude and fre-
quency variations approximately matching
those of the sound-in-air pattern. Next, those
electrical variations modulate a transmitter’s
radio-frequency carrier, causing its oscillations
to assume the same pattern. Thus we have a
radio signal — patterned variations that con-
vey information by means of a carrier wave.

Note that radio modulation involves fre-
quencies in two widely different ranges: that
of the signal (for example, sound frequencies)
and that of the carrier wave (radio frequen-
cies). In order to reproduce the signal-
frequency pattern, the carrier wave’s own fre-
quency must be much higher than that of the
signal. Exhibit 5.5 shows how several cycles of
the carrier wave are needed to represent the
pattern of each cycle of the signal wave.

Transduction At each point where a
transfer of energy takes place, a transducer, lit-
erally a “’leader across,” does the job. A micro-
phone as a transducer changes sound patterns
into electrical patterns. A television camera
transduces light patterns into electrical pat-
terns. A transmitter transduces electrical fre-
quency patterns into a higher frequency
domain, that of radio-frequency (RF) energy.
Even the keyboard on a computer is a trans-
ducer, changing the physical energy of strik-
ing the keys into electrical pulses.

Sidebands The single radio frequency
that identifies a carrier wave can carry only a
very small amount of information each sec-
ond. Modulation affects adjacent frequencies,
both above and below the specific carrier fre-
quency. These additional groups of frequen-
cies constitute sidebands. The more information

conveyed, the larger the sideband.

Either the upper or the lower sideband
suffices to convey all the information imposed
on a carrier wave. Many radio communication
services nevertheless transmit both sidebands,
because suppressing one of them adds to
equipment costs. Some services, however,
economize on spectrum usage by suppressing
one sideband, either "fully or partially.
Suppression results in single sideband (SSB)
transmission. AM and FM radio use double-
sideband transmission, but television is an ex-
ample of a service using only one sideband, as
shown later in Exhibit 6.3.

Channels As indicated, the existence of
sidebands requires the allotment of a bundle
of frequencies to each station. This bundle is
referred to as a station’s channel. A channel
can be visualized in terms of a water-supply
pipe. A very thin pipe could eventually fill a
big reservoir with its trickle of water, but a
gush of water from a large-diameter pipe is es-
sential to fill the reservoir rapidly.

In broadcast communication, we are usu-
ally interested in large pipes, or channels, be-
cause we want immediate, "real time” results.
Some nonbroadcast services, however, trade
slow delivery for economy in channel width.
Certain pictorial news services, for example,
deliver video information over very narrow
channels, taking ten seconds to build up a sin-
gle black-and-white still picture. On the other
hand, broadcast television needs channels
wide enough to show pictures in color and in
motion as the events they depict occur.

AM and FM  The chief methods for im-
posing patterns on broadcast carriers vary ei-
ther amplitude or frequency. Exhibit 5.6 shows
how they work. Standard radio is called
AM because it uses amplitude modulation, and
FM radio is so called because it uses frequency
modulation. Television uses both methods, AM
for the video signal, FM for the audio signal.
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Exhibit 5.5 Amplitude Modulation
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A. The wave representing a portion of a sound signal that a microphone might produce is
called the base-band signal.

B. In preparation for modulating the station’s carrier wave, the base-band voltages
(amplitudes) are artificially increased so that the entire signal consists of positive voltages.
C. This voltage pattern, when imposed on the carrier wave (whose frequency remains
constant), shapes the carrier with an envelope, producing an amplitude-modulated wave.
The lower half of the modulated carrier automatically mirrors the upper half. Note that in
order to form an envelope, the carrier wave must have a higher frequency than the base-band

wave.
Source: John R. Pierce, Signals: The Telephone and Beyond (W. H. Freeman & Co., San Francisco,
1981), p. 61.
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Exhibit 5.6 Amplitude vs. Frequency Modulation

Max
An unmodulated carrier wave
emitted by a transmitter has an S
unchanging frequency and =
amplitude pattern: g-
<
Max
Max
An AM carrier wave, modulated by +
a pattern of amplitude changes §
representing a signal: =
= 0
E
<

Max

Max
An FM carrier wave, modulated by

a pattern of frequency changes
representing the same signal:

+

Amplitude
o

Max

In AM, frequency remains constant, amplitude varies; in FM, amplitude remains constant,
frequency varies. The patterns of change, whether of amplitude or frequency, represent the

energy patterns of the transmitted signal.

Source: Federal Communications Commission.

Recall that modulation means imposing a
meaningful pattern of variations on an other-
wise unvaried stream of energy. To visualize
the process, picture a transmitter being fed a
sound having the pitch of middle C — in other
words, acoustic vibrations of 264 cycles per
second. Such a sound would cause an ampli-

tude-modulated carrier wave to change its am-
plitude, or level of energy, 264 times a second.
The same sound would cause a frequency-
modulated carrier wave to change its fre-
quency 264 times a second.

Because amplitude modulation depends
on amount of energy received, its signals are



vulnerable to electrical interference. AM radio
receivers pick up random bits of energy, such
as those caused by lightning or electrical ma-
chinery. These meaningless pulses interact
with the transmitted RF (radio frequency) en-
ergy, distorting the modulation pattern. Lis-
teners perceive such distortions in the
received signal as noise or static. FM carriers,
relying on frequency rather than amplitude
patterns, are relatively immune to electrical in-
terference. Unwanted amplitude variations of
the modulated carrier can be clipped off the
wave peaks without disturbing the essential
information pattern.

5.5 Digital Signal Processing

AM and FM signal patterns are called analogue
patterns, because, when depicted as waves,
their shapes are analogous to the waveforms
of the original sound signal. Traditional clocks
and watches, with their continuously rotating
hands, represent an analogue method of tell-
ing time. Digital watches on the other hand,
give the time directly in numbers, jumping
from one number to the next.

Analogue signal processing reproduces
patterns by means of continuous change, cor-
responding (or analogous) to the continuous
flow of sound or images that impinge upon a
microphone or a television camera pickup
tube. This continuous pattern is inherently
fragile, susceptible to various sources of dis-
tortion. The previously mentioned example of
static is just one of many distortion-causing in-
fluences that limit the ability of analogue sys-
tems to process information with fidelity.

In contrast, digital signal processing
breaks down an incoming signal into a stream
of separate, individual pulses of energy. Rapid
sampling of the analogue incoming signal, at
such high speeds that the resulting digitized
version seems continuous to an observer, en-
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ables conversion of the signal into a stream of
simple pulses of energy. Each pulse is repre-
sented by a number, hence the term digital.

Digital Encoding For example, signals
picked up by a microphone consist of continu-
ously varying electrical amplitudes (voltages).
A digital processor breaks down this continu-
ous amplitude pattern into a series of small,
discrete steps. An encoder quantizes each mo-
mentary energy level by assigning it a
number, employing the binary code. This is the
familiar number system employed by com-
puters, based entirely on two digits, 0 and 1.
Strings of zeros and ones can be used to sig-
nify any number (Exhibit 5.7). The signals rep-
resenting such numbers consist of nothing
more than a pattern of “power off” signals
(zeros) and “power on’’ signals (ones).

The extreme simplicity of digitized signals
protects them from the many forms of distor-
tion that affect analogue signals. Repeated re-
cording, relaying, and other manipulations of
analogue information inevitably cause quality
loss because each new manipulation of the
signal introduces its own distortions. But digi-
tal signals, being simply numbers, are im-
mune to distortion as long as the elementary
difference between “off”” and “on” is main-
tained. Exhibit 5.7 shows how a single cycle of
a complex analogue wave can be sampled,
with the amplitude of the wave at each sam-
pling moment assigned a binary number. The
final output consists exclusively of “off” and
“on’’ signals of varying length.

Bit Speed  In digital signal processing, the
minimum item of information conveyed by
the difference between 0 and 1 is called a bit
(binary digit).* Bit speed — the number of bits

*A group of bits conveying a letter of the alphabet or a
number in the decimal system is called a byte, a term fa-
miliar to computer users.
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Exhibit 5.7 Digital Signal Processing
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Pulse amplitude modulation, long used in telephony, is amplitude to a maximum of 7, are listed under B as
one form of digital signal processing. The wave-form at ordinary numbers. At C they are converted to binary
A represents an analogue signal of varying amplitude. numbers, that is, numbers consisting exclusively of
At the intervals marked t, t,, and so forth, the signal is combinations of 1 and zero. At D the binary numbers
“quantized” by taking sample amplitude readings. modulate a digital signal, with the number 1 repre-
Amplitude levels, varying from a minimum of zero senting “signal on’" and zero representing "signal off.”
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This pulse train represents the above signal. Note that
quantizing involves some rounding off; thus the level at
t,, though actually about 5.5, is rounded to 6. This
means that the higher the rate of sampling, the higher

the fidelity of the signal. Note also that an interval of
zero amplitude occurs between each sample (indicated by
s in the diagram); this interval keeps the pulses from
blending into one another.

Source: Graham Langley, Telecommunications Primer, 2nd ed. (Pitman Books, London, 1986). Used by permission.




a channel can handle each second — becomes
the measure of channel capacity. A digital
telephone circuit, for example, needs a bit
speed of 64,000 bits per second.

Complex information requires very high
bit speed, which translates into the need for
very wide frequency channels. Digital meth-
ods were first applied to technologies that use
relatively simple signals and hence do not re-
quire extraordinary channel width: data pro-
cessing, telephony, and experimental satellite
communications are examples. The need for
high-capacity channels has delayed the appli-
cation of digital processing to broadcasting
transmission and reception. However, digital
methods employed in sound and video re-
cording have revolutionized prebroadcast
phases of production, enormously increasing
the range of tools available to the video direc-
tor. Moreover, digital processing has been ap-
plied to numerous consumer items, notably
compact disc (CD) audio recordings.

5.6 Wave Propagation

However processed, modulated broadcast sig-
nals go from the transmitter to its antenna, the
physical element from which signals radiate
into surrounding space. The traveling of sig-
nals outward from the antenna is called signal
propagation. In traveling, radio energy attenu-
ates, growing progressively weaker as it cov-
ers a larger and larger area.

Coverage Contours  Under ideal condi-
tions, a transmitter would cover a circular geo-
graphic area. Assuming an omnidirectional
antenna, radio energy radiates evenly in all di-
rections. In practice, however, the varying
conditions that waves encounter affect the dis-
tance they travel and hence the shapes of cov-
erage areas. Conditions influencing coverage
patterns include weather, physical obstruc-
tions (both natural and artificial), the nature of
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the soil, the time of day, and even seasonal
sunspot changes. Waves may be affected by
refraction (bending), reflection, absorption, inter-
ference, and ducting (unusually long-distance
propagation of waves that normally reach
only to the horizon). As a result of these and
other variables, coverage patterns usually as-
sume irregular shapes. Engineers use field
measurements to determine a station’s actual
coverage contours.

How much and in what ways specific con-
ditions along a signal’s wave path affect signal
propagation depend in major part on which
frequency band the signal occupies. Just as the
spectrum’s electromagnetic radiations taken as
a whole differ markedly in their behavior from
one range of frequencies to another, so do dif-
ferent bands of radio-frequency energy vary in
behavior. Description of frequency-related dif-
ferences in propagation behavior can be sum-
marized by dividing waves into three types:
direct waves, ground waves, and sky waves.

Direct Waves  Line-of-sight waves occur
in the VHF frequencies and above. Called di-
rect waves, they follow a straight path from
transmitting antenna to receiver antenna,
reaching only to the horizon. Beyond that
point, most of their energy flies off into space
(Exhibit 5.8). Line-of-sight distance to the hori-
zon depends on antenna height: the higher a
radiating element, the farther it can “see”
before reaching the horizon. By the same to-
ken, raising a receiving antenna can extend
the horizon limit. FM radio and both VHF and
UHF television use direct waves and therefore
cover areas limited by the horizon distance.
Satellites also use direct waves, but because of
their tremendous height above the earth’s sur-
face the signals they send can cover nearly a
third of the globe before reaching the horizon.

Obstructions in the paths of waves cast
’shadows” if the objects are wider than the
length of the waves. Waves used for televi-
sion, and higher frequency waves, have such
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Exhibit 5.8 Wave Propagation
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Direct waves travel like light rays, straight out from
small radiating elements atop the antenna structure. The
line-of-sight angle to the horizon limits their radius of
coverage. TV antennas have directional characteristics to
prevent energy radiating at an angle above the horizon
s0 that it will not be lost in space.

Ground waves travel through the atmosphere along the
surface of the earth but are affected by the electrical
conductivity of the soil over which they pass. Given
sufficient power and soil conductivity, ground waves can
outdistance direct waves, travelling well beyond the
horizon. The entire antenna structure radiates energy.
Although the antenna is insulated from the earth, it has
a ground component consisting of many wires buried in
the earth, radiating out from the antenna base. Exhibit
5.10 pictures an antenna tower and the radial pattern of
its ground system.

short lengths that even relatively small objects
can interfere with their propagation. In the
higher frequency bands, objects as small as
raindrops cause blockage.

Ground Waves  Because ground waves
propagate along the surface of the earth, they
can follow its curvature and so can travel be-
yond the horizon, as shown in Exhibit 5.8.
Ground waves therefore have the potential for
covering a wider area than direct waves. In
practice, however, the distance a ground wave
travels depends on several variables, notably
transmitter power, conductivity of the soil sur-
rounding its antenna, and the amount of in-
terference from distant stations on the same
channel. Dry, sandy soil conducts radio en-
ergy poorly, whereas damp, loamy soil con-
ducts it well.* Because ground waves occur at
medium frequencies, AM (standard) broadcast
signals, which are of medium frequency, often
reach well beyond the horizon, even in the
daytime.

Sky Waves Time of day affects propaga-
tion because of sky-wave phenomena. Most ra-
dio waves, when allowed to radiate upward
toward the sky, lose much of their energy
through atmospheric absorption. Any remain-
ing energy dissipates into space. Waves in the
medium-frequency and high-frequency bands,
however, tend to bend back, forming sky waves.
This bending effect occurs when waves en-
counter the ionosphere, a high, stratified layer of
atmosphere. Bombarded by high-energy radia-
tions from the sun, the ionosphere takes on
special electrical properties, causing sky waves
to refract (bend) back toward the earth. Under
the right conditions, these refracted waves
bounce off the surface of the earth, travel back
to the ionosphere, bend back again, and so on,
following the curvature of the earth and travel-
ing thousands of miles (Exhibit 5.9).

