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Preface

The third edition of Broadcasting in America follows only four years after the
second, whereas sixteen years elapsed between the first two editions. This
change of pace, though due in part to personal circumstances, reflects the
accelerated growth of broadcasting studies in recent years.

On the basis of advice from users of the second edition, I at first singled out
certain chapters and topics for major revision. When it came to the writing,
however, I found that every chapter had to be completely reassessed and in
large part rewritten. The third edition, therefore, is truly two removes from the
first.

In the 1950s, when I wrote the first edition, it was possible for one person to
master the basic available literature of the broadcasting field. The exponential
growth of the literature since then makes such mastery improbable. Yielding to
that fact, I asked Christopher Sterling to lend his unparalleled knowledge of the
bibliography of the field to the new edition. His guide to further reading
assured that the principal booklength publications would be annotated, freeing
me to use periodical sources more liberally than before in the text citations.

Growth of the literature has also created the problem of keeping the survey
comprehensive without also making it too long. I have sought to avoid ency-
clopedism, at the expense of severe condensation in some cases, outright
omission in others. To save space I reduced citations to shorthand parenthetical
entries within the text, instead of encumbering the pages with footnotes.
Though less convenient for those wanting to pursue the sources, this method
has the advantage of making possible a single, composite source list, incor-
porating both the books annotated by Sterling and the materials cited in the
text.

Still another consequence of the growing complexity of the field of broadcast
studies is the need to rely increasingly on the help of specialists. Assistance
came from a variety of generous individuals and organizations, all of whom I
thank. I would like to mention by name those who read and criticized portions
of the manuscript: Barry Cole (federal regulation), Don Le Duc (cable televi-

xvii



PREFACE  XViii

sion), Thomas Gordon (research and theory), Irwin Ross (engineering), Erwin
Krasnow (law and consumerism), Norman Marcus (public broadcasting), and
Frank Tooke (commercial practice). In addition, Richard Ek, Saul Scher, and
Robert Smith commented on the manuscript more generally. Needless to say,
they bear no responsibility for any failures on my part to heed advice.

Among those who helped with manuscript preparation, special thanks must
go to my wife, Dorothy, whose unerring ear, keen eye, and incredible patience
assured technical accuracy and observance of stylistic amenities. Harvey Jassem
and Jean Sullivan cheerfully underwent the drudgery of verifying legal cita-
tions and other bibliographic details.

Finally, I am grateful to the students and teachers who have used the previ-
ous editions, many of whom have made useful suggestions, not the least of
which was the suggestion that there should be a third one.

Sydney W. Head
Coral Gables, Florida
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CRAPTER 1

Prologue:
Broadcasting in America
— and the World

The title Broadcasting in America gives rise to the following question: Does
American broadcasting in fact have unique characteristics that set it apart from
world broadcasting?! Radio communication had a highly cosmopolitan parent-
age. The French date its invention from 1891, when Edouard Branly first
demonstrated his coherer, a radio wave detection device. The USSR celebrates
Radio Day on May 7, commemorating a demonstration made by Alexander
Popoff in 1895. Even the Italian Marconi’s British patent of 1896, often re-
garded as the practical beginning of radio communication, depended on es-
sential prior discoveries by British, French, German, Italian, and Russian
scientists.

Subsequent contributions to the technical development of the art have con-
tinued to come from many countries. In the 1930s electronic television demon-
strations were taking place in Britain, France, Germany, Italy, Japan, Russia,
and the United States. America led in the development of electronic television
as a practical mass medium, but that leadership hinged on two key per-
sonalities, both Russian immigrants — Zworykin in the technical sphere and
Sarnoff in the business sphere.

1.1 Global context

Without detracting from the pioneering contributions of other countries, it can
be fairly said that America has led the world in developing many aspects of the
social phenomenon we know as broadcasting. Not everyone, either in America
or elsewhere, may agree that the present system is altogether ideal, but what-
ever one's value judgments, American broadcasting does have a number of
unique features and has substantially influenced world broadcasting.

1 The term broadcasting in this text will include both sound radio and vision radio, or television.

1



PROLOGUE: BROADCASTING IN AMERICA — AND THE WORLD 2

Exhibit 1.1
U.S. share of world broadcasting facilities
Class of facility World total® U.S. share
No. %
Radio transmitters 19,110 6,870 36
Radio receivers 653,000,000 290,000,000 44
Television transmitters
Primary 3,925 868 22
Secondary® 10,545 2,482 24
Television receivers 251,000,000 84,000,000 34

* Not including China. Data for most countries refer to 1970, but some are older; U.S. share is therefore somewhat inflated.
" Refers lo translators and boosters.

Source: Based on statistics that appeared in Unesco Stotistical Yeorbook 1971. © Unesco [Paris] 1972, except for U.S. transmitter
data. which are taken from FCC records.

Certainly in terms of sheer size American broadcasting warrants special
attention. Although the United States has less than 6 percent of the world’s
population, exhibit 1.1 shows that it has about a third of the world’s broadcast
radio transmitters, a fifth of the world’s television transmitters, and over a third
of its radio and television receivers. Because of size (and also because of the
political, economic, and social context in which the system has evolved),
broadcasting in America presents a more varied face than it does in other
countries. Its combined total of nearly eight thousand primary broadcasting
stations gives scope for every conceivable variety of program service. Such
lavish choice has made the American listener/viewer rather parochial. He feels
no need to reach out beyond the confines of his own country to vary his
broadcast diet. He is hardly aware that other countries often organize broad-
casting along lines quite different from those he knows at home.

In contrast to the United States, most nations have only a few domestic
stations, and those few are likely to be either run directly by the government or
under tight government control (exhibit 1.2). They usually offer a limited range

Exhibit 1.2
Ownership of world broadcasting systems
di B T - a
Type of ownership and control o Radio systems elevision systems |
No. % No. %
Government 130 69 82 66
Private enterprise 14 7 25 20
Mixed government and private 46 24 17 14
Total 190 100 124 100

" "Systems™ refer to separately enumerated areas. not all of which are independent countries.

Source: Based on statistics that appeared in Unesco Stotisticol Yeorbook 1971. © Unesco [Paris] 1972



1.1 GLOBAL CONTEXT 3

Exhibit 1.3
Major international broadcasters

Estimated hours per week
Country

1960 1973
USSR 1,015 1,952
China 687 1,326
United States (VOA) 640 9292
West Germany 35 606
Great Britain (BBC) 589 751
Egypt 301 613
Albania 63 490
Netherlands 178 399
Spain 207 361
Australia 254 348
Cuba - — 354
India 154 321
France 326 306

* Adding the unofficial American-sponsored Radio Free Europe and Radio Liberty to the VOA
brings the U.S. total to 2.060 hours.

Source: BBC Handbook 1975, British Broadcasting Corporation. London, 1975, p. 71.

of program choices so that consumers interested in alternative points of view or
nongovernment-approved entertainment must turn to foreign stations for satis-
faction. This they can do more easily than American audiences. Most nations
have a smaller geographical spread than the United States so domestic stations
in one country can often be easily picked up in the neighboring countries.
Some countries built up substantial television set ownership even before they
had so much as a single television station within their own borders.

Other external sources of programs are not wanting: powerful, commercially
oriented radio stations located in ministates like Andorra and Luxembourg;
elaborate propaganda services, not only from major powers but even from small
countries like Albania or Ghana (exhibit 1.3); quasi-governmental services like
Radio Free Europe (aimed at communist satellite states from transmitters in
West Germany and elsewhere); the American Forces Radio and Television
Service, with transmitters at United States military bases throughout the world;
the United Nations, with facilities in New York and Geneva; and unlicensed
‘“pirate’’ stations broadcasting from offshore locations. In much of the world
short-wave receivers are commonplace so that distant radio stations a thousand
or more miles away are regularly received.2

International exchange of both radio and television programs occurs much
more frequently abroad than it does in America. Even the highly developed

2 Limited research data indicate that in America less than 10 percent of the adult population listens
even occasionally to foreign short-wave stations (Smith, 1970).
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countries of Europe, taken individually, represent markets too small for
efficient program syndication. They therefore enlarge the market base by co-
production agreements.

The European Broadcasting Union has operated an elaborate program ex-
change system, Eurovision, among nations of Western Europe since 1954. The
East European bloc has a similar service, Intervision, operated from Prague by
the International Radio and Television Organization. Exchanges between these
two European regional systems have become commonplace. Asia and Africa
also have broadcasting unions, although not yet on the European scale. The
smaller and the less developed countries of the world perforce depend heavily
on syndicated television materials from the few major production centers in the
larger nations.

Both viewer and listener in other countries thus receive far more program-
ming from external sources than do American audiences. However, several
recent developments have begun to break down this isolation. Where before the
program flow was almost exclusively outward, the United States now imports a
certain amount of programming from foreign sources. This trend was encour-
aged by the striking success of The Forsyte Saga and subsequent series im-
ported by the Public Broadcasting Service; other BBC and independent British
television series entered the U.S. commercial market because of new demands
for syndicated material created by the FCC'’s prime-time access rule (see
§18.11). American producers also began to undertake co-production ventures
with European organizations. Time-Life Films and the BBC, for example, co-
produced Alistair Cooke’s America series, first aired in the United States by
NBC. And increased use of satellite interconnection has made every major
international news event a worldwide broadcasting event. In 1972 the 277
worldwide satellite transmissions from the Munich Olympic games set a new
record.

1.2 National systems

Each country has adapted broadcasting to its own basic national philosophy, to
its own geographic, social, economic, and cultural problems. Comparative
study of broadcasting systems discloses a wide range of solutions, with no two
countries having arrived at precisely the same answer.

Broadcasting necessarily becomes deeply involved in questions of national
policy for two main reasons. First, without national (and indeed international)
regulation of the physical aspects of radio transmissions — wavelength, power,
technical characteristics, points of origin, and so on — conflicting signals
would soon make the whole system useless. This actually happened in
America in the 1920s, forcing revision of government regulations (§8.3). Sec-
ond, because broadcasting can be used as an instrument of social control, laws
to govern it are a political necessity. No country can afford to leave so
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powerful and persuasive an avenue of public communication completely un-
regulated without shaping it to some degree in accord with public policy and
national interest.

A common principle underlies the diverse national systems: the “airwaves”
— the electromagnetic frequencies used by broadcasting and other forms of
radio communication — are public property, to be administered by each gov-
ernment according to its concept of what is best for its own people. The
interests of other people must be kept in mind as well:

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

This special character of the electromagnetic spectrum sets broadcasting apart
from other communication media. No other medium requires as a prerequisite
to its very existence the use of a resource that cannot be manufactured or
privately owned but is, on the contrary, a possession of mankind as a whole.

This principle places a duty on any government to administer the use of
radio frequencies in the national interest. The interpretation of this duty, of
course, differs widely from one nation to another, and that is one reason we find
such a diversity of national broadcasting systems in the world.

The differences revolve around three key questions that every national
broadcasting system has to answer for itself:

1. How shall broadcasting be managed? Directly by the state? Indirectly by
the state through a semiautonomous chartered organization? By private
operators subject to some degree of state regulation? Or by some combina-
tion of these?

2. How shall broadcasting be financed ? By state subsidy? By license fees on
receiving sets? By revenue from broadcast advertising? Or by some com-
bination of these?

3. By what criteria shall programming be controlled? By the desires of the
generality of set owners, as determined by audience research? By judg-
ments made by political leaders? By professional broadcasters? By com-
mittees representing major social institutions such as education, religion,
the fine arts? By regional interests as reflected in political subdivisions,
parties? By national subgroups with special ethnic, linguistic, or cultural
identities? Or by some combination of these?

Each of these alternatives has been adopted in practice in one country or
another. Often, local circumstances dictate the choice. For example, the
economies of many countries could not finance a full-scale broadcasting serv-
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ice solely from advertising revenue, even if that were the desired form of
support. Most developing countries have so many different linguistic and
ethnic subgroups that it would be impossible to give each one its own broad-
casting service.

Nigeria broadcasts in 30 local languages, still far fewer than the number
spoken by its 250 tribal groups. Nor is the problem of multilingualism re-
stricted to developing countries. The widespread use of both English and
French in Canada and of both Dutch and French in Belgium necessitates
full-scale broadcast services in each language. Switzerland broadcasts in five
domestic languages. Dutch suffices for all of Holland, yet broadcasting there is
nevertheless divided into seven distinct services, each representing a different
religious or political affiliation.

Aside from such specific variations, each national broadcasting system tends
to generally reflect that country’s underlying political philosophy. This philos-
ophy in turn can be broadly viewed in terms of the attitude assumed by the
country’s leadership toward people. What are considered the rights, the duties,
the capacities, the potentialities of each individual citizen? And what are
considered the duties of the country’s leadership toward these ordinary indi-
viduals who make up the ultimate ‘“‘mass’ audience? In this generalized
perspective we can discern three basic orientations, three kinds of attitudes
toward people that determine how broadcasting is managed, financed, and
programmed. We can call these three orientations authoritarianism, pater-
nalism, and permissivism.

1.3 Authoritarianism

The authoritarian attitude characterizes the systems adopted in the USSR and
other communist countries. The state operates broadcasting and harnesses it
directly to the implementation of government policies. In the USSR, broadcast-
ing is a function of the Ministry of Culture, under the guidance of a special
committee set up for the purpose by the Council of Ministers. In other com-
munist countries, the Ministry of Education, the Ministry of Information, or a
special administration directly responsible to the top political level oversees
broadcasting.

The guiding philosophy of these systems disdains catering to frivolous tastes
and wasting time on ideologically barren entertainments. Hence the program-
ming under such systems could hardly be called “popular,” and audiences are
under constant temptation to seek satisfaction elsewhere by tuning in (often
illegally) foreign broadcasts. For this reason, in recent years even the USSR’s
rigidly doctrinaire approach has been somewhat softened by the realization
that an appeal to popular tastes can serve as a wedge for propaganda (Vronit-
syn, 1965).

It might be asked how broadcasting succeeds at all in such circumstances.
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Broadcasting has a peculiar ability to compel attention, regardless of content.
In the absence of a better alternative, even the most didactic programming
seems to have a certain fascination. In addition, radio systems in communist
countries tend to rely heavily on wire distribution systems (the radio equiva-
lent of cable television), which eliminate the need for listeners to buy and
maintain off-the-air receivers. Thus state-subsidized distribution systems com-
pensate somewhat for the low motivational power of the programming itself.

A somewhat different type of authoritarian attitude prevails in developing
countries. A great cultural gap separates the educated elite, who provide the
political leadership, from the mass of the people, who remain largely un-
touched by modern education and outlook. Governments in most developing
countries vest program control in departments or ministries that have control of
such fields as education, culture, or information generally; program decisions
must often be referred to top political leadership. The leaders, not trusting the
native common sense of the illiterate and unsophisticated masses, dish up a
spoon-fed broadcast diet. Authoritarianism of this type prevails even in de-
veloping countries that make no claim to socialistic philosophies modeled on
the example of communism.

1.4 Paternalism

The paternalistic attitude shows more faith in the basic intelligence of the
masses and in their capacity to deal with ideas. Its concern is not to suppress
information and to dictate conclusions but rather to maintain a healthily bal-
anced program diet, with neither too much spinach nor too much ice cream for
social and psychological well-being. Paternalism assumes (1) that popular taste
is by definition taste for frivolous entertainment, (2) that leaders have the duty
to limit the extent to which such tastes are gratified and to balance them with
programming of a more serious or cultivated nature, and (3) that this experi-
ence will gradually ameliorate the low level of popular taste.

Most noncommunist industrialized countries practice varying degrees of
paternalism in their broadcasting systems. For purposes of comparison, the
system of pretelevision Great Britain is fitting, for it was originally designed
explicitly to avoid the ““mistakes” the British felt had been made in America
(Briggs, 1961: 67). The British Broadcasting Corporation, founded in 1927 to
replace a short-lived private commercial company, is a public chartered corpo-
ration. It derives its funds from license fees on receiving sets. Although the
state appoints its board of governors and although it has many other links with
officialdom, the corporation operates with a recognizably independent scope of
discretion in program matters within the terms of its charter.

The BBC views its duty to society as a responsibility for basing program
judgments on its own conscientious evaluation of society’s best interests. This
evaluation has naturally been colored by the paternalistic outlook of the social
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class from which the BBC leadership has been drawn. It is revealing, for
example, to follow the reluctant acceptance by the BBC of the idea of audience
research. In the earlier years, BBC officials simply refused to acknowledge that
their own judgments needed to be qualified by objective facts about listening
behavior or listener preferences.

The discovery in the late 1930s that a large proportion of the BBC’s sup-
posedly loyal audience was actually tuning to a foreign commercial station,
Radio Luxembourg — plus the insistent demand for audience facts by produc-
ers of educational programs — finally broke down the BBC's paternalistic
isolationism from the reality of the mass listener’s tastes and habits. But not
until the 1940s did the BBC seriously embark on systematic scientific audience
research. Even so, in 1949, for example, a British government committee could
report that if research indicated that the public disliked a BBC series, “such
findings would be considered with the utmost care and weighed with other
considerations which were relevant. But the decision, when taken, would be a
responsible decision, come to in the light of what was considered ultimately to
be in the best interests of the public and the service” (quoted in Madow, 1961:
10). As recently as 1960 a BBC official could write,

The real degradation of the BBC started with the invention of the hellish depart-
ment which is called “Listener 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)

The BBC philosophy of today holds that neither extreme paternalism nor
extreme permissivism makes any sense. The question remains, however: Can a
balance between the extremes be ideally attained by any single organization?
Or does effective balance require an interplay of two or more organizations
representing alternative points of view? A BBC official told a government
investigating committee that it recognized the ‘risk of paternalism’ in its
policy of “giving the lead” to public taste but that it was a risk that had to be
taken (Great Britain, 1962: 38). The risk could be eliminated — or at least the
danger could be decreased — by the presence of another organization repre-
senting another philosophy of programming.

1.5 Permissivism

All countries, even those with the most authoritarian outlooks, have by now
accepted audience research as a useful and necessary guide in programming.
But the uses of research differ according to the attitude toward the audience.
The authoritarians use research to make their propaganda more effective. The
paternalists use it to temper, but not replace, their personal judgment of what
the people ought to have. Only the permissive systems regard the results of
audience research as a controlling mandate over programming policies.
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Broadcasting in America provides the major example of permissiveness. In
the United States government operation of broadcasting was briefly considered
but quickly ruled out in favor of private operation subject to federal licensing
and the general requirement that stations operate “‘in the public interest, con-
venience, and necessity.” Interpretation of this phrase in practice is left largely
to the broadcasters themselves, so government control over programming is
minimal, in keeping with the constitutional guarantee of freedom of speech
and press.

After a little more hesitancy, alternative ideas for financing the new medium
were ruled out in favor of allowing stations to support themselves through the
sale of broadcast advertising. These two decisions automatically made the
primary criterion of commercial programming whatever seems most popular
with most people. The profit incentive, freed from independent standards of
program content, resulted in catering to the common denominators of popular
taste.

American commercial broadcasters have surpassed all others in skillfully
producing mass entertainment and exploiting it as a vehicle of advertising. The
result is a broadcasting service characterized by an extraordinarily high degree
of technical competence devoted to programming of which an extraordinarily
high proportion consists of light entertainment. The American commercial
approach to programming has focused attention on finding out what the mass
of the people want — or what they think they want, or what they are most likely
to accept (some critics argue that the people either do not really know what
they “want’’ or merely learn to “want” what they are given). This approach has
required, of course, intensive development of audience research.

The permissive system has been extraordinarily successful in quantitative
terms — partly because of its permissiveness but also because broadcasting
developed at the critical moment in time to participate in America’s mid-
century economic boom. Broadcast advertising played a major role in the
consumer revolution. It helped to create and has benefited by the enormously
expanding mass market for consumer goods and services.

American broadcasting thus developed largely unhampered within the per-
missive framework of the free-enterprise system. The style of American broad-
casting has been characterized by all the pragmatism, aggressiveness, mate-
rialism, improvisation, expansionism, and free-swinging competitiveness of
American marketing. Whatever its critics may say, the overall result has been a
more lively, inventive, and varied broadcasting system than can be found
elsewhere in the world.

