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Like its predecessors, this edition of Broad-
casting in America is more than a revision.
Much of it is entirely new and what remains
from previous editions has been extensively
rewritten. Improvements have been sought
particularly in the following areas:

s Organization has been tightened and clar-
ified. A new system of subheadings, de-
signed to call the reader’s attention to each
new topic as it is introduced, has helped
greatly to discipline the logic and flow of the
exposition.

m A number of steps have been taken to
make the text easier and more interesting
both to read and to study. The improved
organization has enabled reducing the num-
ber of chapters and flagging each important
topic with its own eye-catching headline. Ta-
bles, charts, displays, photographs, and side
bars have been increased by 50 percent and
made more relevant and informative. Finally,
the prose style of the book has been made
leaner and more direct, without (one hopes)
either talking down to the reader or sacrific-
ing stylistic quality.

s Programs and programming strategies are
treated much more fully in this edition, with
balanced attention to radio, broadcast tele-
vision, and cable television.

s Materials on public broadcasting, previ-
ously interspersed throughout the book,
have been pulled together to form a single,
comprehensive chapter.

s New media and delivery systems are ex-
amined in depth, both as to their technolo-
gies and their competitive demands on au-
dience attention and investment.

s Material on foreign broadcasting is treated
more systematically on a true comparative
rather than simply a descriptive basis.

PREFACE

s The extensive deregulatory actions of the
courts and the FCC over the past few years
are accorded thorough and up-to-date cov-
erage.

» The text has been given an epilogue: a new
chapter discussing the likely future of broad-
casting in an era of more competition and
new technologies.

s A new student study guide, written by
Roger D. Wimmer of the University of Geor-
gia, provides exercises, self-test items, and
projects that reinforce concepts, terms, and
relationships discussed in the text. Its organ-
ization parallels that of the text.

Despite these and many other changes the
book retains its basic goal: to treat broadcast-
ing as a bona fide academic subject, empha-
sizing its linkages with the more traditional
disciplines such as physical science, history,
economics, political science, psychology, and
sociology. This approach is rooted in the be-
lief that for purposes of both general and
professional education, broadcasting should
be studied as a product of social forces and
as a social force itself. The book deals not
only with the question “What makes broad-
casting in America the way it is?”" but also
with its reciprocal, “What part does broad-
casting play in making America the way it
is?” 1 hope that in the end the book will also
help readers to form their own ideas about
how to answer yet another question: “"What
should we as consumers and concerned citi-
zens expect of broadcasting in the future?”

An important feature of previous editions,
retained in this one, is the liberal use of quo-
tations so that readers can experience the au-
thentic voices of acknowledged authorities in

xiii



xiv

the many aspects of broadcasting. These quo-
tations range over a wide spectrum of diverse
styles, from the colloquial comments of radio
disc jockeys to the magisterial dicta of Su-
preme Court justices. A second purpose for
their use is to stimulate an interest in further
reading. To this end, easily available news
and periodical sources are often cited as well
as scholarly books and public documents.

In the preface to the previous edition I
mentioned the recruitment of Christopher H.
Sterling to contribute a guide to the literature
of broadcasting. He has done the same serv-
ice for the present edition, but, more impor-
tant, he has taken on the role of full-scale
collaborator. In this edition he had primary
responsibility for Chapter 10, on public
broadcasting, and for Chapter 11, on the ev-
olution of the new communication technol-
ogies. Although the underlying concept and
organization of the book remain mine, Ster-
ling collaborated to the fullest extent in the
planning and preparation of the entire man-
uscript. He read every word of every chapter
more than once and suggested innumerable
improvements.

As it happened, during the writing Ster-
ling took a leave of absence as professor of
communications at Temple University to
serve as assistant to FCC Commissioner
Anne P. Jones. His presence in Washington
helped immensely in the final work on this
edition, keeping us abreast of the latest de-
velopments in communications at a time of
unprecedented change in all aspects of the
communications field.

We wish to mention a number of individ-
uals who read parts of the manuscript and
offered expert advice in special areas: Ber-
nard Bumpus of the BBC, foreign systems;
Bruce Cook of the David C. Cook Founda-
tion, and William Fiore of the National Coun-
cil of the Churches of Christ, religious broad-
casting; Melvin DeFleur of University of
Miami, communications research and theory;

PREFACE

Susan Tyler Eastman of Indiana University,
ratings systems and communications re-
search and theory; Erwin Krasnow of the
National Association of Broadcasters, law
and regulation; Ralph Renick of WTV]-
Miami, local television news; John Roberts of
Voice of America, VOA broadcasts; and Elliot
Sivowitch of the Smithsonian Institution, the
physics of radio and history of technology.
They all spoke for themselves, of course, not
their organizations, and have no responsibil-
ity for the uses we made of their advice. Nor,
we must add, does the fact that Sterling
worked at the FCC during part of the book’s
gestation period imply any official endorse-
ment of his contributions. We appreciate the
constructive suggestions for improving the
text made by the following persons: Charles
Bantz, University of Minnesota; David
Champoux, Herkimer County Community
College; Kenneth Kyoon Hur, University of
Texas at Austin; Herbert Meinert, University
of Northern Iowa; Deanna M. (Campbell)
Robinson, University of Oregon; and Gay
Russell, Grossmont College.

On the technical side of book preparation,
we are grateful to Dean Robert Smith of the
Temple University School of Communica-
tions and Theater and Gordon Gray, chair-
man of its Radio-Television-Film Depart-
ment, for allowing us to use the resources of
the school and department; to Bob Roberts,
librarian of the school’s communications col-
lection, for bibliographical assistance; to Dor-
othy Head, for undergoing for the fourth
time the labor of manuscript and index prep-
aration; to Ellen Sterling for assuming a share
of this exacting task; and to Donna Travis for
library research assistance.

Finally, our thanks to students and teach-
ers who have made useful suggestions and
corrections that we have incorporated in this
edition.

Sydney W. Head
Coral Gables, Florida
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CHAPTER 1

National Contrasts

Broadcasting is a global enterprise. Its phys-
ical basis is universal, so that radio waves
behave in California, Kenya, or Denmark ac-
cording to the same natural laws that govern
them in Maine, Singapore, or France. The
technology, equipment, programming con-
cepts, and many of the programs themselves
are interchanged on a worldwide basis.

Yet each national broadcasting system has
developed its own unique character. “Every
society,” wrote the English broadcasting
scholar Anthony Smith, “has to reinvent
broadcasting in its own image, as a means of
containing or suppressing the geographical,
political, spiritual and social dilemmas which
broadcasting entails” (1973: 50). Smith
speaks of “containing” and “suppressing”
because broadcasting can be a very danger-
ous force, especially to governments that
want to control what their citizens hear and
see.

Comparison of broadcasting in America
with broadcasting in other countries at the
very outset of this survey serves to empha-
size the fact that the American way is not the
only way — indeed not necessarily in all re-
spects the best way. This realization is an
essential first step in making a fair and in-
formed appraisal of broadcasting in America.
In comparing the American system with oth-
ers, we shall pay particular attention to the
British system. The historical and cultural

links between the two countries make the
contrasts between their systems all the more
striking as evidence of the need to “reinvent”
broadcasting to suit each national image.

1.1 Broadcasting and
National Character

Each country, as we have said, started with
identical broadcasting potentialities, yet each
capitalized on these potentialities differently
in order to make broadcasting serve the na:
tion’s needs, circumstances, and limitations. ¥
National broadcasting systems are bound
to reflect national character because of the
very nature of the medium itself. It has three
attributes that especially promote this mir-
rorlike relationship. First, broadcasting uses

public property — the “airwaves” (actually

electromagnefic radiations) that make com-

munication without wires possible. Second,

these radiations are subject to self-interfer-{
ence, which can be prevented only by regu-'
lation of physical aspects of transmission

such as wavelength, power, and types of
emission. Third, broadcasting has political

and social power because of its unique ability

to communicate instantly with an entire na-

tion and even with the entire world.



49 NATIONAL CONTRASTS

Airwaves as Public Property Because other nations. These and other limits on national
the electromagnetic frequencies used in discretion could be said to make the spectrum an
broadcasting and all other forms of radio international resource comparable in theory to air-
communication are regarded as public prop- space over the high seas, to international water-
erty, each government regulates their use ac- ways, or even to migratory fisheries. (Levin, 1971:

cording to its concept of what is best for its 37)
own people. The public character of the elec-

tromagnetic spectrum sets broadcasting apart Political Control One of the first targets,
from other communication media. No other of a revolutionary group attempting to over- |
medium depends for its very existence on the throw a government is the country’s broad-
use of a public resource that cannot be man- casting facilities. Even the most stable and
ufactured or privately owned. This depend- democratic countries take care to prevent any
ence imposes a duty on each government to one political party from gaining undue con-
administer the use of the radio frequencies in trol over broadcasting. In unstable and au-
its national interest. Interpretations of the thoritarian countries much greater care is
naiure\cﬁth\is\ _c_iut__z_varx, of course, from one taken to prevent opposing factions from
nation to another, according to the political gaining access to the airwaves. In short, no
philosophy of each. That is one reason we nation, whatever its politics, can afford td)
find a diversity of national broadcasting sys- leave so powerful and persuasive an avenue
tems in the world. of communication unregulated. ‘

These are the three most urgent reasons
why national differences in broadcasting sys-
tems reflect differences in political philoso
phy. A country’s economics, history, geog-
raphy, and culture also have great influence,
but always with political overtones. As An-
thony Smith put it, to the outside observer
the way a country organizes its broadcasting

Prevention of Interference Without
regulation, stations operating on the same
channel in the same general area will inevit-
ably interfere with each other, and often also
with others on adjacent channels. Because
only a limited number of channels are phys-

ically available, interference can turn the en- system reveals “a strange coded version of

tire radio communication system into a hope- that country’s entire political culture” (1973:
less jumble of competing signals. In fact this 257) i - =

actually began to happen to broadcasting in
America during the early 1920s, creating a
babel that led to enactment of the Radio Act

of 1927, the law upon which present U.S. 1.2 Influence of Political
regulation is based. Philosophy

Electromagnetic waves do not, of course,
stop at international boundaries; prevention One way a national political philosophy ex-
of interference therefore requires interna- presses itself is in the attitude assumed by a
tional as well as national regulation: country’s leadership toward its own people.

When we look in broad perspective at the
world of broadcasting from this viewpoint,
three basic orientations emerge: the permis-
sive, the paternalistic, and the authoritarian.

One clearly cannot communicate by radio with
another country without its cooperation as to fre-/
quency, time, power, and place of communication,
In some cases one cannot even use radio within
one’s own boundaries without the forbearance of



1.2 INFLUENCE OF POLITICAL PHILOSOPHY

Permissive Orientation: U.S.A.

Broadcasting in America is the major example
of a permissive broadcasting system. Gov-
ernment operation was considered only
briefly before the decision was made to turn
U.S. broadcasting over to private enterprise.
Private operators took a little more time to
decide on a method of financing the new
medium, but soon settled on advertising as
the source of funds. These decisions auto-
matically made the primary criterion of pro-
gramming whatever seems most popular to

the most Eeopie.The profit incentive, mini-
mally hampered by government regulation,

results in catering to the widest possible au-.

dience.

Operating within the permissive frame-
work of the free-enterprise system, American
commercial broadcasting has all the prag-
matism, aggressiveness, materialism, im-
provisation, expansionism, and free-swing-
ing competitiveness of American marketing.
Whatever its critics may say, the overall re-
sult has been a more lively, inventive, and
varied broadcasting system than can be

found elsewhere in the world. Nevertheless, i

" most governments disagree with 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. Each country feels a
need to preserve its language and its national
cultural traditions, as well as an obligation to
decide on what it considers to be the proper
balance among programs of information, ed-
ucation, and entertainment.

Paternal Orientation: Great Britain

The paternalistic attitude aims to maintain a
healthily balanced program diet, with neither
too much spinach nor too much ice cream for
social and psychological well-being. Pater-
nalism holds that popular tastes tend to be

frivolous. Leaders have an obligation to grat-
ify such tastes; but they also have a duty to
balance them with programming of a more

cultivated nature.
Most noncommunist industrialized coun- {

tries practice varying degrees of paternalism
in their broadcasting systems. Pretelevision
broadcasting in Great Britain is an apt ex-
ample, for it was originally designed to avoid
the “"mistakes’ the British felt had been made
in America (Briggs, 1961: 67). The British
Broadcasting Corporation (BBC), founded in
1927 to replace a short-lived private commer-
cial company, is a public, chartered, non-
profit corporation. It derives its funds from
annual fees paid by the public for receiving-
set licenses. The British government appoints,
the BBC board of governors but leaves the
board free to do its job without interference.l
It is true that the Home Secretary, who grants
the licenses in Britain to use designated chan-
nels, has certain "reserve” powers that could ‘
be used to justify interference. For example,
the secretary could veto the broadcasting of
any program or class of programs — a power
that is constitutionally forbidden to govern-
ment officials in the United States. In Britain,
which has no written constitution, only long-
standing traditions of governmental restraint
protect the BBC’s freedom.

From its earliest days, the BBC adhered to
a philosophy of conscientious public service.
Its aim was to “give a lead” by programming
at least part of the time somewhat above the
level of prevailing popular taste. Not only the
paternalism but also the firm independence
and the high sense of mission of the BBC
bore the personal imprint of its remarkable
first director general, or chief executive, John
Reith (later Lord Reith). A dour, deeply re-
ligious Scot, Reith was first introduced to
broadcasting in 1922 as the general manager
of the predecessor private company from
which the BBC was fashioned five years later.




Reith had a powerful physical presence
(Exhibit 1.2.1) and a visionary dedication to
public service broadcasting;

The responsibility as at the outset conceived, and
despite all discouragements pursued, was to carry
into the greatest number of homes everything that
was best in every department of human knowl-

Exhibit 1.2.1
Lord Reith (1899-1971)

John Reith was a 34-year-old engineer at the
time of his introduction to broadcasting in 1922
as general manager of the British Broadcasting
Company, the private concern that four years
later became the public corporation now known
as the BBC. He left the BBC in 1938, still a
comparatively young man, to take over the
faltering British government airline, Imperial
Airways. This picture was taken many years later
when Reith returned to Broadcasting House to
participate in a program

Source: BBC copyright
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edge, endeavour and achievements; and to avoid
whatever was or might be hurtful. In the earliest
years accused of setting out to give the public not
what it wanted but what the BBC thought it
should have, [our] answer was that few knew
what they wanted, fewer what they needed.
(Reith, 1949: 101)

He ran the BBC for its first sixteen years,
leaving an indelible mark on it, and indeed
on the entire world of broadcasting. His con-
cept of the medium spread worldwide, fol-
lowing the British Empire’s far-flung influ-
ence to every continent and to the islands of
every ocean. Many hundreds of broadcasters
from scores of countries came to the BBC’s
famous Broadcasting House in London for
training and indoctrination (Exhibit 1.2.2). It
is no exaggeration to say that Reith was the
world’s most influential figure in the pretel-
evision phase of broadcasting history.

Symptomatic of the BBC’s paternalistic ap-
proach was the fact that, in the earlier years,
its officials refused to acknowledge that their
personal programming judgments needed
guidance from systematic audience research.
Not until it was discovered that a large frac-
tion of the BBC’s supposedly loyal audience
was actually listening to Radio Luxembourg,
a European commercial station (§1.6), was
listener research taken seriously at the BBC.
As late as 1960 a BBC official could still write:

The real degradation of the BBC started with the
invention of the hellish department 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)

Television and the turbulent political and
social changes of the 1960s did much to dispel
the “Reithein” tradition but the BBC remains
the outstanding example of enlightened pa-
ternalism in broadcasting.



1.2 INFLUENCE OF POLITICAL PHILOSOPHY

Authoritarian Orientation: USSR The
authoritarian approach characterizes the
broadcasting of the Soviet Union, other com-
munist countries, and most of the Third
World. In the USSR the state itself finances
and operates broadcasting, harnessing it di-
rectly to the implementation of government

Exhibit 1.2.2
Broadcasting House, London

policies. Broadcasting is run by a committee
directly responsible to the Council of Minis-
ters. The guiding philosophy ordains that allj
programming must serve an ideological pur-
pose. When questioned about governmen
controls, Soviet broadcasters are prone to re-
ply, “We are not controlled by the govern-
ment. We are the government.”

4y
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The famous art deco building in the heart of London was the mecca of radio
broadcasters from all over the world during the pretelevision era. The BBC moved

here from its original quarters on the banks of the Thames in 1932. Though planned
to triple the corporation’s previous space, the new building was already too small to
accommodate all the BBC's activities by the time construction was completed. The
sculpture over the entrance, by Eric Gill, represents Prospero, the wise magician of
Shakespeare's The Tempest, with Ariel, the sprite who could move with lightning
speed, symbolic of radio. BBC's television center is located in a London suburb.

Source: BBC copyright.



Because communist ideology stresses the
importance of using the media to further the
political education of the masses, the Soviets
embraced radio broadcasting early and de-
veloped it extensively. The Russian masses,
however, failed to invest heavily in home
radio receivers as early as did Western au-
diences. This reluctance was not entirely due
to lack of purchasing power. The government
itself was not anxious to encourage the sale
of receivers that could be used to pick up
broadcasts from the outside. But perhaps the
main reason was the fact that communist
programming simply lacked sufficient mass
appeal to motivate the general public to in-
vest in receivers.

In any event, communist countries tended
to rely heavily on subsidizing listening by
means of wired radio. This is a system of gov-
ernment-controlled, centralized reception of
radio broadcast signals, with delivery by tel-
ephone wire to speaker boxes in individual
homes and public places. People rent the
speakers for a nominal fee, or listen without
cost in public squares, factories, and other
gathering places. About 14 percent of the
world’s radio receivers are actually wired
boxes of this kind. Half the total receivers in
the USSR and nearly three-quarters of those
in mainland China are wired (BBC, 1980).
State-subsidization of reception thus com-
pensated to some extent for the fact that radio
programming failed to motivate universal
public investment in over-the-air receivers.

Gradually over the decades the inflexibly
didactic tone of Soviet radio softened. World-
wide success of Western models of produc-
tion and programming, as well as their own
research, eventually persuaded the Soviets
that in broadcasting you can lead an audience
to radio but you can’t make it listen.

Russian television, developed belatedly in
the 1960s, started with the same heavy-
handed didacticism of early radio. Again, the
Western example gave Moscow an apprecia-
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tion of what American broadcasters call “pro-
duction values”” — even in programs devoted
to extolling the achievements of workers in
tractor factories.

In recent years Americans have seen ex-
amples of Soviet programming on U.S. pub-
lic television. It compares favorably in tech-
nical quality and uses the formats familiar on
the U.S. networks. The emphasis is on seri-
ous programming: documentaries, political
commentary, classical music, ballet, theater.
Even “pure” entertainment formats, how-
ever, serve ideological goals:

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

Commercials are the least well-developed
aspect of content in Russian television. They
address a captive audience and advertise mo-
nopoly products. Lacking brand names and
competitive incentives, they make no attempt
to sell products but simply inform the audi-
ence of their availability and of their more
obvious intrinsic values.

Third World Authoritarianism Third
World countries started with broadcasting
systems modeled on those of the colonial
powers. When independence approached,
the British reorganized their colonial systems
in the hope of insulating them somewhat
from direct control by the new governments.
In every instance, however, the moment a
colony won independence it began disman-
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tling this structure and adapting the system
to its changed status. The authors of a com-
prehensive survey of such broadcasting sys-
tems concluded that “‘the most striking fact
to emerge from our study is the virtual aban-
donment, throughout the developing world,
of Western patterns of broadcasting in which,
however defined, the broadcasting system
has some element of autonomy from the gov-
ernment of the day” (Katz & Wedell, 1977:
212). The writers go on to point out that the
leaders of such countries seem more con-
cerned with broadcasting as a ‘‘potentially
disruptive factor” than with its potentiality
for assisting positively in the tasks of nation
building.

Not surprisingly, then, Third World
broadcasting tends to be authoritarian. In
most developing countries control of broad-
casting is vested in ministries of information
or “national guidance.” Even seemingly rou-
tine programming decisions often have to be
held up while awaiting approval from the

Exhibit 1.2.3

top political authorities. Leaders feel they
dare not trust broadcasting professionals,
much less the illiterate and unsophisticated
masses, to deal with disturbing new ideas or
politically controversial subjects. They there-
fore prescribe a spoon-fed diet. Authoritar-
ianism of this type is usually more pragmatic
than ideological, but the net effect on pro-
gramming is similar to the effect of dogmatic
Marxism. The similarity of communist and
Third World systems means that government
ownership is by far the most common type
of broadcast setup in the world today, as
shown in Exhibit 1.2.3.

1.3 Pluralism in
Broadcasting

The three prototype systems — permissive,
paternalistic, and authoritarian — exist no-
where in pure form. American permissivism

Ownership of world broadcast transmission facilities

Percentage of countries

(N = 184)
Radio Television
Government 46 41
Public corporation (nonprofit) 17 20
Commercial proprietor 8 10
More than one of above 29 29

Comment: Government ownership of broadcast facilities is even more widespread
than the table suggests. Governments also own facilities in many of the countries

with more than one type of ownership.

Source: Based on 1976/1977 data in UNESCO, Statistical Yearbook, 1978-79. UNESCO, Paris,

1980.
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is tinged with a sense of social responsibility,
the BBC'’s paternalism increasingly defers to
mass public tastes, and even the USSR's au-
thoritarianism finds it helpful to do a little
paternalistic head-patting.

Role of Motives In the West, at least, the
conviction has developed that a monolithic
broadcasting system inevitably cramps the
potentialities of the medium. In the light of
over half a century of broadcasting experi-
ence, pluralistic systems seem best able to as-
sure optimum development. Pluralism in this
context means putting more than one moti-
vating force to work, normally the motives of
commercial profit and of public service, op-
erating side by side.

Commercial motives alone, no matter how
carefully restrained by regulation, tend to
constrict the range of programming, for ex-
ample by avoiding controversy, imitating
success, and concentrating on segments of
the audience with the most buying power.
By the same token, if a noncommercial, pub-
lic-service system has a monopoly, it tends
toward bureaucratic complacency and exces-
sive deference to the politicians who vote the
operating funds. Competition between the
two, on the other hand, stimulates creativity
and innovation, giving audiences a wider
range of choices as a result.