*The FCC publishes a map showing soil conductivity
throughout the United States (47 CFR 73.190). The most
conductive soils are 30 times as conductive as the least
conductive. Salt water, by far the best conductor, some-
times helps to propagate signals for long distances along
shore lines.
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Skywaves radiate outward above the horizon into space. When they encounter the
ionosphere, however, waves of certain frequencies are refracted back toward the earth. The
return wave may bounce off the earth back to the ionosphere, then back to Earth and so on, in

a series of sips.

Source: Excerpted from Stanley Leinwoll, From Spark to Satellite, copyright 1979 by Stanley
Leinwoll. Reprinted with permission of Charles Scribner’s Sons.

The i{onosphere refracts medium-fre-
quency waves, the kind used by AM radio,
only after sundown. At night, therefore, AM
stations can produce sky waves, reaching out
to areas far beyond their daytime coverage
contours. Unless protected from co-channel
interference, however, AM stations do not
necessarily get improved nighttime coverage
from sky waves. Indeed, sky waves from dis-
tant co-channel stations may intrude, shrink-
ing an AM station’s nighttime coverage.

International radio services depend pri-
marily on sky waves. They use the short-wave
(high-frequency) band, whose waves tend to
be refracted by the ionosphere both day and
night. Unlike domestic AM stations, short-
wave international services are allowed to

switch frequency from time to time through-
out the day. They need this latitude because
the ionosphere rises and falls with tempera-
ture changes. Angles of refraction change, and
different ionospheric layers become refractive
under the sun’s influence. By switching fre-
quencies, short-wave stations can provide
continuous sky-wave service to distant areas
for listeners willing to retune their sets as the
frequencies change.

Propagation and Frequency in Summary
Following are several generalizations about
frequency and propagation:

e Ground waves are most useful for com-
munication at the lower frequencies (LF, MF),
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sky waves in the middle frequencies (MF,
HF), and direct waves in the higher frequen-
cies (VHF and above).

e For transmissions through the atmos-
phere, the higher the frequency the more
power it takes to generate a usable signal.
Thus a station channel located at a lower point
in the frequency spectrum is always prefer-
able, other things being equal, to one at a
higher point. At a given power and with
equivalent surroundings, an AM channel at
540 kHz has better coverage than one at 1,600
kHz and a television station on channel 2 has
better coverage than one on channel 12.

* The shorter the wave length, the more
highly directional propagation is and the more
easily waves are blocked by obstructions.

5.7 Antennas

Antennas serve both to launch signals at the
transmitting end and to pick them up at the
receiving end. Small, built-in receiving anten-
nas are adequate to pick up strong signals, but
the higher the frequency the more elusive the
signal and the more essential it becomes to
have an efficient outdoor antenna. Thus in-
door rabbit ears may suffice to pick up VHF
television signals in many locations, but UHF
signals may require a more efficient antenna.

Length  Antennas vary greatly in size, be-
cause to work efficiently their length must be
mathematically related to the length of the
waves they radiate or receive. The usual
length for the radiating elements of broadcast
transmitter antennas is one-half or one-
quarter of a wavelength. Waves at the lower
end of the AM band (540 kHz) are about 1,823
feet long; at the upper end of the AM dial
(1,600 kHz) they are only 593 feet. And the
waves at channel 48 of UHF television are less
than 2 feet long.

AM Antennas  AM stations usually em-
ploy quarter-wavelength antennas. For exam-
ple, the aforementioned 1,823-foot waves of a
540-kHz signal could best be radiated by a
tower about 456 feet in height. The entire steel
tower acts as the radiating element. In choos-
ing sites for AM antennas, engineers look for
good soil conductivity, freedom from sur-
rounding sources of electrical interference,
and locations away from the flight paths of air-
craft approaching and leaving airports. Be-
cause ground waves propagate through the
earth’s crust, AM antennas must be extremely
well grounded, with many heavy copper
cables buried in trenches radiating out from
the base of the antenna tower. Exhibit 5.10
shows an array of AM antennas as construc-
tion nears completion.

FM and TV Antennas For FM and TV
antennas, engineers seek the highest possible
locations, such as mountaintops and the roofs
of tall buildings. Rather than themselves act-
ing as radiating elements, direct-wave an-
tenna towers simply support small radiating
elements, in keeping with the shortness of
VHF and UHF waves. Both transmitting and
receiving elements are positioned horizontally
with reference to the ground below, because
the United States has established horizontal po-
larization as the standard for broadcast FM and
television propagation.

Polarization refers to the fact that radio
waves oscillate back and forth across their
propagation paths. Antenna orientation deter-
mines the direction of the oscillations. FM
reception in automobiles loses efficiency be-
cause whip antennas, usually oriented verti-
cally, do not match the polarization of the FM
broadcast signal.

Short-Wave Antennas  Antennas de-
signed for long-distance short-wave (HF)
broadcasting to foreign audiences are con-
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A. The entire steel tower of an AM radio antenna serves as its
radiating element. Efficient propagation depends on soil
conductivity, which in turn necessitates an exceedingly good
ground system for the tower. The photo shows an array of several
antennas (for obtaining directional propagation). Heavy copper
ground cables are buried in the trenches that radiate out from the
bases of the towers.

B. Because iieight is important to maximize direct-wave coverage,
Boston’s WQTV (TV) chose the 55-story Prudential Center’s roof
as its antenna site. A helicopter had to be used to lift the antenna
assembly info place. The circularly polarized antenna’s radiating
elements are mounted in a spiral pattern around the supporting
column.

C. HF antennas for external broadcasting differ from both television
and domestic radio antennas. The radiating elements are hung
between the steel towers. Each VOA transmitter site has many
antennas to enable using several different frequencies. Antennas are
also variously positioned to beam signals toward selected target
areas.

Sources: A. Courtesy of Stainless, Inc., North Wales, PA. B. CETEC
Antenna Corporation. C. Courtesy Voice of America, Washington,
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structed quite differently from domestic AM,
FM, and television antennas. Large towers
support extensive arrays of radiating elements
in the form of cables. Though short compared
to MF waves, HF waves used in broadcasting
are nevertheless quite long, varying from 11 to
130 meters. Ideal radiating elements must
therefore also be long, as suggested by Exhibit
5.10, which shows part of a Voice of America
HF antenna. VOA antenna sites occupy hun-
dreds of acres because the service uses many
different frequencies, each requiring its own
antenna; moreover, the antenna structures are
complicated by the need to incorporate reflect-
ing elements for directional propagation.

Directional Antennas In most cases
propagation of radio signals in all directions,
upward as well as outward, would be waste-
ful, because receivers are not found in all di-
rections. Moreover, it may be desirable to
control propagation so as to prevent interfer-
ence with other stations or to beam the signal
toward inhabited areas. Radio waves can be
directed in a desired direction, just as light
from flashlights and headlamps can be fo-
cused by reflectors. Directional antennas rein-
force and block radiations, helping to prevent
interference with other stations, to match cov-
erage contours with population-distribution
patterns, and to avoid sending valuable en-
ergy into space.

Concentrating radiant energy increases its
effective strength. This increase, called antenna
gain, can be very great. For example, a micro-
wave relay antenna concentrates its energy
into a narrow beam, aimed at a single recep-
tion point. Such beams can achieve a gain of
100,000 times the effective radiated power of
an omnidirectional antenna. Indeed, because
microwave signals attenuate rapidly, they
would be of little use without the high gain
that enables them to punch through the at-

mosphere. Highly focused beams are also es-
sential for the operation of both uplink and
downlink satellite transmissions. Exhibit 5.11
shows how dish and horn antennas focus mi-
crowave radiations.

Television antennas direct their radiations
at a low angle toward the surrounding terrain,
redirecting rays that would otherwise shoot
off into space. The resulting beefed-up signal
strength is expressed in terms of ERP (effec-
tive radiated power), which is much higher
than antenna input power.

AM directional antennas use the princi-
ples of phase interference and reinforcement
(85.2). Several towers simultaneously radiate
the station’s signal. Spaced so as to produce
the desired phase relationships, the towers re-
inforce radiations in some directions and can-
cel them in others. As many as ten towers are
used in AM directional antenna arrays.

5.8 Spectrum Conservation

A huge and ever-growing number of radio
transmitters of many different kinds (over
seven million in the United States alone, not
counting military stations) must share the
electromagnetic spectrum. The threat of inter-
ference among stations, the demands of new
services for spectrum allocations, and the
growth of established services make efficient
spectrum management vital.

Frequency Allocation  Through the Inter-
national Telecommunication Union, national
communication authorities agree on world-
wide division of the spectrum among the vari-
ous telecommunication services. This process,
called allocation, involves designating specific
segments (bands) of the spectrum for the use
of specific services, sometimes on a shared
basis.
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A. An outlet positioned in front of the dish-shaped
parabolic reflector delivers the radio waves, which are
then reflected outward in a narrow band resembling the
beam of a searchlight.

B. A variation of the parabolic reflector directs the
energy from the center of the reflector toward a small
subreflector that sends the waves back to the mam
reflector for transmission.

C. Dish-shaped reflectors lose efficiency because He feed
tube or subreflector cuts off part of the beam. The horn
reflector avoids this problem.

Source: Graham Langley, Telecomnuncations Primer, 2nd ed. (Pitman Books, London, 1986).

Allocation strategies seek to match the
needs of a service to a part of the spectrum
that has the appropriate propagation charac-
teristics. Thus terrestrial long-distance services
need allocations in the HF band in order to
capitalize on sky waves, whereas services that
need to make only line-of-sight contacts can
use VHF or higher frequencies. Some services
require exclusive use of bands for around-the-
clock communication, and others require only
occasional use. Some, such as radiotelephony,

can use narrow channels; others, such as tele-
vision, must have very wide channels.

Demands on Spectrum It is important to
realize that frequency allocations must be
made for many services other than broadcast-
ing. These include personal services (citizens’
band radio, for example), private land-mobile
services (ambulances, newsgathering units),
marine services, aviation services, public
safety services (police, fire), common carriers
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(radiotelephones, microwave relays), land
transportation (taxicabs, railroads), and satel-
lite services. Broadcasting, though it repre-
sents less than one percent of all transmitters
authorized in the United States, is especially
demanding. There are more than ten thou-
sand radio and television stations in the
United States, and they need continuous ac-
cess to relatively large channels. Moreover,
broadcasters use many auxiliary facilities,
such as subsidiary repeaters (translators), stu-
dio-transmitter links, and remote pickup
transmitters. On the average, three to four of
these auxiliary transmitters support every pri-
mary broadcast station. Broadcasting uses
over 80 percent of the radio spectrum below
one gigahertz — that is, in the region of the
spectrum most in demand for terrestrial
communication.

Conservation Measures The need to
conserve radio frequencies encourages spec-
trum-saving technologies. One of the most
common, multiplexing, allows the transmission
of two or more independent signals within the
same channel. One type of multiplexing,
frequency-division multiplex, divides the chan-
nel into two or more subchannels, each with
its own carrier and signal. Another type, time-
division multiplex, rapidly samples each of sev-
eral signals, sending them in short bursts
through the same channel; this method en-
ables filling in otherwise wasted time — the
small pauses, for example, that occur between
words and phrases in speech.

Stereophonic FM sound picks up “’right”
and “left” versions of the sound source, keep-
ing them separate by transmission on different
subcarriers within the standard FM channel.
Some FM stations transmit still other materials
on subcarriers, such as subscription back-
ground music or readings for the blind. Tele-
vision channels necessarily have two
subcarriers, one for video information and one

for audio, and can use additional subcarriers
in both video and audio portions of the chan-
nel. An extra video subcarrier may be used for
teletext, for example, and an extra audio sub-
carrier for stereophonic sound and for alterna-
tive-language soundtracks. Color information
in the video signal is conveyed by a form of
time-division multiplexing that relies on phase
differences. Finally, subcarriers used by AM
radio channels permit stereophonic sound and
remote monitoring of transmitter meter
readings.

Ordinary single-carrier receivers cannot
detect subcarriers. Special sets or adapters are
needed for stereo reception, for picking up
subcarrier background music, for listening to
readings for the blind, and for using other
specialized subcarrier services.

Another, more sophisticated measure,
known as band compression, economizes o fre-
quencies by selective omission. For example,
in any video transmission, pictures do not
change completely from frame to frame; some
picture elements remain the same over a series
of frames. One method of band compression
transmits information only about elements
that do change, thus reducing the average
amount of new information that has to be pro-
cessed each second. In the future, such meth-
ods may enable broadcasters to transmit
better-quality television pictures without ex-
pending more frequencies.

Guided Waves  Many problems of spec-
trum conservation can be sidestepped by
propagating radio energy through guides or
pipes, such as coaxial and fiber-optic cables
(§7.4). This confinement within a closed circuit
eliminates the need for antennas, the
problems of co-channel interference, and the
varying behaviors of direct, ground, and sky
waves. But the nature of radio energy remains
unchanged in enclosed systems. Cable televi-
sion, a conspicuous example of a closed-circuit



system, uses the same modulated carrier
waves and channels as broadcasting. It has
the advantage of avoiding the problems of in-
terference and the vagaries of open propaga-
tion paths, but it sacrifices the unique asset of
open-circuit communication — the ability to
reach audiences without the aid of physical
connections.

Summary

e It is important to understand the physical
bases of electronic communication because so
many of its attributes and problems arise from
its physical nature. Moreover, new media are
introducing drastic changes that can be ap-
praised only if one understands their underly-
ing technology.

* Radio communication (including sound,
pictures, and other types of material) employs
a form of electromagnetic energy that has
some of the characteristics of sound and visi-
ble light.

* Like sound, radio energy originates from
an oscillating source and can be described in
terms of waves that have length, frequency,
amplitude, phase, and velocity. These waves
are subject to attenuation, refraction, reflec-
tion, absorption, interference, and sometimes
ducting.

e It is essential, however, to realize that
sound waves differ significantly from radio
waves and light waves as to velocity, fre-
quency, and mode of travel.

¢ Radio frequencies occupy part of the elec-
tromagnetic spectrum, the characteristics of
which vary according to frequency range. In-
ternational agreements have grouped waves
within the radio-frequency range into bands,
designated by frequency: low (LF), medium
(MF), high (HF), very high (VHF), and so
forth. Waves have characteristic behaviors
specific to each band.
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« The basic emission of a broadcasting sta-
tion is known as its carrier wave. Modulation
imposes information on a carrier wave, creat-
ing sidebands collectively occupying a group
of frequencies called a channel. The more in-
formation a channel must deliver simultane-
ously, the wider it must be.