Not only can America afford to support far more broadcasting stations than
other countries (exhibit 1.1), but the dynamics of its system have also produced
a far greater variety of stations. Broadcasting in America has responded to the
infinitely varied demands of the marketplace so that despite an average same-
ness, a close look reveals at least some stations devoted to almost every kind of
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special interest — not only stations of great size and reach in metropolitan areas
but also tiny, localized stations within metropolitan areas and in small com-
munities; not only stations motivated by profit but also nonprofit stations
licensed to educational institutions, foundations, and municipalities; stations
not only combined into massive networks but also operated independently; not
only stations devoted to trashy entertainment but also stations devoted to
education, culture, and a wide range of minority tastes; stations using not only
English but also many other languages, including Eskimo, Serbo-Croatian, and
Turkish.

Even so, most governments disapprove of the extreme permissiveness of the
American commercial system, with its emphasis on what people “want” rather
than what they “need.” They feel that programming cannot be left entirely to
the uncontrolled interaction of popular supply and demand but must be bal-
anced in accordance with judgments about the need to preserve national
cultural traditions and about the relative importance of information, education,
and entertainment.

Americans in general, with their diverse ethnic origins and their carelessness
about language, seem to feel no chauvinistic anxiety that broadcasting may
undermine the national cultural identity or debase the purity of the English
tongue (see Newman, 1974). Indeed, recent trends have been toward preserving
ethnic diversity, alternative lifestyles, dialects of English, and foreign lan-
guages, and toward encouraging the expression of all these in broadcasting. By
contrast, most other countries closely monitor broadcasting to keep it from
diluting their national cultural heritage and debasing the purity of the national
language or languages. Many countries impose ceilings on the amount of
television programming that may be imported from abroad.

Although the United States need not fear being overwhelmed by foreign
syndicated material, some critics do worry about some of the social effects of a
permissive broadcasting system. An American student of European systems
comments,

Europe can look to American broadcasting for enthusiasm and drive as well as for
production ingenuity. But the United States can acquire from Europe the concepts
that broadcasting is a public service rather than an industry, and that program
policies should be determined by social values rather than investment returns.
(Paulu, 1967: 245)

1.6 Trend toward pluralism

Of course, the three prototypes we have described exist nowhere in pure form.
American commercial broadcasting’s permissiveness is tinged with a sense of
responsibility. The BBC's paternalism is qualified by a ““duty to keep sensi-
tively aware of the public’s tastes and attitudes as they now are’ (Great Britain,
1962: 18). The USSR's authoritarianism, if only calculatingly, finds paternalis-
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tic head-patting and occasional permissive eye-winking sometimes to its ad-
vantage. The point is that even with the best of intentions, a single institution
(or group of institutions ruled by a single philosophy) tends toward rigidity.

In the light of over half a century of broadcasting experience, a pluralistic
system seems best able to assure that the medium will develop its full poten-
tialities within a given national framework. A single monolithic system seems
to inevitably cramp the potentialities of the medium in one respect or another.
By providing divergent methods of program control and alternative program-
ming philosophies, a pluralistic system introduces elements of diversity and
competition. Pluralism also prevents a system from drifting too far away
from the realities of audience interests and tends to stimulate creativity and
innovation.

The power of competition was illustrated by the remarkable popularity of
European pirate stations in the 1960s. These stations operated on ships or
abandoned offshore forts in the coastal waters of wesfern Europe. The first such
station started in 1958 on a ship anchored between Sweden and Denmark.
Frankly imitative of American popular music formats and capitalizing on
American advertising techniques, the pirates quickly captured huge audiences
and created national demands that could not be ignored. In 1965 the popularity
of a television station off the coast of Holland escalated the issue of commercial
television to the point where it caused the resignation of the Dutch cabinet. The
pirates made the monolithic systems of Europe acutely aware of neglected
audience tastes. Britain and other western European countries significantly
liberalized their broadcasting policies to serve audiences whose wants had
theretofore been unsuspected or ignored (Great Britain, 1962: 18).

An emergent feature of modern world broadcasting is its increased tolerance
of advertising. Although the majority of the earlier radio broadcasting systems
were noncommercial, today over 60 percent of the world'’s national television
systems operate commercially, wholly or in part. Alternatively, in countries
like the United States, which started with commercialism, the emergent ele-
ment is a viable noncommercial service. In either case, the trend is pluralistic.

Advertising support, as one element in a pluralistic system, has arguments in
its favor quite aside from its being the most painless and least discriminatory
way of taxing the set owner. Advertising can perform a useful function in a
national economy, and broadcast advertising has unique advantages as a sales
tool over all other media. A BBC film producer traveling around the world in
the early 1960s to collect material on television developments described a visit
to a Japanese house. The house was traditional in every way except for an array
of electric utensils in the cooking area. The housewife explained that ““until she
saw TV advertising she didn’t even know such gadgets existed’’ (Cawston,
1962: 8).

Dependence on advertising income focuses management’s attention on ob-
jective analysis of audiences and their desires, providing a counterbalance to
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noncommercial services, which respond less sensitively to popular taste. Ad-
vertising by its very nature stresses competition and so provides a spur to
innovation and creativity.

Britain again is an apt example. Until 1954, the BBC had a national monopoly
on both radio and television. From the outset the corporation recognized the
potential dangers in its monopoly position. Its directors realized that lack of
competition could lead to falling into a rut, becoming stuffily bureaucratic and
unresponsive to new developments and creative improvements. The high level
of dedicated professionalism of the BBC staff was largely responsible for avoid-
ing these outcomes. BBC news, for example, has earned worldwide respect
over all other news services.

Genuine professionals set their own high standards. They have well-
developed drives for conscientious, prideful workmanship. The BBC’s peculiar
brand of professionalism could not have originated solely within the organiza-
tion. It springs ultimately from the roots of British tradition and character. Any
other country, given the BBC charter to work with, would never come up with
the same results — as has been proved by the many countries once part of the
British colonial empire that started with BBC-type charters but have since
greatly modified or even abandoned them.

The BBC still does not have commercials in its radio and television services,
depending entirely on license fees for its funds. Since 1954, however, it has had
to compete for viewers with private, commercially supported television com-
panies. A 1972 law further increased the competition by authorizing commer-
cial radio services as well. These moves by no means indicate that British
broadcasting has become entirely permissive. An ingenious system for main-
taining a degree of paternalistic control forecloses the possibility of rampant
commercialism.

The Independent Broadcasting Authaority, like the BBC a nonprofit, chartered
corporation, owns and operates all the transmission facilities used by commer-
cial broadcasters. Private program companies rent transmission facilities from
the IBA, supply the programming, and sell the advertising. The IBA retains
control of both programming policies and advertising practices, standards for
which are spelled out in its charter. This division of responsibilities restrains
the influence of commercial interests because it gives the IBA no reason to defer
to advertisers. It can fine a contracting program company for infringement of
rules and can even cancel its contract altogether. The program companies are
all regional rather than national in scope, so no single company achieves a
dominant position, nor can regional interests be neglected.

Thus benefits of constructive competition in broadcasting, which pluralism
promotes, have been recognized. Most highly developed systems now try to
provide for it in some way. In the German Federal Republic, for example, each
of the nine federal political units has its own broadcasting system. When the
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state decided to broaden program choice by developing an alternative service,
it did not allow the existing broadcasting units to furnish this second service
but instead established an entirely separate organization to compete with
existing stations. French broadcasting, although one of the most authoritarian
systems in the western world, was reorganized in 1974 so as to create at least
intramural competition (Robertson, 1974). New Zealand undertook a thor-
oughgoing study before revamping its national system, one of the principal
recommendations being the creation of two networks in order “to bring about a
system of ‘guided’ competition” (New Zealand, 1973: 40).

The value of competition was also recognized by the Carnegie Commission
in its recommendations for U.S. public television. The commission proposed
the establishment of more than one national program production center, in part
because “competition between two or more centers will act as a spur and will
provide a basis for comparison’ (CCET, 1967: 43).

Canada and Japan are other major foreign examples of the pluralistic ap-
proach. The Canadian Broadcasting Corporation, a noncommercial public char-
tered body, modeled originally along BBC lines, operates a national network of
stations. Privately owned, commercial local stations also exist, but they must
carry CBC noncommercial national programs as well as their own. Japan has a
government-sponsored national network, operating side by side with relatively
unrestricted private commercial stations.

American broadcasting has always been at least incipiently pluralistic. Edu-
cational and religious institutions were among the first to obtain radio station
licenses (exhibit 7.5), and from the outset the desirability of reserving some
broadcast channels for exclusively noncommercial use was discussed. How-
ever, the landslide success of commercial broadcasting smothered most of the
pioneer noncommercial licensees as well as the proposal to reserve noncom-
mercial channels. It took some thirty years for effective alternatives to commer-
cialism to begin to reassert themselves.

Although the reasons for this lag are complex, they come down fundamen-
tally to a lack of unified support within the educational power structure for the
noncommercial service and consequent lack of political influence. Commercial
broadcasters, for all their intense competitiveness among themselves, had no
trouble closing ranks and uniting their forces to support a congressional lobby
and to bring the regulatory agency to heel. Commercial interests harassed those
of the pioneer educational radio stations that survived the first flush of en-
thusiasm during the late 1920s and early 1930s, until all but 25 gave up the
costly legal battle to hold on to their channels. The regulatory commission did
its part in 1935 by turning down for the second time proposals to reserve am
channels for educational use. Only with the advent of television did the drive
for a viable noncommercial broadcast service get the unified support from the
educational establishment and the political leverage needed to overcome op-
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position and apathy. During the 1960s, the stage was set for the growth of a
genuine alternative to the theretofore overwhelmingly dominant commercial
service.

1.7 U.S. influences abroad

Foreign examples gave encouragement and inspiration to American supporters
of a noncommercial alternative service, but the flow of influence has been
generally stronger in the other direction. Some countries, at least, have re-
garded American broadcasting more as a warning of what to avoid than as an
example to follow. Nevertheless, the worldwide trend toward the commerciali-
zation of television created an automatic market for American expertise in
commercial management, programming, sales, and promotion. Networks, ad-
vertising agencies, and program syndicators entered into a variety of business
relationships with foreign broadcasting organizations, both private and gov-
ernment owned.

Program producers distribute syndicated television materials to over a
hundred foreign markets. Indeed, American programs command such popular-
ity with audiences abroad that some countries, including Great Britain, Canada,
and Australia, have imposed quota limitations on American program imports.
Despite language and cultural barriers, action-packed syndicated programs
fascinate audiences everywhere in the world. Illiterate viewers without a word
of English, whose culture and daily life differ completely from the milieu
depicted on the screen, become as involved in American cowboy, detective,
and adventure stories in English as their original audiences.

In addition to these pervasive influences exported through commercial
channels, American broadcast materials and concepts also reach foreign coun-
tries through political channels. The United States foreign aid program and the
Information Agency of the State Department (USIA) have furnished equipment
and advisors to assist media in many developing countries. The Peace Corps
has supplied technicians and operational personnel to help establish educa-
tional radio and television systems. The United States Information Service
(USIS)? posts supply local media generously with program materials and ar-
range scholarships and tours in the United States for foreign media personnel.
World audiences can learn of American program methods by example from the
Voice of America, the radio-television arm of the USIA, which in 1972 broad-
cast 931 radio hours a week in 35 languages (USIA, 1972: 21). In addition to its
own pool of over a hundred powerful transmitters, located both at home and
abroad, VOA has access to thousands of foreign stations that broadcast VOA
material.

3 The United States Information Agency is the head office of the State Department’s propaganda
arm in Washington; its field posts in foreign countries are known as United States Information
Service posts.
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Less often noted at home but nevertheless influential abroad is the American
Forces Radio and Television Service, which broadcasts worldwide radio and
television programming for American servicemen. AFRTS operates more than
thirty overseas television stations. Powerful stateside short-wave radio trans-
mitters relay a wide selection of American programming, including the news
services of the commercial radio networks — with all the commercials deleted,
of course. AFRTS thus brings American-style domestic programming within
the reach of many foreign viewers and listeners. According to a British com-
mentator,

There is little doubt that British soldiers and civilians alike [during World War II]
thoroughly enjoyed the more relaxed, informal atmosphere of American-style
broadcasting and found the entertainment more sprightly than that of the pre-war
BBC. To some extent, at least, the dreaded “Americanization’ of British tastes by
Hollywood and ‘“‘pop’ records was given additional impetus by the American
Forces Network. (Wilson, 1961: 23)

Clearly, America influences world broadcasting on a massive scale — al-
though whether for good or ill may be open to debate. Many deplore the
materialistic values implied by American-inspired commercialism and by the
content of American syndicated programming. Foreigners often regard broad-
casting as an aspect of ““Coca-Colonization,” a process of cultural-economic
exploitation alleged to be the modern equivalent of old-fashioned political-
military colonialism. Some American critics agree. An economist who has
made a specialty of the subject asserts that

unhindered movement has been the ideal to which most of the world has paid lip
service. But in recent years support has grown for the idea that complete freedom of
exchange — both in goods and in communications — between nations unequal in
economic strength may be harmful to the weaker societies, and that some action
must be taken to equalize these flows. (Schiller, 1974: 110)

On first impact American television programming and commercial practices
undoubtedly tended to be overwhelming in areas of U.S. dominance. But more
recent evidence suggests that foreign countries have begun to reassert control
and to find ways to redress the imbalance. Among these are two devices already
mentioned: import quotas on foreign programming and co-production
agreements. The trend toward self-sufficiency has been noted in South Amer-
ica, a region particularly subject to direct U.S. influence (Maidenberg, 1972).

The prospect of increased use of satellite relays, especially direct broadcasts
(picked up directly from satellites at the point of reception by antennas at
community viewing facilities or even at private homes), raises new concerns
along the same lines (Newsom, 1973). Until recently, the chief concern was
over indirect influence through programs purchased for release over domestic
stations; the new concern is over direct influence via U.S. programs relayed
throughout the world by satellites without being filtered through domestic
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channels. This possibility poses the threat of completely unsupervised foreign
influence, a prospect few countries regard with favor. In fact, only the United
States dissented in the United Nations to a Soviet motion to set up an interna-
tional agreement to give each country the right to prevent direct satellite
reception from abroad.

Some critics worry less about the impact of U.S. broadcasting on foreign
cultures than about its reciprocal effect on America. The motion picture indus-
try (which profits more from showing its products abroad than at home) has for
years been scolded because its films create a false impression of the United
States. Television now shares the blame. The Westerns, domestic comedies,
and crime and adventure stories that form the bulk of syndicated program
exports project neither an accurate nor a flattering image of American character
and society.

The problem is how to reconcile fiction with social documentation, trade
with diplomacy, entertainment with propaganda. A free society can hardly set
up censors to control the export of media materials, nor can private producers
for the domestic market be expected to follow propaganda guidelines. Even the
factual news events of the country can be easily used to show America in an
unfavorable light. The editor of TV Guide, after a study of programs about the
United States seen on European television stations, concluded that the
simplicities of the average U.S. television entertainment series give a more
favorable picture than many European news programs, which use American
newsfilm to picture the United States as *‘a horrifying country” (Pannitt, 1972).

Then too, self-critical American documentaries seem even more critical
when removed from the context of predominantly entertainment programming
at home. Edward R. Murrow offers the classic illustration of the problem.
Murrow became head of the USIA in 1960, after a long and distinguished news
career in commercial broadcasting. One of his last major television documen-
taries as head of CBS News, Harvest of Shame, dealt controversially with the
exploitation of American migrant farm workers. Soon after Murrow took over at
USIA, the BBC scheduled the American documentary for telecast in Britain.

The man who a few months before was disparaging his own network for not
protesting attempted Government intervention in the field of news now attempted
Government intervention of his own. He . . . asked that Harvest of Shame be
canceled, as a “‘personal favor.” . .. The request was refused as it surely would have
been by Murrow if he were in [the BBC’s] place, and the USIA director realized it
never should have been made. (Kendrick, 1969: 458)

Finally, to answer our initial question: Yes, American broadcasting does have
unique characteristics — but so does every other national broadcasting system.
The American system deserves special attention, however, because of its influ-
ence over other systems. Candor requires admission that this influence is not
always emulative; the American example has sometimes given other countries
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a model of what they want to avoid. And in America itself the system under-
goes constant modification. As American broadcasting entered its second half-
century in 1970, the most conspicuous modification in process seemed to be a
trend toward pluralism — the development of public broadcasting as an alter-
native to the commercial service and the development of cable television as a
means of further extending the range of program choice — in short, a trend that
world experience in general recommends.
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CRARTER 2
Nature of Radio Energy

All broadcasting systems, whatever thsir type of organization and philosophy
of operation, share one thing in common: all must deal with the same limiting
set of physical facts. We can change national or international radio regulations
in keeping with changing economic, political, or social conditions, but we
cannot change the laws of nature.

Most of the important problems connected with broadcasting reach back
ultimately to these stubborn physical facts. They place limits on where and
how far broadcast signals can travel and how much information they can carry.
They govern the way transmitting stations can be distributed geographically
and the number that can be accommodated in any one place or area. They
commit us to standardizing systems and equipment. They demand a high
degree of international cooperation. They necessitate special types of regula-
tion not common to other mass communications media. They affect program
policies and public attitudes. In short, its physical nature gives broadcasting its
unique character.

2.1 A conceptual model

Scholars use a variety of pen-and-paper models to schematically depict com-
munication processes. The one developed by Shannon, shown in an adapted
version in exhibit 2.1, best serves our purpose here (Shannon & Weaver, 1949).!

From some original source, information (by which we mean any kind of
communicable material, whether words, pictures, abstract symbols, gestures,
or even meaningless signals) must be encoded into the special language of a
given communication channel. Each medium uses channels of a type peculiar
to that medium, and each type of channel has its own maximum capacity.
Channel capacity refers to information delivery rate — the amount of informa-

! Shannon'’s information theory used a mathematical approach to generate concepts that have since
proved extremely valuable in the development of modern communication technology. For a brief
summary of some major alternative models oriented more toward psychological considerations, see
Schramm, 1973: 297-301.
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tion that can be fed through the channel per second. At the receiving end,
decoding reproduces the original input with a certain degree of fidelity.

We speak of a ‘““certain degree of fidelity” because some degradation of the
original information takes place in all these operations. Errors occur in the
encoding-decoding processes; inherent imperfections in equipment cause dis-
tortions; extraneous noise contaminates the channel; overloading may cause
more distortion. Some noise contamination and fidelity loss can be tolerated.
The threshold varies with the nature of the communication.

This conceptual framework enables us to recognize and compare some of the
elements that all communication media have in common. It can be applied to
talking face to face, to writing letters, to telegraphing and telephoning, to using
a public address system, to semaphoring, to using smoke signals, to reading
Braille, and to other specialized media and their channels. This model does
not, of course, pretend to take into account all aspects of all communication
situations, but it does focus attention on essential aspects of the physical nature
of broadcasting.

Returning once more to exhibit 2.1 as a model of radio and television
broadcasting, we know that at the outset a program originating in a studio,
playback device, or at some remote location must be delivered to a microphone,
camera, or other pickup device and encoded into electrical form. It then travels
through cables, or perhaps through an intermediary radio relay transmitter-
receiver combination, to the main transmitter, where the information is en-
coded into the electronic language of the broadcast channel. The transmitter
feeds the information into its designated channel, and the receiver tunes to that
same channel to pick up the program, decode it, and deliver it to a loudspeaker
or picture tube. It may be delivered to the consumer either directly (via a
receiver in the home, for example) or indirectly (via cable television, for
example).

The role of the channel is central to our present inquiry, just as it is to the
configuration of the model in exhibit 2.1, and we shall return to it again and
again.2 Each type of channel affects communication content in its own special
way.

Channels of communication take many forms and have many subtle properties.
They differ enormously in length and capacity and in the speed and fidelity with
which they can transmit signals. . . . The overwhelming bulk of information we
receive and act on in our waking moments is carried by electromagnetic radiation
in the form of light waves that travel from a few inches (for example the print on
this page) to a few hundred yards (for example traffic signals). (Busignies, 1972: 99)

2 Some commentators use the terms channel and medium interchangeably. Here we will use
channel in the limited sense of the physical connecting link between sender and receiver; we shall
use medium in the broad sense of the totality of any method of communication — including the
social, psychological, and organizational aspects of the method — as well as its physical compo-
nents.
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Exhibit 2.1
A communications process model
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message | system | process signal Lzrocess system l message

Radio waves too are a form of electromagnetic radiation but a form that requires
its own encoding and decoding devices before it can be used for human
communication.