American Pluralism American broad-
casting began with a weak, but nevertheless
recognizable, pluralistic tendency. Educa-
tional and religious institutions were among
the first to obtain radio licenses. But not until
specific television channels were set aside ex-
clusively for noncommercial use in 1952 was plu-
ralism given the potentiality for succeeding.
Only relatively recently have some of the po-
tentialities of noncommercial broadcasting as
a true alternative begun to be realized, but
the commercial stations and networks in
America still attract the great majority of lis-
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teners and viewers. Noncommercial broad-
casting has yet to attain the level of financial
security it needs in order to offer full-scale
competition.

In the meantime, cable television and
other alternative ways of delivering and fi-
nancing programs have added to the diver-
sity of commercially motivated program serv-
ices. But the pluralistic principle applies
equally to them: the need remains for alter-
native motives, not merely alternative tech-
nologies.

Pluralism in Britain For nearly a quarter-
century the noncommercial BBC had a broad-
casting monopoly in Britain. In 1954, how-
ever, the government authorized a commer-
cially supported television service, followed
in 1972 by a few commercial local radio sta-
tions (the BBC retains a monopoly on net-
work radio).

British commercial broadcasting is regu-
lated and supervised by a second nonprofit,
chartered corporation, the Independent
Broadcasting Authority (IBA). The BBC's
royal charter confers somewhat more auton-
omy than the IBA’s parliamentary charter, but
the two have similar legal status. Like the
BBC, the IBA owns and operates its own na-
tional network of television transmitters; un-
like the BBC, it has no programming function.
Instead, private television program compa-
nies bid for regional commercial franchises
issued by the IBA. The authority has the
power to withdraw franchises without hav-
ing to go through a long process of appeals.
In 1981, for example, the IBA declined to
renew franchises of two of the 15 companies
then in operation and awarded their regions
to competing applicants. At the same time
the authority authorized a separate company
to launch a new morning program, TV-AM
(prior to that the only morning programs
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were the Open University’s courses, seen on
the BBC).

Franchised commercial companies pro-
duce their own programs, sell advertising,
and lease time on the IBA-owned network of
transmitters. The IBA not only enforces the
programming and advertising policies laid
down in its charter, it both owns and oper-
ates the transmission facilities used by the
program companies. This division of opera-
tional control between a public authority and
private companies restrains the influence of
commercial interests. The IBA gets no income
from advertisers and therefore has no reason
for deferring to advertising pressures.

Limiting the independent program com-
panies to regional coverage prevents one or
more companies from dominating the field.
This principle is carried out to the extent of
dividing the right to cover London (by far the
most lucrative market) between two compa-
nies — Thames Television, responsible for
weekday programming for the London area,
and London Weekend, responsible only for
Saturday and Sunday programming. An-
other aim of the regional franchising scheme
is to prevent neglect of regional interests in
the pursuit of profit in the national market.
Regionalization was a deliberate strategy
adopted to avoid duplicating the American
pattern, which allows three national com-
mercial television networks to dominate the
entire television industry with nationally ori-
ented programs and advertising.

Nevertheless, the ideal of pluralism re-
quires that the commercial and noncommer-
cial services have an opportunity to compete
on approximately equal terms. Therefore the
commercial companies are allowed to com-
bine their resources part of the time to form
a cooperative national network. The larger
companies contribute varying amounts of
programming to the national schedule. All
companies combine forces to support an

1"

independent news organization to produce
national news programs for the network.
Thus the independent companies are able to
offer national as well as regional competition
to the BBC.

Until the 1980s the BBC retained the ad-
vantage of two networks (BBC-1 and BBC-2)
against the IBA’s single network. British
viewers had a maximum of only three pro-
grams available at any one time. But these
could be received in every city and town in
the nation. The marked inequalities of U.S.
television, with eight or ten stations available
in metropolitan areas but only one or two (or
even none) in small towns, does not exist in
Britain.

Under international and regional agree-
ments, sufficient television channels re-
mained unused in Britain to enable author-
izing a fourth network. Who should be
allowed to operate the “fourth channel,” as
it is called, was a hotly contended question.
Proposals included not only a third network
for the BBC and a second network for IBA,
but also an entirely new and highly innova-
tive network devoted to formal education,
public access programs, and experimenta-
tion. The prize was finally awarded to the
IBA for franchising to private companies.

Pluralism in Britain has been a success.
Some die-hards still argue that things were
better in the good old days of the BBC non-
commercial monopoly. They point out that
when the IBA companies began competing
they soon captured 75 percent of the televi-
sion audience, forcing the BBC to resort to
mass-appeal programming to meet the com-
petition. It is true that the BBC abandoned
its image of a rather strait-laced old auntie,
but time would have forced change, with or
without an IBA. In any event, the BBC still
offers viewers some genuine alternatives.

The BBC retains its monopoly on national
and regional radio, operating four national
networks plus regional services in Northern
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Ireland, Scotland, and Wales. The radio net-
works took on their present character in 1970,
when a break was made with the Reith tra-
dition. Reith had insisted that each network
offer a comprehensive program service. The
new style, known as generic programming, al-
lots specialized types of programs to each
service. Radio 1 stresses pop music, Radio 2
middle-of-the-road music, Radio 3 more se-
rious music and fine arts, and Radio 4 the
spoken word.

Local radio (in the sense of stations de-
signed to service individual towns and cities),
stressed in the United States from the very
beginning, is a relatively new development
in Britain. Commercial local radio is even
more recent. The BBC started its first local
stations in the 1960s, but by 1980 still had
only 20 stations in operation. The IBA was
allowed to award local commercial radio fran-
chises in 19 localities, starting in 1974. Plans
exist for increasing the number of local radio
stations under both IBA and BBC auspices,
but in Britain radio remains much more na-
tionally oriented than in the United States.

1.4 Legal Foundations

American Broadcasting Law The
American method of legally controlling its
thousands of mostly private licensees is ex-
ceedingly complex, involving a large bu-
reaucracy and mountains of paperwork. Un-
der the Constitution, broadcasting is classed
as a form of interstate commerce. It therefore
comes under central regulation by the federal
government. In terms of both ownership and
operation, however, the law favors local con-
trol. _ Decentralized—operational—controt—re—

flects the ideal of the First Amendment to the

Constitution, which calls for the maximum—
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counts in part for the extraordinarily large
number of stations licensed in the United
States as compared to the rest of the world
(Exhibit 1.6).

lation of American broadcastmg also
reﬂects the Constitution’s “concern _for indi-
vidual freedom and due process of law. An
elaborate machinery for review and appeal
can be invoked to preserve broadcasters’
freedom of expression or to prevent arbitrary
government action. Appeals can take years
to settle. Meanwhile the documents keep pil-
ing up.

As a result, American broadcasting has
spawned a legal library of amazing propor-
tions. The Communications Act of 1934, the
basic federal law, runs to only about a
hundred pages, but the Federal Communi-
cations Commission rules and regulations
based on the act fill four volumes. The FCC’s
published decisions ran to some 120 volumes
by the end of 1980. Federal courts of appeal
and the Supreme Court have written hun-
dreds of opinions on broadcasting cases.

Foreign Systems In most countries
broadcasting law is relatively brief and sim-
ple. Operational control of stations is usually
highly centralized, if not actually in the
‘hands of the government. Administrative de-
cisions are usually final, with no avenues of
appeal as in American broadcasting.

For example, in Britain the BBC and IBA
charters are short documents that rest on a
few brief statutes governing finances, control
of frequency allocations, and transmitter de-
ployment. Documentation for the entire legal
machinery of British broadcasting could be
bound in a single volume. Moreover, Britain
has no written constitution with a First
Amendment to serve as the basis for court
challenges to alleged curtailments of licensee
freedoms. Instead the two chartered author-

possible diversity in the information sources___ ities carry out their jobs without benefit of

ilable to the public. This principle ac-
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public hearings, reviews of decisions, or ap-
peals to the court. In fact autonomous licen-
sees as private individuals controlling both
programming and transmission functions of
individual stations scarcely exist in Britain as
they do in the United States.

While the United States relies on a gov-
ernment regulatory commission (the FCC) to
ensure the accountability of broadcasters and
to see that they operate in the public interest,
Britain puts its faith in the less formal ma-
chinery of citizens’ advisory councils. The
two broadcasting authorities in Britain ap-
point their own councils. Over fifty citizens’
groups advise the BBC on such varied sub-
jects as archives, programs for immigrant
Asians, agriculture, education, music, reli-
gion, science, and the social effects of broad-
casting.

The authorities also set up their own com-
plaint commissions. In 1979-1980 the BBC's
three-member complaint board heard only
four complaints — a remarkable record com-
pared to the FCC’s many hundreds of com-
plaining letters, hearings on complaints, and
lawsuits about decisions on complaints.
Plans were afoot in 1981 for creation of a
single commission to respond jointly to com-
plaints against either the BBC or the IBA.

International Broadcasting Law Be-
cause radio waves have no respect for na-
tional boundaries, regulation of broadcasting
on an international scale is essential. The In-
ternational Telecommunication Union (ITU),
an agency of the United Nations with head-
quarters in Geneva, Switzerland, regulates
both radio and international telephone and
telegraph communication. Over 150 nations
belong to the ITU. Membership does not in-
volve any surrender of national sovereignty,
but most countries follow ITU regulations as
a matter of self-interest. Wholesale violations
would be disastrous, not only to international
communication but to domestic communica-
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tion as well. When self-interest dictates vio-
lation, however, the ITU is powerless to force
compliance.

The ITU has four main functions: (1) rule
making to govern the international conduct of
telecommunications; (2) regulating the uses
made by member countries of the frequency
spectrum; (3) standardizing technical aspects
of telecommunications; and (4) assisting the
less developed countries in improving their
telecommunications facilities and training
their personnel. Of special concern to all
members is ITU regulation of frequency spec-
trum uses. Not enough frequencies exist to
meet the demands of every country and
every communications service, so a certain
amount of compromise is essential. The ITU’s
International Frequency Registration Board
(IFRB) keeps track of frequency use through-
out the world and reports violations of estab-
lished rules.

Three separate functions are involved in
putting the frequency spectrum to use: allo-
cation, allotment, and assignment. Bands of
frequencies are allocated to each radio service
(for example, separate bands have been
designated for standard, FM, television,
and short-wave broadcasting). Frequencies
within these bands are allotted to specific ITU
member countries. And specific groups of
frequencies are assigned to individual sta-
tions. Most assignments are made by indi-
vidual countries from their respective ITU
allotments.

WARC 1979 Periodically the ITU holds
World Administrative Radio Conferences
(WARCs) at which member nations meet to
hammer out international agreements cov-
ering specific telecommunications subjects. A
WARC of great importance for broadcasting
occurred in 1979, for the purpose of revising
the radio regulations adopted in 1949.
During the intervening thirty years over
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70 new countries had won independence.
This was an opportunity to claim their share
of the frequency pie. At the time of WARC
1979 it was estimated that the less developed
countries used only 7 percent of the spec-
trum, yet represented 75 percent of the
world’s population. Of course these coun-
tries were not yet ready to expand their use
of the spectrum dramatically, but they ap-
proached WARC 1979 with the expectation
of obtaining guarantees that their future
needs would be met as their telecommuni-
cations systems expanded.

Prior to the meeting, commentators pre-
dicted that it might degenerate into a fruitless
wrangle between the haves and the have-
nots of the world. However, true to the tra-
ditions of the ITU (which is sometimes cited
as the most successful case of world cooper-
ation in the interests of common goals), the
conferees managed to reach compromise
agreements on most points of dispute. This
was no mean accomplishment, considering
that the conference debated 15,000 separate
proposals, 900 of them from the United
States alone.

Most of the WARC 1979 agreements were
scheduled to be implemented only after fur-
ther regional meetings to be held throughout
the 1980s. The following examples highlight
some of the WARC 1979 decisions that will
affect the future of broadcasting;:

m The standard (AM) radio frequency band
was nearly doubled in size, though most of
the additional frequencies are to be shared
with other services.

m Parts of the high-frequency (HF) band
used both for international short-wave
broadcasting and for many nonbroadcast
services were increased by 60 percent.

= The portion of the ultra-high-frequency
(UHF) band used by television was retained
for television, subject to sharing with other
services.
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m Broadcast satellites were assigned their
own special frequencies.

One eventual effect of these and other
changes will be to enable an increase in the
number of broadcasting stations that many
individual countries can license within their
borders.

1.5 Access to
Broadcasting

The power of broadcasting to inform, per-
suade, and cultivate values has always made
access to the airwaves a jealously guarded
prerogative. Traditionally, access has been
reserved for professional performers, for ex-
perts on subjects of public interest, for people
currently in the news, and for politicians.

Candidates and Office Holders In any
political system that allows free elections,
broadcasting plays a vital and constructive
role. But it also poses a threat to such sys-
tems. The party in power will always be
tempted to use the advantages of incum-
bency to monopolize access to broadcasting,
turning it into a medium of political control
rather than a medium of information. One of
the critically important tasks of regulation in
a democracy, therefore, is to devise ways to
preserve fairness in the political uses of
broadcasting.

Broadcasting law in the United States
deals with this problem in terms of “equal
time” (actually the law speaks of “equal op-
portunities”). Stations are free to make un-
limited time available to candidates but, once
a candidate is granted time, all other candi-
dates for the same office automatically have
the right to demand the same opportunities.
The weakest candidates and parties are en-
titled to the same opportunities to air their
views as the strongest.
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In few other countries are candidates and
parties able to exploit broadcasting to the ex-
tent they can in the United States. In Great
Britain election broadcasting is severely re-
stricted, with the emphasis on party rather
than on individual candidates. The two
broadcasting authorities, the BBC and the
IBA, come to an annual agreement with rep-
resentatives of the political parties. In the re-
cent past, only parties with fifty or more par-
liamentary candidates in the field have been
granted access, each getting from one to five
broadcasts of only five to ten minutes’” du-
ration. Individual candidates for Parliament
are governed by a law that forbids any broad-
cast appearance “in which any other rival
candidate neither takes part nor consents to
its going forward without his taking part.”
Thus the interminable merchandising of can-
didates, so wearisome to American voters, is
unknown in Britain.

When the BBC and the IBA agree on stan-
dards for political campaigns they also set up
standards for “‘ministerial broadcasts.”” If the
Prime Minister obtains broadcast time to taik
to the nation, the party officially in opposi-
tion has an automatic right to reply. That
reply in turn mandates a third program, a
discussion in which all parties may partici-
pate. On other occasions, when Members of
Parliament are involved in news programs,
for example, the two broadcasting authorities
have a responsibility to take their own meas-
ures to ensure fairness.

Proporz System West Germany and
some of the other European countries seek to
maintain the political impartiality of broad-
casting by what the Germans call proporz. The
word means “‘proportion,” referring to the
fact that the governments of the West Ger-
man states appoint governing boards and
broadcasting executives in such a way as to
give proportional representation to the main
political parties in the current legislatures.
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(The chief officer of a broadcasting organi-
zation must have a deputy of the opposing
party.) According to one analyst, the proporz
system is “widely criticized as leading to
party control of broadcasting, and as being
a denial of the principles of neutrality and
accessibility” that underlie the states’ broad-
casting laws (Sandford, 1976: 79).

Of course neither proporz nor the U.S.
equal opportunities law has any relevance in
most countries of the world. Allotting time
for political use of broadcasting creates no
problem in nations that have no opposition
parties. There broadcasting is run by the gov-
ernment and speaks only for those in power.
In Third World countries especially, broad-
casting systems tend to become personal
mouthpieces for the chief of state, who has
unlimited access. According to news reports,
in one small country when the premier be-
came exasperated at the unreliability of the
telephone system he turned to the broad-
casting system. Interrupting whatever pro-
grams might be on at the moment, he would
go on the air personally with messages to his
ministers and staff.

Access Seekers During the restless
1960s people began to question the tradi-
tional restrictions on access to the airwaves.
Are professionals and politicians the only
ones with anything worthwhile to say? If the
electromagnetic frequencies are a common
resource of mankind, why cannot more of
mankind make use of them? The access
movement became a worldwide phenome-
non — so much so that UNESCO commis-
sioned a study of the people in various coun-
tries who were seeking a chance to air their
views.

The UNESCO study identified five classes
of access seekers, in addition to minority pol-
iticians: (1) advocates of social reform who
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demand an opportunity to influence public
opinion; (2) creative artists who demand an
opportunity to use broadcasting as a medium
of self-expression; (3) educators who want to
use broadcasting as a medium of instruction;
(4) entrepreneurs who want to capitalize on
the medium for personal gain; and (5) futur-
ists who see the medium as a part of a brave
new world of innovative communication
technology. All these access seekers share,
said the editor of the UNESCO study, “a
common mood and tone, at once romantic,
radical, and missionary” (Berrigan, 1977: 15).

One reason broadcasting access is with-
held from nonprofessionals is that many
broadcasting systems are highly centralized.
In the United States localism is a basic goal
of regulation. Nevertheless network and cen-
trally produced recorded programming dom-
inates. But at least part of the time network
stations function as local outlets, and some
types of radio stations, such as telephone talk
shows, operate largely without the benefit of
prerecorded material produced at distant
production centers.

In Third World countries, however, sta-
tions outside the capital city are likely to
function simply as relay outlets for national
programs. Lack of trained personnel and fear
of subversion make it both simpler and safer
to keep all program control at the center.
Even in most Western democracies, though
for different reasons, programming tends to
be national or regional rather than local. Lo-
cal programming in Britain was not intro-
duced until 1967, and then as a separate class
of stations, distinct from those carrying the
network programs (§1.3).

Access in Holland The Dutch have gone
to greater lengths than any other country in
restructuring their national broadcasting sys-
tem to assure maximum access to nearly all
types of people. In the mid-1960s Holland
became one of the targets of offshore pirate
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stations offering commercially sponsored
pop music (§1.6). This infusion of mass-ap-
peal material, so different from the stodgy
programming of official Dutch radio, caused
a political upheaval. The new government
gave broadcasting a thorough overhaul, re-
jecting the monolithic type of national broad-
casting organization originally favored in Eu-
rope. The new system, as described by
Anthony Smith,

enshrines the grass-roots political aspirations of
its time in a way which gives them a status in
national life in Holland which they do not yet
possess elsewhere. It enabled every group of dis-
contented or inspired individuals to propagate its
beliefs on its own terms. In providing this facility
as of right (a right unrecognized in any other
broadcasting system) it tried to bring by implica-
tion all the movements of the time out of the
shadows . . . It tried to make broadcasting as
flexible and available as printing. (1973: 273)

Control of programming in Holland is di-
vided among the various sociopolitical and
religious groups of the country. Each group
that wants to participate sets up a nonprofit
corporation, which is granted air time (both
radio and television) according to its size.
The government makes available the national
transmission facilities and centrally orga-
nized studios to all groups, each being allot-
ted an amount of time proportionate to its
size. Broadcasting associations obtain funds

* by the sale of program guides for their seg-

ments of the schedule. Class A associations
have 500,000 or more members. Groups as
small as 40,000 are classed as “’candidate
broadcasters.” One of the groups in this cat-
egory was organized by “Veronica,” formerly
a pirate station. Small ethnic groups such as
immigrant workers and people from the for-
mer Dutch colonies in the Far East get some
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air time, even if it is only a few minutes a
week.

As one might guess, such diffusion of con-
trol and specialization of content does not
necessarily result in the best possible overall
program service. As Smith puts it, the Dutch
take more pride in their system than in their
programming: “An air of earnest dullness
surrounds the entire output. It lacks dyna-
mism’’ (1973: 276). In order to attract mass
audiences capable in turn of attracting ad-
vertisers, the Dutch continue, as do virtually
all small countries, to fill part of their sched-
ule with popular foreign imports.

Access in Italy Access has been obtained
in Italy by more colorful means. The national
service, RAI (Radio-televisione Italiana), has
alegal monopoly on national network broad-
casting. Its programming, strongly influ-
enced by partisan politics, fails to win the
popular support of Italian audiences, who
tune to neighboring countries whenever pos-
sible.

In 1975 a loophole was discovered in the
broadcasting statute that authorizes the RAI
monopoly. It granted exclusive rights over
national broadcasting to the government-ap-
pointed organization, but did not actually
forbid others from engaging in local broad-
casting. Hundreds of local radio and televi-
sion stations took to the air all over Italy,
representing an incredible variety of inter-
ests. There may have been a thousand or
more of these “alternative” stations — no
official count was made. Some were run com-
mercially by merchants, some by hobbyists,
some by political parties and radical groups.
Homosexuals, the unemployed, countercul-
ture groups, feminists, and off-duty mem-
bers of the army and police all had their say
on the air.
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1.6 Economic Influences

World Distribution of Facilities The
extent to which a nation can exploit broad-
casting depends, of course, on how much it
can afford to invest in the hardware of the
medium. The nations of the world vary
widely in the numbers of transmitters and
receivers they have relative to their popula-
tions. For example, a UNESCO tabulation
made in the 1970s comparing developed with
developing countries showed the following
contrasts:

Developed countries: 693 radio receivers,
301 TV receivers per thousand population

Developing countries: 83 radio receivers,
22 TV receivers per thousand population

Even more startling is the difference between
the U.S. share of facilities compared to the
rest of the world (Exhibit 1.6). Relative to its
population, in the mid-1970s the United
States alone had several times as many
broadcast receivers and transmitters as all the
rest of the countries in the world put to-
gether.

Such massive investment in broadcasting
hardware can be ascribed to three principal
causes: (1) Of course, high living standards
allow virtually the entire U.S. population to
buy receivers. (2) Programming is of a type
that strongly motivates people to invest in
receivers. (3) National policy favors erecting
as many local stations as possible (far fewer
stations could cover the country, but at the
cost of allowing each community to have its
own local outlets).

In countries where the mass of the popu-
lation cannot afford to buy sets, investment
in transmission and production facilities is
extremely uneconomic. It costs just as much
to reach a tiny fraction of the population in
a transmitter’s coverage area as to reach the
total population within that area. Broadcast-
ing can also be hamstrung in poorer countries
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by lack of communications infrastructure — the
basic wire and radio relay grid needed to
interconnect broadcasting networks and to
gather news and other program materials ef-
ficiently.