¢ Traditional broadcasting modulates either
the amplitude (AM) or the frequency (FM) of a
carrier wave, and as such is an analogue
method of signal processing.

* Digital signal processing converts continu-
ous, analogue signals into discontinuous
pulses of energy. Digitally processed signals,
though more resistant to distortion and highly
manipulable, require wider frequency chan-
nels than analogue signals.

* Carrier waves may be propagated as direct
waves (reaching only to the horizon), ground
waves (reaching beyond the horizon), or sky
waves (reaching long distances because of ion-
osphere refraction).

* Modulated carrier waves, upon being
piped to an antenna, radiate as electromag-
netic energy. An antenna’s radiating element
varies in length according to the length of the
waves it radiates. Directional antennas control
the spread of signals, increasing signal inten-
sity in desired directions.

¢ Because demand for radio frequencies ex-
ceeds supply, spectrum management practices
must efficiently match service needs to the
characteristics of the various frequency bands.
Multiplexing helps conserve frequencies by
making possible the modulation of more than
one carrier in a single channel. Band compres-
sion is another conservation measure.

 Broadcasting shares the spectrum with
many other radio services. It consumes much
spectrum space, requiring continuous access
to relatively wide channels. Moreover, pri-
mary broadcasting stations depend on a vari-
ety of auxiliary transmitters, adding to the
burden the medium imposes on the spectrum.



CHAPTER 6

Technology of
Traditional Broadcasting

This chapter briefly describes applied telecom-
munication technology as it relates to the
traditional broadcasting services: AM radio,
FM radio, and television. It assumes that you
already understand the basic nature of radio
waves and their propagation, as described in
the preceding chapter.

6.1 Gaining Access to the
Spectrum

Use of the spectrum for communication re-
quires adherence to formal access rules. These
rules seek to minimize interference among
users and to ensure that the spectrum is used
as efficiently as possible.

Spectrum Regulation = Most countries be-
long to the International Telecommunication
Union (ITU), the body that coordinates radio-
frequency spectrum use. The ITU recognizes
three steps in parceling out frequencies. First
it allocates groups of frequencies for the use of
one or more specific communication services.
Although allocations differ somewhat accord-
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ing to the three ITU regions (roughly the
Americas, Europe-Africa, and Asia), ITU allo-
cations are essentially worldwide in scope.

Next the ITU breaks down allocated fre-
quency bands into channels, smaller fre-
quency groups suitable for the use of
individual stations. These it allots to individual
countries or groups of countries. Finally,
countries assign their allotted channels to indi-
vidual stations, usually by means of licensing
procedures.

U.S. Channel Allotment In the United
States, the Federal Communications Commis-
sion compiles allotment tables designating
specific FM and television channels for use in
specific communities. A would-be licensee
would look through the allotment tables to
find out whether an unused channel exists in
the proposed service area.* The FCC assigns
AM channels on an ad hoc basis, however. A
would-be licensee for a station on an unoccu-

*The allotment tables can be found in 47 CFR 73.202 and
73.606.



pied AM channel must make an engineering
study in the proposed service area to find out
whether the channel could be activated with-
out causing interference to existing stations.
So many AM stations are on the air nowadays
that activation of new channels rarely occurs.

Channel Capacity In deciding on chan-
nel size, planning authorities must consider
the information capacity needed to fulfill the
purpose of the service. They must balance the
desire for optimum information capacity
against the costs of communication, both in
terms of physical apparatus and the number
of frequencies used. Efficient spectrum man-
agement requires that channels have the mini-
mum bandwidth needed to perform the
essential functions of the service.

Radiotelephony requires a bandwidth of
about 2,500 Hz. This width allows a level of
fidelity sufficient for voice intelligibility but is
far too limiting for sound broadcasting, which
must attain not merely intelligibility but also
the aesthetic aspects of speech and music and
the realistic rendering of sounds. Ideally, this
would mean using broadcast channels wide
enough to encompass the tull range of sound
frequencies detectable by the keenest ear —a
bandwidth of about 15,000 Hz, six times the
telephone bandwidth.

Because so many factors enter into deter-
mining the appropriate channel width for each
broadcast service, there are no worldwide
standards. The United States uses 10-kHz AM
channels, but many countries use only 9 kHz.*
U.S. television channels have a 6-MHz
bandwidth, but those of other countries range
in width from 5 to 14 MHz.

*Increasing the number of AM channels by reducing
channel separation to 9 kHz was considered at.ITU re-
gional conferences in 1980 and 1982, but the U.S. delega-
tion reversed its position favoring the change, under
pressure from U.S. broadcasters.
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6.2 Interference

Channel-assignment and station-licensing au-
thorities must take into consideration the fac-
tor of mutual interference among stations.
This factor severely limits the number of sta-
tions that can be licensed in any particular
market. The primary troublemaker, co-channel
interference, comes from other stations on the
same channel. Adjacent channel interference
also occurs, but only among stations with
transmitters in the same locality.

Co-channel Interference  Two stations
operating on the same channel must be suffi-
ciently far apart geographically to prevent
their coverage contours from overlapping. Sig-
nals too weak to provide reliable service may
nevertheless be strong enough to interfere
with a co-channel station; a station’s interfer-
ence zone therefore extends far beyond its ser-
vice zone. For example, the usable service area
of a channel 2 television station might have a
radius of about 60 miles, but if it is located in
the southern United States it must be at least
220 miles from any other channel 2 station.*
The protection of AM stations from co-channel
interference is complicated by their changing
daytime and nighttime coverage areas, which
is caused by sky-wave propagation at night.
The FCC tries to control coverage by requiring
most AM stations to use lower power at night.

Co-channel interference could be pre-
vented simply by licensing only one station on
each channel, but this would too drastically
limit the number of available stations. One
U.S. regulatory goal is to allow as many com-
munities as possible to have their own local

*For purposes of setting TV co-channel separations, the
FCC divides the United States into three geographic zones
and the channels into two groups, VHF and UHF. For de-
tails of these rules, see 47 CFR 73.609.
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stations; the FCC theretore makes co-channel
separation rules as liberal as possible.

Adjacent Channel Interference In the
vicinity of a transmitter, where power output
is extremely high, sidebands spread beyond
nominal channel limits, spilling over into adja-
cent channels above and below the station’s
assigned channel. Distance rapidly attenuates
the signal, however, so that adjacent-channel
stations need be separated only by about the
radius of their service areas. For example, for
VHEF television, the FCC imposes an adjacent-
channel separation distance of only 60 miles.
The possibility of adjacent-channel interfer-
ence does, however, limit the number of sta-
tions that can be assigned to any one locality.*

6.3 AM Stations

As the first broadcasting service to develop,
AM radio came to be designated "’standard
broadcasting.” Bear in mind, however, that
AM refers specifically to a type of modulation
used by many different services. The video
component of television, for example, is am-
plitude-modulated.

Channel Location and Size By interna-
tional agreement, AM radio channels occupy a
segment of the MF band. In the United States
the AM band runs from 535 to 1,605 kHz, af-
tording a total bandwidth of 1,070 kHz. AM
channel spacing of 10 kHz allows for 107 chan-
nels (that is, 1,070 divided by 10). A station’s
carrier-wave frequency identifies its channel,

*Though numbered consecutively, television channels 6
and 7 can operate in the same locality. They are not truly
adjacent channels, because the FM radio band and other
services intervene between them. A smaller band of fre-
quencies intervenes between channels 4 and 5 allowing
them, too, to operate in the same area. Exhibit 6.4 shows
these discontinuities in the VHF television band.

expressed in kilohertz: 540, 550, 560, and so
on up to 1,600 kHz.*

Modulation generates sidebands on each
side of a carrier frequency. All the information
in a channel is contained in either sideband,
the other being a mirror image (§5.4). There-
fore the nominal information capacity of an
AM broadcast channel is only half its channel
width, or 5 kHz, whereas sound covers a
range of about 15 kHz. This limitation makes
AM less than ideal as a medium for music;
hence the development of FM as the preferred
music medium. It is true that the 10-kHz limit
refers to channel spacing rather than to maxi-
mum channel width. And AM stations may
modulate beyond 5 kHz on both sides of their
carrier frequencies if they can do so without
causing interference. But for most listeners
this wider channel does not result in im-
proved sound, because inexpensive AM re-
ceivers usually have low-fidelity components,
especially loudspeakers, incapable of handling
an audible range beyond 5 kHz.

Channel Classes  The FCC classifies some
of the AM stations as local (assigned to 6 chan-
nels), regional (assigned to 41 channels), and
clear (assigned to 60 channels). By defining va-
rying areas of coverage according to need,
channel classification helps the FCC to license
the maximum number of stations. Local-
channel stations serve small communities or
parts of large metropolitan regions; regional-
channel stations serve metropolitan areas or
rural regions; and clear-channel stations serve
both large metropolitan areas and, at night,
distant rural listeners. These latter channels
have been “cleared” of interfering co-channel
nighttime signals to enable sky-wave recep-
tion in remote areas.

*The ITU extended the upper limit of the AM band to
1,705 kHz in 1979, but implementation awaited a further
conference.



Station Classification  Again in the inter-
est of licensing the maximum possible number
of outlets, the FCC divides AM stations into
classes, designated I, II, III, and IV. Class I
stations (about 1 percent of the total) have
”dominant”’ status on clear channels.* Sec-
ondary stations on clear channels, designated
as Class II (about a third of the total), must
avoid interfering with the Class I stations
whose frequencies they share. Class II stations
avoid interference mainly by means of their
wide geographic separation from co-channel
Class I stations, but often they must also re-
strict their output by using directional anten-
nas (sometimes with different patterns for
night and day) and by either reducing power
or closing down entirely at night.

Class III stations (about 46 percent of the
AM total) occupy regional channels, and Class
IV occupy local channels. Although only 6 of
the 107 AM channels are local, the Class IV
stations assigned to them amount to about
22 percent of the AM stations on the air. They
have such low power (and hence such short
range) that many can use the same channel
without interfering with one another.

Power  Transmitter power plays an impor-
tant role in AM radio. High power not only
improves the efficiency of both ground-wave
and sky-wave propagation, but also over-
comes static. Furthermore, station owners
find the claim of high power psychologically
useful in persuading advertisers that their sta-
tions have strong audience impact.

*Originally, the FCC gave dominant stations on clear
channels nationwide protection from interference, but the
proliferation of AM stations, the demand for still more
licenses, and the spirit of deregulation have led to erosion
of the clear-channel principle. Since 1980, Class [ stations
on clear channels have been subject to sharing their fre-
quencies with other primary stations in distant parts of
the country. For lists of channels by class and the classifi-
cation of stations on each channel, see Broadcasting/Cable-
casting Yearbook.
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Power authorizations for domestic U.S.
AM broadcasting run from 250 watts for the
smaller Class IV stations to a maximum of
50,000 watts (50 kW) for Class I and Class II
stations. The 50-kW ceiling, which is low rela-
tive to the maximum in some other countries,
permits licensing of more stations and pre-
vents those with high power from gaining too
much of a competitive edge on those with less
power.

Carrier Current  Low-power AM signals
fed into the steam pipes or power lines of a
building radiate for a short distance into the
surrounding spaces. Such systems, used by
carrier-current stations, combine elements of
both wire and wireless propagation. Familiar
carrier-current applications include stations
that serve dormitories and other buildings on
college campuses. As long as the radiations do
not interfere with licensed spectrum users,
carrier-current stations need not obtain broad-
cast licenses and, unlike educational FM sta-
tions, may sell advertising.

A licensed carrier-current service, Travel-
ers Information Service (TIS), uses radiations
from wires strung or buried alongside high-
ways to supply traffic information to motorists
approaching airports and similar congested
areas. Road signs instruct motorists to tune to
the relevant AM channel.

6.4 FM Stations

Channels  In the United States, frequency-
modulation broadcasting occupies a block run-
ning from 88 to 108 MHz in the VHF band.
The FCC has designated 200 kHz (0.2 MHz) as
FM channel width, allowing for 100 channels.
These channels are numbered 201 to 300, but
licensees prefer to identify their stations by
mid-channel frequency rather than by channel
number, using 88.1 for channel 201 and so on.
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The FCC has reserved the first twenty FM
channels (88-92 MHz) for noncommercial, ed-
ucational use.

Coverage  Since stations using the VHF
band radiate direct waves, FM reaches only to
the horizon. Because of this limitation, FM
evades the nighttime sky-wave problem that
complicates AM station licensing. An FM sta-
tion has a stable coverage pattern night and
day, its shape and size depending on the sta-
tion’s power, the height of its transmitting an-
tenna above the surrounding terrain, and the
presence or absence of obtrusive terrain fea-
tures or buildings that block wave paths. The
fact that FM signals blank out interference
from other stations much more effectively
than do AM signals also contributes to cover-
age stability. An FM signal needs to be only
twice as strong as a competing signal to over-
ride it, whereas an AM signal needs to be
twenty times as strong.

Station Classes  Because of FM'’s coverage
stability and uniformity, the FCC needs no
elaborate channel and station classification
systems such as it uses for AM. The commis-
sion simply divides FM stations into three
groups according to coverage area: Classes A,
B, and C, defined in terms of both power and
antenna height. Class A station power-height
combinations enable coverage of a radius of
about 15 miles, Class B about 30 1niles, and
Class C about 60 miles.* The maximum
power-height combination permits 100,000
watts of power (twice the maximum AM sta-
tion power) and 2,000-foot antenna height.

*A fourth class, D, consists of very low power (10 watt)
FM educational stations, but since 1980 the FCC has
sought to displace them if other, full-powered candidates
for their noncommercial channels exist. The 10-watt sta-
tions have several options for moving to other channels if
they do not interfere with full-power stations. See 47 CFR
73.512 for details.

Signal Quality Good FM receivers with
suitable loudspeakers can reproduce sound
frequencies as high as 15,000 Hz. For the dis-
criminating listener, this frequency range
gives FM a major advantage over AM radio,
since, as previously noted, high frequencies
are important to sound quality because of
overtones (§5.4). Moreover, in areas subject to
heavy atmospheric interference (mainly in the
south), FM’s freedom from static is highly
prized.