2.2 Sound waves

Before considering broadcasting channels in more detail, let us examine, in
terms of our model, some aspects of a simpler communication system —
ordinary conversation between two people. In this situation the speaker may be
regarded as encoding his message into speech sounds. The vibration of air
molecules, which transfers the sound energy across the room, may be regarded
as the channel. The listener’s ear picks up the vibrations, decodes them, and
delivers them to his brain for interpretation. Since the ear cannot tune from one
channel to another as can a radio receiver, it will pick up other voices in the
room that may interfere with the message. Extraneous sounds may also im-
pinge on the ear — noise, or static, that also interferes with clear reception.

The critical link in this process is the transmission of sound from one place to
another, what we have described as the transfer of energy by means of vibrating
air particles. Let us examine this concept of vibration — the vibration of the
vocal cords, of the air particles, of the eardrum — in more detail. Such
movements, although far too small to be observed directly, can be analyzed by
observing a very slow form of vibration, the swinging of a pendulum, as shown
in exhibit 2.2.

At rest the pendulum hangs straight down at the point of zero motion. Given
a charge of energy by means of a push, it begins to swing back and forth. The
extent of the swing, its amplitude, depends on how much energy is given to the
pendulum by the first push. In sound, we perceive this aspect of vibration as
loudness.

A single complete cycle of motion by a pendulum includes a swing in each
direction, once to the left and once to the right. The number of cycles occurring
in a given time period defines the frequency of the vibratory movement. We
perceive frequency as pitch. Large, heavy objects (the bass drum, the tuba, or
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Exhibit 2.2
Wave motion concepts illustrated by pendulum

Time {1 second)
Distance (8 feet)

l 0 |
I-—Amplitude —..I
| |

First view the pendulum from this perspective. Picture it
swinging back and forth. As it does so, a pen at the tip
draws a continuous line on a moving roll of paper. Now
turn the figure sideways to study the resulting wave-
train diagram.

wavelength is 8 + 4, or 2 feet. It took one second for the pendulum to complete four

complete cycle of movement consists of two phases, one above and one below the zero
line, representing the right and the left swings of the pendulum. Four cycles have been
complete swings, i.e., to produce four cycles; hence the frequency is 4 cycles per

depicted (C,, C,, C,;, C.,). The four cycles reached a distance of 8 feet; hence the
second. Since the waves (actually the paper) traveled 8 feet in one second, the velocity
is 8 feet per second. Finally, note that the amplitude decreases as the pendulum’s

Viewed from this perspective, the pendulum’s motion becomes a series of waves. Each
energy attenuates.

the string bass) vibrate with low frequencies and so have low pitches. Small,
light objects (the triangle, the fife, or the snare drum) vibrate with high frequen-
cies and so have high pitches.

The pendulum swings in place, whereas sound travels from one place to
another. In order to simulate the pendulum'’s vibratory motion through space,
let us imagine a pen attached to its tip so that it can trace its own movements on
a roll of paper. If we move the paper vertically past the pen point at a constant
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speed, the pen will trace out a line that symbolically depicts a wave train — a
series of waves of the same frequency being radiated through space (turn
exhibit 2.2 sideways). We have now given the components of time and distance
to the pendulum’s movement. They enable us to measure wavelength (how far a
wave travels to complete a single cycle) and velocity (how far the wave train
travels in a given unit of time).

In terms of sound we perceive wavelength — just as we did frequency — as
pitch. Large vibrating objects have long wavelength (e.g. the long strings at the
left end of the piano keyboard), small vibrating objects have short wavelength
(e.g. the short strings at the other end of the keyboard). We become aware of the
velocity (rate of travel or speed) of sound whenever we notice that a sound (a
thunderclap or the report of a gun) reaches us later than its corresponding
visual impression (a lightning flash or a muzzle flash).

These three quantities — frequency, wavelength, and velocity — are in fact
bound together in the following strict mathematical relationship: f x wl =v.
The logic of this relationship is readily seen in a simple analogy: Think of a
man marching at 100 steps per minute, each step 3 feet long. His velocity will
be 100 X 3, or 300 feet per minute. Suppose he is too short to take 3-foot steps
comfortably and so takes 2-foot steps, but he still wants to maintain the same
velocity. To do this he must increase his step frequency to 150 per minute to
compensate for the shorter step length. The new relationship becomes
150 X 2 = 300.

The wave train of exhibit 2.2 illustrates one further basic principle of wave
propagation: as radiated energy travels away from its source it gradually loses
strength. This attenuation is represented by the running down of the pen-
dulum; we perceive acoustic attenuation as the fading of a sound as we move
farther away from its source.

2.3 Radio waves

Each of the measurable concepts illustrated by the pendulum’s motion and by
their familiar analogies in sound apply equally to radio waves: they, too, have
characteristics of amplitude, wavelength, frequency, and velocity. Before leav-
ing the sound analogy however, we must take care to note the great differences
between sound and radio energy. Radio travels much faster than sound. At its
rate of about 186,000 miles a second, a radio wave could travel around the earth
seven times in a single second. That is over 900,000 times as fast as sound,
which travels in air at only about a fifth of a mile per second.

Second, sound needs some kind of physical conductor — if not air, then
other gases, liquids, or solids. Not only do radio waves require no tangible
material conductor, they actually travel best in a vacuum. Air merely impedes
them.

Radio frequencies are measured in cycles per second. The international unit
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for one cycle per second, the hertz, is named for Heinrich Hertz, the scientist
who first generated and detected radio waves (see §6.1). The standard metric
prefixes used with hertz (which is spelled the same in both singular and plural
forms) are shown in exhibit 2.5, the most common frequency ranges used in
broadcasting being measured in kilohertz and megahertz.

Wavelength is measured in meters, velocity in meters per second. Radio
waves have a constant velocity in a vacuum of 300,000,000 meters per second.
Since velocity is constant, only frequency and wavelength change. The rela-
tionship is inverse, with wavelength going down as frequency goes up. In the
United States radio waves are usually identified by their frequency, whereas
Europeans often use wavelength.?

2.4 Modulation

So far, we have established that radio is a form of energy that has wavelike
characteristics and travels through space at a velocity of 300 million meters per
second. But we are not, of course, interested merely in transmitting radio
energy. We want to use this energy to transmit information. The process of
encoding information into the language of radio energy is called modulation. A
radio broadcast transmitter radiates energy continuously as long as the trans-
mitter is turned on, whether or not any information is being transmitted. This
basic and continuous transmission of the station is known as its carrier wave.

Each radio transmitter runs in its own ‘“‘groove,” the channel, or band of
frequencies to which it has been assigned. A transmitter’s carrier wave has a
single specified frequency, but one single hertz can carry only one bit of
information per second.* When a carrier is modulated, adjacent frequencies
above and below the carrier, called sidebands, become involved. The number of
these additional frequencies determines the “width” of a channel and hence
the amount of information it is designed to carry.

Methods for modulating radio waves have been classified as either continu-
ous or discrete. Ordinarily, the waves of broadcasting channels are modulated
continuously, but in some circumstances sound or picture information is con-
verted into discrete binary digits. For example, satellites exploring space some-
times send back digitized television pictures because discrete modulation of
this type is less subject to distortion than continuous modulation. A digital
audio system for television, DATE, has been developed and may become

3 To find either wavelength or frequency when the other is known, divide the known quantity (in
meters or hertz) into 300,000,000. For example, a wave with a frequency of 100,000,000 Hz would
have a length of 3 meters.

4 Another of Shannon's contributions is the concept of the unit bit, an abbreviation for binary digit,
which refers to a number system based on only two alternatives, such as 0-1, yes-no, on-off, or
plus-minus (Shannon & Weaver, 1949: 4, 100). This system is used universally in computer work
and increasingly in telecommunication (see Busignies, 1972: 100).
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valuable in providing several alternative sound components — for example, a
choice of several languages to go with the same pictures (Wetmore, 1974).

The chief methods of modulation associated with broadcasting, however, are
the two continuous methods whose names are familiar — amplitude modula-
tion (am) and frequency modulation (fm). As the names imply, in the one case
the encoding process varies the amplitude, or strength, of the carrier wave; in
the other case, encoding varies the frequency of the carrier.

As a simple example of amplitude modulation, imagine a transmitter being
fed a pure sound having a pitch of middle C, an acoustic vibration of 264 cycles
per second. Such modulation of an am carrier would produce 264 alterations
per second in the amplitude of the carrier. The loudness of the sound would be
encoded in terms of the amount rather than the frequency of amplitude change
in the carrier. Theoretically, therefore, if the sound suddenly doubled in vol-
ume, the carrier would double in average amplitude.

Because modulation depends on amplitude (amount of energy), am signals
are vulnerable to electrical interference. Free charges of radio energy in the
atmosphere between the transmitting and receiving antennas may interact with
the modulated carrier, adding or subtracting randomly (exhibit 2.3). The aver-
age amount of atmospheric static present varies with latitude, increasing
rapidly toward the equator.

Because frequency modulation encodes information in terms of frequency
instead of amplitude, it avoids this kind of interference. In fm, the amplitude
of the carrier remains constant. Random variations in amplitude are simply
clipped off the peaks of the waves.

A good deal about the process of modulation has to be accepted on faith by
the nonmathematically inclined. Nevertheless, it is easy enough to conceive of
communications as patterns of light and sound energy. Once we think of a
message as consisting essentially of an energy pattern, it takes no great leap of
the imagination to reach the concept of transferring patterns from one energy
channel to another. We can signal by switching a flashlight on and off, for
example. Such switching amounts to a crude form of amplitude modulation. It
uses, in fact, a binary system limited to the signals “on” and “off.” The
information has to be encoded into light flashes by means of a special code
language adopted for the channel. The transmission of sounds and sights by
means of radio channels involves the same basic processes, although it requires
channels of much greater capacity and hence encoders and decoders of much
greater complexity.

2.5 Electromagnetic spectrum

We have noted that the velocity of radio energy in space is approximately 300
million meters per second. This quantity has great significance in modern
physics, for it is the one absolute in the Einsteinian concept of the physical
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Amplitude modulation

NATURE OF RADIO ENERGY 28

ll:f“"

IAARERRERE

Hypothetical sound, consisting of a single complete cycle of a pure tone.
The reference line at the left represents relative amplitude.

Electrical wave produced by microphone, having the same amplitude and
frequency as the original sound.

Sample of unmodulated carrier of a transmitter, consisting of many cycles
in the time occupied by only one cycle of the signal.

Amplitude of carrier modulated by the signal. Frequency of carrier remains
constant. Note that both the plus and the minus phases of the carrier are
modulated in patterns that are images of each other. Either pattern is
sufficient to convey the signal.

Erratic wave caused by static electricity in the atmosphere.

Energy from the static wave interacts with the amplitude of the carrier,
distorting its modulation pattern.

Resulting signal delivered by the loudspeaker. The receiver has stripped off
the carrier wave but cannot remove distortion caused by static.
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universe.5 That 300 million meters per second is also the speed of light is no
mere coincidence, for light energy and radio energy are basically one and the
same thing.

A tremendously varied group of physical phenomena falls under the single
concept electromagnetic energy. This form of energy may manifest itself as
light, radio waves, x rays, or cosmic rays. All these types of energy have that
same significant velocity of 300 million meters per second, all have the charac-
teristics of wavelike behavior previously described, and all have the capacity to
radiate through space. Electromagnetic energy saturates the universe, reaching
the earth even from the depths of outer space in the form of cosmic rays.

Wavelength (or frequency, which amounts to the same thing since velocity is
constant) determines the characteristic properties of the various types of elec-
tromagnetic energy. Wavelengths or frequencies laid out in numerical order
form a spectrum (exhibit 2.4). The keyboard of a piano represents a spectrum of
sound frequencies in ascending order, from low frequencies at the left end to
high at the right end. A visible example of a spectrum occurs when a prism or a
rainbow breaks up sunlight into its component colors. This color sequence is
also laid out in terms of frequency, the red end of the spectrum representing the
lower visible frequencies, the blue end the higher frequencies. Adjacent to the
limits of visible light occur frequencies of invisible “light” — infrared (below
visible frequency) and ultraviolet (above visible frequency).

The radio part of the spectrum starts at a frequency of about 10,000 Hz, where
each wave is 30,000 meters (over 18 miles) long. At the upper end of the radio
part, waves have a frequency of 3,000 billion Hz and a length that is micro-
scopic. Beyond this point the radio frequencies begin to merge with those of
infrared electromagnetic energy. Just as the behavior of the electromagnetic
spectrum as a whole differs radically at different frequencies, so does the radio
part of the spectrum differ in its various frequency ranges. Waves of frequencies
useful for radio communication have been classified into frequency bands by
international agreement (exhibit 2.5).

2.6 Wave propagation

Radiation of waves outward from an antenna is referred to as propagation. The
transmitter encodes information received from a studio or other program
source into electromagnetic energy, at the same time tremendously increasing
its power. The transmitter feeds this energy to a physical radiating element, the
antenna, from which it escapes into the surrounding space.

In order for a radio antenna to work efficiently, its length must accord with

$ The expression ¢ in the most famous equation of modern times, E = Mc?, stands for the speed of
light. This, Einstein’s equation that predicts the tremendous energy released by atomic fission, is so
well known that CBS used it as the title of its program in memory of Einstein after his death in
1955.
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the length of the waves it is designed to radiate. In general, an antenna should
be either one-half the length of its carrier wave or some multiple thereof. An
amplitude modulation antenna, however, works against a system of ground
wires buried in the earth surrounding the antenna structure. The radiator is the
lattice-work steel tower itself, which is usually only one-quarter the length of
the carrier wave. At a quarter wavelength, the height of a standard broadcast
tower at the lower end of the band will be about 138 meters, whereas that of one
at the high end will be only about 46 meters. Frequency modulation and
television station towers, on the other hand, merely support their antenna
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Subdivisions of radio frequency spectrum

Frequency range expressed in
Name of subdivision Kilohertz Megahertz Gigahertz
(kilocycles {megacycles (gigacycles
per second) per second) per second)
Very low frequency Below 30 —_— —_
(vif)
Low frequency (If) 30-300 —_— —_
Medium frequency (mf) 300-3,000 —_ _
High frequency (hf) 3,000-30,000 3-30 —_—
Very high frequency 30,000-300,000 30-300 _
(vhf)
Ultra high frequency 300,000-3,000,000 300-3,000 —
(uhf)
Super high frequency 3,000,000-30,000,000 3,000-30,000 3-30
(shf)
Extremely high frequency 30,000,000-300,000,000 30,000-300,000 30-300
(ehf)

elements, which are quite small. For example, the waves of the upper uhf
channels are less than half a meter long (see the uhf television antenna pictured
in exhibit 3.12).

Theoretically, radio energy radiates from a transmitter into space equally in
all directions, forming a circular pattern, and the energy attenuates uniformly
as distance from the transmitter increases. Attenuation occurs because as the
signal travels straight out from the point of origination, it is distributed over a
progressively larger area and becomes more and more thinly dispersed. How-
ever, refraction (bending), reflection, absorption (loss of radio energy by con-
version into other forms of energy), and interference (distortion of signal by
energy from other sources), caused by conditions encountered in the propaga-
tion path, affect the geographical pattern of coverage so that in practice a
transmitter’s coverage area has an irregular shape

Directional antennas can be used to change the shape of a coverage area.
Concentrating the radiated energy into a limited sector increases its strength in
that direction, just as the reflector in a flashlight creates a beam with far greater
reach than the light of the bare bulb.

How much a given wave will be affected by given propagation conditions
depends on the frequency of the wave. Take, for example, refraction — a
change in a wave’s direction caused by its passage from one medium to another
of differing density. This bending of the rays results from the change in velocity
that occurs when they pass from one medium to the next. The higher the
frequency of a wave, the more markedly a new medium changes its velocity,
and hence the more sharply it changes direction. Since the frequency of light is
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The ionosphere consists of several layers of rarified atmosphere with differing electri-
cal properties, identified as D, E, and F layers. Each layer tends to refract waves of a
particular frequency band. At vhf and uhf frequencies most of the radio energy passes
through the entire ionosphere to be dissipated in space. There is some scattering of
uhf energy as it passes through the lower atmospheric layers, however, which enables
recovery of signals at medium distances by the technique of tropospheric scatter
propagation (see §4.4). Microwave relays concentrate uhf or shf waves into narrow
beams for propagation in short line-of-sight hops close to the surface of the earth.

Source: Adapted from"C i Ch Is.”” by Henry Busignies. Copyright © 1972 by Scientific American,
Inc. All rights reserved.

so high, it is particularly subject to refraction. The optical effects of lenses
depend on the refraction that takes place when light passes from air to glass
and glass to air.

In choosing the frequency for a given communication service, the charac-
teristics peculiar to the several frequency ranges must be matched to the special
needs of the service. Some services require communication at distances of
hundreds, even thousands, of miles; others require distances of only two or
three miles; some require continuous, around-the-clock communication, others
only occasional contacts; some can justify large, expensive antenna installa-
tions, whereas others must have portable, inexpensive transmitters; some re-
quire radiotelephony, others radiotelegraphy.

In the strategy of efficient frequency allocation, one of the basic considera-
tions is the type of propagation path by which waves travel. Waves of some
frequencies travel in a straight line to the horizon, then off into space; some
tend to follow the curvature of the earth; some travel away from the earth but
are turned back toward it by the ionosphere (exhibit 2.6). Thus three basic types
of waves can be distinguished in terms of transmission path: direct waves,
ground waves, and sky waves (exhibit 2.7).
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Direct waves reach only about as far as the horizon. How far that is depends
on the height above average terrain of the transmitting point, but in any event it
is not likely to be much more than 60 miles,$ except in the case of an extremely
high transmitter or receiving antenna.

Ground waves reach somewhat farther than direct waves, the distance de-
pending on transmitter power, conductivity of the soil, and other factors. Sky
waves, however, reach almost unlimited distances. They depend on the iono-
sphere, a series of rarefied atmospheric layers 30 to 300 miles above the earth
that become ionized (negatively charged) by the sun. Waves of some frequen-
cies, when radiated at an upward angle, bend back (refract) toward the earth
when they encounter the ionosphere (exhibit 2.6).

Exhibit 2.7 shows the relationship between range and mode of propagation
in the radio frequency spectrum. Amplitude modulation (standard) broadcast-
ing falls in the mf frequency band, enabling it to benefit from both ground-wave
and sky-wave propagation. Television and fm sound radio fall in the vhf and
uhf bands, which limit these services to short-range direct waves.

This brief survey of the propagation characteristics of the radio frequency
ranges may be summarized by saying that ground waves are most useful at the
lower frequencies, sky waves at the middle frequencies, and direct waves at the
higher frequencies (exhibit 2.7). The lowest frequencies are most subject to
atmospheric noise, the highest frequencies to electron noise. In general, it may
be said that the higher the frequency of radio energy, the more it behaves as
light does — for, indeed, the higher the frequency of radio energy, the closer it
comes to the frequency of light itself.

2.7 Spectrum management

The chief problem of allocation is how to use each frequency range to best
advantage by capitalizing on its strong points and avoiding degradation of
service because of its weak points. Unfortunately, the allocation of frequencies
was begun before the facts just outlined were known. By the time this knowl-
edge had been developed, hundreds of thousands of transmitters were already
in operation throughout the world. It would have been prohibitively expensive
and difficult administratively to change them around to suit a master plan.
Furthermore, there are never enough frequencies to satisfy all needs. New
services constantly emerge, and old services expand; the demand for radio
frequencies always exceeds the supply, and this condition grows steadily more
acute. The allocation problem is a serious one on the international as well as
the national level (President’s Communications Policy Board, 1951).

¢ This estimate of distance refers to consistently usable coverage. Unusual meteorological condi-
tions sometimes produce a *“ducting” effect; television waves, for example, may get trapped
between two layers of atmosphere and travel hundreds of miles.
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Nongovernment radio station authorizations by class of service®

e [ s Stations authorized

as of June 30, 1973
Citizens service 836,924
Amateur and disaster 279,505
Marine 238,596
Industrial 193,353
Aviation 167,121
Public safety 75,030
Broadcast 29,131
Common carrier 22,980
Land transportation 20,519
Research and developmental 1,213
Community antenna relay 242
Total 1,864,614

= - Authorizations* include construction permits and therefore slightly exceed the number
actually on the air.

Source: FCC. 39th Annual Report. Government Printing Office. Washington, D.C.. 1974:
191-192.