Economics and Politics Economic in-
fluences in broadcasting are never without
political overtones. In the less developed
countries, decisions about investments in
broadcasting facilities involve such questions
as: Will such-and-such a provincial location
for a transmitter be politically secure? Will
placing a transmitter in one section of the
country win more important local loyalty for

Exhibit 1.6
U.S. share of world population and
broadcasting facilities

U.S. percentage of

Basis of comparison world total
Population 5
Radio transmitters 30
Radio receivers 42
TV transmitters 15
TV receivers 32

Comment: The U.S. share of facilities was from
three to six times that of alil the rest of the world,
relative to the U.S. population. These data are
only rough approximations. The rest of the world
has been catching up since UNESCO drew up
this tabulation (the last in which the yearbook
gave world totals). and China, North Korea. and
North Vietnam were not included. Even if cut in
half. however, the U.S. share would still be
amazingty high

Source: Based on 1975/1976 data in UNESCO,
Statistical Yearbook, 1977. UNESCO, Paris, 1978.
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the government than it would in another sec-
tion of the country?

Among the industrialized countries eco-
nomic chauvinism has resulted in such ab-
surdities as three incompatible color televi-
sion systems in use throughout the world.
Which system a country chooses depends not
so much on the intrinsic merits of the color
picture it produces as on political affiliations.
American NTSC color is used in most of Latin
America, Japan, and the Philippines. Ger-
many’s PAL system is used in most of Europe
— except for France, whose SECAM system
is also used in the USSR. Ex-French colonies
use SECAM, while ex-British colonies use
PAL, and so on.

How a country decides to finance broad-
casting depends pretty much on its political
philosophy. The three basic sources of fund-
ing are general tax revenues, receiver license
fees, and advertising. Many systems combine
two or more of these sources, but broadly
speaking the three funding methods match
the three political orientations previously de-
scribed (§1.2). Authoritarian systems receive
their support from tax revenues as an alloca-
tion from the central treasury, paternalistic
systems from license fees, and permissive sys-
tems from advertising. The current trend is
toward supplementing either government or
license-fee funding with advertising income,
though many countries cannot generate
enough advertising revenue to defray a major
part of the cost of their national broadcasting
systems. The pluralistic ideal calls for two or
more services supported by two or more dif-
ferent funding sources.

Government Funding Authoritarian so-
cialist governments that regard broadcasting
as an arm of the state accept government
support of broadcasting as a normal expense
of government (the Soviet Union originally
charged license fees, but discontinued them
in 1962). The developing countries have no
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choice. Even if they preferred to rely on li-
cense fees or advertising they cannot get any-
where near enough revenue from these
sources. Democracies avoid government
funding because of the inevitable probability
that, having paid the piper, the government
in power will want to call the tune, under-
mining the credibility of the entire broad-
casting service.

License Fees The Annan Committee, lat-
est of the advisory groups that periodically
make recommendations for the future of Brit-
ish broadcasting, put the arguments in favor
of license fees in the form of an analogy:

Economists regard broadcasting as "’a public good”’
— of which the classic example is the lighthouse.
Once the light is shining for the benefit of some
ships, it is impossible to prevent other ships using
the light. Moreover, society does not incur any
additional costs if the crews of these other ships
do look at the light. (Great Britain, 1977: 132)

The committee went on to point out that even
though broadcasting is a public good, it is
not essential in the same sense as a police
force and therefore should not be supported
by taxation.

The BBC, which depends entirely on li-
cense fees to pay for its domestic services
(aside from the small fraction of its income
derived from the sale of programs and pub-
lications), regards the fee system as ideal. It
makes set-owners feel they have a direct
stake in the system, and at the same time
gives the broadcasting organization a strong
sense of public responsibility. Most impor-
tant, though, it insulates the system from
political or advertiser influence.

Nevertheless, the license-fee system of
support has its drawbacks. Evasion of fees is
a constant problem, especially in countries
where tax evasion is commonplace or where
no efficient machinery for collection exists.
Collection in any event is an expensive busi-
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ness. In Britain, where the post office serves
as a relatively efficient collecting agency,
about 8 percent of the fees goes toward col-
lection and enforcement expenses. In many
countries fee collection costs a great deal
more. By 1980, annual license fees for black-
and-white television in Britain had reached
£12 (over $25) and for color £34 (over $70).
Fees for radio-only licenses were dropped in
1971. Most other European license fees are
substantially higher than the British rates.

A more serious problem for broadcasters
dependent on license fees is the fact that the
population can absorb just so many receivers.
After that, the number of licenses increases
only as the population increases. Income lev-
els off, but operating and capital replacement
costs continue to rise. The public resents and
politicians oppose continual increases in fees
without corresponding increases in service.
Moreover, it takes time to obtain government
approval of fee increases. The BBC, like all
services dependent on license-fee income,
began having difficulty in living within its
means in the 1970s. One proposed solution
is an “indexed” fee scale that would auto-
matically rise or fall with the level of inflation.

Advertising Support All the major Eu-
ropean broadcasting systems once depended
entirely on license fees for funding. Now
only Belgium, Denmark, Norway, and Swe-
den still bar advertising. Some of these hold-
outs have had to curtail services to keep
within their incomes. Advertising as a fund-
ing source has in its favor the fact that it is
a relatively painless and nondiscriminatory
way of exacting payments for broadcasting
services. It spreads the cost over the entire
population, making it relatively low for each
individual; and it avoids rewarding the chis-
elers who otherwise get a free ride at the
expense of law-abiding citizens.
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Decisions as to whether to rely on adver-
tising income to support broadcasting sys-
tems involve social and political as well as
economic questions. Early radio systems
often looked toward America as the prime
example of the adverse social consequences
of advertising support. They abhorred the
permissiveness of the American system and
what they considered to be its advertising
excesses. Moves toward commercialism were
also powerfully opposed by newspapers,
which feared competition for advertising rev-
enue. In Great Britain the Conservative party
favored commercialism while the Labor party
opposed it. Some observers claimed that Brit-
ain capitulated to narrow commercial inter-
ests as a result of maneuvers by a few influ-
ential politicians when the Conservatives
won the election that led to establishment of
the commercial television service in 1954
(Wilson, 1961).

International Commercial Stations

Broadcasting abhors a vacuum. Whenever a
national system fails to provide what people
want, sources outside the country spring up
to remedy the lack. In the days when the
BBC and the other European noncommercial
national systems were still too paternalistic
to respond to popular tastes, commercial sta-
tions located abroad made inroads on their
audiences. Among these Radio Luxembourg
is a notable example. The Grand Duchy
of Luxembourg, located at the intersection of
Belgium, France, and Germany, gets most of
its national income from commercial broad-
casting revenue. It aims the programs at
other European countries, including Britain.
A local service on FM reaches its own people
in the Luxembourgian language, but power-
ful AM radio transmitters cover the sur-
rounding countries with programs in French,
German, Dutch, English, and Italian. Ironi-
cally, during the period when France refused
to allow its own stations to accept commer-
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cials, the French government owned sub-
stantial shares in the commercial stations
broadcasting into France from Andorra, Lux-
embourg, and Monte Carlo (the last even has
transmitters located on French soil).

Commercial Pirates Even more striking
evidence of the ""broadcasting-abhors-a-vac-
uum” principle was the success of illegal
commercial radio stations located on ships
and abandoned World War II forts in the
English Channel and the North Sea. The first
such pirate station started in 1958 on a ship
anchored between Sweden and Denmark.
Frankly imitative of American popular-music
formats and capitalizing on American adver-
tising techniques (in fact many of the inves-
tors were American), the pirates quickly
captured huge audiences. They heightened
national appetites for pop-music program-
ming to such an extent that the official broad-
casting systems could no longer evade the
issue. In Holland the coalition in power,
which opposed commercialism, was voted
out of office as a direct result of the influence
of the pirate stations. In Britain the BBC re-
organized its national radio networks, adding
a fourth service to preempt the pop-music
appeal of the pirates. Some of the offshore
DJs, who reaped enormous dividends in
publicity from their risky ventures on the pi-
rate ships, ended up working for the despised
establishment on BBC’s Radio-1 network.

Cost Sharing No matter what combina-
tion of funding sources they employ, small
countries have serious difficulties in financ-
ing their television programming. Television
consumes expensive program materials at
such a rate that to maintain a reasonably full
schedule with exclusively home-grown pro-
ductions is literally impossible in small coun-
tries, even those that have the most advanced
industrial economies. The easiest solution to
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this dilemma is to import programs from for-
eign countries. Imports, rented at a small
fraction of what it would cost to produce pro-
grams of similar quality locally, usually come
from Britain and the United States. Politics
as well as economics are involved in making
such purchases. No country wants to allow
its own culture to be swamped by imported
programming; nor does it want to depress its
own production capacity by dissipating its
program budget abroad, or to spend limited
hard currency reserves on nonessentials. For
these reasons there are strong incentives for
developing other, less damaging ways of
paying for programs.

A partial solution is international cost-
sharing. An example is mutual program ex-
changes by means of broadcasting unions. This
term refers not to trade unions, but to asso-
ciations of national broadcasting organiza-
tions. The European Broadcasting Union op-
erates Eurovision, an international network
for the exchange of nationally produced pro-
grams among the countries of Western Eu-
rope. East Europe has a similar union, the
International Radio and Television Organi-
zation. Program exchanges of ideologically
neutral programs between the two European
unions have become commonplace. Asia,
Africa, the Caribbean, the Arab Middle East
each has its own broadcasting union, al-
though only the two European organizations
have so far succeeded in mounting effective
program exchanges.

Another cost-sharing expedient is co-pro-
duction. Producing organizations of two or
more countries agree to share in the cost of
joint production ventures. Co-production
has been common in Europe for many years
but American producers have entered the
field only relatively recently, largely as a re-
sult of the success of British programs im-
ported by U.S. public broadcasting.
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1.7 Influence of Geography
and History

A country’s size, its shape, its neighbors, and
its history all affect its broadcasting system.
One has only to think of a country like Israel
to realize the importance of these factors.

Coverage Sheer size and shape of a nation
determine the cost and the effectiveness of
national broadcasting coverage. Aside from
its outlying states and territories, the United
States consists of a compact, unified land-
mass surrounded mostly by large bodies of
water — highly favorable geographic factors
from the broadcasting point of view. Ameri-
can broadcasting has relatively little problem
with intrusion by signals from foreign coun-
tries and can cover its own territory effi-
ciently. Treaty agreements with Canada,
Mexico, and the Caribbean islands deal with
problems of transnational interference. In re-
cent years, however, Cuba has put 500-kilo-
watt AM stations on the air (ten times the
maximum power allowed under the treaty)
in defiance of international agreements.
These high-power stations interfere with
U.S. stations in Florida during the day and
at night can be heard across the entire
country.

The U.S. situation contrasts with that of
European nations, all of which suffer inter-
ference from neighboring countries. Many
standard AM radio stations in the United
States gain extra coverage at night because
reflected sky waves send their signals far and
wide, beyond their local daytime service
areas. In Europe, however, nighttime sky-
wave reception is virtually impossible. So
many stations crowd the broadcast band that
service areas shrink at night because of sky-
wave interference.

Spillover American listeners and viewers
do not generally pick up foreign broadcast
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stations unless they live near the Canadian
or Mexican borders or within reach of Cuba’s
AM stations. More distant stations can easily
be heard on short waves, but only a small
percentage of U.S. homes are equipped with
short-wave receivers (surveys have estimated
between 7 and 11 percent). However, sales
of short-wave receivers began to increase in
the late 1970s as more and more Americans
discovered that it was relatively inexpensive
to listen to foreign countries, most of which
broadcast at least part of the time in English.

In most parts of the world, audiences re-
ceive many spillover signals from neighboring
countries on ordinary receivers. Several years
before television started in Israel, thousands
of Israelis had already bought receivers in
order to pick up the signals of neighboring
Arab countries. Spillover between West Ber-
lin and East Germany creates a somewhat
paradoxical situation. Citizens on each side
of the Berlin Wall, though political enemies,
enjoy each other’s programs. The need to
buy converters to compensate for differing
color systems does not deter the East Ger-
mans, most of whom tune in to the two West
German networks (Kiester, 1977). Similar
East-West spillover situations occur at other
points along the perimeter of the communist
bloc countries of Europe.

Canadians get a great deal of their radio
and television as spillover from stations in
the United States. In addition, Canadian ca-
ble companies pick up American stations for
their subscribers. Ninety percent of the Ca-
nadian population is concentrated along the
U.S. border; thus American broadcasting
tends to overwhelm Canada’s own culture.
Although not all spillover services are delib-
erate, the Canadians are understandably re-
sentful of American dominance. In many
cases, however, spillover coverage is delib-
erately contrived. Americans invest in certain
high-powered stations in Mexico, located
near the United States border, for example.
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These stations broadcast commercial pro-
gramming designed for the American mar-
ket, exempt from American program and
commercial regulatory controls.

Impact of History Events of history had
a major influence on the broadcasting sys-
tems of the defeated nations of World War
II. Hitler used radio as an effective political
weapon, both at home and abroad. The
world’s first television service started in Ber-
lin in 1935, shortly before the war (because
its pictures were of low quality, Britain could
claim priority as the first regular high-defin-
ition television service in 1936). Hitler failed
to encourage television, however, because he
believed his special charisma came across
better on radio (Sandford, 1976: 97). After
Hitler’s defeat, the Allies broke up the highly
centralized German system. Each of the four
occupying powers, Britain, France, Russia,
and the United States, installed a broadcast-
ing service in its own sector, each imposing
its own philosophy of broadcasting. Of the
three Western systems, the British had the
most lasting effect (the USSR, of course, had
a lasting effect on its sector, which became
East Germany). According to a broadcast his-
torian, in West Germany

the stamp of the BBC is still clearly recognizeable
. indecd it is often the BBC of hwenty years
ago that scems to inform program presentation:
the all-pervasive air of dignity and decency of
""Auntie BBC" has changed less across the chan-
nel than it has in Britain. (Sandford, 1976: 88)

The West Germany of today is a federal
republic, with each of nine states in the fed-
eration retaining cultural autonomy and its
own distinctive character. The states vary
greatly in size, one of them being the city of
West Berlin. The West German federal con-
stitution places matters of culture so firmly
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under state rather than federal control that
the only way Germany can have national tel-
evision networks is by the joint action of the
nine state broadcasting systems (somewhat
like the case of the regional companies under
the IBA in Britain, which cooperate to offer
a national network service). Radio is almost
exclusively regional, but television’s high
cost made it essential for the states to get
together to share in establishing the two Ger-
man networks.

West Germany’s unique system . . . has proved
resistant to change. Whilst its apologists see it as
a guarantee of diversity and independence, and
fully in keeping with the spirit of West German
federalism, others, pointing to the fact that it is
a haphazard result of uncoordinated Allied policies
during the Occupation, call for a more rational
use of broadcasting resources. (Sandford, 1976:
74)

Thus can history influence the fundamental
organization of a nation’s broadcasting
system.

1.8 Programs and
Schedules

Program formats are universal, used
throughout the world of broadcasting. News,
commentary, music, drama, children’s pro-
grams, education, studio games, play-by-
play sports events — all represent logical re-
sponses to the intrinsic nature of the me-
dium. Marked national differences emerge,
however, when one examines the details
within basic formats. Schedules also vary.
Few services stay on the air 18 or more hours
a day as do most U.S. commercial stations
other than daytime-only radio stations.

News and Public Affairs The most
marked national differences emerge in the
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treatment of news and public affairs formats.
In virtually every country the main news
presentation of the day, whether it occurs
early or late in the evening or at midday, is
one of the most universally popular program
segments. If one could hear and see the news
on a single day from different broadcasters
throughout the world, however, one would
get the impression that they lived in many
different worlds. Parochialism, chauvinism,
and ideological biases affect what is reported
as well as when and how.

TV Guide once compared a single week’s
television news in six widely scattered coun-
tries. The first fact to emerge was, not un-
expectedly, that each country stressed its
own national news events, few of which had
the slightest interest for the rest of the world.
The second was that even when treating the
same story, each saw it in a different light.
The U.S. networks reported on vigorous de-
bates within government about a summit
meeting on the controversial SALT II (arms
limitation) treaty between the two superpow-
ers. Viewers in the USSR heard quotations
from the head of the American Communist
Party to the effect that there was no U.S.
opposition to the treaty at all. Chinese tele-
vision ignored the whole subject during the
monitoring week, but showed the opening of
the meeting a week later. On the night Israeli
television showed its team defeating the
USSR in a championship basketball game in
Italy, Soviet television chose to show an ear-
lier contest between two East European
teams. As for domestic news events

U.S. television news covered in depth America’s
energy crunch. Egyptian TV news pursued the
runoff elections for the Egyptian parliament. Is-
raeli TV news focused on a member of the Nigerian
mission to the United Nations caught smuggling
arms into Israel on behalf of the Palestine Liber-
ation Organization. On Japanese TV, the major
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domestic news story was the payoff scandal rock-
ing the Japanese parliament. . . . Soviet TV news
was fascinated by the marathon ordeal of Russian
cosmonauts orbiting in the Salyut 6 space lab.
Even China had a story to cover: the Second Ses-
sion of the Fifth National People’s Congress.

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

Third World nations complain bitterly
about domination of Western organizations
in the worldwide gathering and distribution
of news. For example, a billion people each
day are said to hear, see, or read stories dis-
tributed by the Associated Press, one of the
two U.S. news agencies with worldwide
scope. Third World critics complain that
Western reporters look mainly for negative
stories in their countries — the bizarre antics
of an Idi Amin in Uganda or famine in Mali
hold more interest for Western reporters and
editors than sober stories about new facto-
ries, dams, educational advancement, hos-
pitals, and agricultural projects.

For this reason the Third World tends to
agree with the communists’ approach to
news. Broadcasters in communist countries
have no need to compete with alternative
domestic sources. Timeliness, human inter-
est, and what Western journalists consider
“news values” take second place to political
correctness and educational value. Stories
about murders, accidents, riots, natural dis-
asters are downplayed or avoided entirely—
unless used to illustrate the decadence of
capitalistic societies.

In the Third World, concentration on
Western-style reporting would usually result
in depressingly downbeat newscasts, loaded
with stories of food shortages, industrial mis-
management, crop failures, corruption, and
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other horrendous problems that face the less
developed nations. Governments in those
countries instruct broadcasters to downplay
such negative events. Instead, journalists
must use the news constructively, support-
ing the government and its leaders, heralding
the nation’s accomplishments, and urging
listeners and viewers to work hard at nation
building.

Entertainment American travelers in for-
eign countries are often surprised to discover
that the rest of the world’s popular mass en-
tertainment can be even more inane than the
sitcoms they see at home. But they are also
often impressed by the number of high-qual-
ity, serious programs they see on services
such as BBC-2, the British television network
that features cultural programming. But what
impresses travelers most is the fact that al-
most wherever they go they see reruns of
I Love Lucy, Mission: Impossible, Gunsmoke, and
other familiar American network series.
Broadcasting is perceived as a major ve-
hicle of national cultural expression. Tradi-
tions of literature, music, and the visual arts
all contribute to broadcast programming,
which in turn plays an important role in pass-
ing on these traditions to new generations.
Most countries are therefore concerned about
the impact of broadcasting on their cultures.
Imported programming can be seen as a
threat to cultural survival. Not only do im-
ports impose images, values, and concepts
from an alien culture on television audiences,
they also drastically reduce opportunities for
employment for national artists and crafts
people. Even highly developed nations with
their own flourishing production resources
such as Canada and Britain feel it necessary
to impose ceilings on the amount of foreign
programming that may be imported. Third
World countries feel much more vulnerable.
In addition to being less able to produce their
own programming, their cultures differ to-
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tally from that represented by Dallas or
Three’s Company. Many developing nations see
broadcasting as part of a deliberate campaign
of cultural-economic exploitation — a mod-
ern substitute for the old-fashioned coloni-
alism that relied on force of arms. They call
it cultural imperialism.

Schedules Twenty-four-hour broadcast
schedules are unknown in most countries.
Many radio systems go on the air for a short
time in the morning, take a midmorning
break before midday programming, another
midafternoon break before evening program-
ming. Television schedules are likely to be
limited to only a few hours in the late after-
noon and evening. Even in such a highly
developed system as that of Britain, 24-hour
network radio broadcasting by the BBC did
not begin until 1979, when Radio-2 filled in
the previously blank hours of 2:00 A.M. to
5:00 A.M. And as noted previously, early
morning television was not authorized in
Britain until the 1980s.

Scheduling of commercials also differs in
many countries from the U.S. practice. Often
they are limited to one or two time-periods
each day, with all commercials run consecu-
tively within the designated time-blocks. It
is not uncommon for commercials to be
barred completely on Sundays and religious
holidays.

Audience Research All broadcasting
systems agree in principle on the importance
of audience research. Not all systems, how-
ever, can afford the cost of continuous, sys-
tematic studies, such as the rating services
familiar in the United States. Commercially
supported systems are naturally more highly
motivated to spend money on measurement
than others.

U.S. broadcasters, extremely research con-
scious, spend large sums on studying audi-
ences. Their emphasis has been more on
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measuring audience size and composition
than on assessing audience opinions and re-
actions. This American preoccupation with
quantitative measurement is not shared by
most foreign systems.

In Britain, for example, the charters of
both the BBC and the commercial broadcast-
ers require them to conduct research on au-
dience likes and dislikes as well as on audi-
ence size. The BBC has long used listener
and viewer panels (meaning groups of indi-
viduals whose views are sought repeatedly).
Panel members fill out questionnaires indi-
cating their reactions to programs. The man
who developed the BBC research department
explained the reasoning in favor of qualitative
research as follows:

in a properly balanced audience research service
the continuous measurement of the quantity of
listening — the estimation of the size of each
programmie’s audience — should be supplemented
by a continuous assessment of audience reaction
— what listeners felt about the programmes they
were listening to. So long as quantitative data
alone was pouring out from Audicnce Research
day after day there was real danger that the big-
ger-necessarily-means-better heresy would gain
adherents by default. (Silvey, 1974: 113)

In Russia, social research (of which audi-
ence measurement is an example) was at one
time frowned on by the government. It was
taken for granted that if something was put
on the air it was certain to be heard or seen
and understood (Mickiewicz, 1981: 6). Dur-
ing the 1970s, however, Soviet broadcasting
authorities increased both the amount and
the quality of their audience research. Im-
provements in the attractiveness of their pro-
gramming seem to have followed, striking
evidence of the role audience research can
play in shaping broadcasting, even in an au-
thoritarian system.
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1.9 Broadcasting to Other
Countries

Broadcasting introduced a potent new factor
in the relations among the countries of the
world. Never before had it been so easy to
cross international boundaries to talk directly
to the citizens of foreign countries. Using
mostly short-wave radio (because of its long
range), cxternal broadcasting has become a
powerful new weapon in both warfare and
times of peace.