FM radio also scores higher than AM in
terms of dynamic range, which is the difference
between the weakest and the strongest repro-
ducible sounds. Sound-reproducing systems
do not easily match the human ear’s capacity
to accept extremes of loudness and softness.
Very soft sounds tend to get lost in the elec-
tron noise of the apparatus, and very loud
sounds overload the system, causing distor-
tion. AM broadcasting even sacrifices some of
its already limited dynamic range by artifi-
cially compressing the signal in order to maxi-
mize average power output.

Multiplexed Services FM’'s generous
200-kHz channel width, twenty times that of
AM radio, enables it to furnish stereophonic
sound.* Parallel sets of equipment, corre-
sponding to a listener’s left and right ears,
pick up and amplify two versions of the sound
source. One component modulates the regular
FM carrier wave, the other a subcarrier within
the FM channel. A stereophonic receiver, also
equipped with parallel sound channels, sepa-
rates the signals for delivery to left and right
speakers.

*AM radio has also achieved stereophonic sound, but its
narrow channel makes the technology more difficult. The
FCC declined to choose among several competing meth-
ods when it authorized AM stereophony in 1982. In the
absence of a standardization method, most stations’ own-
ers were reluctant to convert (§4.5).



FM’s wide channel also allows for mul-
tiplexing Subsidiary Communications Authoriza-
tion (SCA) services. Examples of SCA services
include background music for stores and of-
fices, readings for the blind, paging services,
and slow-scan-video still pictures. These
added signals cannot be detected by ordinary
home receivers, requiring special receivers or
adapters for SCA subscribers.

6.5 Short-Wave Stations

Propagation  International radio services
designed to reach long distances use AM
broadcasting on short (high-frequency) waves.
The ITU has designated parts of the HF band
for international short-wave services. With the
ionosphere’s help, high-frequency sky waves
can be propagated over great distances both
day and night. This does present some techni-
cal challenge, however, since the ionospheric
layers continually change their electrical
properties under the impact of the sun’s rays
and also lose altitude as they cool off at night.
For these reasons, a frequency that works well
propagated at a given angle over a given wave
path at ten in the morning might be entirely
useless by four in the afternoon. Seasonal
changes also occur, such that frequencies us-
able in the spring may no longer work in the
summer or fall. Propagation theory predicts
ionospheric shifts, enabling short-wave engi-
neers to schedule frequency changes through-
out the day and from season to season.
Because of the need to switch frequencies,
international stations, unlike domestic AM
stations, may feed their outputs to several dif-
ferent antennas, each designed to radiate a
different frequency. Short-wave antennas are
directional, enabling users to beam signals to-
ward specific target areas. The antennas them-
selves consist of suspended cables rather than
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steel towers, as shown in the Voice of America
antenna depicted earlier (Exhibit 5.10).

U.S. Short-Wave Stations  The United
States uses short-wave stations for interna-
tional but not for domestic services, though
many foreign countries do have domestic HF
transmitters.* Only a few U.S. privately oper-
ated international short-wave stations exist,
mostly evangelistic religious outlets operated
noncommercially. Elsewhere in the world a
number of international commercial stations
use short waves, however, and a trend toward
such stations may be emerging in the United
States. Recently WRNO, an international
short-wave commercial station located in
New Orleans, began targeting commercial
messages to Canada and Europe. It can, of
course, also be heard by listeners with short-
wave receivers in the United States.

The U.S. government’s main official exter-
nal service, the Voice of America, operates
more than thirty short-wave transmitters at
several domestic sites.t They send programs
overseas either for direct reception by foreign
listeners or for intermediate reception by stra-
tegically located overseas relay stations that
rebroadcast the programs on either short-
wave or medium-wave stations to nearby
audiences.

6.6 Pictures in Motion

Before turning to television, it is helpful to
consider first how the simpler technology of
cinematography works.

*The ITU allocates certain HF bands for domestic broad-
casting in the tropics, where standard AM radio is largely
ineffective because of atmospheric noise during the rainy
season.

tAn exception to the general rule designating MW sta-
tions exclusively for domestic services is Radio Marti, the
special U.S. government international station aimed at
Cuba, which uses a MW VOA station at Marathon in the
Florida keys (§1.10).
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Resolution  Most photographic systems
represent scenes by breaking reality down into
many tiny pixels (picture elements). Basically,
the size and distribution of pixels govern pic-
ture resolution, or definition. These terms refer
to a photographic system’s fineness of detail,
specifically how well it distinguishes between
two small, closely adjacent objects. Resolution
in photography is analogous to information
capacity in radio communication. High-
resolution pictures demand a broadband
channel, one able to handle a great many pix-
els each second.

The information capacity of a cinematic
system not only depends on degree of resolu-
tion but also on the picture area available for
each frame in the film strip, and on the rate
(stated in frames per second) at which the film
moves through the camera. Three size stan-
dards have emerged, identified by film width:
35 millimeter, 16 millimeter, and 8 millimeter.
Along with some larger formats for wide-
screen projection, 35mm film is the profes-
sional theatrical standard. The intermediate
size, 16mm film, originally represented the
amateur standard, but television, with its
great appetite for film, stimulated the evolu-
tion of less expensive 16mm film into a profes-
sional medium. Thus 8mm, along with an
improved small format, Super 8, became: the
amateur, home-movie standard.

In all cinematic formats, some film area
must be reserved for sprocket holes, between-
frame spaces, and soundtrack. Some of a tele-
vision channel’s frequencies must similarly be
reserved for sound and auxiliary information.

Frame Frequency Standards In cinema-
tography, what appears to be motion actually
consists of still pictures (frames) projected in
rapid succession. Each frame freezes the ac-
tion at a slightly later moment than the pre-
ceding frame. A useful tendency of the human
eye to retain the image of an object for a brief

moment after the object has disappeared
(called persistence of vision) blends the succes-
sive frames together. Thus the motion de-
picted by motion pictures is actually a visual
illusion.

A satisfactory illusion of natural motion oc-
curs if a projector displays at least 16 frames
per second (fps). For that reason, the motion-
picture industry adopted 16 fps as the standard
for silent films. With the development of
sound-on-film, the soundtrack was positioned
along the edge of the film. But at 16 fps, the
film passed too slowly over the projector’s
sound-pickup head to allow for adequate
sound quality; thus the industry adopted the
higher frame frequency of 24 fps for motion
pictures with sound. This difference between
standards for silent and sound films accounts
for the comic jerkiness of silent films shown on
modern projectors, which increase the original
projection rate by 50 percent, speeding up the
action to an unnatural degree.

Prevention of Flicker  Although 24 fps
gives the illusion of continuous action, at that
projection rate the eye can still detect that light
falls on the screen intermittently. After each
frame flashes on the screen, a moment of
darkness ensues while the machine pulls the
next frame into position for projection. The
eye reacts more sensitively to these gross
changes from complete illumination to com-
plete blackout than to the smaller changes in
positions of objects within frames. A sensation
of flicker results. In fact, early movies were
called flicks because their low frame frequency
made them flicker conspicuously.

Increasing the frame frequency can over-
come the flicker sensation, but because the
24-fps rate gives all the visual and sound infor-
mation required, such an increase would be
wasteful. Therefore, increased expenditure of
film is avoided by projecting each frame twice.
When the projector pulls a frame into place, it



flashes the picture on the screen, blacks out
the screen, then flashes the same frame again
before blacking out to pull the next frame into
position. It projects only 24 separate pictures
while illuminating the screen 48 times per
second, thereby suppressing the flicker sensa-
tion. Television uses a similar trick, illuminat-
ing the screen twice as many times as the
number of complete pictures shown each
second.

6.7 Electronic Pictures

The foregoing analysis of cinema suggests that
an electronic analogue of film must be able to
do four things: (1) break pictures down into
electronic pixels; (2) generate enough frames
per second to create the illusion of motion; (3)
suppress the sensation of flicker without in-
creasing information load; and (4) provide a
channel wide enough to transmit all this infor-
mation, including simultaneous sound and
auxiliary signals, in real time (that is, without
perceptible delay).

Camera Picture Tube  The heart of the
television system, the camera’s picture, or
pickup, tube breaks down each image into
thousands of pixels. The pixels start as bits of
light energy distributed throughout the image;
the camera picture tube detects them in sys-
tematic order, converting them into a stream
of electrical impulses (voltages). A conven-
tional camera lens system focuses on the face
of the pickup tube the live or filmed scene to
be televised. Thereafter, electrons take over.
Without the speed and exquisite precision of
electrons, television with satisfactory defini-
tion would be impossible.

Picture tubes come in various shapes and
sizes, as shown in Exhibit 6.1. In principle
they work as follows: Visual information in
the form of light patterns passes through the
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Exhibit 6.1 TV Pickup Tubes
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The odd-shaped tube at the top is an iconoscope, the
type first used in commercial broadcasting. It was
replaced by the image orthicons with 3-inch and 4.5-
inch diameter faces. These in turn have been replaced by
smaller tubes, such as vidicons and plumbicons,
varying from 1'le-inch to -inch diameters.

Source: Photo by Frank Sauerwald, Temple University.

tube’s glass face, falling upon a target plate
within the tube. The target plate, representing
a single picture or frame, is covered with
many thousand specks of photoconductive
material. Each speck converts the light energy
that falls upon it into an electrical charge
of corresponding intensity. Each of the
thousands of pixels on the target plate takes
on an electrical charge proportionate to the
amount of light it has stored. Next, each of
these charges momentarily stored on the tar-
get plate is released, one at a time.
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Electrons come into play as the releasing
agent. At the opposite end of the tube an elec-
tron gun shoots a stream of electrons toward
the back of the target plate. As the electrons
fly down the length of the tube they pass
through magnetic fields generated by external
deflection coils surrounding the body of the
tube. Magnetic forces attract and repel the
electron stream, making it move systemati-
cally in a scanning (reading) motion, left to
right, line by line, top to bottom. The electron
beam “reads” the information on the target
plate.

As the scanning electron beam strikes a
pixel stored on the target plate, it releases the
light energy of that pixel in the form of an
electrical voltage. The string of voltages, rep-
resenting the energy in a sequence of pixels, is
the picture tube’s output. Picture output thus
consists of an amplitude-modulated analogue
electrical waveform, as shown in Exhibit 6.2.

The pickup tube has no moving parts. Its
electron gun remains fixed. The scanning
movements of the electron stream are con-
trolled by special circuits that send appropri-
ate electrical messages to the deflection coils.
A film camera must have a revolving shutter
to interrupt the scene each time it draws a
new film frame into place for exposure. A tele-
vision camera, however, needs no shutter, for
the video picture never exists as a complete
frame, only as a sequence of pixels. Television
relies on persistence of vision to blend the
pixel sequence into a seemingly unbroken im-
age in the mind’s eye.

Scanning Standards  Recall that motion
pictures have two frequency standards, 24 fps
for continuity of motion, and 48 fps for conti-
nuity of illumination (to eliminate flicker).
Television might have been able to avoid some
problems in reproducing motion picture film
had it adopted the same standards. Instead,
the corresponding frequencies in television

are 30 (frame frequency) and 60 (field
frequency).

U.S. engineers chose these numbers to
take advantage of a precise timing standard al-
ready available throughout the country, the
60-Hz alternating electrical current in homes.
For television pickup of motion picture films,
the mismatch between film and television
field-frequency standards is solved as follows:
special television film projectors display every
fourth frame an extra time, thus adding
12 projections per second to film’s normal
48 fields to bring the projection rate up to tele-
vision’s 60-field standard.* One reason for in-
ternational differences in television technical
standards is that in much of the world 50-Hz
AC house current is the standard rather than
60. Accordingly, television frame and field fre-
quencies in such areas have been standardized
at 25 and 50.

Inasmuch as the television camera does
not “take’”” a complete picture, it cannot use
the antiflicker strategy developed for film, that
of repeating each entire frame twice. Instead,
television splits each frame into two parts by
scanning first the odd-numbered lines, then
the even-numbered lines. Each scanning se-
quence, called a field, illuminates the receiver
screen from top to bottom, but each field picks
up only half the pixels in the frame. This
method, known as offset or interlace scanning,
causes the electron beam to scan line 1, line 3,
line 5, and so on to the bottom of the field,
then fly back to the top of the field to fill in
line 2, line 4, line 6, and so on.

*Still other frequencies are sometimes used: 16mm film
cameras adapted to shoot at 30 fps yield pictures almost
equal in quality to 35mm film. Variable-speed television
film-projection cameras are available to handle such non-
standard film. Standards experts have discussed adopting
the 30-60 standard for film generally. RCA has developed
a solid-state television camera using a charged coupled
device (CCD) with shutter speed up to 1/500th of a sec-
ond, useful for slow-motion sports coverage.



Exhibit 6.2 TV Pickup Tube Output
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The dark line represents in simplified form the voltage output (amplitudes) generated by a
pickup tube as it delivers the last line of a field (P), the vertical blanking information, and the
first two lines of the next field (P" and P"’). Note that, as a result of reverse modulation, the
lowest amplitude represents white in the picture and the highest amplitude black. This means
that electrical interference will show up as stray black images in a picture. Reverse modulation
enables hiding blanking and other auxiliary information by transmitting it at a higher
amplitude level than the blackest part of the picture, hence the term "blacker than black” for

these invisible signals.
Source: Based on FCC specifications in 47 CFR 73.699.

6.8 The TV Signal

You can see from the foregoing description
that television reconstructs an electronic pic-
ture consisting of pixels arranged in lines,
fields consisting of lines, and frames consist-
ing of fields. All this requires the utmost preci-
sion in timing, made possible only by
electronic means.

Picture Definition  The number of lines
per frame makes a convenient index of a sys-
tem’s resolving, or definition, capacity. The
U.S. standard of 525 lines per frame deter-

mines the vertical resolution of the resulting pic-
tures. The 525-per-second line-frequency
standard is only nominal, however, because
part of the channel must be devoted to the ac-
companying sound and auxiliary information.
In practice, only about 340 lines per frame
effectively convey black-and-white picture
information.*

*The color component consists of even fewer lines, about
280. By way of comparison, a theatrical-quality 35mm film
frame has the equivalent of 1,000 lines. However, high-
definition television, discussed in §6.11, will exceed the
film standard.
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Auxiliary Signals  One source of line loss
is the time the electron beam takes to fly back
diagonally from the end of one line to the be-
ginning of the next, and from the bottom of a
field back to the top. During these breaks in
scanning, called blanking or retrace intervals,
special auxiliary signals cut off picture pickup
so that the electron beam’s retrace paths will
not destroy the orderly scanning pattern. Dur-
ing the blanking intervals no picture informa-
tion can be transmitted, though the longer of
the two types of breaks, the vertical blanking
interval (VBI), is used to multiplex teletext and
other additional information (discussed in
§6.11).