For this reason, one of the most important aspects of communication
technology today is the use of multiplexing to achieve spectrum economies.
Two or more independent signals transmitted simultaneously in the same
channel are said to be multiplexed. Multiplexing techniques both increase the
efficiency of wire and radio channels and help to conserve the frequency
spectrum. For example, telephonic conversation uses a speech channel only
about 40 percent of the time; the rest of the time is wasted on pauses and spaces
between sounds. A multiplexing method called Time Assignment Speech
Interpolation puts transatlantic telephone cable circuits to work during the 60
percent of the time that the channel is otherwise idle. Multiplexing is used
routinely in broadcasting to obtain stereophonic and quadraphonic sound, to
convey black-and-white as well as the three primary color signals in the
television channel, to transmit meter readings on the broadcast carrier from
unattended transmitters, and to integrate cue signals on tape recordings.

To get some idea of the pressure on the frequency spectrum, let us look at the
kinds of nongovernment services and numbers of transmitters licensed by the
United States (exhibit 2.8). The almost two million nongovernment radio sta-
tions licensed in the United States comprise 11 major classes of services and
over 60 subclasses, ranging from space communication to citizen-band walkie-
talkies. Each of these services must be allocated one or more blocks of frequen-
cies. Broadcasting is just one of these services, representing less than 2 percent
of all transmitters authorized. The figure of over 29,000 authorizations in
exhibit 2.9 for broadcasting includes, in addition to over 8,000 regular broad-
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Exhibit 2.9
Nongovernment broadcast station authorizations®
: Stations authorized
U3 G CAle) as of June 30, 1973
Standard (am) 4,434
Commercial fm 2,560
Educational fm 680
Total primary sound stations 7,674
Commercial television
vhf 521
uhf 244
Educational television
vhf 94
uhf 143
Total primary television stations 1,002
Television translators (uhf-vhf) 3,020
Signal boosters (uhf) 9
Experimental television 6
Auxiliary television® 2,760
International (radio)* 3
Developmental 4
Remote pickup 13,476
Studio transmitter-link? and intercity relay (aural) 742
Low-power (cueing) 187
Instructional fixed television® 186
Fm translators 62
Total secondary stations 20,455
Grand total 29,131

= Authorizations" include construction permils and therefore slightly exceed the number actually on the air.

" Smali. very short-range transmitters, such as those linking portable field cameras with a remote vehicle.

< Private hf (short wave) stations. as distinguished from Voice of America government stations (see exhibit 1.3).
9 Transmitters connecting the studio to remote vehicles. stadiums. and other outside pickup points.

* Special class of relay transmitters to feed educational materials {see §4.6).

Source: FCC, 39th Annual Report. Government Printing Office. Washington, D.C.. 1974: 192.

cast transmitters, auxiliary services such as remote pickup units, television
translators and boosters, studio-transmitter links, and wireless cueing systems.

Ideally, broadcasting should have the technical capacity to provide a large
enough variety of full-time, nationwide, competitive services to satisfy all
substantial consumer interests. This ideal may become increasingly difficult to
realize as the pressure on the frequency spectrum from other types of service
grows. Some of the alternatives to present methods of program distribution are
discussed in §4.7.
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Broadcast Channels

What if we could wipe the slate clean and could reassign broadcast stations to
cities and towns throughout the United States regardless of squatters’ rights
and the accidents of historical development? We would still be prevented from
adopting a completely logical, technically efficient station distribution plan. In
the United States, the initiative in setting up and operating stations is left to
private enterprise. Private enterprise is in turn governed by economic incen-
tives that tend to concentrate stations in big population centers and to neglect
thinly populated rural areas. Thus from the outset political and economic
factors interact with technical factors in determining the most basic facts about
broadcasting — where stations can be located and how many can be authorized
to operate.

3.1 Interference

Frequency spectrum management considerations, as described in §2.7, put
internationally recognized limits on how many channels can be made available
to any given service. Problems of interference further limit the number of
stations that can be assigned to the available channels. The frequency band
within which the channels fall determines the maximum coverage area poten-
tials of individual stations, as indicated in exhibit 2.7. Not every station can be
allowed to maximize its coverage area, however, because of the factor of mutual
interference. Signals for transmitters assigned to channels adjacent to each
other in the frequency band will, if the transmitters are too close together
geographically, interfere with each other in the area near the transmitters. With
distance, signals become sufficiently attenuated for receivers to keep them
apart; the factor of adjacent channel interference therefore only limits the
number of channels that may be occupied by stations in a single location.
Co-channel interference creates a more complex problem, affecting the
number of stations that can be assigned to each channel. The problem is
complicated by the instability of coverage areas. As propagation conditions
vary, so does coverage, which changes with time of day, season of year,

37
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man-made electrical interference, and weather conditions. Even the condition
of the sun affects propagation because the sun’s radiations influence the iono-
sphere. The simplest solution to co-channel interference would be to assign
only one station to each channel, but since each broadcasting service has only
about a hundred channels at its disposal, this solution would impose too
drastic a limitation on the number of stations.

Instead, the regulatory authorities (in the United States, the Federal Com-
munications Commission) use several interacting variables, seeking to respond
as fully as possible to demands for stations. These variables include limiting
the amount of transmitter power that may be used, limiting antenna height
above the surrounding terrain, requiring the use of directional antennas that
radiate the signal more strongly in one direction than another, requiring the use
of lower power at night than in the daytime, stipulating different directional
antenna patterns at night from those required during the daytime, and authoriz-
ing daytime-only operation. Not all these variables apply to all broadcasting
services. The propagation characteristics of each band have to be taken into
account. We will look first at the medium-frequency band and the way in which
these variables are manipulated in the case of amplitude-modulated broad-
casting,.

3.2 Standard broadcasting

The first broadcasting service used amplitude modulation. In the United States
it is referred to officially as standard broadcasting and unofficially as am
broadcasting. Europeans usually call it medium wave.

By international agreement the am channels occupy a small segment of the
mf band (see exhibit 2.4). In the United States this segment runs from 535 kHz
to 1605 kHz. Each am channel has been allocated a 10-kHz band width; hence
the available frequencies in the band, 1070 kHz, allow for 107 am channels.
These critical values — the 10-kHz channel width and the 107 available chan-
nels — impose ultimate limits both on the fidelity of the system and on the
number of stations that can be licensed.

First, as to fidelity it will be recalled that a single frequency can convey only
a single bit of information at any given instant; therefore a complex signal such
as sound necessarily requires more than a single frequency (§2.4). The carrier
frequency defines the midpoint of a channel, with sideband frequencies ex-
tending above and below that point. Since the two sidebands merely duplicate
each other, only one is usefully employed, which means that the actual capac-
ity of a channel amounts to only half its total width. Thus the 10-kHz am radio
channel provides only a 5-kHz information capacity. This limitation in turn
restricts am radio to reproduction of sounds up to frequencies of 5,000 cycles
per second.

In planning any communication system the designer must decide how much
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information capacity is really necessary for the purposes of the system. The
maximum amount of information desired must be balanced against the cost of
communicating it — not only the expense of providing the necessary physical
apparatus but also the expense in frequencies. No service should use more than
the number of frequencies required to perform its essential functions. Rarely
does a communication system attempt to reproduce information with absolute
fidelity to the original, for rarely is such high fidelity necessary. The narrow
channel of the telegraph, for instance, strips language of the wealth of informa-
tion that the spoken rather than the written message conveys. The telephone
restores a great deal of this information but still sacrifices much. We cannot use
the telephone to communicate the aesthetic nuances of fine music or speech.

Radio broadcasting, unlike utilitarian communication services such as the
telegraph and telephone, is concerned with the aesthetic aspects of informa-
tion. An adequate broadcast service should be capable of communicating the
beauty of instrumental music, song, and speech; it should be capable of realis-
tically re-creating the sounds of actual events.

In the case of am broadcasting the choice of the specific 10-kHz channel
width was, then, dictated neither by physical necessity nor by mere chance. It
resulted from the decision as to how high we can make fidelity without unduly
reducing the number of available channels. How many channels can we make
available without reducing fidelity below the point of toleration? The result in
am broadcasting has been a service that, although far short of ideal sound
reproduction, satisfies most people for most purposes.

It will be recalled that mf propagation entails both ground and sky waves
(exhibit 2.7). In practice, am broadcast ground waves cover a radius of 10 to 75
miles from the transmitter depending on transmitter power, frequency of the
channel (whether high or low in the band), electrical conductivity of the soil,
amount of interference present, and other factors. Frequency and soil conduc-
tivity account for surprisingly large differences in am coverage. Power becomes
progressively less effective as channel frequency increases; thus a 5,000-watt
station near the lower end of the am band at 550 kHz can have as much
coverage as a station with ten times as much power located in the same city but
on a channel near the upper end of the band at 1200 kHz (Broadcasting, 1947).
And a minimum-power station (250-watt) can have as much coverage as a
maximum-power (50,000-watt) station because of differences in soil conductiv-
ity in their respective environs.

The ground wave defines a standard broadcasting station’s primary coverage
area, the area in which the signal is reliable at most of the receiver locations
most of the time. Sky waves of am stations reach beyond the primary coverage
area to receivers located roughly 100 to 1,500 miles from the transmitter. This
zone constitutes the secondary coverage area. Since it depends on the iono-
sphere, secondary coverage can be counted on only at night. Even then, sky
waves are so subject to fading and interference that they provide only a
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Exhibit 3.1
Am broadcast channel and station classification system
No. channels Station
Channel class in class classes
1
Clear 248 I-A & 11
36" I-B & 11
Regional 41 11
Local 6 v
|

* U.S. clear channels on which only one dominant (I-A} station is assigned.
®Foreign clear channels and U.S. clear channels on which one or more
dominant (I-B) stations may be assigned. A few exceptions to the classifica-
lion system have been approved by the FCC.

Source: Adapted with permission from data in Broadcasting Yeorbook
1974: B266-B287.

second-best form of coverage, though they are still of great importance in
places where no other coverage can be made available.

To bring the several coverage-influencing factors into play so as to accommo-
date as many local demands for stations as possible, the FCC has adopted
systems of channel and station classification. Their purpose is to create flexibil-
ity, enabling a variety of am services. They range from localized stations in
small towns to large stations capable of reaching half the country or more with
relatively interference-free sky waves at night.

The am channel classification system divides the 107 channels into three
categories — local, regional, and clear. Exhibit 3.1 shows the number in each
class, and exhibit 3.2 shows the individual classification of each of the 107 am
channels. The clear channels reflect in principle the drastic measure previously
suggested as the ideal way to avoid co-channel interference: one station to a
channel (§3.1). In practice, some secondary stations are allowed to operate on
clear channels but only if they keep from interfering with the dominant stations
by using lower power at night (many have to go off the air altogether) and
directional antennas.

The station classification system divides all stations into four categories,
Classes I, II, Il and IV. As shown in exhibit 3.1, these match the channel
classifications, except that both Class I and Class II stations operate on clear
channels. This doubling up reflects the sharing of the clear channels by domi-
nant (Class I) stations and secondary (Class II) stations.

In addition to designating channels of operation, the station classifications
also specify power limits. Class IV stations (on local channels) use from 250 to
1,000 watts; Class III (on regional channels), 500 to 5,000 watts; Class II
(secondary on clear channels), 250 to 50,000 watts, with directional antennas
and power differences between day and night to prevent interference with
dominant stations; Class I (dominant on clear channels), 10,000 to 50,000 watts.
Transmitters can be built to generate many times 50,000 watts of power, but
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Exhibit 3.2
Am channels by frequency, class, and number of stations
Channel Channel No. of | Channel Channel No.of | Channel Channel No. of
(kHz) class®  stations (kHz) class stations (kHz) class stations
540"  Clc) 14 900 C(d) 42 1260 R 67
550 R 24 910 R 50 1270 R 62
560 R 24 920 R 47 1280 R 59
570 R 20 930 R 47 1290 R 61
580 R 25 940 C(c.d) 32
590 R 28 950 R 47 1300 R 64
960 R 41 1310 R 64
600 R 25 970 R 50 1320 R 58
610 R 23 980 R 50 1330 R 57
620 R 22 990 C(c) 44 1340 L 168
630 R 27 1350 R 60
640 C(a) 4 1000  C(b. d) 28 1360 R 67
650 Cla) 3 1010  Clc, f) 36 1370 R 64
660 Cla) 5 1020 C(a) 5 1380 R 69
670 C(a) 2 1030  C(b) 3 1390 R 57
680 C(b) 20 1040 Cfa) 3
690 Clc) 24 1050  C(d) 54 1400 L 167
1060  C(b, d) 28 1410 R 63
700 C(a) 2 1070 C(b. ¢) 19 1420 R 61
710 C(b) 18 1080  C(b) 29 1430 R 63
720 Cla) 4 1090 C(b, d) 28 1440 R 59
730 C(d) 31 1450 L 175
740 C(c) 27 1100 C(a) 8 1460 R 62
750 C(a) 8 1110  C(b) 31 1470 R 64
760 C(a) 5 1120 Cfa) 5 1480 R 73
770 Cla) 6 1130  C(b. c) 22 1490 L 168
780 Cla) 8 1140  C(b, d) 21
790 R 39 1150 R 59 1500 C(b) 38
1160 C(a) 2 1510 C(b) 47
800 C(d) 32 1170  C(b) 21 1520 C(b) 45
810 C(b) 21 1180 Cfa) 3 1530 C(b) 39
820 C(a) 5 1190  C(b, d) 22 1540 Cle) 49
830 C(a) 4 1550 C(d) 67
840 Cla) 4 1200 Cla) 1 1560 C(f) 50
850 C(b) 24 1210 Cfa) 8 1570 C(d) 68
860 Clc) 33 1220  C(d) 51 1580 C(c) 67
870 C(a) 9 1230 L 167 1590 R 75
880 C(a) 4 1240 L 154
890 C(a) 3 1250 R 56 1600 R 77

» Channel classification key: C = clear. L. = local. R = regional. Clear-channel subclasses: (a) = U.S.. unduplicated (one dominant
Class | station plus Class 11I's); {b) = U.S.. duplicated: (c) = Canadian; (d) = Mexican: {e) Bahamian; (f) = Cuban.

»The am band starts at 535 kHz. but the 10-kHz channels are identified by their midpoints: the 540-kHz channel. for example.
actually runs from 535 to 545 kHz.

Source: Adapted with permission from data in Broadcosting Yearbook 1974: B266-B287.
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U.S. regulations set this as the maximum allowable power for domestic am
broadcast stations.

Exhibit 3.2 shows that many more stations are assigned to each local channel
than to other classes because Class IV stations have such limited coverage
areas. At the other extreme, each of the true clear channels (marked “C(a)” in
the table) has only one dominant (Class I) station assigned to it along with a
very small number of Class II stations.

Exhibit 3.2 also illustrates the essentiality of international cooperation in
channel usage. By treaty agreements, the United States and its neighbors share
the dominant role on the clear channels; each country has its own clear
channels that the other countries may use for secondary stations if they do not
interfere.

3.3 Frequency modulation broadcasting

Frequency modulation broadcasting, usually referred to as fm in the United
States and as vhf radio in Europe, occupies a block of frequencies in the very
high frequency band, as shown in exhibit 2.4. In the United States 100 channels
have been so designated, running from 88 to 108 MHz. With channel width set
at 200 kHz, this band can accommodate 100 channels. The FCC numbered them
201 to 300, the first 20 being reserved exclusively for noncommercial educa-
tional (public broadcasting) use.

In the vhf region of the spectrum, as indicated in exhibit 2.7, the propagation
path is direct so that fm has no allocation problems arising from the different
behaviors of ground waves and sky waves. An fm broadcast transmitter has a
stable coverage pattern, its shape and size depending on power, height of
transmitting antenna above the surroundings, and terrain formation. Maximum
signal reach is approximately to the horizon. Another advantage of fm to the
allocation planner is that the fm signal blanks out interference from other
stations much more effectively than does the am signal. An fm signal must be
only twice as strong as a competing signal to override it, whereas an am signal
must be twenty times as strong.

From the listener’s standpoint, however, a more important advantage of fm
over am is its freedom from static. It can provide undistorted reception in areas
where and at times when satisfactory am reception is impossible. A related
advantage is fm’s greater fidelity. Fm’s high channel capacity enables the
reproduction of sounds up to 15,000 cycles per second, a pitch so high that not
everyone has sufficiently sharp ears to hear it. Nevertheless, such high frequen-
cies play an important role in high-fidelity sound reproduction. The charac-
teristic quality of a sound comes not from its fundamental pitch — the pitch by
which we identify it — but rather from overtones. Being multiples of a funda-
mental pitch, overtones reach higher into the sound frequency spectrum. Over-
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Short-wave (high frequency) broadcast bands?®

Band limits in Megahertz Meter
kilohertz band band
3500- 4000 3.9 75
5950- 6200 6 49
7100- 7300 7 41
9500—- 9775 9 31
11700-11975 11 25
15100-15450 15 19
17700-17900 17 16
21450-21750 21 13
25600-26100 25 11

* Frequencies above, below. and between the hf broadcast allocations are
used by ships. aircraft, amateurs, and other nonbroadcast services (see
exhibit 2.8) and by governmenl services.

tones supply the acoustic nuances implied by such sound terms as timbre,
color, and quality.

Fm scores over am in still another way, with its greater dynamic range. This
refers to the range in degrees of loudness between the faintest reproducible
sound and the loudest. The human ear has an amazing capacity to adjust to
extremes of loudness and softness without being overloaded, but sound repro-
ducing systems have much less flexibility. Very faint sounds tend to become
lost in the noise of the system itself, whereas very loud sounds tend to overload
the system and cause distortion. Am broadcasting even sacrifices some of the
dynamic range it could have by artificially compressing the signal in order to
obtain maximum average power output.

Fm’s 200-kHz channel has twenty times the capacity of an am channel. In
addition to enabling a threefold increase in sound fidelity — from 5,000 to
15,000 cycles per second — these additional frequencies enable fm stations to
multiplex a variety of auxiliary signals in the channel. Stereophonic sound,
facsimile, subscription background music, reading for the blind, medical con-
ferences, school bus programs, and potentially many other secondary services
may be multiplexed on fm channels simultaneously with the normal, mono-
phonic sound service (see Robertson & Yokom, 1973).

3.4 Short-wave broadcasting

Sound services designed to cover areas beyond the range of standard broadcast-
ing transmitters fall back on short-wave broadcasting, using amplitude
modulation in parts of the hf spectrum (exhibit 3.3). In this range, as indicated
in exhibit 2.7, long-range sky waves can be used both day and night.
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Some developing nations cannot afford to install numerous local stations to
completely cover their territories, so they use short waves for domestic serv-
ices. Primarily, however, governments use short waves for international prop-
aganda services, such as those listed in exhibit 1.3.

In other broadcasting services each transmitter feeds a single, permanent
antenna system; in short-wave, each transmitter can be switched to any one of a
number of different directional antennas. This flexibility enables taking advan-
tage of the best transient sky-wave conditions. Most international short-wave
stations make seasonal, daily, and even hourly alterations in transmitter fre-
quencies. Also, they generally broadcast on several transmitters simultane-
ously on several frequencies, each transmitter feeding an antenna oriented
toward a specific target area.

Exhibit 2.9 indicates that the United States has very few privately operated
international short-wave stations. The Voice of America, however, uses some
60 different frequencies and has over 114 transmitters at 5 major U.S. installa-
tions and at 12 major relay/broadcast installations overseas (USIA, 1974). VOA
transmitters range in power up to a megawatt (a million watts), 20 times the
maximum power permitted American domestic am broadcast stations.

3.5 Picture channels

Picture-making devices too have their channel capacity limitations. Most such
devices break down the pictured scene into separate bits, or picture elements.
The minuteness and distribution of these picture elements per unit of area
govern definition, the degree of resolution obtainable. “Graininess” in film
implies lack of fine detail because the picture elements are too large to resolve
them, resolution being defined as the ability to distinguish two adjacent objects
as separate objects. Exhibit 3.4 reveals the bit-by-bit structure of conventional
photographic reproductions in newspapers and books. The number of elements
per unit of area, in this case expressed as lines per inch, defines channel
capacity.

Thus the available picture area in each individual frame in a strip of moving
picture film determines the inherent channel capacity limits of the system.
Three primary cinema picture area standards have emerged, defined in terms of
the overall width of the film stock: 35mm, 16 mm, and 8 mm. The highest
professional standard is 35 mm, along with certain wider formats (exhibit 3.5).
Sixteen-mm film is an intermediate standard, originally intended for home use,
but with the advent of television and its great appetite for film, it ultimately
developed into a professional medium. Thirty-five-mm film is the standard for
theatrical projection and for shooting stock when highest quality is desired. It
is much preferable to reduce 35 mm to 16 mm for television use than to enlarge
16 mm to 35 mm for theatrical exhibition. Eight mm, along with an improved
format, Super 8, is the amateur, home movie standard. Super 8 is used to a
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A B

Degrees of definition in picture reproduction.