Exhibit 1.9
The ten leading external broadcasters
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Dimensions of External Broadcasting
Russia and the United States lead the more
than 80 countries that engage in external
broadcasting operations. With over 2,000
hours on the air each week, the USSR leads
the pack (Exhibit 1.9). However, even some
very small countries such as Albania and
Cuba rank among the top ten international
broadcasters. This came about because China
and the Soviet Union respectively financed
their external services as a way of getting
access to strategically placed transmission
sites beyond their own borders. The United
States and other Western countries obtain

Estimated hours on the

Country air per week
1. USSR 2,020
2. USA

VOA 828

Radio Free Europe 555

Radio Liberty 462
Total U.S.A. 1,845
3. People’s Republic of China 1,390
4. West Germany 798
5. Great Britain 712
6. North Korea 597
7. Albania 557
8. Egypt 389
9. Cuba 382
10. East Germany 371

Comment: In the years immediately following World War I, Britain was the leading
international broadcaster in hours on the air. At that time the countries ranked sixth
through tenth in the table had not yet even begun their external services.

Source: Based on 1979 data in BBC Annual Report and Handbook, 1981, British Broadcasting

Corporation, London, 1980, p. 58.
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transmitter locations abroad by entering into
treaties to lease sites where they erect their
own facilities. The U.S. external service, the
Voice of America, has leased sites for relay
stations in Africa (Liberia and Morocco), Ger-
many, Great Britain, Greece (on the main-
land and on the island of Rhodes), the Phil-
ippines, Sri Lanka, and Thailand.

Origins of External Services Britain's
world-girdling empire still existed when
broadcasting began in the 1920s. The impli-
cations of broadcasting for the empire were
immediately recognized by the BBC. It began
experimenting with overseas transmissions
in 1928. Britain officially launched the Empire
Service in 1932. This pioneer external service,
entirely in English, was aimed at both British
expatriates in the colonies and residents of
the dominions (independent nations like
Canada and Australia), to maintain their ties
with the “home country.” Earlier external
services, also prompted by colonial interests
abroad, had been started by the Dutch and
Germans (1929) and the French (1931).

The BBC launched its first foreign lan-
guage external broadcasts in 1938, on the eve
of World War II. They were in Arabic, aimed
at counteracting Italian radio propaganda di-
rected toward the Near East. Soon Germany
and Britain began a deadly “war of words.”

The United States added its voice to the
word war when President Franklin D. Roo-
sevelt appointed Elmer Davis, a popular ra-
dio newscaster, to head the Office of War
Information (OWI). An important compo-
nent of the OWI was the Voice of America,
which went on the air in February 1942. Con-
gress was wary of creating a government
propaganda agency, fearing it might in the
future be turned against Americans them-
selves by a political party in power. In fact,
after the OWI was set up, conservative con-
gressmen accused it of covertly campaigning
for President Roosevelt’s reelection and pro-
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moting his controversial New Deal policies
(Winkler, 1977: 66). To this day U.S. law for-
bids release within the United States of gov-
ernment radio, television, and film programs
designed for overseas use.

Voice of America After the war the OWI
was disbanded, but the VOA continued op-
eration, shunted about from one federal
agency to another over the years. The latest
change came in 1978, when the International
Communications Agency (ICA) was created
to take over functions previously carried out
by both the United States Information
Agency and the State Department’s Bureau
of Educational and Cultural Affairs. In brief,
the ICA is responsible for international ex-
change of information and persons. In an-
nouncing the ICA’s formation, President
Jimmy Carter said, ""The Agency will under-
take no activities which are covert, manipu-
lative or propagandistic.”

This mandate was in keeping with the
original spirit of the VOA, expressed in its
first broadcast to foreign countries in 1942:
“Daily at this time we shall speak to you
about America and the war. The news may
be good or bad. We shall tell you the truth.”
Despite some lapses for expediency’s sake,
truth-telling has continued as the policy of
the VOA. Its news staff has a keen sense of
professionalism and vigorously resists occa-
sional efforts by government officials at
higher levels to get the VOA to bend the
truth to suit momentary political objectives.

The Voice of America originates its pro-
grams from studios in Washington, D.C.,
using, in addition to English, some 40 foreign
languages, ranging from Albanian to Viet-
namese. Choice of languages is influenced by
current events and changing international re-
lationships. For example, when the Iranians
seized the U.S. embassy in Teheran in 1979,
the Voice soon resumed broadcasts in the
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language of that country, Farsi, after a lapse
of twenty years. Previously the BBC and
Moscow had been the leading external
sources of programs heard in Iran.

Programs go from the Washington studios
to short-wave transmitters located in North
Carolina, Florida, Ohio, and California (Ex-
hibit 3.5.2). Signals from these transmitters
are picked up by relay facilities located over-
seas in target regions, which then beam them
on toward specific target countries. Satellite
relays are also used to send programs over-
seas. However, satellite transmissions can be
interrupted. The earth stations that receive
the signals from satellites are under control
of the countries in which they are located.
For this reason, U.S.-based short-wave
transmitters are still essential to the VOA’s
mission.

VOA programs consist of news, commen-
tary, popular music, and features about
American culture. Services directed to spe-
cific regions also carry material about those
regions. The VOA does not broadcast tele-
vision programs, but the overseas field of-
fices of the ICA, the parent agency, supply
U.S. material on film and tape to foreign tel-
evision stations.

RFE/RL In addition to the more conven-
tional external services of the VOA, the
United States supports two specialized over-
seas services aimed exclusively at the USSR
and Soviet-dominated Eastern Europe. Radio
Liberty (RL) broadcasts to the USSR itself,
Radio Free Europe (RFE) to Poland, Hun-
gary, and the other buffer states. They both
have studios in Munich, with transmitters in
Germany and Spain. These unusual opera-
tions originated after World War II as covert
Central Intelligence Agency operations. An-
nual fund drives were conducted in the
United States to make it appear that the op-
erations were supported by voluntary public
subscription. In 1973, after the CIA connec-
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tion was made public (though it never was
a well-kept secret), Congress created a spe-
cial agency to supervise the combined
RFE/RL operations, the Board for Interna-
tional Broadcasting, with funding directly by
Congress.

RFE/RL programming differs from the
usual external propaganda fare such as the
VOA'’s broadcasts to the USSR and Eastern
Europe. The aim is to program just the way
internal domestic stations would in the target
countries — if they were free of government
censorship. News about what is going on in
the USSR and her satellites, rather than news
of the United States, is their stock in trade.
RFE/RL obtain background for their broad-
casts from extensive research libraries of pub-
lications and transcriptions of broadcasts
originating in the target countries. They also
collect material from contacts with travelers
and defectors from behind the Iron Curtain.
One of their most effective resources are the
clandestine publications known as samizdat.
These are literary and informational materials
informally duplicated and circulated secretly
by Russians within their own country.

The United States bears the entire expense
of the RFE/RL operation except for provision
of space for production and transmission fa-
cilities on foreign soil. Congress has been of
two minds about RFE/RL. Some legislators
think they represent a hangover from the
Cold War of the 1950s, a counterproductive
irritant in U.S. relations with the commu-
nists. Others argue that it is in the interest of
the West to use such means to help keep
alive the spirit of resistance among citizens
of communist countries and to counteract
their domestic anti-U.S. propaganda.

AFRTS Broadcasting Although not in-
tended for foreign consumption, U.S. mili-
tary broadcasting has a certain amount of im-
pact on foreign audiences. The American
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Forces Radio and Television Service
(AFRTS)* operates low-power radio and tel-
evision stations at bases overseas and closed-
circuit systems on many U.S. Navy ships.
Some AFRTS programming is selected from
regular offerings of the U.S. commercial and
public service networks; the rest comes from
its own local and stateside staff personnel
and military reporters. Public service an-
nouncements are substituted for commercials
in the network material. Timely radio mate-
rials (news and live play-by-play sports) are
relayed directly to overseas AFRTS stations
by VOA transmitters and via leased circuits
on commercial satellites. Television and less
timely radio material are sent on tape or film.
Because of the inevitable spillover into
neighboring civilian areas, the AFRTS sta-
tions reach many host-country citizens. The
programs differ considerably in tone from
VOA services, giving foreigners a more re-
alistic and informal glimpse of American life-
styles. According to a British commentator,

There is little doubt that British soldiers and ci-
vilians alike [during World War II] thoroughly
enjoyed the more relaxed, informal atmosphere of
American-style broadcasting and found the enter-
tainment 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)

AFRTS impact on postwar Germany was es-
pecially significant. One observer estimated
that the local residents rather than GlIs con-
stituted the majority of AFRTS listeners. He
speaks of “the tantalizing glimpses of an af-
fluent and swaggeringly self-confident life
style that the presentation and contents of
[AFRTS) programs provided, attracted for it

*Originally the “A” stood for “armed,” but the less
aggressive-sounding title was adopted in 1969.
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a wide and enthusiastic audience in the bro-
ken Europe of the post-war years . . . Its
listeners totalled tens of millions in both
Western and Eastern Europe” (Sandford,
1976: 94).

BBC External Service In foreign coun-
tries, the Voice of America is generally re-
garded as a relatively objective source of
news. The BBC, however, undoubtedly re-
mains the leading international broadcaster
in terms of credibility and perhaps in popu-
larity. This is partly because many people
around the world feel more comfortable with
the British speech pattern, but primarily be-
cause the BBC has a longer tradition and
greater insulation from government. The
VOA is clearly understood by most listeners
to be a government agency, staffed by federal
government employees. The BBC is just as
clearly understood to be independent of gov-
ernment. True, the BBC External Service re-
lies on government funds allocated by the
Foreign Office rather than on the license fees
that support the BBC domestic services.
However, the Foreign Office controls only
the choice of languages to be used.

Throughout the world listeners tune au-
tomatically to the BBC when in doubt about
the authenticity of local versions of the news.
It is not uncommon for foreign government
officials, in times of local disorders, to de-
pend on the BBC for vital information about
the state of affairs in their own countries.
However, the British no longer lead the
world in the quantity of their external broad-
casts as they once did, now ranking only fifth
(Exhibit 1.9).

Soviet External Broadcasting Com-
munist nations have always placed much
faith in the power of propaganda. In fact one
of the early propaganda uses of external radio
(in prebroadcasting days) was the radiotele-
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graphic transmission of Lenin’s 1917 message
to dissidents in other countries announcing
the communist revolution (Hale, 1975: 16).
During the 1970s the Soviet Union forged
ahead of the United States as the leading
international broadcaster in terms of hours
on the air (Exhibit 1.9).

Communist external services tend to be
relentlessly propagandistic in tone. One com-
mentator described Russian broadcasting as
suffering from “ponderousness, parochial-
ism, and partiality”” (Hale, 1975: 20). He ex-
plained that the Soviets’ seeming disregard
for credibility resulted from a policy of
“preaching to the saved.” Most of their mes-
sages were apparently designed to reinforce
confirmed believers, rather than to win con-
verts.

With the increase in output during the
1970s, however, the Soviets began to lighten
the ponderous tone of their broadcasts. Radio
Moscow recently began a 24-hour daily serv-
ice in English, using the BBC’s long-estab-
lished title, “World Service.” It departs
markedly from the traditional tone of Soviet
broadcasting, even going so far as to make
jokes about itself.

Jamming Ideally, the truth should be the
best rebuttal for propaganda. But sometimes
the truth hurts, and nations resort to Jjamming
of foreign broadcasts. A form of electronic
interference, jamming consists of making an
offending signal unintelligible by broadcast-
ing sheer noise on the same or an adjacent
channel. The most persistent and massive
jamming occurs in communist countries,
though most countries that can afford the
high cost have resorted to jamming on oc-
casion.

Jamming is an extremely expensive, yet
uncertain, business. Western sources esti-
mated that in the early 1970s Russia devoted
3,000 transmitters to jamming operations, at

NATIONAL CONTRASTS

an annual cost of $185 million. It is a measure
of the Soviets’ anxiety that they were willing
to spend so much on a defense of such
doubtful value:

The effectiveness of jamming varies: at times it
can block a signal in a city and fail to do so a few
miles away in the countryside; the use of high-
power transmitters and several frequencies can ov-
ercome some jamming; and there are limited pe-
riods during the day when propagation conditions
give a properly sited broadcaster virtual immu-
nity. (President’s Study Commission, 1973: 19)

The amount of jamming carried on by the
USSR and its allies serves as a barometer of
the state of East-West relations. For a time
during the détente of the late 1970s jamming
almost ceased, only to erupt again later be-
cause of the tension caused by the 1980 So-
viet invasion of Afghanistan and the confron-
tation between Polish trade unionists and
their communist government. The Polish cri-
sis provided RFE/RL with the kind of oppor-
tunity those services especially prize. RFE/RL
have always been more deeply resented than
the VOA, and therefore more subject to jam-
ming. The 1980 political turmoil in Poland,
however, triggered jamming of the VOA,
BBC, and German external services.

Clandestine Broadcasting Dissident
political elements, exiled by choice or force
from their own countries, often set up clan-
destine stations in neighboring territories to
beam propaganda back home. In times of
civil unrest such stations even operate within
the home country. Clandestine stations op-
erate in violation of both national and inter-
national law, though usually with the con-
nivance of the host countries. They spring up
along the borders of unrest almost anywhere
in the world except Latin America, where it
is easy for guerrillas to capture local commer-
cial stations for temporary use (Hale, 1975:
105). Prior to the fall of the Shah of Iran,
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dissidents operated at least three clandestine
stations against his regime. Immediately after
his fall clandestine stations opposing the new
regime went on the air.

A variant of clandestine operations is the
open use of facilities loaned by countries
friendly toward dissident groups. For exam-
ple, under Prime Minister Gamal Abdel Nas-
ser in the 1950s, Egypt gave many radical
opponents of African and Middle Eastern re-
gimes free use of Egypt’s powerful interna-
tional transmitters.

Wherever rules exist there will be people
to challenge them. Clandestine stations con-
stantly spring up in the United States, mo-
tivated by the sheer exhilaration of being able
to broadcast in defiance of the law.

1.10 Issue: “Free Flow” or
‘“New Order”?

Media Imperialism Thesis In the pre-
ceding sections we indicated some of the
ways in which U.S. broadcasting affects
other systems in the world:

= In the early days of radio, some countries
avoided using American commercial broad-
casting as a model because of what they per-
ceived as its detrimental social effects.

= The sale of American programs throughout
most of the developing world has led to the
charge of cultural imperialism.

s The intrusive nature of Radio Liberty and
Radio Free Europe exacerbates relations be-
tween the United States and the USSR,
which regards these stations as going beyond
the bounds of normal external services.

Other influences could be added, such as
U.S. aid programs that supply broadcast
equipment, advisers, and training to foreign
systems.
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All this buttresses the charge that Ameri-
can broadcasting exercises undue influence
on other countries, contributing to media im-
perialism. The leading American supporter of
this thesis, Herbert I. Schiller, expressed his
view of the process in strong words:

Messages “made in America” radiate across the
globe and serve as the ganglia of national power
and expansionism. The ideological images of
"have-not” states are increasingly in the custody
of American information media. . . . The facilities
and hardware of international information control
are being grasped by a highly centralized com-
munications complex, resident in the United
States and largely unaccountable to its own pop-
ulation. (Schiller, 1971: 147)

Free Flow Controversy The media im-
perialism thesis leads, among other things,
to the claim that curbs should be imposed on
the free flow of information. American oppo-
sition to such curbs is based on the doctrine
that the interests of all nations, great and
small, are best served by a climate that en-
courages unimpeded flow of information,
both within and between nations. Freedom
of expression, a fundamental article of faith
in American political philosophy, was at one
time fully accepted by the world community.
The UN Declaration of Human Rights, for
example, states that “everyone has the right
. . . to seek, receive and impart information
and ideas through any media regardless of fron-
tiers.”

Since the UN voted to adopt that princi-
ple, however, the world has changed dras-
tically. Some 70 new states have joined the
United Nations. Most are underdeveloped
and extremely conscious of their prior history
as colonial territories of the Western powers.
Known as the Third World bloc in the UN,
they are intensely preoccupied with neocolon-
ialism, which they see as threatening to drag
them back into their former dependent sta-
tus. What is the value of free flow to us, they



32

ask, when it runs almost entirely in one di-
rection — from the United States and a few
other industrial countries to the Third World?
Free flow, they assert, stacks the cards in
favor of the Western powers. Nor is this one-
sidedness just a matter of television pro-
grams and news reports. As an American
observer, formerly an officer of the VOA,
summarized the Third World view in his
book, America’s Mass Media Merchants, one-
way flow means that

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

UNESCO’s “New Information Order”
In 1972 the UN Educational, Scientific and
Cultural Organization (UNESCO) took up
the free-flow debate at its biennial general
meeting. Third World members sponsored a
resolution aimed at giving governments the
right to impose certain controls over both the
domestic and the international flow of news.
Opponents of the motion managed to post-
pone votes on the motion at the next two
meetings, but in 1978 UNESCO adopted a
“Declaration on the Free Flow of World
News.”

Despite opposition from the United States
and some of its allies, UNESCO set up a
commission to investigate a new world infor-
mation order — UNESCOese for a revised way
of organizing and controlling world com-
munications. In 1980 the commission, called
the MacBride Commission in honor of its
chairman, a distinguished Irish statesman,
delivered its report. It proposed a number of
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checks on the unimpeded flow of news. It
could be likened to a global “affirmative ac-
tion” plan, aimed at redressing past discrim-
ination against Third World countries.

The United States could not oppose af-
firmative action, of course. Both government
and private organizations said they were
ready to give both equipment and training to
help developing countries improve their
communication systems. But U.S. represen-
tatives and media commentators continued
to oppose any impediments to the free flow
of information. Such recommendations in the
MacBride report as machinery for assuring
“socially responsible reporting” and an in-
ternational code of ethics for reporters sound
innocent enough, but they are regarded in
the West as endorsements of government
censorship of the media.

Typical was the reaction of the editors of
Broadcasting magazine. Commenting on the
fact that the UN had passed a unanimous
resolution recommending that member na-
tions refer to the MacBride report when set-
ting up national communications policies,
they wrote that the report

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

Appraisal of Imperialism Thesis At
the root of the opposition to the free flow of
information is a profound and fundamental
conflict between two ideologies, broadly
identifiable as East vs. West. The Third
World has joined hands with communist
ideologues on this issue — though not nec-
essarily because of doctrinaire Marxist con-
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victions. As we pointed out earlier (81.8), to
developing countries the communist view of
media seems better suited to their needs.
They see the Western model as endangering
their struggle to attain and preserve nation-
hood. The USSR, for its part, is happy to
encourage Third World countries in cultivat-
ing anti-Western doctrines.

The media imperialism thesis gained
ground in the 1960s at a time when television
was just beginning to take hold in most of
the smaller countries. Evidence of Western
dominance gathered during that formative
period, though dramatic, reflected a tempo-
rary, transitional situation. Many new tele-
vision systems that at first depended entirely
on foreign equipment, training, know-how,
and program materials have since become
reasonably self-sufficient.

But there are practical limits as to how
much autonomy small, underfinanced broad-
casting systems can achieve. It is not a real-
istic answer to say, as do some critics, that
Third World broadcasters should make their
already short schedules still shorter to avoid
having to import programs from abroad. That
is tantamount to saying, if you cannot staff
the hospital without importing doctors, shut
down the hospital part of the day. A certain
amount of program importation will always
be necessary and may often even be desira-
ble. Indeed, sad to say, not all the cultures
allegedly being overwhelmed by imported
television are capable of surviving intact out-
side of museums. Once their shell of isolation
was broken, they were doomed, television or
no television.

A British media scholar, Jeremy Tunstall,
wrote a book on this subject, The Media are
American. Though sharply critical of some
Anglo-American broadcasting  influences,
Tunstall rejects the media imperialism thesis.
He writes this of Herbert Schiller, the Amer-
ican scholar who argues that thesis most ve-
hemently:
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[He] attributes too many of the world’s ills to
television. He also has an unrealistic view of re-
turning to traditional cultures, many of which
although authentic are also dead. In my view a
non-American way out of the media box is difficult
to discover because it is an American, or Anglo-
American, built box. The only way out is to con-
struct a new box, and this, with the possible ex-
ception of the Chinese, no nation seems keen to
do. (Tunstall, 1977, 63)

Subsequent events have shown that even the
Chinese are not keen on constructing a new
box in isolation from the West but plan to
exchange programs like everyone else.

Summary

Broadcasting in America, like every other
broadcasting system, tends to reflect national
character. Comparing the U.S. system with
systems of other countries leads to a better
understanding of broadcasting in America
than can be gained by examining it in isola-
tion. Some of the major points of difference
among systems are the following;:

1. American broadcasting reflects a gener-

ally permissive political philosophy, as con-

trasted with the paternalism of most Western
countries and the authoritarianism of the

—_— . .
communist and most Third World countries.

2. American broadcasting is pluralistic,
combining both commercial and noncom-
mercial motivations. Such combinations of
motives represent the general trend in the
most advanced democratic systems, some of
which have been more successful than the
United States in attaining pluralism.

3. American broadcasting is governed by
elaborate legal machinery, with ample op-
portunity for long-drawn-out appeals from
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regulatory decisions. Most other countries
are more peremptory in their control.

4. Access to broadcasting in America is fa-
cilitated . by_equal time and fairness rules, as
well as by a policy of favoring local owner-
ship of stations. Elsewhere ownership con-

trol is usually more cenfralized and access—

generally more restricted,  though some
countries have developed novel methods for
broadening access.

5. The U.S. population has sufficient buy-
ing power to make commercial operation
highly successful. Successful mass-appeal
programming motivates set-buying and lo-
calism encourages growth in the number of
stations. For these reasons, the United States
has been able to support the highest number
of stations and receivers of any country in
the world, relative to the size of its popula-
tion. Systems that depend on set-use license
fees for financial support are experiencing
difficulties because of inflation and the fact
that they have approached the saturation
point in the sale of licenses. Most systems,
however, depend on direct government sup-
port, either because of policy or economic
inability to rely on license fees and advertis-
ing income.

6. The contiguous states of the United
States present a large, compact land-mass
surrounded mostly by water, making broad-
cast coverage less complicated than it is in
smaller countries that are crowded together.

7. Historically, the United States system
has escaped the disruption and transforma-
tion by war that have affected the German
system, for example.
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8. Program formats are universal, but each
country tends to fulfill formats differently.
Treatment of news varies markedly as be-
tween the democracies and authoritarian
states, but treatment of entertainment for-
mats also differs.