Other auxiliary signals, the sync pulses,
synchronize camera scanning with scanning
by the television receiver. This is the equiva-
lent of “registration” in cinema, the exact
positioning of film in the camera and projec-
tor, accomplished by means of sprockets en-
gaged in holes along the edge of the film.
Television sync pulses, originated by a special
timing device in the studio (see Exhibit 6.5),
ensure that each pixel and each line will ap-
pear on the receiver screen in the same loca-
tion they had in the pickup tube. Even a slight
loss of synchronization renders received pic-
tures unusable. For this reason, lightweight
portable television equipment could not be
used outside the studio until a remote means
of maintaining synchronization could be de-
vised — the time-base corrector (§6.11).

Sound In U.S. television, the sound car-
rier, located in the upper part of the television
channel (Exhibit 6.3), is frequency modulated;
the video carrier is amplitude modulated.* No

*Amplitude modulation of the video signal enables send-
ing auxiliary signals at the “blacker-than-black” level of
modulation — that is, at an artiticially enhanced voltage,
above the amplitude that yields “picture black.” Exhibit
6.3 shows how this works. Some national systems use
AM for television sound, but most chose FM for its quality
advantages.

synchronizing signals are needed to keep
sound and picture in step, inasmuch as both
are sent in real time, that is, simultaneously
and without perceptible delay.

Color A key goal in devising a color sys-
tem for television was compatibility, making
sure that people who owned monochrome re-
ceivers would continue to receive pictures af-
ter transmitters converted to color. At the
same time, the system had to be capable of
adding color information without requiring
enlargement of the monochrome channel. A
committee of major U.S. manufacturers met
these criteria with the system known as NTSC
(National Television System Committee)
color.* Multiplexing enabled adding color
without enlarging the television channel, ful-
filling the compatibility criterion. Exhibit 6.3
shows the location of the color subcarrier.

The color aspect of the television signal re-
lies on the mixture of three primary-color sig-
nals to produce all other colors. Filters in the
television camera separate the primary-color
information (red, blue, and green) before the
image reaches the camera tube. In addition to
hue (what we perceive as color), all colors have
a brightness attribute, luminance. The sum of
the luminance components of all three pri-
mary colors supplies the fine detail of color
television pictures. Monochrome receivers in-
terpret color pictures in terms of the lumi-
nance signal alone. In the highest quality
studio cameras, separate tubes pick up lumi-
nance and each primary color; smaller port-
able color cameras use fewer tubes.

A special auxiliary signal called the color
burst synchronizes the processing of the pri-

*Nearly three-quarters of foreign television services use
the rival color systems PAL (West German) and SECAM
(French). PAL is the most widely used. However, for fu-
ture direct-broadcast satellite services, broadcasters are
considering a common, digitized color system, known as
MAC (multiple analogue component), developed by Brit-
ish IBA engineers.



Exhibit 6.3 TV Channel Architecture
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The video component of the U.S. TV signal occupies only part of the 6 MHz channel. Other
parts of the channel must be devoted to the vestigial lower sideband and the audio channel. In
addition, a small buffer zone above the frequencies occupied by the audio signal separates the
upper end of the channel from the next higher contiguous channel.

Source: Adapted from FCC specifications in 47 CFR 73.699.

mary colors, which are kept apart by means of
phase differentiation. Though some overlap
occurs between the modulated monochrome
(luminance) and color carriers, interleaving
minimizes the conflict. Uneven distribution of
frequencies carrying the luminance signal
makes such interleaving possible. If the teeth
of a comb stand for the frequencies occupied
by the monochrome information, the spaces
between the teeth would represent the color-
information frequencies.

6.9 The TV Channel

Television’s heavy information load requires a
broadband channel 6 MHz in width, which is
600 times the width of an AM radio broadcast
channel. Indeed, all the AM and FM broadcast

channels together occupy less spectrum space
than only four television channels.

Channel Architecture  As Exhibit 6.3
shows, NTSC television channel architecture
allots 4 MHz of each 6 MHz channel to picture
information (including auxiliary signals). The
vestigial lower sideband, the audio channel,
and guard bands (buffer zones to prevent
side-by-side signals from interfering with each
other) occupy the remaining 2 MHz.

Picture Resolution = The 4-MHz television
channel capacity allows for only mediocre
picture resolution in comparison with the
standards of theatrical motion pictures and
good-quality still photography. The average
home television receiver displays about
150,000 pixels per frame. A projected 35mm
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Exhibit 6.4 Summary of Broadcast Channel Specifications

Channel
Channel ~ Number of identification Allocated
Broadcast service width channels Band numbers frequencies
AM (standard) radio 10 kHz 107 MF ’ 535-1605 kHz'
FM radio 200 kHz 100 VHF 201-300 88-108 MHz
3 2-4 54-72 MHz
TV 6 MHz 2012 VHF 5-6 76-88 MHz
UHF 7-13 174-216 MHz
56" 14-69 470-806 MHz

This table brings together scattered information in the text to enable comparing the main
main channel specifications of the three broadcast services, AM radio, FM radio, and

television.

*International plans exist for expanding the AM band upward to 1705 kHz.
*AM channels are identified by their midpoint frequencies at 10-kHz intervals throughout the
band, that is, 540, 550, 560, and so forth up to 1600. Receiver dials often omit the last zero,

numbering channels 54, 55, and so on.

‘Originally a television channel 1 existed, located at 44-50 MHz. Because television on that
channel interfered with other services, the FCC in 1948 reallocated the 44-50 MHz
frequencies to nonbroadcast services; however, it retained the old numbering system, making

channel 2 the lowest television channel in the spectrum.

“Not all the 56 UHF channels are available in all areas: channel 37 is reserved for radio
astronomy, and in some areas channels 14-20 are used by land mobile services.

film displays about a million per frame, and an
8- x 10-inch photoengraving about 2 million.
Magnifying the television picture by projec-
tion makes it possible to sit farther from the
screen but adds no detail —in fact, some of
the detail is lost in the process of projection.
Current television resolution standards
represent compromises based on research
identifying the lowest quality that most view-
ers can tolerate. Any better quality would use
up too much of the radio frequency spectrum.
But not every nation has made the same com-
promise. Great Britain pioneered in 1936 with
a 405-line television system, but later found its
quality not up to emerging world standards.
Eventually Britain replaced its first system
with a 625-line system. Since the frame fre-

quency is only 25 fps (because of European 50-
Hz AC house current), the British system’s
625 lines convey about the same net amount of
information per second (15,625 lines) as the
United States’ 525-line system (15,750 lines).
The channel capacity specified for home
television reflects the need to deliver suffi-
ciently detailed moving pictures in real time.
An exceedingly narrow channel can be used if
viewers are willing to wait for the slow build-
ing up of delayed still pictures one at a time,
as in the case of slow-scan pictures mul-
tiplexed on FM channel subcarriers (§6.4).

Location in Spectrum  When the time
came to allocate frequencies for television,
much of the most suitable spectrum region,



the VHF band, had already been allocated to
other services. Room remained for only
twelve VHF channels, and even they had to be
broken up into three different blocks of fre-
quencies (Exhibit 6.4). When the twelve chan-
nels proved inadequate to satisfy the demand
for stations, the ITU allocated additional chan-
nels in the UHF band.

6.10 TV Transmission and
Reception

Studio  As Exhibit 6.5 indicates, a major
component in the television studio control
room is the sync generator, a device to ensure
synchronization of pickup and receiver tubes.
This component generates the timing signals
for driving the camera’s deflection coils and
inserting the blanking signals. The sync gener-
ator similarly controls timing of such addi-
tional video sources as remote cameras, tape
recorders, videodisc recorders, computer
memories, film projectors, and network feeds.
An independent set of equipment handles the
sound component of the program.

Transmission  The studio section’s video
and audio signals are fed independently to the
station’s transmitter section; there the two sig-
nals modulate separate audio and video trans-
mitters. Because of its greater information
load, the video component needs up to
twenty times as much power as the audio. A
station’s wattage is usually stated in terms of
the effective radiated power (ERP) of its video
signal.

The two transmitters feed their signals to
a diplexer, which combines them into a com-
posite output to the antenna. As related in
§5.7, television radiating elements atop the an-
tenna tower are relatively small, in keeping
with the shortness of VHF and UHF waves.
They propagate a directional signal, aimed at
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the terrain between the antenna and the
horizon.

UHF waves behave somewhat differently
from VHF waves. Being shorter, they are
more directional and more easily blocked by
objects in their path. Moreover, they attenuate
more rapidly than VHF waves. For these rea-
sons, the FCC allows UHF stations to use very
high power (up to 5 million watts) to help
compensate for their coverage limitations.*

Reception  Television coverage depends
on the efficiency and height of the receiving
antenna, as well as on terrain features, trans-
mitter frequency, and power. Ordinarily,
within about 20 miles of a powerful transmit-
ter, indoor antennas are sufficient for recep-
tion. At about 30 miles outdoor antennas
become essential. For commercial and regula-
tory purposes, television station coverage is
described in terms of Grade A and Grade B
contours. Grade A contours enclose areas
where there is satisfactory reception 90 per-
cent of the time; Grade B, areas where satisfac-
tory reception exists 50 percent of the time.t

A transmitting antenna can be sized
ideally for its channel, but receiving antennas
must be designed to pick up either all chan-
nels or all channels in one of the bands, VHF
or UHF. Because they are highly directional,
receiving antennas must be oriented toward
the transmitters. In locations where transmit-
ters are located at widely different points of
the compass, a rotatable outdoor antenna may
be necessary.

Like transmitters, receivers process the
video and audio parts of the signal separately.

*As in the case of FM, the FCC, in setting television power
limits, uses a formula that takes antenna height into con-
sideration. For details, see Fig. 3, 47 CFR 73.699).

tThese contours have no meaning for cable television sub-
scribers, who receive their local television stations, as well
as cable-specific programming, via cable and so no longer
depend on their own antennas. Antennas do become de-
sirable, however, during cable system outages.
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Exhibit 6.5 TV System Components and Signals
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The upper half of the diagram represents the basic items found in the studio side of the
operation, the lower half the ones found in the transmission side. Each block stands for a
function that in practice may involve many different pieces of equipment. Note that the audio
portion of the signal is handled separately until the output of its transmitter is combined with
the video transmitter output in the diplexer for delivery to the antenna as a composite signal.

Source: Harold E. Ennes, Principles and Practices of Telecasting Operations, Howard W. Sams,

Indianapolis, 1953.

In conventional receivers, the video informa-
tion goes to a type of cathode ray tube (CRT)
called a kinescope. A phosphorescent layer
coating its inside face glows when bombarded
with electrons. Within the neck of the kine-
scope, an electron gun, a larger analogue of

the one in the pickup tube, shoots electrons
toward the inside face of the tube. Guided by
external deflection coils, the electron beam de-
livers pixels of varying intensity, laying them
down line by line, field by field, and frame by
frame. The synchronizing signals originated



by the sync generator in the studio activate the
deflection coils, keeping the receiver’s scan-
ning sequence in step with scanning by the
picture source.

Phosphors that glow in the three primary
colors coat the insides of color kinescopes and
are arranged either in narrow porallel stripes
or triads of dots. Receiver circuits decode the
video signal into components representing the
energy levels of the three primary colors, de-
livering each one to the tube face separately by
means of one or more electron guns (Exhibit
6.6). Only the primary colors appear on the
kinescope. The eye blends the mix of prima-
ries represented by varying energy levels in
the color tube outputs, giving the illusion of
many hues. If you look at part of a color pic-
ture on the face of a receiver with a small mag-
nifying glass, however, you will see only the
three primary colors.

In principle, the kinescope displays only
one pixel at a time, but because it takes a while
for the activated phosphor to lose its glow,
several pixels remain visible at any given in-
stant. Considering that the eye blends the mo-
mentary primary-color pixels, lines, fields,
and frames into the illusion of realistic moving
pictures, comfortably viewable without dis-
tracting flicker, the achievement of television
is truly remarkable.

6.11 Technical Innovations

Improvements in this remarkable performance
nevertheless continue to come thick and fast.
Following are a few examples of technical
innovation.

Miniaturization  Starting in the 1950s, the
changeover in electronics from dependence on
vacuum tubes to the use of solid-state devices
has profoundly affected television technology,
as it has all media. Vacuum tubes (so called
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Exhibit 6.6 Color Kinescope Tube Design
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Some receiver tubes use three electronic guns and
tricolor phosphor dots. Varying amplitudes in the
modulated currents fed to each of the electron guns cause
the dots to glow with varying intensities; though only
the red, green, and blue primary colors appear on the
kinescope face, the eye blends them together to make all
the various hues.

Source: Paul Davidovits, Communication (Holt, Rinehart &
Winston, New York, 1972), p. 114.

because they provide an enclosed space for
the manipulation of electrons in a near vac-
uum) are bulky, power-hungry, hot, and eas-
ily damaged. A rack of equipment containing
scores of tubes takes up a great deal of space
and has to be artificially cooled.

Solid-state  devices eliminated these
problems in most applications, though some
vacuum tubes persist, notably the CRT, of
which the television kinescope (picture) tube
is the best-known example. The solid-state
revolution started with transistors, which
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made possible the manipulation of electrons in
a small piece of solid material instead of
within the relatively large vacuum chamber of
an electron tube.

The next generation of solid-state devices,
silicon chips, has become familiar from use in
microcomputers. The latest version of this
technology is the Very Large Scale Integrated
Circuit (VLSIC), which enables the etching of
complex circuits, incorporating hundreds of
transistors and other components, on a single
chip an eighth of an inch in diameter. By 1985,
256,000-bit chips had evolved, with million-bit
chips on the horizon. Integrated-circuit tech-
nology marries ideally with digital signal pro-
cessing (85.5), which is rapidly displacing
analogue processing methods. Miniaturiza-
tion, microprocessing, and digital techniques
have been applied extensively to the field of
sound and video recording, which is dis-
cussed in the next chapter.