A. Fine engraving, 133 lines per inch. Detail in rectangle enlarged four times.

B. Same subject as reproduced in a newspaper, 55 lines per inch. Detail in rectangle
enlarged four times.

Source: Wide World Photos. Inc

limited extent for television news, but most technicians regard it as sub-
standard for broadcasting. In all the film formats, some picture area must be
sacrificed to leave room for sprocket holes, for between-frames space, and for
the sound track. This sharing of channel capacity between picture information
and auxiliary information has its analogue in television, as we shall see in the
next section.

Imparting motion to pictures adds another requirement to channel capacity.
The motion aspect of cinema itself constitutes information that has to be
carried in the channel. Multiplying the capacity of each individual picture
frame by the number of frames exposed (or projected) per second gives a
measure of the necessary total channel “width” required.

In cinema, what appears to be motion consists, of course, of still pictures
(frames) recorded and then projected in rapid succession. Each frame freezes
the action at a slightly later moment than the preceding frame. Persistence of
vision, a useful tendency of the eye to retain the image of an object for a brief
moment after the object is removed, blends the successive frames together.
Movement on the projection screen is an optical illusion.

The frequency with which frames are presented to the eye is vital to this
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Motion picture film formats and soundtrack types (actual size)

%

L]

EASTMAN 37

-

A. 8 mm with magnetic sound track.

B. Super 8 with magnetic track; note larger frame, resulting from repositioning and smaller size
of sprocket holes.

C. 16 mm with optical variable-area sound track.

D. 35 mm with optical variable-area track; note sprocket holes on both edges of film.

E. 35 mm with optical variable-density sound track.

Source: Reproduced with permission of Eastman Kodak Company.

illusion. At about 16 frames per second, persistence of vision begins to give the
illusion of smooth motion. This frame frequency was adopted as the standard
for silent film. But film passing over the sound pickup head in a projector at
that rate does not provide adequate quality reproduction. The higher frequency
of 24 frames per second, therefore, was adopted for sound motion pictures.

Although at this frame frequency the eye seems to see continuous action, it
still detects intermittency of the light falling on the screen. After each frame
flashes on the screen, a moment of blackout must follow while the projector is
pulling the next frame into position. The eye reacts more sensitively to these
gross changes from complete illumination to complete blackout of the screen
than it does to the smaller changes in the position of objects within the frames.
We perceive these gross alternations of light and dark as flicker, that annoying
sensation of unsteadiness we experience in watching old silent films. In fact,
early movies were called “flicks” for this reason.

The flicker sensation can be eliminated by increasing frame frequency, but
economy requires the use of as few frames as possible. Since the 24-frames-
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per-second rate provides all the visual and sound information required, it
would be wasteful to use a higher frame rate just to avoid flicker. The problem
was solved by the simple expedient of projecting each frame twice. In other
words, when a given frame is pulled into place it is flashed on the screen once,
remains in place while the screen is blacked out momentarily, and then is
flashed on the screen a second time. During the next momentary blackout the
next frame is pulled into place and the process repeated. Although only 24
different frames are projected per second, the screen is illuminated by a picture
(field) 48 times per second. This is frequent enough to deceive the eye into
accepting the illusion of continuous illumination. Thus motion pictures re-
quire two projection frequency standards: one to achieve the continuity of
action (frame frequency) and one to achieve the continuity of illumination
(field frequency).! A similar technique is used in television.

3.6 Electronic picture processing

Applying the foregoing principles of picture reproduction to the electronic
processing of pictures, we perceive that means must be found to convert
picture elements into electronic equivalents, to generate enough frames per
second to obtain continuity of movement, and to generate enough illumina-
tions per second of the receiver screen to suppress the sensation of flicker. And
we must provide a channel of sufficient capacity to carry all this information,
along with auxiliary signals and accompanying sound.

When light from a scene falls on the negative in a motion picture camera, all
the thousands of light-sensitive particles in the film frame respond simultane-
ously. A radio channel, however, can do only one thing at a time (§2.4). It
cannot respond simultaneously to all the information in a picture frame and
transport it as a complete picture. Instead, it must dissect the picture into
separate component bits of information and carry each bit separately. Such a
process obviously must happen with tremendous speed or it would take min-
utes — even hours — to transmit just one frame. It also has to take place with
extreme precision because each bit, after being dissected out from the original
image and transmitted to the reception point, must be positioned in exactly the
right place in the reconstituted picture. Just how rapid and how precise this
processing must be can be judged by the fact that the television channel
handles over 6 million bits of picture information per second.

The key to achieving this high-speed information processing feat is the
electronic pickup tube, the heart of the television camera. A conventional
photographic lens system focuses the scene to be televised through the glass

! Film projectors interrupt the projection lamp beam with a rotating shutter. Cut-out segments in
the shutter let the light flash through. This enables a higher field frequency than two per frame, but
for the purposes of comparison with television, the example of two fields per frame is used here.
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face of the tube. The light pattern falls on a plate inside the tube that is covered
with specks of a photoconductive material. This material transforms the light
pattern into a corresponding pattern of electrical potentials.

At this point we have the analogue of an exposed film negative but with two
significant differences: (1) the picture exists as a collection of electrical poten-
tials rather than as a latent visible image awaiting development; (2) the picture
information is stored only temporarily because that same tube must be used in a
moment for the next frame rather than being moved on to make way for a new
frame. For this reason the television camera requires no shutter to provide
intermittent exposure as does the motion picture camera.

Next, the thousands of electrical potentials must be discharged, individually
and systematically, so that they can be reassembled in the correct order at the
receiver. This operation is accomplished electronically. An electron gun fixed
in the rear end of the pickup tube points toward the back side of the pickup
plate. Electrons are submicroscopic, negatively charged particles of electrical
energy. The electron gun ‘‘shoots’ these particles out in a stream, like so many
bullets from a machine gun. The electrons thus directed toward the back of the
pickup plate trigger the stored electrical charges and release them to be fed out
of the tube. These pulses of electrical energy constitute the video (picture)
signal.

The electron gun reads off the information element by element and line by
line. This process, called scanning, emulates the pattern of the eye in reading: it
starts at the upper left of the pickup plate, reads a line from left to right, drops
down and reads another line, and so on until the whole plate has been scanned.
Then the electron beam returns to the starting point and repeats the process.

The television pickup tube has no moving parts. It performs all operations
electronically. The electron gun does not actually move its muzzle back and
forth like a machine gun; it is fixed rigidly in the tube. After the electrons leave
the fixed muzzle of the gun, they pass through magnetic fields formed by
deflection coils mounted externally around the neck of the tube. Electrons can
be attracted or repelled magnetically. Appropriate scanning signals cause var-
iations in the magnetic fields, precisely controlling the back-and-forth and
up-and-down movements of the electron stream.

The scanning rate used in U.S. television is 30 frames per second. Although
this differs from the 24-fps rate of motion picture film, the 30-fps rate was
chosen so that this all-important function of precise timing could be tied in
with a universally available standard — 60 Hz, the frequency of ordinary
alternating electric current available in houses throughout the United States.
The 60-Hz rate governs the field frequency — that higher frequency of stimulus
required to overcome the sensation of flicker.

Television cannot take advantage of the solution to flicker used in films.
Repeating each television frame more than once is impaossible because televi-
sion is a forgetting rather than a remembering medium. A frame once gone is
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gone forever. Instead the television pickup tube scans each frame in two fields
of alternate lines. The first field consists of the first, third, fifth, and the rest of
the odd-numbered lines. Then the electron beam flies back to line two and
during the next one-sixtieth of a second scans the even-numbered lines. This
offset, or interlace, scanning ensures 60-times-per-second screen illumination
despite a frame frequency of only 30 per second.

3.7 Television signal requirements

The television picture, then, is constructed of elements arranged in lines, lines
arranged in fields, and fields combined into frames. The number of each
determines the resolution capacity of the system. All four factors affect resolu-
tion, but the number of lines is taken as a convenient basic measure of a
system’s resolution capacity. Lines determine vertical resolution. The U.S. line
standard is 525 lines per frame, and it is easy to see the line structure of the
picture with the unaided eye.2

As in the case of motion picture film, space in the channel must be set aside
for auxiliary information. What, for example, happens to the electron beam
when it reaches the end of a field and flies back to the top of the picture to start
the next field? If the beam continued to read off the picture information along
the flyback path, the orderly pickup of picture elements would be destroyed.
The problem is solved by a blanking signal transmitted during flyback periods.
This signal is not apparent on the screen because it cuts off the electron beam.

The video signal is negatively modulated; that is, a large amplitude of energy
in a picture element (indicating whiteness at the corresponding point in the
original scene) results in a low amplitude of energy in the transmitted signal.
Conversely, a low amplitude in a picture element (indicating blackness at the
corresponding point in the original scene) results in high amplitude in the
transmitted signal. Therefore, the amplitude of the transmitted signal can be
artificially increased beyond the amplitude that produces visible black in the
receiver. All accessory signals in the composite video signal are sent in this
“blacker-than-black’’ region so that they do not interfere with picture informa-
tion (exhibit 3.6).

In order to guarantee exact synchronization of scanning in the receiver with
scanning in the camera, special synchronizing signals are also included in the
composite video signal. These signals, sent in the blacker-than-black region
along with the blanking signals between frames, establish precise points of
registration.

The audio component imposes a further burden on the channel. The two

2 The 525-line standard is only nominal. The number of lines effective in terms of resolution is only
about 340 because of the loss of information between lines and the need to devote some channel
capacity to auxiliary information.
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Composite television signal (simplified)
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The waveform depicted is a simplified analysis of the picture, synchronizing, and
blanking components of the composite video signal. This is the studio output that
modulates the transmitter’s carrier.

During the interval P, the last line of a field is being scanned. The uneven line at P
represents the varying amplitudes generated by the scanning beam as it moves
across one line of the picture. The higher amplitudes represent dark elements in the
image and the lower amplitudes light elements. This reversal is due to negative
modulation.

At the end of the line, the signal is synthetically increased to an amplitude
“blacker than black,” which cuts off the electron beam at the receiver.

During the ensuing interval the electron beam is redirected to the top of the frame
to start another field; at the same time, a complex series of pulses (not shown in
detail) supplies blanking and synchronizing information to the receiver.

At the end of the vertical retrace interval, the first line of the next field is scanned

at P". Then a very short time intervenes while horizontal retrace takes place, during

which a horizontal sync pulse is transmitted. At P” the second line of the field is
scanned, and another retrace interval follows. (Not drawn to scale.)

Source: Adapted from FCC signal specifications in its Rules and Regulations, 47 CFR §73.699.

[=]
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signals, video and audio, are multiplexed in the same channel (exhibit 3.7).
Each has its own carrier frequency within the channel, each frequency being

modulated by a separate transmitter. In order to save spectrum space, the

designers of the system adopted a single-sideband mode. Since the sidebands
are mirror images of each other, each carries the same information. Either can
be eliminated but only at the cost of increased equipment expense. The cost of
sideband suppression is considered unjustifiable in am and fm broadcasting
since their channel capacity requirements are not great. Relative to radio’s
channel requirements, however, those of television seem enormous. A single
U.S. television channel is 600 times the width of a standard am broadcast
channel. Indeed, all the am and fm channels together occupy less spectrum

space than 4 of the 82 television channels.
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How the television channel is used

/Video carrier (am) Audio carrier (fm) 7

. +$< E

0 1.25 5.

Suppressed -Useful video channel: 4 MHz 7.{

- -
e S - Video-audio carrier separation: 4.5 MHz - —l

Source: FCC specifications in its Rules and Regulations, 47 CFR §73.699.

3.8 Television channel specifications

It was decided that the U.S. television system would require a 6-MHz channel if
it was to provide nominal 525-line picture resolution and at the same time
accommodate sound and all the necessary auxiliary signals. Exhibit 3.7 indi-
cates the way in which the 6 million Hz of the channel are used. It should be
noted that a net of only 4 MHz are actually available for picture information.
The rest of the channel is occupied by synchronizing and other auxiliary
control information, guard bands, the sound carrier, and vestiges of the sup-
pressed sideband.

It was impossible to find enough unoccupied space at any one point in the
frequency spectrum for enough television channels; therefore, they have been
allocated in four different blocks of frequencies (exhibit 3.8). The largest block,
amounting to 70 of the 82 channels, is in the uhf band; the remaining 12 are in
the vhf band.

This scattering of the television channels in widely separated points of the
spectrum has had unfortunate consequences because of the different behaviors
of the vhf and uhf frequencies. Both vhf and uhf waves follow a direct, line-of-
sight propagation path. Exhibit 2.7 classifies vhf as short range and uhf as
quasi-optical, in keeping with the principle that the higher the frequency, the
more nearly radio waves behave like light waves (§2.7). Uhf signals are there-
fore more easily cut off by buildings and terrain features in their path than are
vhf signals. Uhf receiving antennas are highly directive, requiring more sensi-
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Exhibit 3.8
Summary of U.S. domestic broadcast channel specifications
Channel
Band Frequencies BroadFast Chqnnel MUl o2 6 Identification
service width channels
numbers
mf 535-1,605 kHz am 10 kHz 107 540-1,600%
vhf 54—-72 MHz tv 6 MHz 12 2—4"
vhf 76-88 MHz tv 6 MHz 12 5-6
vhf 88-108 MHz fm 200 kHz 100 201-300
vhf 174-216 MHz tv 6 MHz 12 7-13
uhf 470-890 MHz tv 6 MHz 70 14-83¢

* Am channels are identified by midfrequencies. The 535-545 kHz channel is identified as 540, the 545-555 kHz channel as 550, etc.
The zero is frequently omitted on receiver dials.

" An original Channel 1 was reallocated, first to fm broadcasting. later to land mobile services.

* Channel 37 is reserved for radio astronomy. In certain major cities channels 14-20 and 70-83 are allocated to land mobile use.

tive adjustment than vhf. Directivity has some advantage, though, in that the
uhf receiving antenna tends to reject the reflected signals that cause ghost
images in the received picture.

Uhf signals are more rapidly attenuated by atmospheric absorption, so they
require higher power than vhf. The regulations provide for such higher power;
the general rule is that the higher the frequency, the more power is permitted.
Power and antenna height above surrounding terrain are interrelated factors;
under the rules, as one goes up, the other must go down.

The standard of picture fidelity possible within the information capacity of
the 6-MHz channel is not high in terms of photographic reproduction. In
practice, the average home receiver produces about 150,000 picture elements,
or dots, per frame. The best quality 16-mm film produces some 250,000. A good
8 X 10-inch photoengraving has about 2 million dots; 35-mm film, when
projected, has the equivalent of about 1 million (Senate CIFC, 1950: 7). Mag-
nifying the received picture by use of large screens or projection adds no detail;
a larger picture area simply makes it possible to sit farther away from the
screen,

Television standards are the result of compromises and arbitrary choices, so
it is not surprising that different compromises and choices have been made
elsewhere in the world. Exhibit 3.9 summarizes the chief characteristics of
world broadcast-television systems. Great Britain started with a 405-line sys-
tem but is replacing it with a 625-line system. Since Britain’s frame frequency
is only 25 per second, its 625-line system will convey about the same net
amount of information as the U.S. 525-line, 30-frames-per-second system. The
French at first erred in the opposite direction — an unnecessarily high defini-
tion system of 819 lines. The smaller countries tend to follow the lead of larger
countries with which they have cultural and economic ties. Still other
standards obtain for specialized nonbroadcast applications of television.
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Major world television standards

System Lines Channel  Sound  Frames

desig- per width modu- per Examples of users

nation frame (MHz) lation second

A 405 5 am 25 Great Britain (BBC-1, vhf),
Ireland

B (CCIR)? 625 7 fm 25 Australia, Germany, Italy

Db 625 8 fm 25 China, Eastern Europe, USSR

E 819 14 am 25 France

M 525 6 fm 30 Canada, Japan, Latin
America, United States

» The CCIR (International Radio Consultative Committee of the International Telecommunication Union) standard is the one most
widely used outside the U.S. sphere of influence.
»Omitted letlers of the alphabet from A to N designate minor variations, hringing 1o 14 the total black-and-white systems.

Source of system designotion: International Telecommunication Union, International Radio Consultative Committee, Report 308,
Tenth Plenary Assembly, ITU, Geneva, 1963. For current information on individual countries, see Frost, World Rodio-TV Handbook
(annual).

3.9 Television transmission and reception

As indicated in exhibit 3.10, a synchronizing generator in the camera originates
the drive pulses for the scanning action as well as for blanking and synchroniz-
ing information. Video sources may be studio cameras, remote cameras, film,
slides, video tape, or network feeds. An operator at a control console combines
signals from the various sources to produce the pictorial flow of program
material. Meanwhile, the sound components are handled by a separate set of
equipment that likewise terminates at a control console where the audio
operator selects the appropriate audio material to match the video material.

The resulting electrical information fed to the transmitter consists therefore
of two categories: picture (including blanking and synchronizing signals) and
audio. At the video and audio transmitters, these signals modulate their respec-
tive carrier waves (am for video, fm for audio), which are then fed to a common
antenna. Of the two transmitters, video and audio, the former has the higher
power. This is because of the greater load of information the video transmitter
has to process and also because the am video signal is more susceptible to
interference than is the fm audio signal.

Antenna radiating elements may take several forms. In any event they are
small, in keeping with the shortness of the waves. Channel 2 carrier waves are
about 18 feet long, channel 83 waves about 1 foot long. Exhibit 3.11 illustrates a
type consisting simply of slots in a pipe, each a quarter of a wavelength long.
The radiating elements must be precisely adjusted to direct the signal at exactly
the right angle to intersect the horizon. Any energy directed at a higher angle
dissipates in space and makes no contribution to the station’'s coverage. The
increase in signal strength resulting from concentrating the output in this way
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Exhibit 3.10
Block diagram of television system components and signals

Camera _ Camera
drive drive
Video Camera Sync Audio
pickup contro! generator pickup
c S I Picture Blanking I
'.9.. Pictu;e plus |
§ { blanking Audio
2 {
© a .
g Switching Sync pulses Switching
mixing mixing
etc. etc.
—
-
Picture plus blanking
c Antenna and sync pulses
<}
=
5 J tra\r:;(r::(:ter A
¢ Audio-video I
E [ . (am}
@ Video
c ~
o
(=
Diplexer .
Audio Audio
~— L transmitter

(fm)

This simplified diagram shows the basic components and their functions in originating
and manipulating the signals. Each block represents a functional component (in
practice this may consist of many different related components). The connecting lines
indicate the signals delivered from one component to another.

Source: Drawing in Harold E. Ennes, Principles and Pr of Tel ting Op s, Howard W. Sams,
Indianapolis, 1953.

is called gain. Television antennas usually have a gain factor of at least 10, that
is, an effective radiated power (ERP) of 10 times the nominal output power of
the transmitter.

The receiver too has separate sound and picture circuits. The video informa-
tion goes to the picture tube, called a kinescope, which is coated on the inside
with phosphorescent material that glows when struck by electrons. An electron
gun, comparable to the one in the pickup tube, guided by magnetic fields that
deflect the electron stream as in the pickup tube, displays the transmitted
information line by line, field by field, and frame by frame. Synchronizing
signals, as previously described, ensure that the receiving electron gun will
keep in exact step with the sending electron gun.
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Exhibit 3.11
Television antennas

55

The radiating elements are small compared to the size of the supporting pylon.
A. "Batwing” type of radiating elements.

B. 'Slot” type of radiating elements. The antenna, mounted horizontally on a
turntable, is undergoing tests at RCA'’s testing center in Gibbsboro, N.J.

Source: RCA Corporation.
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In color television, the camera typically uses three pickup tubes, one for each
of the specified primary colors of red, blue, and green. The color kinescope tube
in the receiver, however, uses only one electron gun, which activates phosphor
dots arranged in triads of the three primary colors. With the aid of a low-power
magnifying glass, these can be easily seen as separate colored dots.

Japan and Canada have followed the American lead in adopting NTSC (Na-
tional Television System Committee) color. For political as much as for en-
gineering reasons, two slightly different color systems have been adopted in
other major countries — the French SECAM (séquential couleur a mémoire)
and the German PAL (phase alternate line). As color has extended to other
countries, the division has continued along ideological lines. Little difference
in overall quality can be detected among the three systems, although each has
minor technical advantages.