9. The United States exports more pro-
gramming than any other country. This one-
way flow of program materials has led to
charges of cultural imperialism by some crit-
ics, who allege that the cultures of small
countries are overwhelmed by U.S. pro-
grams.

10. Few countries schedule programs 24
hours a day as is common in the United
States.

11. In addition to its regular external service,
the Voice of America, U.S. broadcasting to
other countries includes the focused efforts
of Radio Free Europe and Radio Liberty in
Eastern Europe, and the incidental coverage
of American Forces Radio and Television
Service stations at military bases located on
foreign soil. In terms of quantity, however,
the USSR has the largest external service.
The British Broadcasting Corporation, at one
time the largest, has fallen behind in quantity
but still retains high credibility because of its
long history and separation from direct gov-
ernment control.

12. The principle of free flow of information
advocated by the United States is opposed
by most communist and Third World na-
tions, which advocate a “‘new world infor-
mation order” that allegedly would redress
what they perceive as past injustices result-
ing from the free-flow philosophy.
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As we saw in the prologue, each country adapts broadcasting to suit
its own political, economic, and social characters. Though countries
can make their own laws about the use of broadcasting, they cannot
repeal the laws of nature. Stubborn physical facts are at the root of
most important and universal questions about broadcasting. They limit
where and how far broadcast signals travel and how much information
each can carry. Physical limitations govern the distribution of trans-
mitters, putting a ceiling on the number that can operate in any one
locality. They commit nations to standardizing of systems and equip-
ment, demanding a high degree of international cooperation. They
make it necessary to regulate broadcasting in ways not common to
other mass media of communication.

These are the types of activity that are involved in the management
of radio energy. In the three chapters of this part of our survey we look
first at the underlying nature of that energy, then at how it is managed
S0 as to create a great variety of communication channels, and finally
at the physical means of distributing and storing program materials to
enable filling those broadcast channels with an endless supply of
entertainment and information.



CRAPTER 2

Nature of Radio Energy

The property of broadcasting that stands out
most clearly as unique is its wirelessness. The
ability to radiate through empty space, to
travel in all directions without benefit of any
vehicle, gives broadcasting its most dramatic
advantage over all other ways of communi-
cating. Radio* waves can leap over oceans,
span continents, penetrate buildings, pass
through people, go to the moon and back,
reach the earth from the farthest star in outer
space. A satellite transmitter, hovering some
22,000 miles above the equator, can cover
nearly a third of the earth with radio signals.

2.1 Electromagnetic
Spectrum

Nature of Electromagnetic Energy

Radio is first of all a form of energy. As such
it belongs in the same class as light, X-rays,
and the cosmic rays that come from outer
space. Collectively they constitute electromag-
netic energy. All forms of electromagnetic en-
ergy share three fundamental characteristics:

*As used in this chapter the word “radio” refers not to
sound broadcasting alone, but to the wireless method of
communicating. In this physical sense, “‘radio” transmits
not only sounds and pictures, but also Morse code dots
and dashes, streams of coded data, and even sheer
noise.

they are all radiant energy, have the same
velocity, and travel with a wavelike motion.

Radiation is best understood in terms of
light. Turn on a light bulb and light radiates
through the surrounding space; light “rays”
are basically the same thing as radio
“waves.” Velocity refers to speed or rate of
travel, like 55 miles per hour in an automo-
bile. The velocity of electromagnetic waves,
however, is measured in miles or meters per
second — about 186,000 miles, or 300,000,000
meters, per second.

Wave motion refers to the fact that all elec-
tromagnetic energy is characterized by an os-
cillating (vibrating, alternating) motion that
can be depicted as a wave. The number of
separate wavelike motions produced in a sec-
ond is the measure of a wave’s frequency, an
important concept because the varied forms
that electromagnetic energy assumes (radio,
light, etc.) depend on frequency.

Electromagnetic Spectrum A large
number of frequencies visualized in their nu-
merical order constitutes a spectrum. The key-
board of a piano represents a spectrum of
sound frequencies, starting with the low fre-
quencies at the left and ending with high
frequencies at the right. A visible spectrum
can be observed when a prism or a rainbow
breaks up sunlight into its component colors
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— for “colorless” light is actually a combi-
nation of "all the colors of the rainbow.” We
see the lower frequencies of light as red and
as we ascend in frequency we see yellow,
green, blue, and finally violet. Ultraviolet light
is electromagnetic energy just above visible
light frequencies and infrared light is just be-
low visible light frequencies.

Exhibit 2.1 represents the entire electro-
magnetic spectrum, showing where the var-
ious types of energy occur in terms of fre-

Exhibit 2.1
How the electromagnetic spectrum is used
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quency or wavelength. As Exhibit 2.1 shows,
usable radio waves occupy only the lower
end of the spectrum. As frequency increases
the practical difficulties of using the spectrum
for communication also increase. Histori-
cally, the upper usable limit has been pushed
higher and higher. Eventually, no doubt, the
present limit of about 300 GHz will be sur-
passed.

Electromagnetic Examples of Approximate frequency
phenomenon uses range Typical wavelength
Cosmic rays Physics, astronomy 10" GHz and above = Diameter of an electron
Gamma rays Cancer therapy 10'°-10" GHz Diameter of smallest atom
X rays X-ray examination 10%-10° GHz Diameter of largest atom
Ultraviolet Sterilization 10%-108 GHz 1 hundred millionth of a
radiation meter
Visible light Human vision 105-10% GHz 1 millionth of a meter
Infrared Photography 1,000 GHz-10* GHz 1 ten thousandth of a
radiation meter
Microwave Radar, microwave 1-300 GHz 1 centimeter
radio waves relays, satellite
communication
Radio waves UHF television 470-806 MHz 1/2 meter
Radio waves VHF television, FM radio 54-216 MHz 3 meters
Radio waves Short-wave radio 3-26 MHz 30 meters
Radio waves AM radio 535-1,605 KHz 3,000 meters

Comment: Note that as frequency increases (reading from the bottom of the table
upwards), the manifestations of electromagnetic energy become both more powerful
and more dangerous to man (though not necessarily less useful). Not mentioned in

connection with radio wave uses are the numerous nonbroadcast and auxiliary

broadcast uses, which occur throughout radio wave portions of the spectrum. Not
shown are the lowest frequencies, which we perceive as radiant heat and electric

power.




2.2 SOUND WAVES

2.2 Sound Waves

In order to examine the frequency, length,
and other characteristics of waves in more
detail, it is convenient to use the example of
sound, which also depends on vibratory mo-
tion.

Sound Wave Motion Using the example
of a conversation between two people in a
room, we can analyze what happens physi-
cally in terms of waves and wave motion as
follows: a speaker’s vocal cords vibrate, pro-
ducing word sounds; the vocal cord vibra-
tions set molecules of air in wavelike motion;
the energy travels through the air in waves
to the eardrum of the listener; the eardrum
responds by vibrating in step with the wave
motion of air molecules; the vibration of the
eardrum stimulates nerve fibers leading to
the listener’s brain, which somehow makes
sense of them. Because the eardrum cannot
“tune out” other voices, competing sounds
may interfere with comprehension. The
speaker may increase volume (amplitude) in
order to overcome the interference.

The chief wave-motion concepts can be
deduced from this sequence of events.
Clearly at each step in the process, vibration
(alternation, oscillation) is involved. Equally
obvious, the vibratory energy in one form
caused similar vibrations in other objects
or mediums — vocal cords, air, eardrum,
nerves. Finally, communication through a me-
dium (vibrating air molecules) carried mean-
ing from one point to another (speaker to
listener).

Wave-Motion Concepts We need next
to analyze vibratory motion in more detail in
order to assign the appropriate terms to its
various aspects. One way to observe slow-
motion vibration is to look at the swinging of
the pendulum in Exhibit 2.2.1. At rest the
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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 pen-
dulum includes a swing in each direction.
The number of cycles occurring in a given
time period defines the frequency of the vi-
bratory movement. We perceive sound fre-
quency as pitch. For example, large, heavy
musical instruments vibrate with low fre-
quencies and so have low pitches. Small,
light instruments vibrate with high frequen-
cies and so have high pitches.

In order to simulate the pendulum’s vibra-
tory motion traveling through space, 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 downward past the pen
point at a constant speed, the pen will trace
out a line that depicts a wave train — a series
of waves of the same frequency traveling
through space (look at Exhibit 2.2.1 again,
but turn it 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 a 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 (the
long strings at the left end of the piano key-
board), small vibrating objects have short
wavelength (the short strings at the other
end of the keyboard). We become aware of
the velocity of sound whenever we notice
that a sound (a thunderclap, the report of a
gun) reaches us later than its corresponding
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visual impression (a lightning or muzzle
flash).

The wave train of Exhibit 2.2.1 illustrates
one further basic principle of wave propa-
gation; as radiated energy travels away from
its source it gradually loses strength. This is
attenuation, represented by the running

Exhibit 2.2.1
Wave motion concepts illustrated by pendulum
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down of the pendulum. We perceive acoustic
attenuation as the fading of a sound as we
move farther away from the source.

Phase Engineers visualize wave motion in
terms of the movement of a point on the rim
of a traveling wheel. After the point goes

Distance (8 feet)

Time (1 second)
Fo

[ >
>
>

| 0
| Amplitude

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 wavetrain diagram.

produce four cycles; hence the frequency is 4 cycles per 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

reached a distance of 8 feet; hence the wavelength is 8 + 4, or 2 feet. It took
energy attenuates.

and one below the zero line, representing the right and the left swings of the
one second for the pendulum to complete four complete swings, i.e., to

pendulum. Four cycles have been depicted (C,, C,, C,, C,). The four cycles

Viewed from this perspective, the pendulum’s motion becomes a series of
waves. Each complete cycle of movement consists of two phases, one above
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through half a circle (180°) it reverses its di-
rection to go through the rest of the circle.
Each half of the complete cycle of motion is
called a phase. This means that a complete
wave consists of two 180° phases, moving in
opposite directions.

These opposite phases of a cycle may be
regarded as positive (plus) and negative (mi-
nus) aspects of the wave. If the positive as-
pects of two waves coincide, their energies
will combine to make a larger total amplitude
at that point. If, however, a negative and a
positive aspect of two waves coincide, the
smaller will subtract from the larger, making
a smaller total amplitude at that point. When
two waves of the same frequency exactly co-
incide they are "in phase.”

Phase considerations play important roles
in many practical applications throughout
electrical and electronic systems. Two or
more microphones fed to the same amplifier
must be phased correctly; color television
makes important use of phase differences;
directional antennas use phase reinforcement
and cancellation to strengthen radiation in
one direction and weaken it in another.

Overtones Phase has an important bear-
ing on sound quality. A perfectly smooth,
symmetrical wave represents a pure tone. To
the ear it would sound like a dull drone.
Pleasing musical tones and natural sounds
consist of many different frequencies, all pro-
duced at the same time. When frequencies
combine, their phase differences create com-
plex waves with irregular patterns (Exhibit
2.2.2).

One of the sources of complexity in
sounds is the presence of overtones or har-
monics. They are multiples of the fundamen-
tal pitch. Thus the 264-cycles-per-second
sound of middle C may have overtones at
528 cycles, 792 cycles, 1056 cycles, and so on.
Differences in the distribution and ampli-
tudes of the overtones account for the qual-
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itative difference between sounds of the same
fundamental pitch (Exhibit 2.2.2). Since over-
tones are, by definition, high in pitch (that
is, frequency), it follows that high-quality
sound reproduction requires equipment cap-
able of reproducing relatively high frequen-
cies.

Acoustic Environments Sound waves,
once they have been launched into a given
environment, begin to attenuate. Drapes, hu-
man bodies, and other soft objects tend to
absorb wave energy, especially the higher fre-
quencies. Hard, flat surfaces reflect sound
waves, causing reverberation or echoes (re-
verberations are echoes so closely spaced in
time they are not heard as separate sounds).
The combination of absorptive and reflective
surfaces creates an acoustic environment.
Sound absorption gives a room a “dead,” flat
sound; hard, flat surfaces produce a “live,”
bright sound. Studio and auditorium design-
ers plan room size and shape and treat re-
flective surfaces so as to create an optimum
acoustic environment, neither too dead nor
too live.

2.3 Radio Waves

Comparison of Sound and Radio
Waves The sound wave characteristics and
behaviors mentioned in the preceding section
also apply to radio waves. They have veloc-
ity, frequency, length, and phase character-
istics. They attenuate, can be absorbed and
reflected, and can have echoes. The ""ghosts”
seen as double images in television pictures
are actually visual echoes caused by wave
reflection.

One must keep in mind, however, the
fundamental differences between sound and
radio waves as to frequency, velocity, and
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the need for a physical vehicle. As to fre-
quency, limitations of the human ear confine
audible sound frequencies to a range from
about 50 up to about 15,000 cycles per second
(people’s hearing abilities vary). The fre-
quency range of the electromagnetic spec-
trum is vast by comparison, running as high
as 300 billion cycles per second. As to velocity,
radio waves travel with the speed of light,
about 900,000 times the speed of sound in
air. Furthermore, radio waves need no inter-
vening medium such as air. Indeed, they
travel best in a vacuum. Air merely impedes
them.

Finally, sound and radio waves differ in
the direction of their vibratory motion rela-

Exhibit 2.2.2
Complex wave
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tive to the paths they travel. Sound-wave
motion is called longitudinal, meaning that the
waves vibrate in the same plane as the
sound’s direction of travel — what might be
described as a push-pull motion. Radio
waves are called transverse waves because
they vibrate back and forth, across the direc-
tion in which the waves travel. This fact has
an important bearing on the design of radio
antennas, as we shall see later (§2.6).

Relation of Frequency to Wavelength
The phrase “cycles per second” has been
simplified by international agreement to the
term “hertz,” meaning a frequency of one
cycle per second. Because the higher radio

10cps — Fundamental
20cps ————= —— —— >— 1st harmonic
30cps ———— - - ~ > —_—— 2nd harmonic
40cps —————~4—— ——— — 3rd harmonic

Reading from top to bottom, the drawings depict a fundamental wave and three of
its harmonic (overtone) waves. Each is regular in shape. When the four combine,
however, phase differences result in an irregularly shaped, complex wave, as

shown in the bottom drawing.

Source: Diagram adapted from Paul Davidowitz, Communication, Holt, Rinehart & Winston,

New York, 1972, p. 129, Fig. 11-1.
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frequency numbers get unwieldy, the stan-
dard metric prefixes kilo- (for thousand),
mega- (for million), and giga- (for billion) are
added to hertz (which is spelled the same in
both singular and plural). Exhibit 2.3 shows
the use of these terms in the division of the
radio spectrum into frequency bands.

The position of any wave in the electro-
magnetic spectrum can be stated either in
terms of its frequency or its wavelength, as
shown in Exhibit 2.1. When we speak of
“microwaves”’ we are identifying waves by
their length, but when we speak of “UHF”
we are identifying them by their frequency.
If either frequency or wavelength is known,
we can easily find the other simply by divid-
ing it into 300 million meters (about 185,000
miles), the per-second velocity of radio

Exhibit 2.3
Subdivisions of radio frequency spectrum
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waves in a vacuum. Example: a wave is
known to have a frequency of 1 MHz (1 mil-
lion hertz). What is its length? Dividing the
frequency of 1 million into velocity of 300
million gives wavelength as 300 meters. Ve-
locity is in fact the product of frequency times
wavelength.

The positions of broadcasting stations
within their respective frequency bands can
thus be identified either by the frequency or
the length of their carrier waves. Frequency
is commonly used in the United States, but
wavelength is sometimes preferred in Eu-
rope. In U.S. radio, an AM station’s dial
number refers to kilohertz (760" means
600 kHz) and an FM station’s dial number
refers to megahertz (798.9” means 98.9
MHz). Television stations, however, are

Frequency range expressed in

Kilohertz Megahertz Gigahertz

(thousands of cycles (millions of cycles  (billions of cycles
Name of subdivision per second) per second) per second)
Very low frequency (VLF) Below 30 —— —
Low frequency (LF) 30-300 —_— ——
Medium frequency (MF) 300-3,000 - -
High frequency (HF) 3,000-30,000 3-30 ——
Very high frequency (VHF) 30,000-300,000 30-300 ——
Ultra high frequency (UHF) 300,000-3,000,000 300-3,000 _
Super high frequency (SHF) 3,000,000-30,000,000 3,000-30,000 3-30
Extremely high frequency (EHF)  30,000,000-300,000,000 30,000-300,000 30-300

Comment: Each band simply adds another zero to the limits of the next lower band,
making it easy to reconstruct the table from memory. Note how unwieldy numbers
become when expressed as kilohertz at UHF and above, demonstrating the need to

switch to the terms megahertz and gigahertz.




44

identified by arbitrarily assigned channel
numbers (for example the video carrier fre-
quency of channel 6 is 83.25 MHz).

Generation of Carrier Waves Sound,
it will be recalled, is generated when some
physical object (vocal cords, drum head, sax-
ophone reed, guitar string) is made to vibrate.
Radio waves, too, are generated by causing
vibration (oscillation), but vibration of an
electrical current rather than of a physical
object. The oscillation of an electrical current
can be envisioned as a surging back and forth
of energy, rising to a maximum in one direc-
tion (one phase) then to a maximum in the
other direction (the other phase).

Current alternating in any electrical sys-
tem releases electromagnetic energy into the
surrounding space. This tendency of alter-
nating current to radiate electromagnetic en-
ergy depends on its frequency. The higher
the frequency of alternation, the more radia-
tion takes place.

Thus the most fundamental job of a radio
transmitter is to generate alternating energy
that will radiate into space. This basic emis-
sion is a transmitter’s carrier wave, which al-
ternates at a designated frequency. A trans-
mitter radiates energy at that frequency as
long as it is turned on, even though no actual
sound or picture may be going out at the
moment.

2.4 Modulation

Energy Patterns Imposing information
(pictures, sounds, or any other material to be
transmitted) on a carrier wave is called mod-
ulation. We can modulate a flashlight beam
merely by turning it on or off. A distant ob-
server can decode the modulated light beam
according to agreed meanings — a pattern or
code of four short flashes means "all OK,”
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perhaps, while a combination of short-long-
short flashes might mean “having trouble
— bring help.” Thus modulation is used to
produce a signal. Any physical variation that
conveys information is a signal — a light
changing from red to green, a head nodding
up and down, or in the case of the flashlight,
on-off variations in light output.

On a more complex level, sound also con-
sists of patterns — patterns of amplitudes
(loudness variations) and of frequencies
(pitch variations) — traveling through the at-
mosphere by means of air-molecule move-
ments. A microphone, responding to varia-
tions in air pressure caused by these
movements, transfers the sound pattern into
a signal — in this case a corresponding pat-
tern of electrical variations. Next the electrical
signal, or pattern, modulates the transmitter’s
carrier, causing its oscillations to assume the
same pattern, but now at a much higher fre-
quency. At last we have a radio signal —
physical variations in the carrier wave that
convey information (Exhibit 2.4). All we need
to complete the communication process is a
decoding device at the receiving end to de-
modulate the carrier. A receiver reverses the
process, finally causing a loudspeaker to set
air in motion with a pattern of vibratory
movements, reproducing something like the
original sound. Notice that the sound is only
reproduced. Sound itself — or a picture or any
other original material — is not transmitted,
only patterns. It is like making a paper pat-
tern of an article of clothing and mailing the
pattern to a tailor in a distant city. One mails
the pattern, not the clothing. But in the dis-
tant city the tailor uses the pattern to con-
struct an article of clothing much like the
original item. In sum, modulation involves
transferring a pattern from one form of en-
ergy to another.

Transduction At each point where the
crucial transfer of energy patterns takes place
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an instrument is needed to do the job. The
general term for such instruments is trans-
ducer (literally, “leader across”). A micro-
phone as a transducer changes sound pat-
terns to electrical patterns. A television
camera as a transducer changes light patterns
to electrical patterns. A transmitter as a trans-
ducer shifts electrical frequency patterns into
a higher frequency domain, that of radio fre-
quency (RF) energy.

Sidebands The single frequency that
identifies a carrier wave can carry only a sin-
gle "'bit” of information each second. For a
signal any more complicated than simply

Exhibit 2.4
Modulation of carrier waves
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7off” vs. “on” (for example), more frequen-
cies are needed. Modulation by a complex
signal involves using radio frequencies adja-
cent to the carrier, both above and below its
particular frequency. These additional fre-
quencies are referred to as sidebands. The
number of frequencies in a sideband deter-
mines the bandwidth of the channel, which in
turn affects the amount of information it is
able to carry.

Either the upper or the lower sideband
(with reference to the carrier frequency) suf-
fices to convey all the information imposed
on the carrier. Because spectrum space is al-
ways in short supply, some radio services

An unmodulated carrier wave emitted by a
transmitter has an unchanging frequency and
amplitude pattern:

An AM carrier wave, modulated by a pattern of
amplitude changes representing a signal:

An FM carrier wave, modulated by a pattern of
frequency changes representing the same signal:
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in AM, frequency remains constant, amplitude varies; in FM, amplitude remains
constant, frequency varies. The patterns of change, whether of amplitude or
frequency, represent the energy patterns of the transmitted signal.

Source: Federal Communications Commission.
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conserve frequencies by using single sideband
(SSB) or vestigial sideband (VSB) transmission.

Channels The fact that modulation of a
carrier wave generates sidebands means that
each station must be allotted not just one but
a group of frequencies. Such a group is re-
ferred to as achannel. The concept of channel
is central to an understanding of radio com-
munication systems.

A channel might be visualized as a water
pipe. A very thin pipe could eventually fill a
big reservoir with its trickle of water, but if
it is important to fill the reservoir quickly, a
gush of water from a large-diameter pipe is
essential. In radio communication we are
usually interested in large pipes, or channels,
because we want immediate results. Some-
times, however, we are willing to make a
trade-off — to exchange economies in chan-
nel width or in equipment costs for slow de-
livery. The pioneer Mariner satellite that sent
back pictures of Mars in 1965 carried a tiny
black-and-white television camera that took
48 seconds to build up one complete picture.
The picture information was converted into
coded form and stored by a tape recorder on
board the satellite. It then took nearly nine
hours to transmit to earth the string of coded
digits representing the 40,000 elements in a
single picture.