Remote Equipment ENG (electronic
news gathering) and EFP (electronic field pro-
duction) are examples of benefits made pos-
sible by miniaturization. To cover news events
held outdoors or to produce on-location pro-
gram segments and commercials, television
crews at one time had to use cumbersome re-
mote vehicles (Exhibit 6.7). Miniaturization has
resulted in lightweight, portable equipment
easily carried and operated by one or two per-
sons. The key to this development was the
time-base corrector. This microcomputer device
supplies synchronizing information that en-
ables remotely-operated portable equipment
to eliminate time-base errors, which occurred
whenever recording equipment was not con-
trolled by the studio sync generator. Such er-
rors showed up as jittery pictures, skewing,
and color breakup.

Introduction of news gathering by satellite
(NGS) mobile earth stations in the mid-1980s
made possible relay of television news pictures

(or complete reports) from any location away
from a studio. NGS-equipped stations (Exhibit
6.7) affiliate with a satellite firm to obtain access
to Ku-band (§7.5) satellite transponder time.
One such company, Conus Communications,
originated NGS operations with the initial satel-
lite news-exchange cooperative.

Receiver Improvements  Solid state de-
vices have made broadcast receivers lighter,
cooler, less demanding of power, and less ex-
pensive to operate than they were in the vac-
uum tube era. The next major breakthrough
will be new methods of displaying the picture,
which will involve discarding the bulky,
power-hungry kinescope tube in favor of a
flat, solid-state picture device that affords a
much larger display. This technology has al-
ready been applied to tiny portable receivers.
For larger-size receivers for the home, how-
ever, current resolution standards will have to
be increased.

Progress in this direction has been made
by high-definition television (HDTV), several
versions of which have been proposed. Japan
pioneered the best-known of these, an
1,125-line system with a wider screen, 5 units
wide by 3 units high, as compared to the pres-
ent 3 x 4 aspect ratio. This system surpasses
the quality of theatrical motion pictures and
therefore lends itself to projected display. For
525-line television, the ideal viewing distance
is six times the picture height; closer viewing
causes eyestrain, because the viewer strives to
see detail not present in the picture. HDTV
enables comfortable viewing at a distance of
only three times the picture height; it can also
be viewed at a much wider angle from the
screen plane than can ordinary television.

However, HDTV would probably out-
mode all present receivers and transmitters
and require two or more times the present
6-MHz channel width. Since additional spec-
trum space in the present terrestrial television



Exhibit 6.7 ENG and NGS Units
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A. The unwieldy remote vehicle in the
background contrasts with the compact,
lightweight ENG (electronic news-gathering)
van in the foreground. The machine-gun-like
object on top of the van is an antenna for
relaying pictures to the studio by means of
microwaves.

Source: Photo courtesy of WTV]-TV, Miami, FL.

B. News gathering by satellite (NGS) greatly
expands the ENG idea by using mobile earth
stations that overcome the short-distance, line-
of-sight limitations of terrestrial relays.

Source: Photo courtesy of WTVT, Tampa, FL.

bands is no longer available, a possible option
for HDTV is direct-broadcast satellite (DBS)
transmission, discussed in the next chapter.
The Japanese have experimented extensively
with this option. In the United States, CBS has
proposed a compatible HDTV system occupy-

ing two standard 6-MHz channels, so con-
figured that conventional sets could receive a
picture on one of the channels while special
sets would receive high-definition pictures
utilizing both channels. Neither of these
HDTV systems seems likely to become opera-
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tional in the United States within the near fu-
ture, however; the tolerability of the present
television standard inhibits the build-up of
strong demand and consequent financing for a
radically improved system.

Ancillary Signals  Several possibilities ex-
ist for multiplexing additional signals within
the existing 6-MHz television channel. For ex-
ample, no picture information is transmitted
during the vertical blanking interval (VBI), the
time during which the pickup tube’s scanning
beam returns from the bottom of the picture to
the top to start scanning a new field (Exhibit
6.2). That interval occupies about 8 percent of
the 60th of a second devoted to each field,
amounting to the equivalent of 21 picture
lines. VBIs are represented on the television
screen by the black bars between frames seen
when a set’s vertical picture is mistuned.

Teletext, one of the several users of the
VBI, delivers textual matter (including maps
and drawings). For teletext, the television
transmitting station stores up to several hun-
dred pages (picture frames) of information in
digital form, transmitting them in rotation
during the VBI. At the home receiver, the user
requests specific pages by means of a key pad.
The key pad activates a minicomputer that
“grabs” the requested frames as they are
transmitted in rotation, displaying them on
the home television screen. Teletext pages can
either temporarily displace the television pic-
ture or they can be superimposed over the pic-
ture. Closed captioning, a specialized form of
teletext, superimposes captions over regular
television programs for the benefit of the hear-
ing impaired. It is called “closed” because
only viewers with a decoder can display the
captions (Exhibit 4.8).

Teletext technology has not been stan-
dardized, leaving several rival systems to
compete for acceptance. In the United States,
two formats have been tried, NABTS (North
American Basic Teletext Specification) and

WST (World System Teletext). NABTS re-
sembles systems developed in Canada and
France, and WST is based on the Britain’s
BBC and IBA systems, which pioneered the
technology.

Another ancillary television signal, an
audio subcarrier enabling the telecasting of
stereophonic and bilingual sound, was au-
thorized and used experimentally in 1984. Re-
ceivers that had the necessary double speakers
were already coming on the market at the
time; they featured MPX (multiplex) terminals
on the back for plugging in the converters
needed to extract the subcarrier signal.

These are but a few of the many innova-
tions brought about by new technology’s ex-
plosive growth — or, more accurately, by the
growth of new applications of existing tech-
nology. If technological capacity alone con-
trolled growth, many more new services, as
well as improvements on old services, would
have already emerged. But technology must
wait for consumer demand, awakened by cre-
ative entrepreneurial activity.

Summary

e Each broadcasting service is allocated
certain frequency bands, within which each
station is licensed to use a specific channel.
Co-channel stations can interfere with each
other, as can, at lesser distances, stations on
adjacent channels.

e The FCC classifies channels and stations
according to rules calculated to maximize the
number that may operate without causing mu-
tual interference. These classifications take
into consideration the propagation characteris-
tics of the frequency band in which each ser-
vice operates.

¢ FM radio and television coverage, which
depends on frequencies that do not propagate



sky waves, is easier to control than AM
coverage.

* The wide channels of FM and television
readily accommodate multiplexing of addi-
tional information on subcarriers. Stereopho-
nic sound and SCA services such as
background music are examples of FM subcar-
rier services; teletext is an example of a televi-
sion subcarrier service.

* Short waves are used for distant coverage
by means of sky waves. Unlike domestic sta-
tions, international short-wave stations usu-
ally use several different frequencies and
correspondingly different antennas in order to
adjust to varying sky-wave behavior through-
out the broadcast day.

* Television technology is analogous to cin-
ematography, in that it uses similar strategies
for creating the illusion of motion and conti-
nuity of screen illumination. Electronic pic-
tures consist of pixels, lines, fields, and
frames, transmitted one pixel at a time in
terms of amplitude-modulated analogue sig-
nals. U.S. standards call for 525-line frames,
transmitted at the rate of 30 per second, with
interlaced fields transmitted at the rate of
60 per second.

* The sound and vision aspects of television
rely on separate equipment components, both
in the studio and in the television receiver.
The sound signal modulates an FM subcarrier
within the television channel, while the video
signal modulates an AM carrier.
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* To reduce information load, color infor-
mation is based on only three primary colors.
When mixed in appropriate proportions, they
depict all the different hues. These three
primaries are multiplexed in the same-size
channel as that used for monochrome televi-
sion, thus permitting monochrome receivers
to pick up color transmissions in black and
white.

¢ Television channels are allocated in both
the VHF and UHF bands. Because UHF waves
attenuate more quickly than VHF, UHF sta-
tions generally have smaller coverage areas,
despite the increased power the FCC allows
UHF as compensation.

¢ Television receivers repeat the scanning
sequence of the camera pickup tube, kept in
step by synchronizing signals. The picture is
displayed on the face of a kinescope tube. An
electron scanning beam activates the tube’s
phosphorescent coating.

¢ Teletext uses an otherwise idle part of the
television signal, occurring in the vertical
blanking interval, to transmit text and graph-
ics to home television receivers equipped with
special decoders.

 Current technological innovations in tele-
vision include miniaturization of receivers and
production equipment through the use of
solid state devices; stereophonic sound; and
the prospect of high-definition television, of-
fering projected images equal in quality to the-
atrical film.



CHAPTER 7

Delivery, Distribution,
and Storage

Technology has entered an innovative and
confusing era, constantly offering new options
for combining traditional broadcasting with
nonbroadcast media. It helps to start with
some basic concepts that furnish a perspec-
tive from which to view this cornucopia of
innovation.

Think of electronic communication as pro-
viding the means for carrying out three basic
functions: delivery, distribution, and storage. If
we view traditional broadcast stations as a de-
livery mechanism, it follows that distribution
and storage give stations the potential for de-
livering programs of near universal appeal.
Without benefit of these technologies, broad-
casting could never have become the world’s
most popular mass communication medium.

7.1 Basic Concepts

Delivery  Stations function basically as
mechanisms for program delivery to con-
sumers. Most programs come from wholesale
sources, external to the station, which does
not, as a rule, produce its own offerings. By
their very nature, stations are essentially local.
Without networks and recordings, most sta-
tions would be limited to presenting live pro-

170

grams based on purely local resources.” Few,
if any, could attract large audiences. There
would be no national programming, no costly
productions, no superstar performers.

Syndication  To rise above the limitations
of their local resources, all mass media depend
on some means of storing centrally produced
program materials and of distributing them
nationally and internationally. The techno-
economic device for harnessing centralized
production and exploiting storage and distri-
bution technologies is syndication. This chapter
explains the technological aspects of syndica-
tion. Later chapters discuss its economic as-
pects and its products.

Syndication is a means of wholesaling
program materials, by dividing the costs of ex-

*Like most broad generalizations about broadcasting, this

statement needs qualification. A few radio stations featur-
ing talk shows do some of their own programming (exten-
sively supplemented, however, by outside news services
and telephone interviews with distant celebrities). Class I
(clear-channel) radio stations furnish some nighttime ser-
vice to communities remote from their cities of license.
And a few so-called television superstations distribute
their programs to cable systems in distant markets; how-
ever, they depend heavily on recorded material and func-
tion not merely as stations but as headquarters for cable-
network operations.



tremely costly products among many local de-
livery systems that pass the materials on to
end-users. The classic and pioneer syndicator
is the international news agency. It enables
stations, cable television systems, and news-
papers all over the world to furnish con-
sumers with expertly reported and edited
news gathered from the far corners of the
earth. Centrally processed for use by local de-
livery systems and pre-edited for easy incor-
poration into those systems’ offerings, the
news agency product is tremendously expen-
sive. It involves maintenance of worldwide
networks of reporters, editors, and communi-
cation channels and is affordable only because
thousands of outlets share in defraying pro-
duction and distribution costs. Symptomatic
of technology’s key role, news agencies first
burgeoned with the emergence of the pioneer
electronic communication medium, the tele-

graph (§2.2).

Storage  Syndication is facilitated by the
technological capacity to program materials
for release and rerelease long after production.
Means of storage include disc and tape record-
ings, still and motion-picture films, and com-
puter memories. Except for news, live sports,
and some special events, virtually all broad-
casting is prerecorded. In order to compensate
for time differences among geographic zones,
national networks often record even ”“live”
materials for delayed broadcast. Affiliates also
sometimes record live network feeds for later
release. Most programs, even timely ones,
thus go through one or more recording steps
before reaching the public.

Distribution  The broadcasting network is
not usually looked upon as a syndication de-
vice, but from a technoeconomic viewpoint, it
introduced a novel form of syndication — in-
stant program distribution, which was differ-
ent from the news, motion-picture, and music
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distribution methods already in existence
when broadcasting began. A network can
bind any number of local voices into a single,
unified, national voice. Broadcast stations can
function at times as affiliates of networks and
at other times as independent, local outlets.
This ability to function locally, regionally, na-
tionally, or indeed even internationally, and
to switch instantaneously from one type of
coverage to another, gives broadcasting great
flexibility.

A broadcast network, reduced to its sim-
plest terms, consists of two or more stations
connected to each other so as to be able to put
identical programs on the air in more than one
market simultaneously. Thus networks take ad-
vantage of broadcasting’s unique ability to de-
liver programs instantaneously. They use this
attribute best when covering real events in
real time. Simultaneity is valuable even for
recorded material, however, because it makes
networks unique among media and enables

efficient national promotion of network
offerings.
Relays  The "net” of a network is its inter-

connecting relay links. A relay station passes
on an electronic signal, much as a relay runner
passes on the baton at a track meet, using
wire, cable, microwave, or satellite intermedi-
aries. Normally, relayed signals are not open
to public reception, though intelligence serv-
ices routinely gather information by inter-
cepting relay traffic.

Relay systems and the firms that operate
them are called common carriers. Common car-
riers sell the use of their facilities to all comers
on a first-come, first-served basis, at fixed,
government-regulated rates. Telephone firms
are the most familiar example. They remain
neutral toward communication content,
merely forwarding calls from one address to
another without having any control over what
callers say. Broadcasters, in contrast, have an
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undelegable legal responsibility for content
(that is, their programs), and commercial
broadcasters may charge users (advertisers)
any rates they wish.

Convergence  New technology opens up
possibilities for combining old and new func-
tions into innovative configurations. This con-
vergence, or coming-together process, blurs
traditional distinctions between delivery, dis-
tribution, and storage functions, as well as be-
tween common carriers and broadcasters. For
example, the "'superstation’” combines four
elements: (1) a local-delivery unit (the originat-
ing television station), (2) a satellite relay in-
terconnection, and (3) the broadcast network
principle — but (4) with cable television sys-
tems rather than with stations. As further evi-
dence of convergence, the viewing screens of
television broadcast receivers have become
general-purpose display terminals for cable
television, teletext, videotex, satellite down-
links, videocassette recorders, video games,
home videocameras, and computers.
Computers play a vital role in conver-
gence, handling complex switching and other
interactions among the elements of hybrid
systems. Small computers that incorporate
digital signal processing and large-scale inte-
grated circuits on microchips bond different
elements together into the new configura-
tions. Thus computers at the sending and re-
ceiving ends, respectively, store and retrieve
the pages of teletext that some television sta-
tions broadcast along with their regular pro-
grams. Much of what you see in current
broadcast programs has been modified by
computers built into production equipment.