3.10 Nonbroadcast video systems

Broadcast television standards are compromises between the conflicting de-
mands for conserving the frequency spectrum on the one hand and for deliver-
ing a high-quality picture on the other. That the American standards struck the
correct balance seems indicated by the fact that both higher and lower
standards adopted in Europe are being phased out in favor of a compromise
approximating the American one.

The principle of television has been applied to many other communication
situations where entirely different standards may be appropriate. A few sys-
tems have higher standards of definition. For example, an 828-line standard is
used in military applications, and 1,029-line frames have been used experimen-
tally in medical and scientific television (NAEB, 1964: 1). Most nonbroadcast
applications call for lower rather than higher standards, however. Just as in
motion pictures first 16-mm then 8-mm formats developed as subprofessional
standards, so complete systems of television equipment have been developed
for subbroadcast-quality applications. For limited purposes the end result, as in
the case of film, may well be as satisfactory as broadcast quality; tolerable
sacrifices in versatility, definition, and stability can realize substantial savings
in both equipment and operational costs. Many closed-circuit television appli-
cations can use extremely simple, fixed-position television cameras, without
going to the expense of electronic view finders, lens-changing capability,
mobile tripods, pan heads, and electronic synchronizing equipment.

Facsimile, a system for transmitting still pictures such as newsphotos, maps,
printed pages, and engineering drawings, uses the television principle. A
typical facsimile system takes about eight minutes to scan a single page. The
receiver read-out is in permanent, or hard-copy, form rather than by kinescopic
display. Fm broadcast stations can be authorized to broadcast facsimile mate-
rials. Experiments have been conducted also with transmitting slow-scan still
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pictures in conjunction with fm sound radio, a combination that could prove
useful in teaching by radio. Unlike facsimile, this method displays pictures
electronically. It requires a kinescope tube with special storage capabilities
because it takes almost a minute for the picture to build up. This technique has
been called “the most promising unexplored telecommunications medium”
(Bretz, 1970: 70). In 1974 the FCC authorized an fm station to offer a visual
subscription service. Stock market, airline schedule, weather, and news infor-
mation received by fm radios was fed through converters to subscribers’ televi-
sion sets.

The Mariner satellite that sent back pictures of Mars in 1965 is an extreme
example of slow-scan television. The spacecraft carried a tiny vidicon camera
having only 200-line definition. The camera took 48 seconds to build up one
complete picture, which was converted into a binary code and stored on tape
on board the satellite. It then took nearly nine hours to transmit to earth the
string of digits representing the 40,000 elements in a single picture.



CRARTER 4

Storage, Delivery,
and Distribution
Systems

A broadcasting station may be regarded as a localized delivery mechanism, a
means of rapidly delivering communications to the people in its immediate
service area. From the outset, broadcasters sensed that full development of the
new medium’s potentialities required something more than this limited deliv-
ery role. Without ways of storing program materials and of distributing them
efficiently among stations, each station would be limited not only in its physi-
cal reach but also in its program resources. Confined to low-budget locally
produced materials, a station would be unable to stay on the air a full broadcast
day or to attract and hold large audiences.

4.1 Syndication and technology

58

The storing of programs by means of recordings (including films) and the
distribution of programs by means of broadcast networks comprise the
technological aspects of syndication. An essential element in all mass-media
enterprises, syndication is a technoeconomic device that enables spreading the
burden of producing and distributing very costly communications materials
among many users. Syndication alone makes it possible for us to buy record-
ings by the highest-paid artists, to attend movies that cost millions of dollars to
produce, to receive today’s news from every corner of the globe, to watch
Sesame Street, to listen to a rock and roll station, to enjoy prime-time television
series, to witness a moon landing.

Broadcasting networks, as systems of distribution, introduced a new form of
syndication.! They allow an unlimited number of individual, local delivery
systems (stations) to be bound together into a single, national delivery sys-

'In this book, syndication is used in an inclusive sense to mean networking, as well as the

non-network modes of distribution known as syndication in the trade. This usage is meant to
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tem, Originally, networks stood at the opposite pole from recordings; they
dealt exclusively in live programming distributed in real time. This distinction
was lost with the improvement in recording technology, a direct result of the
influence of broadcasting. Now, except for occasional news and sports events
of special importance, virtually all broadcast materials are prerecorded.
Moreover, to compensate for differences in time zones, national networks in
some cases feed delayed broadcasts from the East so that stations in other time
zones can release the same network programs at the same local time. Again to
suit local schedules, affiliates sometimes record network feeds for later broad-
cast. Hence much program material goes through two or more recording steps
before reaching its ultimate destination, the individual receiving set.

Nevertheless, the distinctive character of broadcasting networks remains
their ability to provide for simultaneous broadcast of identical programs in real
time throughout the nation — even, in the case of great public events, through-
out the world. Only broadcasting, by means of networks, could furnish to an
audience of over half a billion people on six continents the sight of Neil
Armstrong placing the first human foot on the moon.

In addition to their role in network broadcasting, recorded materials play an
independent role as a syndicating medium. In the parlance of the broadcasting
industry, “syndicated programming” refers to recorded program series (and,
occasionally, individual programs) that are distributed by mail or parcel post or
courier to individual station users rather than by network interconnection.

The success of broadcasting has led to a great many spin-off applications of
these same recording and distribution technologies. For example, all the
equipment used in television broadcasting — excluding only the transmission
component — has innumerable closed circuit, that is, nonbroadcast, applica-
tions. Much of the material handled by closed-circuit systems either comes
from recordings or is itself recorded. Closed-circuit systems too may be inter-
connected to form closed-circuit networks.

We can discern in this example the combining of elements we may think of
as interchangeable building blocks: origination facilities, recording facilities,
delivery facilities (open or closed circuit), and distribution facilities (wire or
radio). Each building block comes in a variety of shapes and sizes, enabling
users to fit blocks together in a variety of configurations. Origination facilities,
for example, may vary from a single, low-quality, fixed-position television
camera for bank surveillance to a studio full of high-quality color equipment at
a network production headquarters. After a look at the basic building blocks,
we will review some of the more specialized versions of the blocks and ways of
putting them together, leading finally to that all-inclusive configuration known
as community antenna, or cable, television (CATV).

emphasize that the syndication function is fundamental to broadcasting. For further elaboration of
this point, see §9.4.
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4.2 Sound recording

The communication channel of a phonograph recording consists of a continu-
ous groove in a revolving cylinder or disc. The recording stylus responds to
vibrations of sound and modulates the groove by cutting corresponding fre-
quency and amplitude variations as the record turns. A pickup stylus, riding in
the same groove, reverses the process. Early sound recording systems de-
pended on mechanical linkages throughout. The physical inertia of the moving
parts impaired their ability to respond sensitively, severely limiting frequency
response. The most important asset of the early recording artists was sheer
power. Caruso’s popularity as a singing star on cylinders has been ascribed to
his ability to achieve loudness without yelling.2

When radio began, the phonograph had been in use for some 40 years. Discs
were made of shellac, a thick, heavy, brittle material. They ran at 78 revolutions
per minute and had coarse grooves that limited playing time to a single
selection per side. Special oversized discs for broadcast use (electrical tran-
scriptions, or ETs) were introduced in 1927; they ran at 33% rpm and could
carry 15 minutes of program material on one 16-inch side. Electronic amplifica-
tion, first used in radio, eventually revolutionized recording technology.

In 1948 the recording industry began producing microgroove recordings —
33% rpm long play and 45 rpm extended play. Light, flexible, durable vinyl
plastic replaced the shellac as the record base. Two to three times as many
grooves per inch, along with slower speed, greatly lengthened the playing time
of each side. Rim-driven rather than axle-driven turntables made it easier to use
speeds under 78 rpm without resorting to the expensive and cumbersome
equipment used in studios to play transcriptions. Electronic amplification
enabled exceedingly light stylus pressure, consequently reducing noise and
wear (Conly, 1953).

Magnetic tape recording completed the audio revolution. Prior to the general
introduction of tape in the late 1940s, original recordings had to be cut on discs
with studio machinery that was heavy, expensive, and temperamental. Tape
liberated‘the recording process from manifold restrictions while opening up a
whole new world of technical resources.

In magnetic recording, the channel consists of magnetized particles of an
iron compound that coats a plastic tape. The smallness of the particles and the
number available per second — determined by the speed at which the tape
passes the record head — defines the maximum channel capacity. Tape speed
is thus the chief variable that affects capacity. For master recordings a speed of
15 inches per second (ips) is used. The standard for broadcasting and other
professional uses is 7Y2-ips, whereas speeds as low as 1% ips are used for home

2 After electronic amplification was introduced, however, the opposite was true: **Vaughn de Leath,
the first female radio singer, sang softly into the microphone in order not to strain the station’s
delicate equipment and invented ‘crooning,’ radio’s distinctive vocal style” (Nye, 1970: 392).
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recording and office dictation. For most professional uses, an audio tape width
of ¥ inch is standard, although a width of 0.15 inch is used in cassettes.

The information to be recorded is fed to the channel in the form of a
modulated electric current that varies the magnetic field set up by an elec-
tromagnet serving as the record head. The pattern of these variations is trans-
ferred to the tape in the form of a corresponding magnetic pattern that is
induced in the molecules of the ferrous particles. On playback, the tape passes
over a similar electromagnet, generating in it a modulated electric current that
goes to the loudspeaker after suitable amplification. Running the tape over a
third electromagnet, the erase head, exposes it to a strong unmodulated mag-
netic field. This rearranges all the molecules, neutralizing the stored magnetic
pattern so that the same tape can be used repeatedly.

A reel-to-reel tape configuration is used when editing may be required, but
for many professional and amateur uses, cassettes and cartridges are more
convenient. Cassettes incorporate feed and takeup reels in a single housing and
must be either rewound after play or flipped over to play a second side. A
cartridge, often called a “cart,” contains an endless tape loop that repeats itself
until interrupted. Carts are used in radio broadcasting in automated equipment,
each one containing a single program item; inaudible start and stop cues
produce the automation signals.

The first experiments with motion picture sound included attempts to use
early magnetic recorders, but the first “‘talkies” in America used 33%-rpm discs
of the radio transcription type. However, motion picture sound presents the
special problem of synchronization: sound must be kept precisely in step with
picture. This requirement led to development of optical sound, photographed
directly on the same film as the picture and thus locked into permanent
synchronism.

Film moves intermittently through the projection aperture, but it must move
at constant speed over the sound pickup head. A projector maintains free loops
of film just before and after the film enters the projection gate where the
intermittent movement takes place. These loops enable a rapid jerking of the
film into place without tearing and without disturbing the steady winding of
the film from feed reel over the sound head to takeup reel. Therefore, the part of
the sound track associated with any given picture frame has to be at a different
position on the film than that frame. The sound offset is 20 frames ahead in
35-mm film and 28 frames ahead in 16-mm film. In single-system sound film
production, picture and optical sound are recorded simultaneously® on the
same film strip.

The sound offset makes it impossible for such film to be edited freely. Any

3 Single-system magnetic sound can. of course, be recorded at any time because the magnetic
sound stripe does not have to be developed photographically as does optical sound. Note also an
added disadvantage of single-system optical sound: developing both sound and picture in a single
process is more difficult than developing them separately. each according to its own special needs.
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cut will be wrong either for picture or for sound. All but the simplest types of
sound motion picture production therefore use double-system sound, in which
the sound element and the picture element are handled entirely separately.
They are not physically united on a single film strip until the release-print
stage. Prior to this stage, picture and sound can be separately edited and
processed.

Optical sound appears on release prints on a narrow band alongside the
picture component (exhibit 3.5). In optical-sound recording, sound energy,
converted into electrical current, modulates a tiny pencil of light as it shines on
the track area of the film. Modulation can consist either of varying the width of
the beam (variable area) or of varying its intensity (variable density), as shown
in exhibit 3.5. For playback, the projector shines a similar narrow beam of light
through the sound track onto a photoelectric cell. As the film moves, the
varying area or density of the sound track modulates the light falling on the
cell, inducing a modulated electric current.

Film producers now generally use magnetic tape to make the original sound
recording (kept in synchronism by electronic means) and for editing opera-
tions. Magnetic sound is converted to optical sound in release prints, or can
be used in release prints by adding a magnetic stripe to the finished print.

4.3 Picture recording

A form of film unique to television, a true case of picture recording or storage, is
the kinescope. The film camera takes pictures of an image as it appears on a
special television picture tube whose phosphor is especially suited to photog-
raphy. The 30-frames-per-second television recording camera must be espe-
cially designed to compensate for 24-frames-per-second motion picture film. A
kinescope recording causes a double loss of information because of the double
transfer from live to television to film. Each transfer to a new generation of film
causes loss. The resulting picture quality leaves much to be desired.

Magnetic tape picture recording (video tape recording, or VTR) has replaced
kinescoping for most broadcast uses. In principle, picture recording on tape is
just like sound recording, merely increasing the quantity of information stored.
However, the increase over sound requirements of 200 to 1 poses a difficult
design problem.

Ampex introduced the first solution in 1956, when it began marketing pro-
duction models of video tape recorders. It will be recalled that the chief
variable affecting the information capacity of a magnetic tape recording system
is the speed at which the tape passes over the recording and playback heads
(§4.2). A sufficient increase of longitudinal tape speed was impracticable, so
Ampex mounted four magnetic heads on a disc that rotates at high speed
transversely across 2-inch tape at the same time as the tape moves longitudi-
nally at 15 ips (exhibit 4.1). The combined longitudinal and transverse scan-
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Exhibit 4.1
Magnetic video recorder scanning systems

A
Video Sound Sound
recording erase record Sound
heads head head track

Control Cue Cue Tape Video
track  erase record drive  transverse
head head head motor track

- Single
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A. Transverse quadruplex type Four video-recording heads mounted on
the rapidly spinning wheel at the left lay down a track transversely (across)
the 2-inch tape. Sound is recorded longitudinally on one edge of the tape,
auxiliary control signals on the other.

B. Helical type The tape (of varying widths) spirals around a large, station-

ary drum. Within the drum, the video-recording head spins on a revolving
disc, making contact with the tape as it slips over the drum surface. As the
tape moves laterally and also slightly downward (because of the spiral wrap
around the drum), the combined movements of tape and recording head

produce a slanting track, as shown. Some helical recorders use two heads
mounted opposite each other on the disc; some use different wraparound

configurations. The helical and quadruplex systems are not compatible.

Source: Ampex Corporation,
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ning movements produce an effective head-to-tape speed of 1,500 ips. The
sound component of the composite television signal is recorded along the edge
of the tape. Subsequent development of techniques for electronic editing,
copying, slow motion, stop motion, and reverse motion make magnetic record-
ing not merely a storage medium but also a creative production resource.

The original ‘“quadruplex” Ampex VTRs cost about $75,000 each. Since
then, production has proliferated among some forty manufacturers, bringing
costs down; home video recorders are now being marketed at under $1,000.
The less expensive models use 1-inch, ¥:-inch, and even Y-inch tape and
simpler head-to-tape systems.

Magnetic tape has not entirely replaced either discs or film in broadcasting.
Ease of operation, immediate playback without processing, editability, reusa-
bility, near-perfect quality — all these make magnetic tape the ideal storage
medium for many purposes. Discs, though, still have the advantage of accessi-
bility — any part of a disc recording can be retrieved without delay, whereas
tape requires winding backward or forward to locate the start of a wanted
item. For example, Ampex’s slow-motion sports recorder/reproducer, used for
instant replay effects, employs two double-sided metal discs rotating at 60
revolutions per second. They store 30 seconds of program continuously, eras-
ing material 30 seconds old as new pictures are recorded. The stored material
can be played back at variable speeds, forward or backward, or shown a frame
at a time. To enable quick selection of critical replay scenes, the recorder
searches backward to a previously noted cue point at 4.5 times normal speed.

Film remains the preferred mode in which to release television programs.
There are far more film projectors in the world than there are video tape
reproducers, so release prints on film have a wider market. Moreover, video
tape costs more than film, damages more easily, and encounters more problems
of incompatibility between recording and playback machines.

Disc, tape, and film formats have all been proposed for a variety of systems
for home video recording and playback of picture material, using the television
receiver as reproducer. These are the television equivalents of sound tape
cassettes and cartridges. Development of a mass market for such materials has
been impeded by manufacturers’ rivalries in promoting incompatible systems
and also by the high cost of equipment and recordings. This field offers an
illustration of technological overkill: so many new devices and techniques for
video recording have been invented that their very abundance hinders de-
velopment.

Video cassettes of professional quality have, however, become standard in
television broadcasting, where they are used in automated programming
machines. Cassettes in current use each hold either 3 or 6 minutes of program
material and so lend themselves best to commercials and other similarly short
segments.
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4.4 Terrestrial relays

The second class of technological resources that facilitates syndication com-
prises the interconnection facilities that make networks possible. A true broad-
casting network consists of two or more connected stations transmitting the
same program at the same time (47 USC §3p).

The “net” of network broadcasting refers to a matrix of connecting links —
point-to-point relay circuits that carry network programs from station to station
without themselves being open to public reception. To emphasize the differ-
ence between this private relay function and the public broadcasting function
in the present exposition, we use the terms distribution for relays and delivery
for broadcasts. A network headquarters distributes programs to its affiliates by
means of relays; an affiliated station of the network delivers the programs to its
audience by means of broadcasting. Some so-called networks have no simul-
taneous interconnecting facilities; instead, they ship recorded program mate-
rials to member stations. These must be regarded as pseudonetworks.

When radio broadcasting began, the nationwide telephone wire network
already existed, enabling rapid development of radio networks. Such wires
need equalizing and booster amplifiers every few miles to maintain signals
transmitted over long distances. Even then, though, ordinary telephone wire
circuits lack the channel width required for television signals. The need for
wide-band relays led to development of coaxial cable, a specialized type of
wire, ‘“‘co-axial” because it consists of two conductors, one inside the other,
having a common axis (exhibit 4.2). A single cable of that type has sufficient
band width potentiality to provide 25 or more 6 MHz television channels. The
band width is referred to as a potentiality because in practice a coaxial cable’s
capacity depends on a number of factors in addition to the cable itself, notably
the type, quality, and spacing of the repeater amplifiers.

Originally, network television broadcasting depended on coaxial cable inter-
connection furnished by the American Telephone and Telegraph Company,
which also provided the long-distance relays for radio broadcasting. Except for
local, short-run connections, however, television network interconnection now
depends on microwave relay circuits, and most of these too are operated by
AT&T.

Microwaves are extremely short waves in the shf and ehf bands. It will be
recalled that radio energy at these frequencies attenuates rapidly (§2.5). Nor-
mally, the energy would not travel far enough to be useful for communication,
but by concentrating the radiations into a narrow beam, a directional antenna
can achieve a gain 100,000 times the effective radiated power of an omnidirec-
tional antenna. Because the waves are so short, a relatively small reflector
suffices to radiate and receive the waves efficiently (exhibit 4.3).

The line-of-sight characteristic of shf and ehf waves is such that microwave
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Exhibit 4.2
Coaxial cable

Hard plastic sheathing Aluminum or braided copper
outer conductor

Copper wire
center conductor

L
| Il

il

Plastic foam insulation

Components of the type of cable typically used for community
antenna television systems. Cables used by AT&T for long-distance
telephony and formerly for television network interconnection con-
sist of a number of coaxial tubes bundled into a single, heavily
sheathed cable that can be buried underground.

Source: Adapted from illustration in Walter S. Baer, Cable Television: A Handbook for
Decision Making, The Rand Corporation, Santa Monica, Calif.,1973; 4.

repeater stations must be spaced within sight of each other and not more than
about 30 miles apart. Mounted on a tower or high building, each station
receives, amplifies, and retransmits the signal to the next link in the chain.
Exhibit 4.3 shows a typical relay repeater station in mountainous country. It
takes over 100 microwave repeaters to span the United States.

4.5 Space relays

Microwave relays can be routed only over land, of course, and are too expen-
sive for serving very thinly populated or remote areas, such as Alaska. Long
distance radio alone can meet such service requirements. Sky-wave propaga-
tion of hf waves is used in some situations (see §4.6) but is too unreliable for
satisfactory domestic broadcast service. Sky waves provide uneven coverage
not only because of fading and interference but also because of ‘“‘zones of
silence’ that occur between bounces. Tropospheric scatter propagation (dia-
grammed in exhibit 2.6) offers a partial answer for distances of a few hundred
miles, but this technique has not been generally used for relaying broadcasts.