Types of Modulation The chief methods
of modulation used in broadcasting are am-
plitude modulation (AM) and frequency
modulation (FM). As the names imply, in the
one case information is encoded by varying
the amplitude, or strength, of the carrier
wave; in the other case, encoding varies its
frequency (Exhibit 2.4).

Imagine a transmitter being fed a sound
having a pitch of middle C, which is an
acoustic vibration of 264 cycles per second.
Amplitude modulation would produce 264
alterations per second in the amplitude of the
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carrier. The loudness of the sound would be
encoded in terms of the amount rather than
the frequency (rate) of amplitude change
in the carrier. If the sound doubled in vol-
ume, the carrier would double in average
amplitude.

Because amplitude modulation depends
on amount of energy, AM signals are vulner-
able to electrical interference. Radio receivers
pick up random pulses of electrical energy in
the atmosphere, such as those caused by
lightning and electrical machinery. These
random bits of energy interact with the trans-
mitted radio energy and are heard as static.

FM keeps carrier wave amplitude con-
stant, modulating its frequency (Exhibit 2.4).
This method avoids the static interference
that bedevils AM. In FM reception, variations
in amplitude caused by static can be clipped
off the peaks of the waves without disturbing
the information pattern.

2.5 Wave Propagation

Modulation is imposed on the carrier wave
by the transmitter, which feeds the signal to
the antenna, the physical element from which
the signal radiates into the surrounding
space. The traveling of the wave energy out-
ward from the antenna is referred to as prop-
agation. As the energy travels it attenuates
(gets weaker). This necessarily happens be-
cause the energy is being distributed over a
progressively larger area. The greater the dis-
tance it travels the more thinly it is dispersed.

Coverage Contours If all conditions
were ideal, the geographical coverage pattern
of a transmitter would be circular. Its energy
would radiate evenly in all directions, assum-
ing the absence of any deliberate effort to
control propagation direction. However, in
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the course of propagation the wave energy
is affected unevenly by a variety of conditions
it meets along the way. Conditions that in-
fluence propagation patterns include such
variables as weather, physical obstructions,
and seasonal changes in radiations from the
sun. Waves are susceptible to refraction
(bending of waves into a new direction), re-
flection, absorption, interference, and ducting
(unusually long-distance propagation of FM
radio and television signals). As a result of
these and many other variables, actual cov-
erage patterns are usually irregular in shape.

How much and in what way a given signal
will be affected by specific conditions in its
wave path depends upon which frequency
band it occupies. Just as waves in different
parts of the electromagnetic spectrum, taken
as a whole, behave differently in accordance
with their frequency (light occurs in one band
of frequencies but not in others, for example),
so the waves in different parts of the radio
frequency band vary in their behavior. The
differences in propagation behavior that de-
pend on frequency can be summarized by
dividing waves into three types — direct,
ground, and sky waves.

Direct Waves Line-of-sight waves that
follow a nearly straight path from transmit-
ting antenna to receiver antenna are called
direct waves. Their useful coverage area
reaches only to about the horizon; beyond
that point they fly off into space, as shown
in Exhibit 2.5.1. Line-of-sight distance to the
horizon depends, of course, on the height of
the antenna — the higher an antenna the
farther it can see before reaching the horizon.

Direct waves use the higher radio fre-
quency bands — VHF, UHF, SHF, and EHF
(Exhibit 2.5.3). They are subject to being
blocked by objects in their path that are one
wavelength wide or larger. At the highest
usable frequencies even objects as small as

47

the leaves of trees and raindrops cause block-
age. These higher-frequency waves are called
“‘quasi-optical”” because they behave like
light. In fact one can make the generalization
that the higher the frequency of radio energy
the more it resembles light in its behavior.
Television and FM use direct waves exclu-
sively.

Ground Waves Because ground waves
are propagated through the surface of the
earth, they can travel beyond the horizon
(Exhibit 2.5.1). They therefore have the po-

Exhibit 2.5.1
Direct and ground wave propagation

Line of sight
i <to horizon
=

Direct waves travel, like light rays, straight out
from small radiating elements atop the antenna
structure. The line-of-sight angle to the horizon
limits their radius of coverage. TV antennas have
directional characteristics to prevent energy
radiating at an angle above the horizon so that it
will not be wasted by flying off into space.

Line of sight
to horizon

Ground waves follow the curvature of the earth. If
sufficiently powerful and aided by sufficiently
conductive soil, they travel beyond the horizon.
The entire antenna structure radiates energy, but
the radiation is symbolized by a single ray in the
drawing.
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tentiality for covering a wider area than direct
waves. In practice, however, the distance
ground waves travel depends on several var-
iables, notably power and soil conductivity,
the ability of electromagnetic energy to pass
through the earth surrounding the antenna
site. Dry, sandy soil is a poor conductor.*
Ground waves occur at low and medium
frequencies (Exhibit 2.5.3). AM (standard)
broadcasting depends primarily on ground
waves and, to a lesser extent, on the third
type, sky waves.

Sky Waves Most radio waves, when al-
lowed to radiate upward toward the sky, lose
much of their energy by atmospheric absorp-
tion. Any remaining energy escapes into
space. Waves in the medium-frequency (MF)
and high-frequency (HF) parts of the spec-
trum, however, tend to bend back toward
the earth, forming sky waves. This bending
effect is caused by the ionosphere, a series of
high-altitude layers of atmosphere (Exhibit
2.5.2). Because of bombardment by high-
energy radiations from the sun, the ionos-
phere takes on special electrical properties
that cause the refraction (bending back) of
sky waves. These refracted waves, bouncing
back and forth between earth and ionos-
phere, are not affected by the curvature of
the earth and so can travel vast distances.
As shown in Exhibit 2.5.2, the ionosphere
occurs in several layers, each with differing
characteristics. During the daytime MF
waves are absorbed, but at night they bounce
off the ionosphere, providing distant night-
time service. HF waves, however, can utilize
the ionosphere day and night. Sky waves are
thus very important to broadcasting because
they afford the only method of obtaining

*The FCC publishes a map showing the variations of
soil conductivity throughout the United States (47 CFR
73.190). The best soils are about 15 times as conductive
as the worst. Salt water is an ideal conductor, being
2,500 times as effective as the least conductive soil.
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long-distance radio transmission (in the
hundreds and even thousands of miles) by
land-based stations. Some standard (AM)
broadcast stations are designed to provide
only ground-wave coverage; others, more
powerful, are designed to provide additional
coverage by sky wave at night. International
short-wave (HF) stations depend on sky
waves both day and night.

Frequency and Propagation Range
Exhibit 2.5.3 summarizes the effects of fre-
quency on the range of radio waves, along
with corresponding modes of propagation.
Ground waves are most useful at the lowest
frequencies, sky waves at the middle fre-
quencies, and direct waves at the higher fre-
quencies. The lower frequencies are more
subject to atmospheric noise, the highest to
electron noise. In general, the higher the fre-
quency the more power it takes to generate
a usable signal. Thus from the user’s point of
view a channel located at a lower point in the
frequency spectrum is always preferable
(other things being equal) to one at a higher
point.

2.6 Antennas

Antenna Length All types of waves de-
pend on antennas as the means of launching
electromagnetic energy into the surrounding
space. Antennas vary greatly in size because
in order for them to work efficiently the size
of the radiating elements must correspond to
the length of the waves they are designed to
radiate. Usually the radiating elements are
one-half or one-quarter the length of the car-
rier wave. The length of the waves at the
lower end of the standard AM broadcasting
dial (540 kHz) is about 1,823 feet. At the up-
per end of the dial (1,600 kHz) the waves are
593 feet long. The length of the waves used
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Exhibit 2.5.2
Skywave propagation

lonosphere
N layer

Skywaves radiate outward above the horizon into space. However, when they
encounter the ionosphere, waves of certain frequencies are refracted back toward
the earth. The return wave may bounce off the earth back to the ionosphere, then
back to earth and so on, in a series of skips.

. winter daytime "
ety I9n
e oy !lime

surface

The ionosphere consists of several layers, identified by the symbols D, E, F-1, and
F-2. Each layer refracts radio waves of only certain frequencies. Influenced by the
sun, the layers move up and down with day/night and summer/winter changes.

Source: Adapted from Stanley Leinwoll, From Spark to Satellite, copyright © 1979 by Stanley
Leinwoll. Used with the permission of Charles Scribner’s Sons.
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by UHF television channel 48 (for example)
is under two feet.

Ground-Wave Antennas The antenna
structure of an AM station is usually a quar-
ter-wavelength long. The structure as a
whole acts as the radiating element (Exhibit
2.6.1). In choosing a location for an AM an-
tenna, engineers look for good soil conduc-
tivity and freedom from surrounding sources
of man-made interference. They also have to
avoid creating hazards for aircraft approach-
ing and leaving airports. Height above sur-
rounding terrain has no importance as it does
for FM and television antenna sites. In fact
a low-level site is preferable to a mountain
top for AM antennas. Because their signal is
propagated through the earth’s crust, AM

Exhibit 2.5.3
Frequency bands and their characteristics
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antennas must be extremely well grounded,
with many heavy copper cables radiating out
from the base of the antenna tower buried in
the ground (Exhibit 2.6.1).

Direct-Wave Antennas [ngineers seek
the highest possible locations for FM and TV
antennas so as to obtain maximum coverage
from their line-of-sight radiations. In this
case the antenna tower functions simply to
raise the antenna proper as high as possible
(Exhibit 2.6.2). Both transmitting and receiv-
ing antenna elements for direct waves are
relatively small and are positioned horizon-
tally with reference to the ground below. This
is because the United States has adopted hor-
izontal polarization as the standard for broad-
cast FM and television antennas.
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Rough approximations of the distances reached are as follows: quasi-optical, to
horizon (the waves behave like light, so that their range depends on the height of
their point of origin with reference to the horizon); short, up to 50 miles; medium, 50

to 500 miles; long, above 500 miles.
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Polarization of Waves As they are prop-
agated, radio waves oscillate back and forth
across their propagation path. The orientation
of the antenna determines the orientation of
the oscillations. The horizontal polarization of
FM broadcast signals is disadvantageous
when it comes to automobile radios because
auto antennas are usually oriented vertically.

In recent years television stations have be-
gun to install antennas so constructed as to
radiate circularly polarized waves (Exhibit
2.6.2). The waves from these antennas travel
with a corkscrew motion. Although circular

Exhibit 2.6.1
AM radio antenna
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polarization requires higher transmitter
power, it has the advantage of eliminating
ghosts. The system works something like po-
larized sunglasses that reject glare because
the polarity of reflected sunlight tends to be
the reverse of direct sunlight. When a circu-
larly polarized signal is reflected, its direction
of rotation is reversed and the receiving an-
tenna will reject it, eliminating the possibility
of its being received as a ghost signal.

Directional Antennas Radio waves can
be controlled, much as light is controlled, by

The entire steel tower of an AM radio antenna serves as its radiating element.
Efficient propagation depends on soil conductivity, which in turn necessitates an
exceedingly good ground system for the tower. The photo shows an array of several
antennas (for obtaining directional propagation). Heavy copper ground cables are
buried in the trenches that radiate out from the bases of the towers.

Source: Courtesy of Stainless. Inc., North Wales, PA
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blocking off radiations in some directions and
reinforcing them in others. Directional anten-
nas that achieve these effects are used to pre-
vent interference with other stations, to
match coverage contours to population dis-
tribution patterns, to avoid sending energy

Exhibit 2.6.2
TV antenna
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Because height is important to maximize direct-
wave coverage, Boston's WQTV (TV) chose the
55-story Prudential Center's roof as its antenna
site. A helicopter had to be used to lift the
antenna assembly into place. The circularly
polarized antenna's radiating elements are
mounted in a spiral pattern around the
supporting column.

Source: CETEC Antenna Corporation
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upward into space, and for other purposes.
Concentrating radiations increases their ef-
fective strength. This increase is called an-
tenna gain.”

Television antennas are designed to keep
their angle of radiation low enough to direct
the waves toward the surrounding terrain,
preventing the loss that would occur if part
of the radiations were aimed above the
horizon. Their resulting beefed-up signal
strength is expressed as ERP (effective ra-
diated power). AM radio directional anten-
nas work on the principle of phase interfer-
ence and reinforcement (§2.2). Several AM
antenna towers, erected in a line, simulta-
neously radiate the signal. They are spaced
in such a way as to produce the desired phase
relationships, reinforcing the radiations in
one direction, attenuating them in another.

2.7 Spectrum Management

Efficient use of the radio spectrum is the ob-
jective of spectrum management. The huge
and ever-growing number of radio transmit-
ters of many different kinds (over 17 million
in the United States alone in 1979) must share
the limited frequency spectrum. The constant
threat of interference between stations and
the international political complications all
this involves make spectrum management
extremely important to the future develop-
ment of broadcasting.

Frequency Allocation National telecom-
munication authorities agree, through the

'An extreme case of antenna gain is the microwave relay

antenna, which uses a reflector to concentrate the energy
into a powerful narrow beam, just as a searchlight con-
centrates light. Such an antenna can achieve a gain of
100,000 times the effective radiated power of an omni-
directional antenna.
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International Telecommunication Union, on
ways of dividing up the available electromag-
netic spectrum among the various types of
radio services. This process, called allocation,
means designating specific segments (bands)
of the spectrum for the use of specific serv-
ices.

Allocation involves matching the needs of
a service to a part of the spectrum with the
appropriate propagation characteristics. Thus
a service that needs to communicate over
very long distances has to be allocated to HF
or lower bands so that sky waves can be

Exhibit 2.7.1
Radio station licenses, by type of service
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employed. On the other hand, a service
needing to make only short-range line-of-
sight transmissions could best use the quasi-
optical bands of frequencies. Some services
require continuous, around-the-clock com-
munication, others only occasional contacts.
Some require radiotelephony, others radio-
telegraphy. There are never enough frequen-
cies to satisfy all needs. New services con-
stantly emerge and old services expand.

Multiplexing Because of shortage of spec-
trum space, an important aspect of commu-

Type (with examples of uses)

Number of authorizations?

Personal services (citizens band, radio controlled devices)
Private land mobile (police, fire, ambulance, news gathering)
industrial services (business, power, petroleum exploration)

Amateur and disaster services
Marine services
Aviation services

15,000,323
617,304
462,096
375,528
371,223
226,957

Public safety services (police, fire, local government, highway

maintenance)

Common carriers (microwave relays, radiotelephone, satellites)

Broadcasting (radio, television, auxiliary services)

Land transportation services (railroads, taxicabs, auto emergency)

Operational fixed services
Total radio transmitting stations

128,959
58,988
35,973
26,249

16,066

17,319,666

Comment: Eleven nongovernment services, each covering several different uses,
share the frequency spectrum. They are divided into three groups: common carriers,
private services, and broadcasting. Note that broadcasting is one of the smallest
classes of service. For details of the broadcasting group see Exhibit 2.7.2.

aAuthorizations include both fully licensed stations and those with preliminary construction

permits.

Source: Based on 1979 data in FCC, 45th Annual Report, Fiscal Year 1979, Government Printing

Office, Washington, D.C., 1980, pp. 90, 115, 116.
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nication technology today is multiplexing.
Two or more independent signals transmit-
ted simultaneously in the same channel are
said to be multiplexed. Multiplexing is used
to increase the efficiency of both wire and
radio channels. Multiplexing is used rou-
tinely 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 encode
transmitter meter readings in the broadcast
channel, and in many other ways.

Types of Radio Service Exhibit 2.7.1
shows the number of nongovernment radio
transmitters authorized in the United States
(government users occupy over half of all the
available frequencies). Broadcasting repre-
sents only a fraction of one percent of all
radio transmitter authorizations.

The low number of broadcasting transmit-
ter authorizations compared to other services
must be seen in the light of broadcasting’s
special requirements: it needs wide channels
and it needs to be able to use them continu-
ously, up to 24 hours a day. Many other
services can share frequencies because they
need to transmit only intermittently or dur-
ing only parts of the day. Thus broadcasting
makes greater demands on the spectrum
than other services.

Broadcasting also differs from most other
services in employing an average of 2.5 aux-
iliary transmitters for every main transmitter
(Exhibit 2.7.2). Auxiliary transmitters serve
many purposes such as providing radio links
between main transmitters and studios, be-
tween remote mobile units and main studios,
and between portable cameras and control
room. Another large category of auxiliary
transmitters, translators, serves to extend tel-
evision coverage to areas not accessible to
main transmitters because of signal blockage
by terrain features.

NATURE OF RADIO ENERGY

Summary

It is important to start with an understanding
of the physical basis of broadcasting because
so many of its attributes and problems arise
out of its physical nature and because new
technology is changing the medium so dras-
tically.

Exhibit 2.7.2
Broadcast station authorizations by type

Number of

Type of station authorizations?

Primary stations

AM radio 4,634
FM radio 4,412
Total radio 9,046
VHF television 635
UHF television 447
Total television 1,082
Auxiliary stations
Remote pickup 13,622
Translators 4,238
Other 8,085
Total auxiliary 25,845
Total broadcast 35,973

Comment: Note that for every regular broadcast
station there is an average of about 2.5 auxiliary
stations, adding to the demands broadcasting
makes on the spectrum.

#Authorizations include both fully licensed stations and
those with preliminary construction permits. Both
commercial and noncommercial stations are included.
"Translators are low-power repeater stations that fill in
areas not covered by a main station’s signal.

Source: Based on 1979 data in FCC, 45th Annual
Report, Fiscal Year 1979, Government Printing Office,
Washington, D.C., 1980, p. 90.
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Radio (including sound, picture, and all
other types of transmission by radio waves)
is a form of electromagnetic energy, which
also accounts for visible light. Like sound,
radio energy has a vibrating or oscillating
characteristic that can be described in terms
of waves that have length, frequency, veloc-
ity, and phase. They are subject to attenua-
tion, reflection, refraction, and absorption.
The radio frequencies occupy only part of the
electromagnetic spectrum. Within that part,
the frequencies are grouped into bands des-
ignated low (LF), medium (MF), high (HF),
very high (VHF), ultra high (UHF), super
high (SHF), and extremely high (EHF). Each
band has its own modes of behavior.

The basic emission of a broadcasting sta-
tion is its carrier wave. It may be propagated
as a ground wave (reaching beyond the ho-
rizon), direct wave (line-of-sight), or sky
wave (long-distance). Sky waves occur be-
cause of ionosphere refraction. Modulation
imposes information on a carrier wave, cre-
ating sidebands, which occupy a group of
frequencies called a channel. The more infor-
mation a channel must deliver simultane-

ously, the wider it must be. The types of
modulation familiar in broadcasting are am-
plitude and frequency modulation. The mod-
ulated carrier wave is fed to an antenna,
which radiates electromagnetic energy. An-
tennas differ in size according to the length
of the waves they are designed to radiate.
Directional antennas control the spread of
signals outward so as to increase their inten-
sity in desired directions.

Demand for radio frequencies exceeds
supply. Spectrum management, the efficient
allocation of frequencies, relies on matching
the needs of each radio service to the char-
acteristic behavior of waves at varying fre-
quencies. Multiplexing assists in conserving
the use of frequencies. Broadcasting has rela-
tively few transmitters compared to other
major types of services but it occupies a dis-
proportionate share of the spectrum because
it needs relatively wide channels and contin-
uous use of its channels. Broadcasting uses
additional spectrum space for a variety of
auxiliary transmitters employed to assist in
program production and distribution.






CHAPTER 3

Broadcast Channels

This chapter describes the physical basis of
the several kinds of broadcast services —
standard radio, FM radio, short-wave radio,
VHF television, and UHF television. We title
the chapter ““broadcast channels’ because the
act of dividing the electromagnetic spectrum
into the groups of frequencies called channels
is the most fundamental step in defining a
particular service. The intrinsic physical ca-
pabilities of a service are determined both by
the number of frequencies in its channels and
by the position of its channels in the fre-
quency spectrum.

3.1. Basic Concepts

Allocation Certain blocks of frequencies
are allocated, in accordance with international
agreements, to specific radio communication
services. National allocation plans allot these
frequencies in more detail to the various do-
mestic and external services. Broadcasting in
America uses allocations in the MW, VHF,
and UHF bands for domestic broadcasting
and in the HF band for international broad-
casting. In some other countries the LF and
HF bands are also used domestically.

The large blocks of frequencies allocated
to services are in turn broken down into
smaller blocks, designated as channels. These

are groups of frequencies used by individual
stations within a service. Channel sizes are
not standardized internationally, but vary
from country to country. For example, all
U.S. television channels are 6 MHz wide, but
in other countries they vary in width from 5
to 15 MHz.

Allotment and Licensing Again in ac-
cordance with national allocation plans, gov-
ernments allot channels to particular geo-
graphical locations. National allotment tables
designate one or more FM and television
channels to each U.S. community of suffi-
cient size to warrant allotments. AM chan-
nels, however, are allotted only upon indi-
vidual applications from would-be users who
make an engineering study to find an unused
channel that could be activated without caus-
ing interference.

The final regulatory step in the activation
of channels is to license particular users. A
license confers upon a user the right to acti-
vate a designated channel in a designated
locality under specific conditions as to time,
power, and other requirements.

Among other things, the licensing process
enables governments to maintain equipment
compatibility. For any given service, all receiv-
ers that are sold should work with any trans-
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mitters. Radio and television sets purchased
in Maine must work equally well in Califor-
nia. Compatibility among nations, however,
is often sacrificed for political and economic
reasons. In general, radio receivers will work
anywhere in the world where signals in the
bands they are designed to tune in are avail-
able, but television receivers do not always
work when transferred from one country to
another.

Channel Capacity In designing any com-
munication service, planners must decide
how much information capacity its channels
really need for the service to fulfill its pur-
pose. The maximum amount of information
desired must be balanced against the cost of
communicating it — not only the cost of pro-
viding the necessary physical apparatus but
also the expense in frequencies. No service
should be allowed to use more than the min-
imum number of frequencies required to per-
form its essential functions.

The telephone’s band width of about 300
to 2,700 Hz suffices for intelligibility. Radio
broadcasting, however, needs more than
simple intelligibility; it is concerned with aes-
thetic aspects of sounds as well — the beauty
of music, song, and speech and the realistic
rendering of actual sound events. Ideally this
would mean a bandwidth equal to the max-
imum range of sound frequencies detectable
by the keenest human ear — on the order of
20 to 20,000 Hz. In practice, however, each
radio service makes a compromise between
the ideal and the tolerable.