7.2 Sound Recording

Turning now to specific storage technologies,
we start with the first to emerge, the

prebroadcast art of sound recording. Phono-
graphs had wide public acceptance in the two
decades before broadcasting, and phonograph
recordings furnished much of broadcasting’s
earliest programming (§2.1).

Discs  In conventional phonograph disc re-
cording, a sound source causes a stylus to vi-
brate as it cuts a spiral groove in a revolving
master disc. The stylus transfers the frequency
and amplitude patterns of the sound source
into corresponding patterns in the form of
minute deformations in the sides of the
grooves. Molds derived from pressings of the
master disc can be used for mass production
of copies.

In playback, the grooves cause vibrations
in a pickup-head stylus, which converts the
movements into a modulated electrical cur-
rent. These analogue voltages, after suitable
amplification, complete the operation by caus-
ing vibrations in a loudspeaker. The fidelity
with which conventional discs store sound in-
formation depends on many variables, among
them the sensitivity of the recording and
pickup styluses, the accuracy of the styluses in
tracking grooves in the disc, the speed with
which the disc revolves, and the quality of the
electronic components. All these factors cause
imperfections in the sound.

The distortions inherent in the analogue
method of disc recording just described can be
avoided by digital signal processing, the prin-
ciples of which were described in §5.5. In ad-
dition, the substitution of laser* beams for
mechanical tracking by styluses eliminates the
wear and tear inflicted by the physical contact

*A laser (light amplification by stimulated emission of radi-
ation) produces coherent light, a highly concentrated
beam at a single frequency (or very few frequencies). In
addition to their role in videodisc production and play-
back, lasers supply light for transmission through fiber-
optic channels and make possible experimental three-
dimensional television.
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Sound has been recorded on the revolving disc in the form of microscopic pits representing a
digitally encoded version of the original signal. A laser beam, guided by a supersensitive
tracking mechanism, strikes the pits; they reflect the beam back as a modulated digital signal
to an optical sensor. The sensor feeds its digital output to a microcomputer that has a
transducer for converting the digital information into analog form for delivery to the audio

reproducing system.

of stylus on disc. Digitally processed sound in
compact disc (CD) format will probably eventu-
ally replace stylus recording and playback (Ex-
hibit 7.1). CDs are sealed in plastic covers,
making them impervious to damage. They
have enormous storage capacity, storing an
hour’s worth of sound on a 4%-inch disc,
which is smaller even than a 45-rpm
recording.

Tape  Another way of avoiding the distor-
tions inherent in revolving turntables and sty-
lus-and-groove contact is magnetic-tape

recording. This method eliminates some of the
mechanical operations and greatly improves
portability and convenience. In magnetic re-
cording, the usual storage medium consists of
plastic tape coated with minute particles of a
metallic compound. The smallness of the par-
ticles and the number available per second of
running time, as determined by the tape’s
width and velocity, define storage capacity.
Master sound recordings on quarter-inch tape
usually call for a tape speed of 15 inches per
second (ips). In broadcasting, a playback
speed of 7': ips usually suffices. Much lower
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speeds can be used when quality matters less,
as in office dictation and station-output moni-
toring. Multitrack master recording and other
specialized tasks call for wider tape stock.

In magnetic-tape recordings, the amplified
modulated electric current from a microphone
varies a magnetic field in a recording head
over which the tape passes. Magnetic-field
variations induce patterned arrangement of
the metallic particle molecules on the tape. On
playback, the tape passes over another electro-
magnetic head, in which the magnetic pat-
terns induce a modulated electric current that
goes to amplifiers and the loudspeaker. Run-
ning the tape over a third electromagnet, the
erase head, rearranges all the molecules, neu-
tralizing the stored magnetic patterns so that
the same tape can be used repeatedly. Like
disc recording, tape recording is being con-
verted to digital processing, with consequent
improvement in quality. Digital tape can be
copied many times in the course of editing or
mass production without the losses that occur
in duplicating analogue tapes.

Originally, all tape recorders had a reel-to-
reel configuration, each reel separate and ac-
cessible. Now, however, most users find
enclosed tape cassettes or cartridges both
more convenient and more protective of the
tape. The cassette incorporates two hubs, for
feed and takeup reels, within a single hous-
ing; after playing, the cassette must be re-
wound or, if the recording uses only one half
the width of the tape, the cassette may be
flipped over to play a second “side.” The car-
tridge, commonly referred to as a “’cart,” has a
single hub and contains an endless tape loop
that repeats itself. Carts are especially conve-
nient for use in automated radio stations. A
large number can be loaded, each cart contain-
ing a single program item. Inaudible cues rec-
orded on the tape tell the playback unit to stop
at the end of the item and to cue up the tape
for subsequent replay (Exhibit 13.2).

7.3 Picture Recording

Adaptation of tape technology to the record-
ing of television pictures required a vast in-
crease in information capacity. This need for a
more sophisticated technology delayed the
evolution of disc and tape video-recording.
Videotape recording, the first method to
evolve, came on the market in 1956.

Kinescopes  Surviving recordings of the
earliest television shows exist only as filmed
versions known as kinescope recordings. These
were made by using a film camera, especially
adapted for television’s field frequency, to
photograph programs by focusing on the face
of a black-and-white picture (kinescope) tube.
Kinescope recording lost much of television’s
already skimpy detail: played back, the pro-
grams looked flat and hazy, far from satisfac-
tory for reuse on the air. Broadcast quality had
to await the adaptation of magnetic tape to
picture storage.

Videotape  That adaptation came with the
first quadruplex videorecorders, developed by
Ampex. The chief technical hurdle was to in-
crease the speed at which tape passes over the
head, in order to process the large amount of
information entailed in the pictures and sound
signals. Ampex ingeniously solved this prob-
lem by mounting four recording heads on a re-
volving drum (hence the name quadruplex).
The drum rapidly rotates transversely (across
the width of tape), while the tape itself moves
longitudinally, as it does in sound recording.
Suction holds the two-inch tape against the
curvature of the revolving drum to maintain
head contact, as shown in Exhibit 7.2. The
combined movements of heads and tape pro-
duce an effective head-to-tape speed of 1,500
inches per second. If the tape itself moved at
that speed, it would quickly wear out the
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A. Transverse Quadruplex Format. Four video
recording heads mounted on a rapidly spinning wheel,
shown at the left, lay down transverse tracks across the
width of the two-inch tape. Sound is recorded
longitudinally along one edge, auxiliary information
along the other edge.

B. Helical Format. The tape spirals around a large,
stationary drum. Within the drum, the videorecording
head spins on a revolving disc, making contact with the
tape as it slips over the drum'’s smooth surface. Because
of the spiral wrap the tape moves slightly downward as
well as lengthwise, so that the combined movements of
tape and recording head produce a slanting track, as
shown. Some helical recorders use two heads, some use
different wraparound configurations.

C. One-inch Format. This is an example of one of the
smaller formats. Still narrower VTR tapes are used —
*ls-inch, half-inch, 8-mm, and even '/+-inch.

Source: Courtesy Ampex Corporation.

pickup heads and would require such enor-
mous spools of tape as to be impracticable.
Subsequently, simpler and less expensive
videotape recorders using one-inch and nar-
rower tape stock have come on the market.
They retain the principle of combining head
and tape movements but use fewer heads. In-
stead of laying down the track transversely,
the heads cross the tape at an angle, produc-
ing a slanted track, as shown in Exhibit 7.2. A

slanted track allows the head to make a longer
sweep than it could if it moved across the nar-
row tape transversely. Slant-track recorders
are called helical, because the tape wraps
around a stationary drum, or capstan, in a spi-
ral (helical) path while a spinning disc inside
the drum brings each head in contact with the
tape as it passes by.

For portable videotape equipment, broad-
casters opted first for three-quarter-inch tape
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(called U-matic), but as tape technology im-
proved, half-inch, 8mm (about one-third of an
inch), and even quarter-inch video formats
evolved. Lack of standardization among com-
peting equipment manufacturers delayed
widespread professional adoption of the
smaller formats, despite their greater conven-
ience and reduced cost.

VCRs  Competing videocassette recorder
(VCR) formats designed for home use confuse
the consumer market as well. The leading con-
tenders, Beta and VHS (video home system),
are incompatible, even though both use one-
half-inch, slant-track tape. Older models rec-
ord sound along the edge of the tape, as in the
formats shown in Exhibit 7.2. More recent
models incorporate high-quality stereophonic
sound, using slanted tracks for sound as well
as for picture.

VCRs depend on the user’s home televi-
sion set for playback display, but they contain
their own tuners for recording off the air while
the user watches the program, or a different
program, on the set. They can also record the
output of home videorecorders and can dis-
play rented or purchased feature films.
Equipped with many sophisticated computer-
assisted features, such as the options of pro-
gramming days in advance to pick up a
sequence of shows on different stations, mod-
ern VCRs are among the most versatile and
popular of the ancillary consumer electronic
products.

Laser Video Laser video recorders play
back with better quality than do VCRs, with
improved freeze-frame and slow-motion func-
tions. They use the same laser pickup tech-
nique to record pictures as compact discs do to
record sound. In fact it is possible to buy a
combination laser playback unit that repro-
duces both CDs and laser videodiscs of mov-
ies and other materials sold in video stores.

Laser technology may eventually displace
most other types of home information storage,
including the magnetic floppy discs used in
home computers. One laser disc has a 600-
megabyte capacity,* many times that of a
floppy disc. With the development of a simple
technique for home recording on laser discs,
they could fully rival the versatility of video-
tape and floppy discs.

Role of Computer Memories

Computers rely on huge numbers of semicon-
ductor memory elements, each of which “flip-
flops” to register either “one” or “zero” (that
is, an electrical charge or no charge). As previ-
ously noted, computers now play an ever-
increasing role in communications, and all
electronic information processing is moving
away from analogue toward digital as the
standard mode. However, it will take time to
displace the billions of dollars’ worth of ex-
isting analogue television receivers and trans-
mitters.t In the meantime, many of the
individual functions of both home and studio
equipment have been converted to the digital
mode and taken over by computers.

Notable among these are production
aids such as character generators, electronic
frame stores, and digital effects units. These
computer-based aids enable the electronic in-
sertion of text and graphics into ongoing pro-
grams and the manipulation of images to
produce an endless repertoire of visual trans-
formations, now familiar especially in the title
sequences that introduce television programs.

*In a striking demonstration, Grolier Electronic Publishing
recorded the text of a 21-volume encyclopedia on a single
CD, with plenty of space left over for recording both
graphic and audio illustrations. A special CD drive al-
lowed random access to the encyclopedia, which could be
read out on a personal computer screen.

tA television receiver already on the market can reprocess
the received picture digitally, clean it up, and convert it to
analogue form for display on the kinescope tube.



Dissection of pictures into digitized pixels of-
fers unlimited possibilities for shifting the ele-
ments around innumerable times, because the
simple “off-on”” signals are so immune to
distortion.

7.4 Terrestrial Relays

In addition to means of storage, syndication
depends on means of distribution. These in-
clude interconnection facilities for networks
and remote pickups. Formerly, such inter-
connection depended on earthbound sys-
tems, using land-based transmitters and
receivers. Later, satellites furnished relay sta-
tions in space, enabling far more flexible
interconnection.

Interconnection  Point-to-point relay cir-
cuits, usually furnished by AT&T or other
common carriers, provide the interconnection
for network broadcasting. Relays perform a
distribution function, feeding centrally pro-
duced and scheduled materials to stations for
simultaneous delivery to consumers.

Any point-to-point wire or radio circuit
can function as a relay. The channel capacity
of the circuit determines which types of relays
can be used for specific types of material. Or-
dinary telephone circuits (usually especially
equalized to compensate for more rapid at-
tenuation of higher frequencies over distance)
suffice for radio programs but not for
television.

Coaxial Cable When fed through ordi-
nary copper wire, the energy in a wide band
of frequencies such as that needed by televi-
sion tends to be lost by radiation. Coaxial cable
prevents this loss, trapping the energy and
conducting it through an enclosed space. Co-
axial cable consists of two conductors —a
solid wire running down the center of a
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Exhibit 7.3 Coaxial Cable

Hard
plastic
sheathing

Plastic
foam
insulation

e

gl T

Copper
Aluminum or braided wire
copper outer conductor center

conductor

Coaxial cable gets its uame from the fact that it has two
conductors with a common axis, a solid central
conductor surrounded by a tubelike hollow conductor.
The radio energy travels within the protected
environment of the space between the two conductors.
Cable television relies on this type of conductor, as do
many terrestrial relay links that convey television
signals, telephone calls, data, and other types of
information.

Source: Adapted from illustration in Walter S. Baer, Cable
Television: A Handbook for Decision Making (The Rand
Corporation, Santa Monica, CA, 1973), p. 4.

hollow metal tube. The wire and the metal
tube are insulated from each other by air or a
nonconductive material, as depicted in Exhibit
7.3. Attenuation occurs, as it must when any
radio signal travels; but it can be compensated
for by amplifiers, usually inserted about every
third of a mile.

Coaxial cable is bulky, expensive to manu-
facture, and costly to install. Cable relays must
be buried in underground trenches outside of
cities and in utility tunnels beneath the streets
within cities. In rugged mountain terrain,
cable installation can become prohibitively ex-
pensive. Nevertheless, television networks in
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the United States originally reached their affili-
ates by means of nationwide coaxial cable
links. AT&T supplied the coaxial facilities, just
as it had the telephone-wire facilities for net-
work radio.

Microwave Relays Later, after tech-
niques for efficient transmission of very short
waves had been developed, AT&T supplied
microwave relay facilities for TV networking.
Microwaves, located in the UHF band and
above, range in wavelength from one meter
down to a millimeter. Waves this short attenu-
ate in the atmosphere so rapidly that they
seemed at first unusable for communication
over long distances. When focused into a nar-
row, concentrated beam, however, microwave
power can be increased by a factor of a hun-
dred thousand. With this much strength, mi-
crowaves can punch through thirty miles of
atmosphere, and because of their short length
they require relatively small sending and re-
ceiving antennas (Exhibit 5.11).