The ultimate solution of the long-distance relay problem is space satellites,
which have been likened to microwave repeater towers thousands of miles
high.# The analogy is incomplete, however. Satellites can “see” so far they

4 Less spectacular heights have been achieved by relay transmitters suspended from balloons or
situated in aircraft flying in a holding pattern over the reception area. During the 1960s aircraft
were regularly used to relay instructional programs in the Midwest. Flying at about 25,000 feet
these aerial relay stations covered an area with a radius of 225 miles (see Felsenthal, 1971). This
system was also used by U.S. propaganda services during the war in Vietnam.
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Exhibit 4.3
Microwave relay station

This 300-foot tower at Garden City,
Virginia, carries antennas at four
levels. Originally, it served the New
York-Washington-Atlanta micro-
wave route but now serves Wash-
ington, D.C. It provides six direc-
tions of transmission to AT&T
offices in that area.

Source: AT&T Long Lines.

enable transoceanic relaying in a single hop. But equally important, a satellite
can link a sending ground station simultaneously with as many different points
as there are ground stations, whereas a microwave repeater station links only
one single point in the network with another single point. And with satellite
relay, an unlimited number of ground stations can be added to the system
without adding transmission capability to the satellite.

Satellites take advantage of the fact that radio waves travel through airless
space with virtually no attenuation. Terrestrial systems, such as microwave
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networks and short-wave broadcast stations, are limited in that their waves
must be propagated at low levels through the earth’s atmosphere, an inhospita-
ble environment that absorbs radio energy like a sponge. A low-power trans-
mitter located thousands of miles above the earth, however, propagates the
waves most of that distance through a near vacuums; its signals then go almost
vertically through the earth’s thin layer of atmosphere. A satellite can look
almost straight down on a third of the earth’s surface; just three such high-
flying transmitters properly spaced above the equator can serve nearly the
entire globe, omitting only the polar regions.

Communication satellites used in relaying broadcasts are ‘parked”
22,300 miles above the equator. In geosynchronous orbit at that height, they
revolve around the earth at the same speed at which the earth rotates, so they
stay motionless relative to the earth. Such a satellite consists of a small
spacecraft equipped with several transponders (receiver-transmitter combina-
tions that are activated by the received signal) to communicate with earth
stations (exhibit 4.4). Intelsat’ earth stations are very large, complex installa-
tions, with antennas 97 feet in diameter (exhibit 4.4). By putting the biggest
share of the burden on ground stations, satellite designers kept the spacecraft
themselves relatively light in weight and low in power.

Nevertheless, a sophisticated craft such as the Intelsat IV satellite weighs
over 1,600 pounds by the time it reaches orbital position and carries a great deal
of gear, as indicated in exhibit 4.4. In addition to transmitters and receivers, the
payload includes antennas, batteries, solar panels to collect energy for battery
recharging, and propellant for maneuvering the satellite. Intelsat IV carries 12
transponders, 4 receiving antennas, and 4 transmitting antennas. It can relay 12
television programs simultaneously, though most of the time it handles other
types of traffic, and it has a designed life expectancy of 7 years.

Broadcast satellite channel space has been internationally allocated in the uhf
and shf bands. Satellites too must compete for spectrum space with other
services and must practice spectrum-use economies. The Intelsat IV series of
satellites, for example, uses steerable directional antennas. By means of the
spot beam technique of directing transmissions to selected areas on the earth’s
surface the system operators can simultaneously activate several of the satel-
lite’s transmitters on the same channel (Comsat, 1973: 21-23). Another cost-
saving device is the Digital Television Communication system, which cuts the
channel width in half by encoding the television signals into digital form
(Comsat, 1973: 79).

Communication satellites of value to broadcasting as relay stations fall into
three categories: point-to-point, distribution, and direct broadcast (Ploman,
1972: 10). Intelsat is a global point-to-point system, linking widely separated

s International Telecommunications Satellite Consortium, or Intelsat, a multinational corporation
whose global satellite system is managed by the Communications Satellite Corporation, or Comsat.
The legal basis for Comsat is discussed in §17.12.
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ground stations, some of them whole oceans apart. The system relies on con-
ventional terrestrial relay networks to link users’ terminals to the ground
stations. Most participating countries have only one ground station; some
depend on ground stations in neighboring countries. Such a system relies
heavily, therefore, on conventional relay systems for interconnection. Intelsat
parks its satellites over the Atlantic, Indian, and Pacific Oceans. Together they
blanket the entire earth except for the extreme northern and southern latitudes.
The bulk of Intelsat’s traffic consists of voice, data, teletype, and facsimile.
Television, confined to the occasional relay of internationally important news
and sports events, occupied only 1.5 percent of Intelsat’s service load in
1972. Nevertheless, the frequency of television use has been increasing rap-
idly, growing from 80 half-channel hours in 1965 to 6,792 in 1972 (Comsat,
1973: 7).6

The distribution satellite system serves domestic needs either of a single
country or of several contiguous countries. Such satellites perform distribution
functions otherwise performed by terrestrial relays and hence require more
earth stations than point-to-point satellites. The Soviet Union initiated such a
domestic system, called Orbita, in 1965. It had 35 earth stations in 1972 and
covered most of the vast area of the USSR (Ploman, 1972: 14).7 In 1974 an
American company initiated the first U.S. coast-to-coast satellite relays via
leased circuits on Canada’s Anik II domestic satellite.

The launching of U.S. domsats, as they are called, was delayed because an
adequate terrestrial network, the AT&T microwave system, already existed. The
USSR, on the other hand, went directly to satellite relays, without having first
built a national microwave network. A number of major U.S. companies
applied for permits to launch and operate domsats when the FCC invited
applications, and five of them received approval in 1973 (Broadcasting, 17
Sept. 1973). However, a general substitution of satellite for microwave broad-
cast network interconnection was not an immediate prospect. None of the
domsat proposals envisioned more than 8 ground stations, whereas national
television networks require distribution to more than 200 locales. It has been
estimated that to substitute satellite relays for all long-distance terrestrial relay-
ing of television network programming would require 160 ground stations
(Broadcasting, 24 Sept. 1973).

Direct broadcast satellites, the third type, by-pass terrestrial relay networks
altogether and deliver programs directly to the point of consumption. Theoreti-

¢ Use is measured in channel half-hours because up-legs and down-legs are counted separately.
Each relay may involve more than one up-leg (implying several different pickup points) and more
than one down-leg (implying several reception points).

7 The Soviet satellites use an elliptical rather than geosynchronous orbit because a station above the
equator does not effectively cover the far north. A satellite in nongeosynchronous orbit changes
position in relation to the earth as the satellite orbits and therefore has to be tracked as its position
changes. The Orbita satellites are within sight of the tracking stations only 12 hours a day. whereas
the Intelsat satellites can be used 24 hours a day.
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Exhibit 4.4
An earth station and its satellite

Comsat earth station with giant
sending-receiving antenna 97 feet
in diameter, located at Etam, West
Virginia, Sites of other such U.S.
stations are found in California,
Guam, Hawaii, Kwajalein, Maine,
Puerto Rico, and the state of Wash-
ington.

Source: Communications Satellite
Corporation.

cally, every home receiver could become its own ground station. But in prac-
tice, the augmentation of the receiving antenna by means of a receiver adapter
would be too expensive for literally every owner to afford. Instead, most direct
reception facilities will probably be located at community centers, schools, and
similar group-viewing locations. Local redelivery to individual homes or other
centers by low-power broadcast repeater or by cable connection will also occur.

The first direct broadcast satellite was the sixth in the Applications Technol-
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Drawing showing main components of an intelsat IV satellite.
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ogy Satellite series, hence called ATS-F, which was launched by the National
Aeronautical and Space Administration (NASA) in 1974. ATS-F was designed
to carry out 9 major educational and other specialized communication experi-
ments. Its first educational project involved relaying programs to remote areas
of the United States — Appalachia, the Rocky Mountain region, Alaska. ATS-F
was later to be moved from its initial position above the equator in the Pacific to
a location above the Indian Ocean to carry out an ambitious educational project
in India. The satellite was to relay educational material directly to community
receivers in 2,000 Indian villages and indirectly to 3,000 more via low-power
local broadcast transmitters (BM/E, 1974; Nichols, 1974).

4.6 Hybrid configurations

We have discussed the basic building blocks of broadcasting: individual sta-
tions, the local means of delivering programs to audiences; syndicated record-
ings, an essential extender of program resources and flexibility; and distribu-
tion systems for interconnecting stations into networks, enabling a form of



STORAGE, DELIVERY, AND DISTRIBUTION SYSTEMS 72

syndication unique to broadcasting. These blocks assume various shapes in
response to differing needs, and the blocks themselves can be rearranged into
new configurations. In this section we will review some of the variants that
have implications for broadcasting and for cable television.

Rebroadcasting combines both the delivery (broadcasting) and the distribu-
tion (relay) functions. It has been defined as “reception by radio of the pro-
grams of a [non-common carrier] radio station, and the simultaneous or sub-
sequent retransmission of such programs by a broadcast station” (47 CFR
§73.1207). Broadcast stations are not ideally spaced to serve as relay points in a
rebroadcast network; moreover, the signal suffers more interference and distor-
tion when sent via a broadcasting station than when sent via a relay system as
such. For these reasons, rebroadcasting is used little in domestic broadcasting,
except in developing countries where relay facilities may be too costly to use
or even nonexistent.

Government international broadcasters, however, depend heavily on short-
wave rebroadcasting. The Voice of America, for instance, broadcasts on short
waves from a transmitter complex in Greenville, North Carolina. Some trans-
missions are beamed by directional antennas toward West Africa, where any-
one with a short-wave receiver can pick up the broadcasts. In Monrovia,
Liberia, VOA's so-called “relay” station picks up the Greenville broadcasts and
then rebroadcasts them on various frequencies in various directions. Thus the
first transmission, Greenville to Monrovia, functions as both broadcasting and
relaying. The Monrovia relay station does not relay at all in the strict sense but
rebroadcasts the signals broadcast by Greenville.

Translators represent a more restricted case of rebroadcasting. They are used
to fill in the gaps in a television station’s normal service area, often caused by
terrain features, such as mountains that hide upland valleys. They consist of
very small, low-power (up to 10 watts) television transmitters that operate
unattended. A translator repeats the primary station’s signal, but on a different
frequency in order-to prevent co-channel interference — hence its name. In
1973 the United States had nearly 2,800 translators in operation, most of them
in western states such as Colorado, Montana, Nebraska, and New Mexico
(Television Factbook, 1973: 250a). Some translators extend a station’s service
area beyond its normal limits by means of a microwave relay link to span the
gap to an outlying community. In situations requiring higher power and loca-
tions more remote from the primary station, booster stations on the primary
station’s frequency are used, but these are rare.

Instructional Television Fixed Services (ITFS) represents a special-purpose
type of short-range relay facility, authorized specifically for the purpose of
transmitting educational material between buildings. Twenty-eight channels
have been set aside in the shf band at 2.5 GHz for ITFS, for which 186
authorizations had been issued by 1973 (exhibit 2.9). Stanford University, for



4.6 HYBRID CONFIGURATIONS 73

example, operates a highly successful released-time training program for com-
pany employees who receive instruction relayed by ITFS directly to the com-
pany premises. This saves money by eliminating the man-hours that would
otherwise be lost in traveling back and forth (Noll et al., 1973: 332).

Multipoint Distribution Service (MDS) is a commercial companion to this
educational special-purpose relay system. MDS, using shf frequencies adjacent
to the ITFS channels, radiates private television programs, data, and facsimile
to roof-top antennas at “customer-selected’”’ locations within a small radius in a
city. The receiving antennas are usually on hotels and office buildings (Taylor,
8 July 1974).

Carrier current systems perform somewhat the same kind of limited distribu-
tion.function, except that the signals go directly to radio receivers. Classified as
restricted radiation devices (47 CFR §15.4c¢), carrier current transmitters do not
require licensing but must not interfere with licensed transmitters. A carrier
current transmitter feeds a weak radio signal to an existing metallic network,
such as steam pipes, air ducts, or power wires in a building. These metallic
objects act as a combination distribution network and antenna, radiating sig-
nals a few feet into the surroundings wherever they go. The most familiar use of
carrier current radio is on college campuses. Industrial applications also exist.
A novel experimental application was initiated at the Los Angeles airport,
using as the radiator 2.9 miles of wire buried in the median strip of the airport
roadways and approaches. Motorists approaching the airport ‘are advised by
signs to tune their car radios to the 530 kHz channel to pick up information on
parking, traffic tie-ups, and the like (Halstead & Mazzola, 1970; Wright, 1972).

Subscription television (STV) requires individual subscribers to pay a fee to
receive a particular program or program service. Most STV systems use
closed-circuit interconnection, but an over-the-air version also uses broadcast
stations to deliver the signal. Nonsubscribers are prevented from tuning in by
either (1) a coding device that scrambles the picture and sound at the transmit-
ter so that a normal set receives only unintelligible sounds and pictures or (2) a
special channel whose frequency cannot be tuned in without an adapter. In
each case, the subscriber needs a special terminal device (see Adler & Baer,
1974: 30).

Theater television, a version of subscription television, uses as the reception
point a public gathering place, such as an auditorium, rather than a private
home or hotel room. The signal is relayed by conventional means over a
temporary network to public places where customers pay an entrance fee. A
television image is projected onto a screen big enough to accommodate large
viewing audiences. This is an occasional service, used mostly for important
sports events not already committed to broadcast release. Live coverage of
championship boxing, for example, has become the virtually exclusive domain
of theater television.
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4.7 Community antenna (cable) television

We have saved for last the hybrid system known originally as community
antenna television, now usually simply as cable television, or CATV. It com-
bines, in its various manifestations, virtually all the features of the previously
mentioned systems, along with a few of its own.

CATV was originally simply a redelivery system. This general type of rede-
livery has been used in radio almost since the beginning. In the radio version, a
community radio receiver picks up broadcast programs and sends them by wire
to speakers in individual subscribing homes. Known abroad as rediffusion and
relay exchange, this technique is highly developed in a number of countries,
notably China, the USSR, and Switzerland (Reekie, 1972). In many cases the
wire rediffusion center has its own production studios and originates local
closed-circuit programs as part of its service to subscribers.

Applying the redelivery principle to U.S. television arose as a way of solving
the uneven distribution of television broadcasting facilities. Because of the short
range of television signals (see §3.7) and limitations on the number of stations,
communities in many parts of the country receive either no direct broadcast
television service or less than the full range of services. At the least, a full range
would include a total of five different broadcast services: the programming of
all three television networks, one public broadcasting station, and one
nonaffiliated commercial station.

The “antenna” of CATV consists, in fact, of separate antennas for all the
stations to be picked up, each especially cut for its station’s wavelength and
each feeding a separate receiver. In addition, stations too far away to be
received off the air may be picked up at remote locations and fed to the cable
system headend by microwave relays. Some CATV systems in the Rocky
Mountain region, for example, offer their subscribers programs relayed from
California television stations.

Programs of stations received by the CATV system headend are fed to sub-
scriber homes by means of coaxial cables (exhibit 4.5). The connecting cables
are single (sometimes double) coaxial lines of the type shown in exhibit 4.2.
Many separate television programs and other signals can be multiplexed and
fed simultaneously over the cable. Most CATV systems offer services on 6 to 12
channels, but 15 percent have more than 12 (Television Factbook, 1974: 84a).
The upper limit on channel numbers is fixed only by the number of different
services a CATV operator wants to supply and how much he can invest in
equipment and installation costs. Wherever possible, CATV cables are
mounted on existing utility poles, but in large cities they have to be run
through underground conduits and tunnels. Like all wire systems, the cables
require repeater amplifiers, usually three or four to the mile.

A drop-off cable leads from a nearby pole or utility conduit to one or more
regular television receivers in each subscriber’s home (exhibit 4.5). The cable
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Community antenna television cabling system

Television antennas =5

Basic components of a community antenna television cabling system. Cables are
shown on poles but could also be run underground.

Source: Walter S. Baer, Cable Television: A Handbook lor Decision Making. The Rand Corporation, Santa
Monica, Calif., 1973: 5.

attaches either directly to the set or through one of a variety of adapters,
depending on the type and number of program channels provided by the CATV
company.

The original cable television concept consisted of nothing more than the
redelivery function: taking television signals off the air and sending them on to
subscriber homes by wire. However, almost endless ramifications of this basic
service are possible. Among them are the following: local closed-circuit pro-
grams originated by the CATV and other organizations (schools, governments,
advertisers, candidates for public office, just plain citizens); radio broadcast as
well as television broadcast feeds; program material from syndication sources,
such as news agencies; subscription television; programs relayed from other
cable systems in a cable television network. Such varied CATV materials can
offer a remarkable enrichment of the output of a facility that is already in place
and fully maintained — the home television receiver.

The most novel aspect of cable technology, however, reverses the traditional
roles: the reception point becomes also a transmission point — or, in “cable-

ese,” an interactive terminal. At its simplest, such a terminal allows the
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subscriber to send back coded signals, such as replies to questionnaires or ex-
pressions of preferences among a limited number of options. Over 60 elemen-
tary response systems were in operation by 1973 (Television Factbook, 1974:
84a).

Of the two-way cable systems in use in 1974, a Columbus, Ohio, pay televi-
sion operation has been called “the most elegant technically, and the most
advanced in concept” (Taylor, 8 July 1974: 22). A cue from the headend
activates a tiny data transmitter incorporated into the subscriber’s channel
selector unit. In a fraction of a second the transmitter sends back a message
along the same cable, telling a computer at the headend that the set is on and to
which channel it is tuned. The computer recognizes each subscriber by the
frequency on which his transmitter operates. Thousands of subscriber sets can
be interrogated in a second. The computer automatically processes billing
information, even giving the subscriber a few minutes to make up his mind
before charging him for a program. In addition to billing information, of course,
the computer provides invaluable details on receiver use and tuning in the
entire system. It can be readily adapted to subscriber-activated responses.

At a more complex level, interactive terminals behave like a telephone,
which is a switching terminal linked to other switching terminals, and permit
unlimited interconnection options in both directions. All this interaction
places great emphasis on making available a large number of channels in any
cable system. Instead of the half dozen or so now provided by most systems,
future cable systems may offer half a hundred or more. This emphasis on
channel capacity has led to another cable-ese term, broad-band television, as a
candidate to replace the term cable television.

4.8 Cable use of emergent technology

One of the reasons cable television has excited such widespread interest is that
it seems to offer a hospitable environment for the practical application of all
sorts of new technological developments. By the middle of this century, com-
munications technology began to outstrip utilization. New devices and tech-
niques poured forth from research and development laboratories at such a rate
that there was not enough time to assimilate them into functionally useful
communications systems. Cable television promises to be such a technologi-
cally assimilative medium.

Another technology-related reason that cable television captures attention is
its potentiality for helping to solve the problem of spectrum overload. Broad-
cast television ties up a very large segment of the radio frequency spectrum.
Cable offers an alternative delivery system that requires no spectrum alloca-
tions except for radio relay channels. Theoretically, cable could entirely take
over the local program delivery functions of present television broadcast sta-
tions, thereby eliminating the need for broadcast channel allocations. The
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national program distribution functions of the present broadcast networks
could be served by satellite feeds, either directly to home receivers or via cable
systems.

Cable television could put to good use other spectrum-conserving devices.
For example, the waveguide enables the use of ehf frequencies too high for
conventional relay methods. It consists of a straight metal pipe filled with
nitrogen. A 2-inch pipe can pass a range of frequencies capable of carrying
scores of television programs at the same time.

The laser (an acronym for “light amplification by stimulated emission of
radiation”) has even greater potentialities as a wide-band relay channel. A laser
produces a concentrated beam of light at nearly a single frequency, so power-
ful it can punch holes in diamonds.8 A single laser beam could transmit all the
telephone calls of the whole world simultaneously (ITU, 1965: 330).

Lasers are subject to interference in the atmosphere but can be used in the
controlled environment of waveguides. A more promising laser technology,
however, uses fiber optics. Bundles of extremely thin glass fibers can conduct
laser light much as a wire conducts electricity. Since the fibers are flexible they
can tolerate irregularities in their protective conduit and can easily go around
bends in a distribution network. Here again we have the promise of a channel
capacity for thousands of television signals.

Many other fields of technological development could contribute to the
future of cable television. Computers could play an important role in many of
its aspects. Facsimile, microphotographic techniques, satellites, sophisticated
switching systems, and improved receivers are some other examples.