Not all the frequencies in a channel are
necessarily available for use. It will be re-
called that modulation involves sidebands
above and below the carrier frequency (§2.4).
Each sideband carries the same information,
so that the effective capacity of a channel is
only one-half its total width.

BROADCAST CHANNELS

3.2 Interference

We know from §2.5 that the frequency band
to which a station is assigned determines the
type of propagation path or paths its signals
will follow. This in turn determines its po-
tential area of coverage. In practice, other
factors also influence coverage, in particular
the factor of interference among stations in the
same frequency band. This type of interfer-
ence can come from other stations on the
same channel and also from nearby stations
on adjacent channels.

Co-channel Interference The fact that
two stations assigned to the same channel
can interfere with each other limits the num-
ber of stations that can be assigned to each
channel. This co-channel interference can be
avoided by spacing stations far enough apart
geographically to prevent their signal con-
tours from overlapping. This problem is com-
plicated by the fact that in some frequency
bands a station’s coverage area is unstable.
Coverage varies with propagation condi-
tions, which are affected by time of day, sea-
son of the year, and weather. A station’s in-
terference zone may extend far beyond its
service zone. Signals too weak or erratic to
render satisfactory service will still be strong
enough to interfere with other signals.

The simplest way to prevent co-channel
interference would be to license only one sta-
tion in the whole country to each available
channel. Since each broadcasting service has
been allotted only about a hundred channels,
this solution would place too drastic a limi-
tation on the number of stations that could
be licensed. In the United States the goal is
to allow as many stations as possible to op-
erate; therefore other ways of minimizing the
effects of co-channel interference have to be
employed. The chief methods are: (1) limiting
transmitter power and antenna elevation; (2)
requiring the use of directional antennas and
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the lowering of power at night; (3) limiting
some stations to daytime operation only; and
(4) making two stations in the same area
share time on the same channel. Which of
these strategies are needed depends on the
types of waves involved. AM broadcasting
has a special need because its MF radiations
produce sky waves. It will be recalled (§2.5)
that MF waves generate long-distance sky
waves only at night. Because of these sky
waves, AM co-channel stations that operate
at night have to be widely spaced.

Adjacent Channel Interference In the
near vicinity of a transmitter, where the
power level of signals is still extremely high,
sidebands spread beyond the limits of the
station’s designated channel into adjacent
channels. Rapid initial attenuation of signals
limits adjacent channel interference to the
immediate vicinity of transmitters. Neverthe-
less, to avoid adjacent channel interference
within a given community, several unoccu-
pied channels must be left between occupied
channels. This imposes an upper limit on the
number of stations that can be licensed to
any single locality.

3.3 AM Broadcasting

Terminology Because it was the first of
the broadcasting services to develop, AM
broadcasting has been officially designated
“standard broadcasting’ in U.S. regulations.
FM broadcasters object to this designation
because it suggests that their service, which
now attracts about as many listeners as AM,
is not quite in the same league. We will use
the term “AM,” but with the reminder that
in the generic sense AM simply refers to a
method of modulation.
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AM Channels By international agreement,
AM channels occupy a segment of the MF
(300-3,000 kHz) band. In the United States
it runs from 535 to 1,605 kHz, providing a
total band width of 1,070 kHz; the AM chan-
nel spacing has been set at 10 kHz, thus al-
lowing for 107 AM channels (1,070 divided
by 10). The channels are identified by the
frequencies of their carrier waves, expressed
in kilohertz — 540, 550, 560, and so on up to
1,600 kHz.*

Because all the information in a channel is
contained in each of its two sidebands, only
half the total channel width is usefully em-
ployed. Thus the nominal 10 kHz AM chan-
nel has the capacity for frequencies up to 5
kHz — much less than the 15 kHz range of
sound frequencies that many people can ac-
tually hear. However, the 10 kHz limit refers
to AM channel spacing rather than to maxi-
mum channel width. Stations can, and many
do, modulate beyond 5 kHz on either side of
the carrier frequency. Nevertheless, AM
broadcasting is limited by the fact that inex-
pensive AM receivers usually have low-
fidelity loudspeakers, incapable of handling
an audible range beyond 5 kHz.

Coverage Variables MF propagation en-
tails both ground waves and sky waves. AM
ground waves cover a radius of roughly 10
to 75 miles from the antenna location. In each
case actual coverage depends on transmitter
power, frequency of the channel, conductiv-
ity of the soil, amount of interference pres-
ent, and other factors.

*A World Administrative Radio Conference (WARC)
called by the International Telecommunication Union in
1979 extended the upper limit of the AM band to 1,705
kHz. In the same year the U.S. government proposed
reducing the spacing of AM channels to 9 kHz instead
of 10 kHz, the standard already in effect in Europe.
Adoption of the narrower AM channels depends upon
agreement by ITU countries in the Western Hemisphere.
If finally adopted these two changes would increase the
number of AM channels available in the United States.
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Frequency and soil conductivity account
for surprisingly large differences in AM cov-
erage. Power becomes progressively less ef-
fective as channel frequency increases. A
5,000-watt station near the lower end of the
AM band at 550 kHz can have as much cov-
erage as a station with ten times as much
power located in the same city but on a chan-
nel near the upper end of the band at 1,200
kHz. A minimum-power station (250 watts)
can have as much ground-wave coverage as
a maximum-power (50,000 watts) station be-
cause of differences in soil conductivity in
their respective coverage areas.

The ground wave defines an AM broad-
casting station’s primary coverage area, the
area in which the signal is reliable at most
receiver locations most of the time. Sky
waves of AM stations reach far beyond the
primary coverage area to receivers located
from about 100 to as much as 1,500 miles
from the transmitter. This sky-wave zone
constitutes the secondary coverage area. Be-
cause it depends on the ionosphere (§2.5),
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 second-best form of coverage, though
they are still of great importance to places
where no other nighttime coverage is avail-
able.

AM Channel Classification A system of
channel and station classification has been
adopted to ensure, to the extent possible,
that everyone who wants to has a chance to
pick up an AM signal. The 107 channels have
been divided into three categories — local,
regional, and clear. Local and regional chan-
nels are for stations of limited power in-
tended to cover small and medium-size
areas. Clear channels are for powerful sta-
tions intended to cover large areas, including
the more remote parts of the country, far
from population centers. These channels
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have been “cleared” of interfering nighttime
signals, so that stations assigned to them can
cover distant areas with a usable sky-wave
service.*

AM Station Classification Stations li-
censed as “dominant” on clear channels are
called Class I. Secondary stations on a clear
channel, called Class II, must avoid inter-
fering with the Class I station on their chan-
nel. Avoidance is accomplished primarily by
means of wide geographical separation. But
the Class II stations must also accept a variety
of restrictions such as directional antennas
(sometimes with different patterns for day
and night), reduced power at night, and in
many cases going off the air at night alto-
gether. Exhibit 3.3.1 shows the parts of the
country that still depend on clear channel
service at night.

Class III stations occupy regional channels
and Class IV stations occupy local channels.
Only six of the 107 AM channels are classified
as local, but the Class IV stations assigned to
them constitute about a quarter of all the sta-
tions (Exhibit 3.3.2). This discrepancy is due
to the fact that Class IV stations have such
low power (and hence such short range) that
many can be assigned to the same channel
without causing co-channel interference.

By treaty agreements, the United States
and its neighbors honor each other’s clear
channels. The Bahamas, Canada, Cuba, and
Mexico each has dominance on certain clear
channels to which the United States may as-
sign only secondary stations.

*When first so named, clear channels actually were clear
of any co-channel competition at night anywhere in the
nation. The demand for more stations, however, caused
gradual abandonment of this principle. Since 1980 all
primary stations on clear channels have been subject to
sharing their channels with other primary stations in
distant parts of the country.
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Power Limitations Power has great sig-
nificance for AM stations. It has a direct bear-
ing on the efficiency of both ground-wave
and sky-wave propagation and hence on sta-
tion coverage. Power is also important in o-
vercoming interference and static. Moreover,
high power is regarded as psychologically
useful in persuading advertisers that a station
has strong audience impact.

Power authorizations, varied to match the
coverage needs of each station classification,

Exhibit 3.3.1
Areas dependent on clear channel service

61

run from 250 watts to a maximum of 50,000
watts (see Exhibit 3.3.2 for details). AM trans-
mitters of a million watts are not uncommon
in some countries, but in the United States
a power ceiling of 50,000 watts (50 kw) has
been adopted so that Class I stations will not
have too much competitive edge over less
favored classes.

Carrier Current Services When an ex-
tremely low power AM radio signal is fed to

The white areas of the map represent places where neither AM groundwave service
nor FM direct wave services can be heard at a satisfactory level at night. People
living in these areas depend on skywave service from distant Class | stations on

clear channels.

Source: Reprinted with permission from Broadcast Communications Magazine {Copyright

1979).
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a metallic network, such as the steam pipes
or power lines of a building, the metal con-
ductors will radiate the signal for a short dis-
tance into the surrounding space. This is a
carrier current system, combining elements of
both wire and wireless propagation. The
most familiar applications of the method are
carrier current stations that serve dormitories
and other buildings on college campuses. As
long as their radiations do not interfere with
licensed users of the spectrum, such stations
are considered nonbroadcast uses and do not
require licensing.

There is also a licensed service, Traveller’s
Information Service (TIS). It uses carrier cur-
rent radiation to supply information to mo-
torists on the approaches to airports and in
similar congested traffic areas (Turnage,
1979).

Exhibit 3.3.2
Classification of AM channels and stations
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3.4 FM Broadcasting

FM Channels Frequency modulation
broadcasting occupies a block of frequencies
running from 88 to 108 MHz in the VHF band
(30-300 MHz). The channel width is set at 200
kHz (.2 MHz), allowing for 100 channels in
the 88-108 MHz FM band. Channels are iden-
tified by the numbers 201 to 300 in the
regulations, but stations identify themselves
by the dial positions of their carrier waves
— 88.1 for Channel 201, and so on. The first
20 channels (numbers 201 to 220) are reserved
exclusively for noncommercial educational
(public) broadcasting use.

FM Coverage In the VHF region of the
spectrum, as indicated in Exhibit 2.5.3, the
propagation path is direct; therefore FM has
no interference problems arising from night-
time sky waves. An FM broadcast transmitter

Percentage
Station Channel Power Number of of
class class (in watts) channels stations
! Clear 10,000-50,000 } 60 { 1
I Clear 250- 5,000 28
i Regional 500~ 5,000 41 48
v Local 250~ 1,000 6 23

Comment: The smaller the coverage the fewer the channels but the greater number
of stations on each channel. More co-channel allotments of low-power stations can
be made without causing interference than of high-power stations, whose signals

cause interference over wider areas.

Source: Station percentages for 1975 from Christopher H. Sterling and Timothy R. Haight,
The Mass Media: Aspen Institute Guide to Communication Industry Trends, New York, Praeger,

1978, p. 45.
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has a stable coverage pattern, its shape and
size depending on power, height of trans-
mitting antenna above the surroundings, and
obtrusive terrain features or buildings that
block wave paths. Maximum coverage
reaches approximately to the horizon. For the
interference planner FM has still another ad-
vantage, the fact that the FM signal blanks
out allotment from other stations more effec-
tively than does the AM signal. An FM signal
need be only twice as strong as a competing
signal to override it, whereas an AM signal
needs to be twenty times as strong.

FM Station Classes Because of the re-
lative stability and uniformity of their cover-
age areas, FM stations have no need for such
an elaborate system of channel and station
classifications as does AM. FM stations are
divided into three main classes, designated
A, B, and C. Antenna elevation as well as
power enters into a formula that defines the
classes, but the maximum power/height com-
bination is 100,000 watts and 2,000 feet. Class
A stations are authorized power/height com-
binations enabling a coverage radius of about
15 miles, Class B about 30 miles, and Class
C about 60 miles.*

FM Quality From the listener’s standpoint,
the most important advantage of FM over
AM s its superior sound quality. For one
thing, FM is almost completely free of static.
This advantage comes from the fact that the
VHF band is inherently less contaminated
with atmospheric noise than AM’s MF band,
as well as the fact that amplitude is inherently
subject to distortion from static (§2.4). FM

* A special noncommercial group, Class D, is authorized
to operate on very low power (10 watts or less) to enable
educational institutions to take advantage of radio with
minimum investment. Class D stations, having only sec-
ondary status, are allowed to operate only if they can
find a vacant channel that will not interfere with other
classes of stations.
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can provide undistorted reception in areas
where, and at times when, satisfactory AM
reception is impossible. A third advantage is
FM'’s ability to reproduce sounds up to 15,000
cycles per second, a pitch so high that not
everyone’s ears are sufficiently sharp even to
hear it. Nevertheless, such high frequencies
play an important role in high-fidelity sound
reproduction, which relies on overtones.
FM scores over AM in still another way,
its greater dynamic range — the range in de-
grees of loudness between the faintest repro-
ducible sound and the loudest. The human
ear has an amazing capacity to adjust to ex-
tremes of loudness and softness, but sound-
reproducing systems have much less flexibil-
ity. 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 sac-
rifices some of its already limited dynamic
range by artificially compressing the signal in
order to maximize average power output.

FM Multiplexed Services FM'’s 200-kHz
channel has twenty times the width of an
AM channel. In addition to enabling in-
creased sound fidelity compared to most AM
stations, this generous channel width allows
FM stations to multiplex stereophonic sound
in their channels. Stereophonic FM requires
picking up two separate (“left” and “‘right”)
versions of the original sound with two sep-
arate sets of microphones and amplifiers. The
added signal modulates a subcarrier and the
two signals go out as one. The stereophonic
receiver separates the signals for delivery to
separate sets of amplifiers and speakers. ¥

+AM stations are experimenting with several competing
methods of stereophonic broadcasting, while FM sta-
tions are experimenting with quadraphonic, or double
stereo, sound.
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FM’s wide channel also allows for multi-
plexing Subsidiary Communications Authoriza-
tion services. These added signals cannot be
picked up on ordinary home receivers be-
cause they are intended for subscribers who
pay a fee to receive the transmissions on a
special, fixed-tuned set. Typical SCA services
are background music for stores and offices,
readings for the blind, refresher information
for physicians. Even slow-scan video still-
pictures can be transmitted via SCA.

3.5 Short-Wave (HF)
Broadcasting

Propagation Factors International radio
services designed to cover very long dis-
tances use short-wave AM broadcasting.
Parts of the HF band, located between the
band used by standard AM and the band
used by FM/TV, have been set aside for this
type of use (Exhibit 3.5.1). In this frequency
range, it will be recalled, long-range sky
waves can be vsed both day and night (§2.5).
However, the ionosphere layers constantly
change, so that a frequency that works well
over a given wavepath at ten in the morning
may not work at all at four in the afternoon.
Such changes can be predicted in advance on
the basis of experience and propagation the-
ory. Short-wave transmitters are therefore
usually equipped to switch their outputs to
several different antennas, each constructed
to radiate a different frequency. Antennas are
also designed to be directional so that they
can beam transmissions to specific target
areas. The antennas themselves are con-
structed differently from either AM or FM
antennas, as indicated in the Voice of Amer-
ica installation shown in Exhibit 3.5.2.
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U.S. Short-Wave Stations Only a half
dozen privately operated international short-
wave stations exist in the United States,
all devoted to noncommercial, evangelistic
broadcasting. Recently, however, considera-
tion has been given to starting commercially
operated short-wave stations.

The Voice of America employs over 30
short-wave transmitters at four U.S. sites to
send its programs to overseas listeners either
directly or via VOA relay transmitters located
in eight foreign countries. The latter pick up
signals from the U.S.-based stations and pass

Exhibit 3.5.1
Short-wave (high frequency) broadcast bands

Band designation in Band limits in

Meters Megahertz Kilohertz
49 6 5,950-6,200
41 7 7,100-7,300
31 9 9,500-9,775
25 11 11,700-11,975
19 15 15,100-15,450
16 17 17,700-17,900
13 21 21,450-21,750
11 25 25,600-26,100

Comment: These bands are used by
international broadcasters to reach distant
targets by means of skywaves. Additional HF
broadcast bands have been allocated in the 2 to
5 MHz range especially for local use in the
tropical zone, where MF propagation is subject
to heavy atmospheric interference. Only about 10
percent of the entire HF region of the spectrum is
allocated to broadcasting; the rest is used by
marine, air, land mobile, amateur, and other
services.




3.6 PHOTOGRAPHIC "CHANNELS"

them on to nearby target areas. VOA trans-
mitters operate on much higher power than
U.S. domestic AM stations, running as high
as a million watts.

3.6 Photographic
“Channels”

Picture Definition The varying abilities
of photographic picture-making systems to

Exhibit 3.5.2
Voice of America short-wave antennas

N
>

~ q A}
HF antennas for external broadcasting differ from
both television and domestic broadcasting
antennas. The radiating elements are hung
between the steel towers. Each VOA transmitter
site has many antennas to enable using several
different frequencies. Antennas are also variously
positioned to beam signals toward selected
target areas.

Source: Courtesy Voice of America, Washingion, D.C.

convey information can be likened to the
varying capacities of radio channels. Most
photographic systems break down the pic-
tured scene into separate bits of information,
or picture elements. The size of these bits gov-
erns picture resolution, or definition. Resolu-
tion refers to the ability to distinguish two
small adjacent objects as separate objects.
’Graininess” in photographic reproduction
indicates lack of fine detail, meaning that the
picture elements are too large to resolve such
details.

Motion Pictures Several factors combine
to determine the information capacity of mo-
tion picture systems: the inherent resolving
ability of a given film stock, the picture area
available in the film strip, and the speed at
which the film moves through the camera
(the number of frames per second). Three
standards of quality have emerged, desig-
nated in terms of film-stock width: 35 mm,
16 mm, and 8 mm. The professional theatrical
standard is 35 mm, along with some wider
formats. The intermediate standard, 16 mm,
was originally intended for amateur use.
With the coming of television and its great
appetite for film, 16 mm developed into a
professional medium, but when highest
quality is desired 35 mm remains the stan-
dard. It is much preferable to reduce original
35 mm to 16 mm for television use than to
enlarge original 16 mm to 35 mm for theat-
rical exhibition. Eight mm, along with an im-
proved small format, Super 8, is the amateur,
home-movie standard. Super 8 is used to a
limited extent for television news, but most
technicians regard it as below broadcasting
quality.

In all the film formats, some picture area
must be sacrificed to leave room for sprocket
holes, for between-frames space, and for the
soundtrack. This sharing of channel capacity



between picture information and auxiliary in-
formation has its parallel in television, as we
shall see in the next section.

Motion as Information Imparting mo-
tion to pictures adds another requirement to
channel capacity. The motion aspect of cin-
ema 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 con-
sists of still pictures (frames) projected in
rapid succession. Each frame freezes the ac-
tion at a slightly later moment than the pre-
ceding frame. Persistence of vision, a useful
tendency of the eye to retain the image of an
object for a brief moment after the actual ob-
ject has been removed, blends the successive
frames together. The “motion” of motion pic-
tures is merely an illusion of motion.

The frequency with which frames are pre-
sented to the eye is vital to this illusion. At
16 frames per second (fps), persistence of vi-
sion gives the illusion of smooth motion;
therefore this frame frequency was adopted as
the standard for silent film. But a film sound-
track passing over the sound pickup head in
a projector at 16 fps does not allow for ade-
quate quality of reproduction. A higher frame
frequency, 24 fps, was therefore adopted for
sound motion pictures. This is the reason for
the comical apparent speeding-up of the ac-
tion that occurs when old silent films are
screened on a modern projector. The original
projection rate of 16 fps has been increased
by 50 percent.

Flicker Problem Although at 24 fps the
€ye 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
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while the projector pulls the next frame into
position. The eye reacts more sensitively to
these gross changes from complete illumi-
nation to complete blackout of the screen
than it does to the smaller changes in the
position of objects within frames. We per-
ceive these gross alternations of light and
dark as flicker. In fact, early movies were
called “flicks” because of their low frame fre-
quency.

The flicker sensation can be eliminated by
increasing frame frequency, but economy re-
quires the use of as few frames of film as
possible. Since the 24-fps rate gives 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 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 mo-
mentarily, and then is flashed on the screen
a second time. During the next momenta
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 48 times per
second. This is frequent enough to deceive
the eye into accepting the illusion of contin-
uous illumination. Thus motion pictures re-
quire fwo projection frequency standards:
frame frequency for continuity of motion and
field frequency for continuity of illumination.
Television uses a similar trick to increase field
frequency without increasing information.

3.7 Electronic Picture
Processing

Comparison with Photography Con-
sideration of the photographic method of



3.7 ELECTRONIC PICTURE PROCESSING

motion picture making suggests that an elec-
tronic version must be able to do four things:
(1) convert picture elements into electrical
equivalents; (2) generate enough frames per
second to give the illusion of movement; (3)
generate enough screen illuminations per
second to give the illusion of continuous il-
lumination; and (4) have channel capacity
sufficient to carry all this plus sound infor-
mation and auxiliary signals in “real time.”
When light from a scene falls on the film
in a motion picture camera, all the thousands
of light-sensitive particles in each film frame
respond simultaneously. After being devel-
oped, the film “remembers,” retaining a per-
manent record of the images the camera
“saw.” The television camera, however, de-
livers a stream of individual, transient bits of
information. It puts out some 200,000 of these
bits each second, one bit at a time — an
operation requiring fantastic speed and ex-
quisite precision. The television receiver, in
turn, must reassemble the image, positioning
each bit in its proper place on the screen. At
no time does a complete video picture exist
as does the complete photographic image on
film. Instead of being a remembering me-
dium, then, television is a forgetting me-
dium. As soon as a bit at a given location in
the frame has been released, another bit takes
its place. One must use a storage device such
as film or magnetic tape to make a permanent
record of what the television camera sees.

TV Pickup Tube The heart of the televi-
sion system is the pickup tube, the electronic
device that breaks the image up into its thou-
sands of separate elements and converts each
bit of light energy into electrical energy. The
live or filmed scene to be televised is focused
on the face of the pickup tube by a conven-
tional photographic lens system. Thereafter
electrons take over. Without the speed and
precision of electrons, high-definition televi-
sion of today would not be possible.
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A pickup tube is just that — a tubular glass
object, aimed at a scene to be televised in
order to pick up the information the scene
contains (Exhibit 3.7). The vidicon, the most
commonly used type of television pickup
tube, works as follows: visual information, in
the form of light patterns, passes through the
glass face of the tube and falls on a target plate
covered with specks of photoconductive mate-
rial. This substance has the property of con-
verting light energy into electrical energy.
Each of the thousands of specks on the target
plate takes on an electrical charge propor-
tional to the amount of light that falls on that
speck. Next, each of these charges stored on
the target plate must be released one at a
time. This released energy is the output of
the pickup tube — an amplitude-modulated
electrical current, the amplitude variations
representing variations in light intensity.