A typical microwave relay station receives
signals from a preceding station and passes
them on to the next station. Relay towers must
be spaced within sight of each other. Each re-
peater station reamplifies and retransmits the
signals it receives. It takes over a hundred
such repeaters to span the United States from
coast to coast.

Microwave relay networks have the aa-
vantage over coaxial cable of not requiring
continuous right-of-way easements. Rugged
terrain actually favors microwave transmission
by providing high points that help in laying
out line-of-sight transmission paths. Prior to
the advent of the space relays, all network
television was relayed by microwaves, except
for short local coaxial links.

Optical Fiber Cable Recently, however,
for some relay applications cable has come
back into favor in a new form, optical fiber con-

ductors. The hair-thin strands of extremely
pure glass used in optical fiber cable can trans-
mit modulated light. Its tremendously high
frequency provides a bandwidth in the
thousands of megahertz. Thus a thin filament
of glass has the capacity of many bulky coaxial
cables.

The bundle of frequencies present in ordi-
nary light will not travel efficiently through an
optical fiber. Instead, lasers or light-emitting
diodes, known as LEDs (the source of number
images on digital watches), must be used to
provide a “coherent” light source. The modu-
lated light does not run straight down the
glass fiber as does water through a pipe but is
reflected at an angle back and forth within the
fiber. For this reason, the glass must be devoid
of impurities that would randomly change the
angle of reflection.

Optical fiber cables have many advantages
for relay links, especially those bearing very
heavy traffic. The cables are small and light-
weight; they neither radiate energy to inter-
fere with other circuits nor receive interference
from the outside; and they are made of one of
the cheapest and most abundant natural mate-
rials. Some European governments plan to in-
stall national fiber-optic networks for cable
television. In the United States, fiber-optic
links were used for intercommunication at the
1984 Los Angeles Olympic Games and have
been permanently installed on certain heavy-
traffic telephone routes.

7.5 Space Relays

The physical limitations of microwave relay
networks prevent them from spanning oceans
to distribute programs worldwide. The ex-
isting transoceanic cables have been too busy
with telegraph and telephone traffic to devote
their limited capacity to the relay of the broad
frequency bands that are always needed by



television.” Because of these limitations, trans-
atlantic television became possible only with
the advent of communication satellites func-
tioning as relay stations in space. Far beyond
the earth’s attenuating atmosphere, a single
satellite can have line-of-sight access to almost
a third of the globe’s surface before encounter-
ing the horizon (Exhibit 7.4).

Advantages of Space Relays = Communi-
cation satellites are often likened to microwave
repeater towers thousands of miles in height.
This analogy can be misleading. One must re-
member that a microwave repeater links one
specific location with only two others, the next
sending and receiving points in the relay net-
work. A satellite, however, links a single re-
peater station (the satellite itself) to an
unlimited number of receiving earth stations, lo-
cated at any distance from the satellite within
its coverage area. The addition of receiving
stations adds nothing to transmission costs as
it does in microwave networks. Thus satellites
are referred to as "distance insensitive.”

Microwave signals lose quality over the
course of many reamplifications by successive
repeater stations. Satellite relays, however,
handle a signal only once before sending it
down to its destination. HF sky-wave propa-
gation can achieve long-distance terrestrial re-
lays, but sky waves suffer from fading and
sunspot disruptions, which satellite relays are
immune to.

Geostationary Orbit It is desirable to
keep satellites constantly in view of their
targets in order to have 24-hour service and to

*However, plans are under way for supplementing ex-
isting undersea copper cables with fiber-optic cables in the
late 1980s. AT&T scheduled its fiber-optic TAT-8 for 1988.
Tele-Optik, a non-common-carrier fiber-optic transatlantic
link, was scheduled for completion the following year.
Such facilities could compete with satellite systems such
as Intelsat as providers of transatlantic television relays.
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avoid the need for costly tracking mechanisms
that point receiving antennas at a moving sig-
nal source. To accomplish this, communica-
tion satellites should ideally be held stationary
above their target areas. A satellite in geo-
stationary (or geosynchronous) orbit stays in the
same position relative to the earth, because
the centrifugal force tending to throw the sat-
ellite outward and the gravitational force tend-
ing to pull it back to earth are kept in
equilibrium. Geostationary orbit is an imagi-
nary circle 22,300 miles above the equator.
Though satellites actually move very rapidly
through space, from the perspective of an ob-
server on Earth they appear to stay in one
place, because they keep in step with the earth
as it rotates. A satellite in nonsynchronous orbit,
on the other hand, appears to move across the
sky as do the sun, moon, and planets. Small
jet thrusters aboard the geosynchronous satel-
lite enable ground-controllers to make minor
adjustments to keep it from drifting out of its
prescribed orbital position.* Through the ITU

nations have agreed to allot each country one
or more specific slots in the geosynchronous
orbit. Positions are identified in degrees of
longitude, east or west of the prime meridian
at Greenwich, England.? Exhibit 7.4 shows
the U.S. orbital slots.

*It would take too much fuel to keep satellites exactly in
geosynchronous orbit; actually they drift in and out of po-
sition very slightly, describing a figure-eight pattern.
tThe meridians, imaginary lines dividing the earth’s sur-
face, run north and south, meeting at the north and south
poles and crossing the equator. They divide the earth’s
surface into segments, like those of an orange. The circle
of the equator is divided equally into 360 degrees, with
each degree representing a meridian position. The meridi-
ans are numbered 1 to 180 degrees east and 1 to 180 de-
grees west of Greenwich, a location near London,
England, that is called the prime meridian. The geo-
stationary orbit extends the equator as an imaginary circle
in space, 22,300 miles above the terrestrial equator, ITU
orbital slot allotments take into consideration the ability of
a satellite in a given orbital position to look down on its
intended target area.
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Exhibit 7.4 The Geostationary Satellite Orbit
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A. Looking down from space on the
earth’s north pole, one can see how three
equidistant satellites poised above the
equator could "’see” most of the earth’s
surface (only “"most’’ because their
signals fade out at polar latitudes).
Signals can be intensified when
concentrated in a "'spot beam” directed
at a specific region. The satellites appear
to remain stationary with reference to
the earth when positioned at a height of
22,300 miles. INTELSAT, the West's
worldwide international satellite system,
maintains such satellites over the
Atlantic, Pacific, and Indian Oceans.

B. Each satellite has its assigned
position, expressed in degrees of a half-
circle either east or west of the prime
meridian at Greenwich, in the segment
of the geosynchronous orbit
approximately above the target area.
Because the orbital segment allotted to
the United States is so crowded, Ku-
band satellites are shown at a different
height than the C-band satellites;
actually, all occupy the same orbit,
22,300 miles above the equator. Note
that the Satcom V occupies the position
farthest west, at 143° west; Spacenet 111
occupies the position farthest east, at 69°
west. The linkages between bands for
Spacenet I and Spacenet Il indicate that
those satellites carry both Ku-band and
C-band transponders. The drawing
shows the U.S. satellites and their
positions as of early 1986.

Source: Broadcasting-Cablecasting Yearbook 1986, Broadcasting Publications, Inc., Washington,

D.C., p. E-2.

Each degree of arc in the 360-degrees of
the geostationary orbit represents a separation
of 470 miles. How closely satellites can operate
in orbit without interfering with each other

depends on several factors, such as their
power, the directionality of their antennas,
and the sensitivity of Earth-station antennas.
U.S. standards originally called for spacing



satellites at least 4 degrees apart, but in order
to crowd more satellites into the usable seg-
ment of the orbit, spacing was reduced to two
degrees. Even so, the demand for allotments
is so high that it creates a potential problem of
orbital-slot scarcity analogous to spectrum
scarcity.

Spectrum Allocations  Like Earth-based
transmitters, satellite transmitters occupy ITU-
allocated channels. Broadcast satellites use
two bands, one in the 4-6 GHz region (called
the C band) and one in the 11-15 GHz region
(called the Ku band). Most existing opera-
tional satellites use the C band; newer and
more powerful satellites that were originally
planned for direct reception on small home
antennas use the higher Ku band. C-band sig-
nals, being in the microwave range, are sub-
ject to reception-point interference on Earth
from the many terrestrial services that use mi-
crowaves. Ku-band signals avoid this draw-
back, but the extreme shortness of their waves
means they can be blocked by small objects,
such as raindrops in a heavy downpour.

Each satellite needs two groups of fre-
quencies, one for uplinking (reception) and
one for downlinking (transmission). These fre-
quency groups must be separated well enough
so there is no interference between uplink and
downlink signals. Thus satellite bands are re-
ferred to in pairs: 4/6 GHz, 12/14 GHz, and so
on. The downlink frequency groups must be
large enough to accommodate a number of
different channels for simultaneous transmis-
sion by the satellite’s transponders (combina-
tion receive-transmit units). Most recently
launched satellites carry twenty-four tran-
sponders; by using polarized signals, each
transponder can transmit two channels, for a
total of forty-eight channels per satellite.

Reception A satellite’s downlink anten-
nas can deliver broad beams, each covering al-
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most a third of the earth’s surface, or they can
deliver directional spot beams that make rela-
tively small footprints (satellite coverage
areas). Generally, the smaller the footprint the
stronger the signal, because of the gain ob-
tained by directional antennas (§5.7).

The conspicuous feature of most satellite
Earth stations is a bowl-shaped antenna, vary-
ing in diameter from over a hundred feet
down to less than three feet. The larger anten-
nas, usable for both transmission and recep-
tion, represent a deliberate trade-off. Massive
Earth stations made possible lightweight satel-
lites, important because of limitations on the
weight rockets could launch. As launch capa-
bilities improved, enabling the lofting of heav-
ier vehicles into orbit, satellites grew more
powerful and ground antennas grew smaller.
Today, television receive-only antennas
(TVROs) of the type used by cable systems to
pick up their satellite-fed programs are usually
12 to 15 feet in diameter. Reception points
near the margins of footprints need larger-di-
ameter receiving antennas because of signal
attenuation (see Exhibit 4.2).

An unexpected bonanza for TVRO manu-
facturers occurred with the rapid growth of
“backyard” dishes operated by hobbyists and
high-tech enthusiasts. About a million 6- to
10-foot dishes had been installed in the United
States by 1985, and the demand remained
high despite uncertainty about the legality of
reception. Home dishes can pick up as many
as 150 different programs from domestic satel-
lites, some of them private relays, such as
news feeds not intended for public consump-
tion (see §16.5). These home pickups are
called "C-band direct,” because the C-band
satellite transmissions were not intended for
direct-broadcast reception by consumers.
Originally, consumers were expected to wait
for the launching of Ku-band DBS (direct-
broadcast reception) satellites, which require
smaller dishes. TVROs in many foreign coun-
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tries intercept U.S. satellite traffic; by the same
token, several U.S. universities have installed
special converters for routinely intercepting
Russian broadcast satellite signals.

Other major receiver components include
special low-noise amplifiers (LNAs) capable of
magnifying the extremely weak satellite sig-
nals that reach the antenna (increasing them
by a factor as high as a million); tuners to se-
lect the desired transponder channels; and
down-converters to translate satellite frequen-
ces into the range usable by television
receivers.

Construction and Launch  The principal
components of a communication satellite are
shown in Exhibit 7.5. Solar panels collect elec-
trical energy from the sun’s rays, but satellites
also carry batteries, vital for supplying power
during the brief periods when the earth
shades them from the sun. Relative to most
terrestrial transmitters, satellites have ex-
tremely low power and hence extremely weak
signals.* Telemetry signals report the satel-
lite’s vital signs to the control station on Earth,
which remotely controls many functions
aboard the vehicle.

NASA (the National Aeronautics and
Space Administration) has launched most
U.S. and many foreign satellites, though com-
petition comes increasingly from the Euro-
pean launch facility, Arianespace, located in
French Guiana, on the north coast of South
America. Exhibit 7.5 shows two NASA satel-

*It may seem paradoxical that satellites send signals such
great distances and yet have very low power. Remember,
however, that attenuation of radio signals occurs mainly
because of atmospheric absorption. For most of their
22,300-miles-plus journey, satellite signals travel through
the vacuum of space. When they do encounter the earth’s
relatively thin atmospheric envelope, they pass almost
straight down through it. Terrestrial radio signals, in con-
trast, travel nearly parallel to the earth, impeded by at-
mospheric absorption along their entire route.

lite launch sequences, one initiated by a
rocket, the other by the space shuttle, itself
launched into low orbit by a rocket. The
shuttle can carry a satellite to an altitude of
two or three hundred miles, beyond the
earth’s atmosphere and most of its gravity; af-
ter release from the shuttle, the satellite’s own
rockets take over. When the rockets of a satel-
lite launched from a shuttle fail to ignite, $70
million dollars worth of hardware is stranded
in low orbit. In a remarkable rescue, astro-
nauts on a shuttle mission in 1984 retrieved
two such errant vehicles, stowed them aboard
the shuttle, and returned them to Earth for re-
pairs and eventual reuse.

7.6 Over-the-Air Hybrids

In traditional broadcasting, relays functioned
as nonpublic links between network head-
quarters and stations. Relay providers were
public utilities, not broadcasters. Under the
impact of technological convergence (§7.1),
however, broadcasting increasingly finds itself
involved in, or affected by, nonbroadcast or
quasi-broadcast enterprises. Individual pro-
duction, delivery, storage, and distribution
technologies can be regarded as versatile
building blocks, capable of being assembled
into many different configurations and
adapted to serve many different purposes.
Such cross-fertilization, highly characteristic of
contemporary electronic communication, re-
sults in the formation of hybrids, configura-
tions that are the subject of the rest of this
chapter. In this context, the term hybrid has no
pejorative implication; it merely identifies
technologies that blend together hitherto dis-
tinct and separate functions.

Rebroadcasting  Though not a recent de-
velopment, rebroadcasting illustrates hybridiza-
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Exhibit 7.5A Satellite Structure
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The essential components of a communication satellite include the launch motor, small
thrusters to adjust its position in orbif, solar panels to collect electrical energy for storage in
batteries, a means for stabilizing its position with reference to the sun and its target area,
receiving and sending antennas, telemetry transceivers, and transponders (the receive-
transmit channels that do the actual communicating).

Source: Stan Prentiss, Satellite Communications (TAB Books, Blue Ridge Summit, PA, 1983),
p-4, 5. Diagram is of SBS spacecraft by Hughes Aircraft.
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Exhibit 7.5B  Satellite Launch Stages
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