Of course, the extraordinary interest evoked by cable television arises not
only from its capacity to assimilate new technology and to conserve spectrum
space. It stems also from cable’s economic and social potentialities. Together
these four factors make up a powerful team. We shall return to this theme in
chapter 11, when we consider economic and social factors. First, however, it
will be useful to gain perspective by tracing the evolution of broadcasting itself.
It should not be overlooked that had it not been for the appeal of broadcasting
as such, mass purchasing of receiving sets would not have taken place. And the
most fundamental economic premise of cable television is that almost the
entire population will have been motivated by conventional broadcasting to
purchase receiving sets before subscribing to cable services.

8 A laser's beam is only a few wavelengths in diameter (and light wavelengths are expressed in
billionths of a meter). This concentration of the energy produces almost unbelievable power ‘‘gain”
(§3.8). It has been calculated that if the light from an ordinary 75-watt electric bulb could be so
concentrated that all its energy output had to pass through an aperture equal to the diameter of one
wavelength of ultraviolet light, the power flow at that point would be equivalent to 300 billion
watts, or more than the combined output of all the power stations in the United States (Kock,
1969: 34).
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Preconditions:
The Stage Is Set

5.1 Meaning of “‘mass”

In this context, we may take the term mass communication to imply at least five
things: (1) relatively large audiences, (2) fairly undifferentiated audience com-
position, (3) some form of message reproduction, (4) rapid distribution and
delivery, and (5) low unit cost to the consumer. As a working definition, we
might say that mass communication is approximately simultaneous delivery of
identical messages by high-speed reproduction and distribution to relatively
large and undifferentiated numbers of people.

In former ages, some publications — for example, the Bible or the works of
Aristotle — certainly reached very large numbers of people in the course of
time, but the elements of approximate simultaneity, low unit cost, and mass
audience were lacking. A mass audience is not merely a large audience. It is a
heterogeneous audience whose members need have little in common beyond
receiving identical messages at about the same time. Broadcasting carried this
characteristic to its extreme. Members of the audience do not have to assemble
in one place or otherwise qualify in some special way (such as being literate) to
participate as members, which makes for the ultimate in heterogeneity and
gives broadcasting a unique dimension among the media.

Before the development of cheap paper, high-speed printing, rapid distribu-
tion methods, and mass marketing, a book had great intrinsic value. Books cost
too much either to be wasted on inconsequential matters or to come within the
economic reach of most people. The same could once be said of newspapers:
they dealt with serious matters for serious people. Of course, a potential market
has always existed for popular, ephemeral writings — cheap, single-sheet
broadsides appeared almost as soon as printing. But before the era of mass
communication, economic and social constraints always kept production of
such material at an insignificantly low level (Lowenthal, 1964).

Because mass media output must be great and unit cost low, public com-
munications no longer need be concerned primarily with serious matters. The

81
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mass media produce vast quantities of trivial material. Indeed, the mass media
in a sense demand a self-destructing product, like disposable tissue. If people
studied and pondered each message, the system would very soon become
hopelessly clogged. The motion picture exhibitor tries to get his customer to
leave the theater after seeing the show just once so that he can usher another
paying customer into the still-warm seat; the newspaper publisher hopes that
yesterday’s paper will line today’s garbage pail so that the reader will be ready
to buy tomorrow’s paper. Nothing could be more fatal to the success of the mass
media than for audiences to pause and savor every message as if it were a work
of art.

Conditions that made mass communication possible included not only a
highly developed technology for the inexpensive reproduction and distribu-
tion of messages but also an urbanized, relatively literate population with
buying power, leisure, and something of a ‘““‘consumership” orientation.

The Industrial Revolution brought about these changes that are so essential
to the flourishing of mass communication. The groundwork was laid in the
nineteenth century, but the mass media are essentially twentieth-century
phenomena. The telegraph and telephone, forerunners of radio, developed in
the last half of the nineteenth century; so did the mass-circulation daily news-
paper, the first of the mass media; the motion picture industry is based on
inventions first put to commercial use in the 1890s. Broadcasting did not arrive
on the social scene until the third decade of the twentieth century. Its success
was almost instantaneous, and each successive innovation won adoption more
rapidly than the last.

5.2 Mass appeal newspapers

The metropolitan daily newspaper furnished the pattern of the archetypical
mass medium: a high degree of syndicated content material; mechanized pro-
duction and distribution; efficient delivery; high production costs offset by
increased market penetration through consolidated competing enterprises; a
regional or national outlook rather than a localized, parochial outlook.

Newspaper publishing in the United States goes back to the early eighteenth
century, and until the Industrial Revolution, papers remained small, low-
investment enterprises. Though numerous, each depended on a small subscrip-
tion list (street and newsstand sales were unknown), and each addressed a
small, homogeneous readership representing a political faction or other special
interest. The shift from an agrarian to an industrial economy created a new,
urbanized readership potentiality. In response, a novel concept began to
emerge in the 1830s — the “penny press,” aimed at the low-income, urbanized
masses.

In the course of the next fifty years, this concept evolved into a whole new
approach to newspaper publishing. Instead of confining themselves to serious
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news of interest to the mercantile and political elite, papers sought to interest
— and to serve — ordinary people, the “masses.” Papers increased local news
coverage, developed the human interest story, exploited sensationalism. Jour-
nalistic style changed from stodgy, would-be literary longwindedness to a
more colloquial and readable standard. Content became more informative and
entertaining, less argumentative and didactic. It included material of interest to
the whole family.

Along with these changing concepts of content and form came the means of
faster, more economical quantity production — cheap paper, typesetting
machines, photographic engraving processes, high-speed presses. The third
strand in this process, the development of new telecommunications media,
eventually made possible instantaneous coverage of news on a worldwide
scale.

5.3 Wire communication

Telegraphy, the first communication device to utilize electrical energy, is a
point-to-point system, adapted to the needs of private communication. The
theoretical and experimental background of this use of electrical energy can be
traced to the ancient Greeks, but the practical applications began in the 1830s.
The persistence of Samuel F. B. Morse led to the first successful telegraph line
in the United States; it was installed at government expense in 1844 and
connected Washington and Baltimore.

Morse’s idea was so simple it may seem surprising that it took him more than
a dozen years to develop and install that first short link. We must bear in mind,
however, that every aspect of the installation required innovation. Since elec-
trical theory itself was in a primitive state at the time, most decisions had to be
made on the basis of trial and error; many wrong guesses were made before
each workable expedient evolved.

The awe with which his contemporaries regarded his achievement is re-
flected in the first official message Morse sent: “What hath God wrought!”
President John F. Kennedy echoed this phrase in 1962, when he made the first
transatlantic telephone call relayed by satellite, to a Nigerian official in Lagos,
on the west coast of Africa.

The first regular messages sent over Morse’s Washington-Baltimore telegraph
link were news reports of political events. It is more than a coincidence that
about eighty years later the first broadcast by the first regularly licensed U.S.
commercial radio broadcasting station was also news reports of a political
event.

The telegraph is based on the elementary fact that wires conduct elec-
trical energy. How to generate electricity in small amounts was already
known, so Morse’s basic problem was to make the energy convey information
— to modulate and demodulate it. The method of modulation he used con-
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sisted of merely turning the current on and off. In other words, the telegraph is
fundamentally capable of sending two signals: “current on” and “current off.”
Variations in timing (how long the current remains either on or off) give the
simple on-off form of modulation unlimited potentialities for encoding infor-
mation. The problem of telegraphic modulation resolves itself into inventing a
binary code based on signals of varying length in the “current on" and “current
off” modes, together with devising a means of receiving these signals.

An early reception method, used by nineteenth-century British railways,
relied on observing the deflections of a sensitive pointer or needle that re-
sponded to electric impulses. Morse substituted a pen for the pointer. The pen
inscribed its deflections on a moving roll of paper, thus making a permanent
record of the telegraphic signals, a vital improvement over the British system.
To this day, telegraphy is known as record communication.

Morse devised a sending code, ever since known as Morse code, using
combinations of long and short pulses of electrical energy — ‘““dots” and
“dashes.” Using the typesetter’s box to discover which letters occur most
frequently in English, he found the letter e needed the biggest compartment; he
thus assigned to it the simplest code symbol — a single dot. Less frequently
used letters have more complex groups of dots and dashes. For example, q is
dash-dash-dot-dash.

Once methods of land interconnection by wire had been developed, the next
challenge was to develop the technology for the much more rigorous condi-
tions of submarine interconnection. After overcoming tremendous difficulties
and disappointments, Cyrus W. Field succeeded in laying a cable on the bottom
of the Atlantic, thereby connecting the United States and Europe. Regular
transatlantic cable communication began in 1868.! Soon all the major centers of
the world could exchange intelligence in minutes instead of weeks and
months. The first breach had been made in the walls of international isolation,
with profound effects on politics, diplomacy, and trade. The global telegraph
network enabled centralization of decision making in the world’s capitals.
Previously, the process had to be diffused because events often overtook the
slow exchange of messages by ship. People on the spot had to act on their own
initiative. The submarine cable has been aptly called “the grand Victorian
technology” (Finn, 1973).

After telegraphy had solved the practical problems of building wire networks
for communication, the following step was to eliminate the encoding and
decoding of written messages by transmitting speech itself. Sound, however,
requires a much more complex modulation of electrical energy than the simple

! A cable laid ten years earlier had failed after a few months. An important factor in Field's success
was the Great Eastern, an extraordinary iron vessel that had been a white elephant until the need
arose for laying cable at sea (Dugan, 1953).
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on-off switch of the telegraph. It also requires a channel with a broader fre-
quency band — telephone wires must have about 40 times the minimum
information capacity of telegraph wires. Working independently, Elisha Gray
and Alexander Graham Bell — both in the United States — simultaneously
solved the problem. Bell applied for preliminary patents on the telephone in
1876, only a few hours before Gray, and opened a public telephone service in
Boston in 1877. Again prophetically, the first public telephone call was a news
story relayed to the Boston Globe.

5.4 News syndication

Even before the days of the telegraph, newspapers had begun to adopt the
practice of syndication. In the 1840s, for example, a group of New York
newspapers formed the Harbor News Association to share the cost of operating
fast boats to meet incoming ships off shore. They picked up the latest news
from abroad and rushed it to the papers in the association. This precedent made
it logical for newspapers to cooperate in sharing the cost of telegraph services
when they became available. In the early days of telegraphy, news interests
even organized and operated their own telegraph companies. The word “tele-
graph” in the names of newspapers still survives as testimony of the vital role
the new telecommunications medium played.

Out of these early cooperative newspaper efforts grew the idea of indepen-
dent specialized news gathering and distributing organizations designed to
capitalize on the unique capabilities of the telegraph. By the third quarter of the
nineteenth century, an international cartel of such news agencies, or syndi-
cates, had been formed. Agence Havas (France), Reuters News Agency (Great
Britain), and Wolff’s Telegraphic Bureau (Germany) divided the world into
exclusive territories. This arrangement lasted until 1934. Only then were
American press agencies able to expand into worldwide services. Of these there
are now two — the Associated Press, an agency cooperatively owned by the
media, and United Press International. In addition to the international agen-
cies, many domestic organizations provide a variety of specialized syndicated
news services.

News agencies, though still referred to as wire services, have long used radio
interconnection more than wire in their communication networks. With
bureaus in all major capitals and news centers of the world and with local
reporters, called “stringers,” filling in at secondary locations, the modern inter-
national news agency has global reach and almost instantaneous coverage.
News materials, both verbal and pictorial, are especially processed and pack-
aged for broadcasting. Many kinds of specialized services are available, in-
cluding moving news tape for automated cable television originations, news
photos, television slides and newsfilm, and voiced material for radio.
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5.5 Patents

Another precondition for the emergence of modern mass communication was
the development of manufacturing and service industries to capitalize on the
promise of the new communications devices. When Morse introduced teleg-
raphy in the United States, its commercial possibilities were only dimly per-
ceived. His own idea was that it would be useful mainly for government
communications, but the legislators themselves regarded it more as a scientific
curiosity than as a revolutionary means of speeding up the world’s business.
However, by the time the telephone was invented, the commercial importance
of the telegraph had been established. Wire communicationr had become an
important industry, with international ramifications. In this arena, patents and
their exploitation played a critical role.

Article I, Section 8, of the U.S. Constitution provides that ‘“‘Congress shall
have the power . . . to promote the progress of science and useful arts, by
securing for limited times to authors and inventors the exclusive right to their
respective writings and discoveries.” This provision lays the Constitutional
foundation for laws of copyrights and patents. Copyrights are the source of a
major economic burden to the broadcasting industry, and patents have been the
pivotal factors in the strategy of industrial control.

A patent gives an inventor an exclusive property right in his invention for a
period of seventeen years. During that time he has a legal monopoly. He can
manufacture and sell the product himself, or can sell or lease the patent rights
to others. The early purpose of the patent was to give economic incentives to
native genius at a time when the country depended wholly on Europe for
scientific knowledge. It should be noted, however, that the Constitution em-
phasizes not the private gain of inventors so much as the public interest in
encouraging invention. In creating private patent rights the founding fathers
could hardly have foreseen that after the Industrial Revolution, patents would
become the cornerstones of great industrial monopolies that benefited neither
the inventor nor the public.

The qualities that make for both inventive genius and business genius are
rarely found in one person. An invention is almost never a marketable product
at its birth. Time, money, and business ingenuity must be liberally expended to
develop the product, set up manufacturing facilities, create a market, arrange
for distribution, and defend the patent in the courts. The conversion of the raw
invention into a marketable product has been called the work of the innovator,
as distinguished from the work of the inventor:

The making of the invention and the carrying out of the corresponding innovation
are, economically and sociologically, two entirely different things. They may, and
often have been, performed by the same person; but this is merely a chance
coincidence which does not affect the validity of the distinction. Personal aptitudes
— primarily intellectual in the case of the inventor, primarily volitional in the case
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of the businessman who turns the invention into an innovation — and the methods
by which the one and the other work, belong to different spheres. (Schumpeter,
1939: I, 85)

Business history is strewn with the wrecks of companies launched by optimis-
tic inventors. In most cases, they have ended either by losing control of their
own companies and their own patents or by selling their rights for a flat fee. Lee
de Forest, probably the most important American inventor in the radio field, is
the classic example (see §6.4).

Inventions in the radio field tend to be difficult to establish as unique, for any
invention that depends on another patented device for operation is automati-
cally blocked by the prior patent. As a result, the whole history of radio has
been marked by constant patent litigation, one of the most complicated of legal
proceedings. It costs over $100,000 to take a patent suit all the way up to the
Supreme Court. Edison is said to have spent more on litigation than he made in
royalties. In the highly developed technological fields it often takes millions of
dollars and years of research to bring a product to the point of marketability.
The diesel engine took over thirty years to develop; nylon took thirteen years
and a $27-million investment by one company. Before television was ready for
commercial exploitation, $30 million had been spent in developmental work
(Kottke, 1944: 158). Television, however, was not “invented.” Scores of indi-
viduals made important contributions, but television as a mass medium re-
sulted from teamwork in the assimilation of inventions.

5.6 American Telephone and Telegraph Company

Patenting became inextricably involved with big-business strategy in the latter
half of the nineteenth century. Alexander Graham Bell’s two basic patents on
the telephone, taken out in 1876 and 1877, became the seeds of the world’s
greatest business enterprise, the American Telephone and Telegraph Com-
pany.2

Bell organized his original firm, the American Bell Telephone Company, in
Massachusetts in 1877, the year in which he secured the second of his two basic
patents. The inventor and his friends could not raise enough capital to develop
the company, and control over the patents soon passed to others. Bell’s name
has been associated with the company ever since, but it ceased to be his
company almost as soon as it was founded.

The company went through a number of changes in organization and name
as it expanded and brought in new investors, but it has had a continuous
corporate history down to the present day. It now consists of a parent holding
company and over a score of subsidiary companies that constitute the ‘‘Bell

2 The first Bell patent, No. 174,465, issued March 7, 1876, may well be the most profitable single
patent ever recorded. Litigation concerning it led to The Telephone Cases, 126 US 1 (1888).
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System” and provide most of the local and all of the long-distance telephone
service in the United States. The parent company is often referred to simply as
the Telephone Company or as the American Company. Its subsidiaries include
Western Electric (a manufacturing company) and regional Bell System com-
panies stretching from coast to coast.

During its first seventeen years, while its patent monopoly lasted, the Tele-
phone Company’s strategy centered on keeping its patent position impregnable
and on vigorously suppressing infringements. During this period, the Bell
Company brought six hundred suits against competing firms for patent
infringements. Rather than spread to ungainly proportions by seeking to sup-
ply service throughout the country, it adopted a policy of franchising indepen-
dent regional operators to supply telephone service. The franchised companies
received the exclusive and permanent right to use the Bell patents and in turn
gave the Bell company substantial stock holdings. By the time the patent
monopoly period came to an end, the company had seen to it that it held
controlling interests in these franchised companies. Expiration of the patents in
1893-1894 brought an upsurge of competition, but in the long run the Bell
company held a trump card: the long lines for connecting one area with
another. Supremacy in this field was assured in 1914 by acquisition of patent
rights to the audion (see §6.4), which made coast-to-coast long-distance service
possible.

Even after the original Bell patents expired, the company continued a policy
of not selling telephone equipment outright. In 1881 it had purchased Western
Electric as its manufacturing subsidiary, thus making it possible to keep the
whole process of manufacture, installation, and service within the Bell family.3

Patents continued to play a major role in the strategy of the AT&T business
empire in the radio era. They enabled the Telephone Company to dominate the
infant broadcasting industry, and although the Company ultimately withdrew
from operating broadcast stations, it still participates in the braodcast industry
through its monopoly of the long-distance facilities for network interconnection
(see §§7.7-7.9).

Not until the 1960s was AT&T’s position in the long-distance relay field
threatened. Computer traffic and cable television relays created new markets
for microwave links that the FCC chose to open up to competition. Satellites,
though not at first allowed to operate domestically in competition with existing
terrestrial relay facilities, will eventually be used routinely for domestic inter-
connection. Of course, AT&T protected its interests by investing heavily in
satellite projects, but it seemed clear that the Telephone Company would be
facing more and more competition as the new technologies of communication
evolved (Taylor, 1973).

3 This remains the case, though in 1974 the government filed an antitrust suit that proposed, among
other things, to force AT&T to divest itself of Western Electric. See also §7.9.
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5.7 General Electric and Westinghouse

Two other large companies that had built industrial empires on nineteenth-
century patents also play key roles in the development of radio: General
Electric and Westinghouse. The foundation of the General Electric Company
goes back to Edison’s patent on the incandescent electric light. The present
company was born of a merger between the Edison Electric Light Company and
another manufacturing concern in 1892.

The Westinghouse Manufacturing Company was founded by George
Westinghouse, best known for the Westinghouse Air Brake and other im-
provements in railroad equipment. GE and Westinghouse became embroiled in
patent litigation and in rivalry over the exploitation of competing electric
power systems. Westinghouse installed the first alternating-current (AC) power
system in 1886 and for ten years fought to establish it as the standard, instead of
the earlier direct-current (DC) system advocated by GE. The contest ended in
1896, when the two companies pooled their patents for their mutual benefit
and agreed to standardize on the alternating-current system we know today.

By the turn of the century, with electric power increasing in importance and
with the demand for equipment high, both GE and Westinghouse had grown
into very powerful concerns. With AT&T (including Western Electric), they
formed an invincible triumvirate in the field of communications and electrical
manufacturing when radio came upon the scene. The existence of these power-
ful companies when the new medium arrived contrasts significantly with the
situation at the inception of the telegraph. At that time there had been no
powerful antecedent vested interests.

These, then, can be considered some of the ‘“preconditions” for the
emergence of broadcasting as mass communication — the social, economic,
industrial, and technological environment that made this new social phenom-
enon possible. The telegraph, first of the electrical telecommunications de-
vices, came into a world unprepared to understand its implications and its
potentialities. A half century later, wireless came into a very different world,
one ready to put it to work immediately.
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The most eminent men of the time were conscious of the problem,
were interested in it, had sought for years the exactly right arrange-
ment, always approaching more nearly but never quite reaching

the stage of practical success. The invention was, so to speak, hover-
ing in the general climate of science, momentarily awaiting birth. But
just the right releasing touch had not been found. Marconi added it.
(Justice Wiley Rutledge, 320 US 65, 1942)

6.1 The “right releasing touch”

90

Marconi’s 1896 application for a British patent opened the wireless era.! A