Scanning Pattern Electrons come into
play as the releasing agent. At the opposite
end of the tube an electron gun shoots out a
stream of electrons toward the front of the
tube, where they strike the back of the target
plate, on which the picture information is
momentarily stored. As the electron gun
shoots its stream of electrons down the
length of the tube they pass through mag-
netic fields generated by deflection coils sur-
rounding the tube. Magnetic forces attract
and repel (deflect) the electron stream, mak-
ing it move systematically in a scanning (read-
ing) motion, left to right, line by line. As the
electron stream strikes picture elements
stored on the target plate it discharges each
of them in sequence. The electron gun may
be said to “read” the information on the tar-
get plate, much as the human eye reads the
information stored on a printed page. How-
ever, the electron gun’s role is merely to re-
lease the information, not to interpret it.

A pickup tube has no moving parts. The



electron gun does not actually move its muz-
zle back and forth but stays rigidly fixed in
place. The magnetic fields that control the
scanning movements of the beam are them-
selves controlled by electrical messages sent
to the deflection coils. A film camera must
have a revolving shutter to interrupt light

Exhibit 3.7
TV pickup tubes
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from the scene each time a new film frame is
pulled into place. The pickup tube needs no
such shutter, for the video picture never ex-
ists as a complete frame, only as a sequence
of individual picture elements. Complete pic-
tures occur only as illusions, in the brain of
the observer.
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The odd-shaped tube at the top is an iconoscope, the type first used in commercial
broadcasting. It was replaced by the image orthicons with 3-inch and 4.5-inch
diameter faces. These in turn have been replaced by smaller vidicon and
plumbicon tubes, varying from 1Ys-inch to 24-inch sizes.

Source: Photo by Frank Sauerwald, Temple University



3.8 TV SIGNAL REQUIREMENTS

Scanning Frequency Standards It will
be recalled from §3.6 that pictures in motion
require two frequency standards, one for
continuity of motion, one for continuity of
illumination. The scanning frequency stan-
dard used in U.S. television is 30 frames per
second (fps) instead of the 24-fps rate of mo-
tion picture film. The choice of 30 fps was
dictated by the fact that a precise, universal
timing standard is available throughout the
country, the 60 Hz of ordinary house cur-
rent.” The 60-Hz rate governs field frequency,
the higher rate of screen illumination needed
to prevent flicker. The television solution of
the flicker problem is to split the frame into
two fields by scanning first the odd-num-
bered lines, then the even-numbered lines.
This ensures that the screen will be illumi-
nated 60 times a second, even though each
illumination involves only half the informa-
tion of a complete frame. This method,
known as offset or interlace scanning, calls for
the electron beam to scan line 1, line 3, line
5, and so on to the bottom of the frame, then
to fly back to the top to pick up line 2, line
4, line 6, etc.t

3.8 TV Signal Requirements

TV Picture Definition The television pic-
ture, then, is constructed of elements arranged
in lines, lines arranged in fields, and fields
combined into frames. All four factors affect
resolution, but the number of lines per frame

*One reason for international differences in television
frequency standards is the fact that in many parts of the
world house current is 50 Hz instead of 60 Hz. In 50-Hz
areas television uses 25 fps. At this slower rate flicker
becomes evident when picture brightness is turned up.
+The discrepancy between film and television standards
creates a mismatch problem. Television stations use spe-
cial film projectors to televise films. This video-film ma-
chine projects every fourth frame an extra time, thus
adding 12 projections per second to film’s normal 48
fields to bring it up to the 60-field television standard.

is taken as a convenient index to a system’s
resolution capacity. Lines determine vertical
resolution. The U.S. standard is 525 lines per
frame, but this standard is only nominal be-
cause some of the channel must be used for
accessory signals. In actual practice, only
about 340 lines per frame are effectively in-
volved in conveying black-and-white picture
information.}

Accessory Signals One of the sources
of line loss is the time spent while the elec-
tron beam flies back from the ends of lines
and from the ends of fields to start anew.
Special signals are needed to cut off picture-
pickup during these blanking (or retrace) inter-
vals so that the retrace path will not destroy
the orderly scanning of lines. During the
blanking intervals, therefore, no picture in-
formation can be transmitted.

Other accessory signals are needed to syn-
chronize the scanning in the camera with the
scanning in the receiver. If, for example, the
tenth line in the pickup tube were laid down
as the first line on the receiver tube, the top
of the picture would be cut off.

TV Sound Sound has its own portion of
the channel, 25 kHz wide. The sound carrier
frequency is located higher in the channel
than the frequencies occupied by the video
information (Exhibit 3.9.1). The sound com-
ponent is frequency modulated, the video com-
ponent amplitude modulated.§ No synchro-

$Color television uses even fewer lines — about 280. By
way of comparison, a 35-mm color film frame has the
equivalent detail of 1,000 lines, a 16-mm color film frame
490 lines, and an 8-mm color film frame 230 lines.
§Amplitude modulation was chosen for the video signal
so that amplitude could be artificially increased beyond
the amplitude level representing “picture black” to the
“blacker-than-black level”” at which accessory signals are
transmitted. See Exhibit 3.8 for details. Some national
systems use AM for television sound, but most chose
FM for its quality advantages.
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nizing signals are needed to keep sound in
step with picture; however, if the sound car-
rier is not tuned in correctly, intermodulation
between sound and video signals takes place,
introducing visible disturbances in the pic-
ture.

Color and Luminance The color aspect
of the television signal relies on the fact that
mixing three primary colors in various pro-
portions can produce all other colors. Color
filters separate the primary color information
(red, blue, green) before it reaches the camera
tube. Any color has, in addition to actual
color (hue), an attribute of brightness (lumi-
nance). The sum of the luminance compo-
nents of the three primary colors supplies the
fine detail of the television picture. A mon-
ochrome receiver interprets a color picture in

Exhibit 3.8
Television pickup tube output
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terms of the luminance signal alone. Thus
the color television system is compatible — a
black-and-white receiver can interpret a color
signal in monochrome terms.

Multiplexing Color Color information is
multiplexed by means of a subcarrier (Exhibit
3.9.1 shows its location in relation to the main
carrier). A special “color burst” synchroniz-
ing signal controls the multiplexing, which
depends on phase differences. Some overlap
of signal energy between the two carriers oc-
curs; however, the carriers do not conflict
appreciably because the color information is
interleaved with the luminance information.
This is possible because the monochrome (lu-
minance) signal is distributed unevenly
among the frequencies of the video channel,
leaving room for interleaving the color infor-

Vertical sync pulses

and blanking
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This represents the voltage output from a pickup tube and explains the notion of
“blacker than black.” The interval “P" represents the information picked up when
the last line of a field is scanned. It is followed by the auxiliary information sent out
while the scanning beam is returning to the top of the picture (vertical retrace) to
start the next line. This auxiliary information is sent at a voltage level higher than
the voltage that represents black in the picture — hence the term “blacker than
biack.” At the end of the vertical retrace time the first line in the next field is
scanned (P'), followed by another shorter blanking period while the scanning beam

flies back to the start of the next line (P").




3.9 TV CHANNEL SPECIFICATIONS

mation between the occupied frequencies. If
the teeth of a hair comb can be imagined as
the frequencies occupied by the monochrome
information, the spaces between the teeth
can be visualized as available for interleaving
color information. The highest-quality ca-
meras use a separate tube for picking up each
color, but some smaller, light-weight cameras
use only one or two.

3.9 TV Channel
Specifications

Channel Width Recalling that channel
width defines channel capacity, we can con-
clude from the preceding description that the
television channel’s heavy information load
requires a very wide channel. A single uU.S.

Exhibit 3.9.1
How the TV channel is used
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television channel is 600 times the width of
a standard AM broadcast channel. In fact all
the AM and FM channels together occupy
less spectrum space than only four television
channels.

In the United States, each television chan-
nel (whether VHF or UHF) occupies a band
width of 6 million hertz — six megahertz (6
MHz). Exhibit 3.9.1 shows how the channel
is utilized. A net bandwidth of only 4 MHz
is available for picture information, including
accessory signals. The rest of the channel is
occupied by guard bands (to keep side-by-side
signals from interfering with each other),
sound information, and vestiges of the sup-
pressed lower sideband.

Fidelity Standards The standard of pic-
ture fidelity possible within the information
capacity of the 6-MHz channel is not high in

/—Video carrier (AM)

Color

subcarrier—-\ Audio carrier (FM)—1

|
|
|
|
|
|
|
|
|
|
1

Vestigial
sideband

e Useful video channel: 4 MHz——J

Video-audio carrier separation: 4.5 MHz

525 5.75 6MHz

If it were not for the suppression of one sideband, the TV channel would have to be
almost twice its present 6 MHz width. As it is, 1.25 MHz are lost because of the
vestigial lower sideband, which serves as a buffer between this channel and the
adjacent channe! below. The audio portion of the signal uses part of the upper end
of the channel, where another buffer zone occurs. Only 4 MHz of the total 6 MHz

channel width is available for video information.
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terms of photographic reproduction. In prac-
tice, the average home receiver produces
about 150,000 picture elements, or dots, per
frame. The best quality 16-mm film produces
some 250,000 elements per frame, and 35-
mm film, when projected, has the equivalent
of about 1 million. A good 8 x 10-inch pho-
toengraving has about 2 million dots. Mag-
nifying the received television picture by use
of large-screen 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 com-
promises and arbitrary choices; so it is not
surprising that different compromises and
choices have been made elsewhere in the
world. Exhibit 3.9.2 summarizes the chief

Exhibit 3.9.2
World TV standards
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characteristics of world broadcast-television
systems. Great Britain started with a 405-line
system, but finding its quality not up to later
world standards, Britain is gradually replac-
ing it with a 625-line system. Since Britain’s
frame frequency is only 25 per second (be-
cause of 50-cycle house current), its 625 lines
convey about the same net amount of infor-
mation (15,625 lines per second) as the U.S.
525-line, 30-fps system (15,750 lines per sec-
ond). These frame and line frequency stan-
dards, along with their corresponding chan-
nel width requirements, reflect the need of
home television to deliver tolerably detailed
pictures in real time. In situations where more
time can be spent in transmitting picture ele-
ments, a much narrower channel can be

System Lines Channel Sound Frames Examples

desig- per width modu- per of

nation frame (MHz) lation second users

A 405 5 AM 25 Great Britain
(being phased out)

B(CCIR) 625 7 FM 25 Most of Western
Europe

D 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

Comment: Counting minor variations, there are 14 different basic (black-and-white)
standards, plus three different color systems. Qutside the American sphere of
influence. the most widely used is System B, also known as the CCIR System
(referring to a committee of the International Telecommunication Union). To find out
which system each country uses, consult the annual World Radio-TV Handbook,

edited by J. M. Frost.




3.10 TV TRANSMISSION AND RECEPTION

used, as in the case of slow-scan television
multiplexed on FM channels (§3.4).

Location in Spectrum When the time
came to allocate frequencies for television,
the lower bands in the frequency spectrum
had long since been tied up by earlier serv-
ices. The search for sufficient space for tele-
vision’s huge 6-MHz channels ended with
their being allocated in four different blocks.
Channels 2 to 4 in one VHF block, 5 and 6 in
a higher VHF block, 7 to 13 in a much higher
VHF block, and 14 to 69 in a UHF block.
Exhibit 3.9.3 shows this checkerboard allo-
cation pattern, which means that the adjacent
channel pairs 4/5, 6/7, and 13/14 can be as-
signed to the same community without caus-
ing interference because they are adjacent in
name only.

Exhibit 3.9.3
Summary of broadcast channel specifications

73

3.10 TV Transmission
and Reception

Studio As indicated in Exhibit 3.10.1, a
synchronizing generator, separate from the
camera, originates the drive pulses for the
scanning action as well as for blanking and
synchronizing information. Video sources in-
clude studio cameras, remote cameras, film,
slides, videotape, or network feeds. An op-
erator at a control console combines video
signals from the various sources to produce
the flow of pictorial program material.

Transmitter At the video and audio
transmitters, picture and sound signals mod-
ulate their respective carrier waves (AM for
video, FM for audio), which are then fed to
a common antenna. The video transmitter

Channel Number of Allocated Channel identi-
Broadcast service width channels Band frequencies fication numbers
AM (standard) radio 10 kHz2 1072 MF 535-1605 kHz? S
FM radio 200 kHz 100 VHF 88-108 MHz 201-300
3 54-72 MHz 2-4¢
v B 2 VHF 76-88 MHz 5-6
7 174-216 MHz 7-13
569 UHF 470-806 MHz 14-69

*The number of channels available will be increased by the planned extension of the

frequency allocation upward to 1705 kHz.

*AM channels are identified by their midpoint frequency; the lowest channel is referred to as

540, the next as 550, etc.

°A TV channel 1 was originally allocated at 82-86 MHz but because of interference from
existing services the frequencies were reallocated in 1948 to nonbroadcast uses.

“In practice not all 56 UHF channels are used by TV; channel 37 is allotted to radio
astronomy, and in some areas channels 14-20 are allotted to land mobile services.
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has 5 to 20 times as much power as the audio
transmitter because of the much greater load
of information the video transmitter has to
process. Also the AM video signal is more
susceptible to interference than is the FM au-
dio signal. Television transmitter power is
usually stated in terms of effective radiated
power (ERP) of the video signal.

Exhibit 3.10.1
TV system components and signals
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Transmitting Antenna As explained in
§2.6, television uses directional antennas to
concentrate the signal toward the terrain be-
tween the antenna and the horizon. The an-
tenna tower (often mounted on a tall building
or atop a mountain) supports the antenna
proper, which consists of radiating elements
mounted on a pylon. The antenna illustrated
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The upper half of the diagram represents the basic items found in the studio side of
the operation, the lower half the ones found in the transmission side. Each block
stands for a function that in practice may involve many different pieces of
equipment. Note that the audio portion of the signal is handled separately until the
output of its transmitter is combined with the video transmitter output for delivery to

the antenna as a composite signal.

Source: Harold E. Ennes, Principles and Practices of Telecasting Operations, Howard W.

Sams, Indianapolis, 1953.
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earlier (Exhibit 2.6.2) shows a modern circu-
larly polarized antenna. It sends out waves
in a corkscrew pattern, making them virtually
immune from the reflections that cause
ghosts in the received picture.

Signal Propagation The fact that televi-
sion uses both VHF and UHF frequencies has
unfortunate consequences because of the dif-
fering behaviors of waves in the two bands.
UHF signals are more subject to being cut off
by buildings and other obstructions in their
path. Such objects cast radio “shadows,” just
as they would in the path of a light beam.
On the other hand, UHF waves have an ad-
vantage in being more directional than VHF
waves, so that UHF receiving antennas are
better able to reject reflections that cause
ghosts. More important, however, is the fact
that UHF signals attentuate more rapidly than
VHF signals because of their inherently
greater susceptibility to absorption by the at-
mosphere. The rules permit UHF stations to
use much higher power than VHF stations
(up to 5 million watts) to compensate for this
difference, but VHF retains a fundamental
coverage advantage.

Receiving Antennas Television cover-
age depends not only on transmitter channel
frequency, antenna height, and terrain fea-
tures, but also on receiving antenna effi-
ciency and height. Within about 20 miles of
a strong transmitter, indoor antennas often
suffice. At about 30 miles outdoor antennas
become essential.

Transmitting antennas are optimally ad-
justed to radiate the frequencies of just one
channel. Receiving antennas, on the other
hand, must be designed to pick up either all
channels or all channels in one of the bands
(VHF or UHF). They are highly directional
and so must be oriented correctly.
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TV Receivers Just as in the transmitter,
in the receiver video and audio information
are handled separately. The video informa-
tion goes to the picture tube, called a cathode
ray tube or kinescope. Its face is coated on the
inside with phosphorescent material that
glows when bombarded with electrons. An
electron gun, comparable to the one in the
pickup tube but usually much larger, shoots
electrons toward the inner face of the tube.
Guided by magnetic fields, the electron
stream delivers picture information, element
by element, line by line, field by field, and
frame by frame. Synchronizing signals (as
described in §3.8) keep the scanning se-
quence of the pickup tube and the kinescope
tube in step with each other.

Color kinescope tubes are coated with
phosphors that glow in three primary colors
(red, green, and blue), arranged in lines con-
sisting either of thin stripes or rows of triads
of dots. Receiver circuits sort out (decode)
the signals for each color and deliver them to
one or more electron guns (Exhibit 3.10.2).
The eye blends the simultaneous glow of the
three primaries (each varying in intensity,
according to the “mix” of a particular hue) to
re-create the original hues. Examination of
the face of an activated kinescope tube with
a simple magnifying glass resolves the ap-
parent hues into the three primary elements.

In principle, the kinescope displays only
one element ("'bit”) of the picture at a time;
in practice a series of elements glow simul-
taneously because it takes a while for the
activated phosphor dots to stop glowing.
Nevertheless, television relies on an optical
illusion even more remarkable than the illu-
sion of motion pictures. In television the eye
must blend together not only separate ele-
ments, lines, fields, and frames into an illu-
sion of continuity, it must also combine the
three primary colors into an illusion of all the
hues of the rainbow — plus some that no
rainbow ever had.



76

3.11 TV Technical
Innovations

Miniaturization The changeover in elec-
tronics from dependence on vacuum tubes to
solid state devices enabled miniaturization of
equipment, with important consequences for
production methods. Vacuum tubes are so

Exhibit 3.10.2
Color kinescope tube

Video Electron
signals guns

Tricolor
phosphor screen-

Red
Green

Blue

Phosphor

Enlarged
section
of screen

The drawing indicates the operation of a receiver
tube that uses three electronic guns and tricolor
phosphor dots. Varying amplitudes in the
modulated current fed to the electron guns
provide varying intensities of red, green, and
blue to obtain the range of hues seen on the
screen. Using a small magnifying glass you can
easily see the dot-structure on the face of the
screen when the receiver is turned on. Some
tubes use red-green-blue phosphor stripes
instead of dots.

Source: Paul Davidowitz, Communication, Holt,
Rinehart & Winston, New York, 1972, p. 114.
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called because they supply enclosed spaces
at a near-vacuum within which to manipulate
electrons. Both the television pickup and re-
ceiver tubes are types of vacuum tubes and
there are hundreds of other types. A rack of
electronic equipment containing scores of
tubes takes up a great deal of space and gen-
erates so much heat it has to be artificially
cooled.

Solid state devices eliminate both of these
problems. The first type to develop, transis-
tors, deals with electrons in a solid instead of
in a vacuum. Transistors are much smaller
and more rugged, require less power, create
less heat, and last longer. These advantages
are even more marked in the next generation
of solid state devices, silicon chips. Assembled
into complex integrated circuits no larger than
the head of a pin they enable subminiaturi-
zation of electronic equipment. This made
possible a wide range of recent innovations
in computers, satellites, and other forms of
electronic communication. The latest version
of this technology, large-scale integrated cir-
cuit, enables making microprocessors to handle
information. A single chip, no larger than an
eighth of an inch in diameter, can do the
work of several thousand separate transistors.

ENG Equipment An example of the ben-
efits of miniaturization is “ENG"’ (Electronic
News Gathering). Formerly, when covering
events outside the studio, television stations
used cumbersome remote vehicles, loaded with
heavy equipment. Miniaturization enables
the same coverage with portable equipment
easily carried by one or two persons. The key
to the technology of ENG is the time-base cor-
rector. This device supplies synchronizing
pulses that free portable equipment of time-
base errors, which show up as jittery pic-
tures, skewing, and color breakup. Digital
time-base correctors, which are in effect mi-
crocomputers, overcome this problem.



3.11 TV TECHNICAL INNOVATIONS

Receiver Improvements Solid state de-
vices have made receivers much lighter,
cooler, and less expensive to operate than
they were in the vacuum tube era. The next
major breakthrough expected in receiver de-
sign is an entirely new method of displaying
the picture, eliminating the one remaining
vacuum tube, the bulky kinescope. The new
design will be a solid state flat picture device,
offering a much larger display than kine-
scopes can possibly attain. The larger size
will necessitate doubling the present resolu-
tion standard, which will probably involve
some new scanning method capable of over-
coming the time lost during electron beam
retrace movements. This development,
which has been anticipated almost since tel-
evision itself began, will take still more years
to materialize. In the meantime public inter-
est has been shown in receivers that project
oversize pictures onto a screen. This does not
involve new technology, however, for large-
screen projected television has been used in
theaters and classrooms for decades.

Ancillary Signals Several possibilities ex-
ist for adding additional signals to the exist-
ing television channel without interfering
with its normal operation. They include in-
serting, by means of multiplex techniques,
ancillary (additional) information at points in
the video portion of the channel that are not
fully occupied by video information. Multi-
plexing uses time (expressed in terms of
lines) otherwise wasted when the electron
beam in the pickup tubes flies back at the
ends of lines and fields to start new lines and
fields. For example, each field takes one-six-
tieth of a second, of which the vertical blank-
ing interval (the end-of-field electron beam
blackout time) takes about 8 percent. That is
the equivalent of 21 lines not actually used
for picture information. Some of this line-
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time is already devoted to synchronizing and
other auxiliary information, but other unused
lines are available for ancillary signals.
Among the uses of ancillary signals are
improving television sound, monitoring pro-
gram content (needed by advertisers to verify
fulfillment of contracts), captioning (used by
the deaf to follow the audio aspect of pro-
grams), and teletext (pages of text or graphic
material displayed on the home television re-
ceiver). Development of these uses was one
of the most active areas of television technical
progress during the 1970s (Spongberg, 1975).

= An example of improved television sound
is DATE (Digital Audio for Television). As the
name implies, DATE converts sound into
digital equivalents (a process described in
§4.4). Samples are taken in rapid succession
from four different sound sources. The
stream of digital information representing the
four sound components is multiplexed in a
part of the video channel not heavily used by
the modulated video information. DATE can
be used in many ways, for example to accom-
pany a program with narrative in a choice of
four different languages. Like most digital
devices, DATE is too expensive to incorpo-
rate in home receivers, but could be useful in
television network interconnection.

a Closed captioning for the deaf, on the other
hand, is available to home viewers, although
it requires an adapter attached to the home
receiver (hence the term ’“‘closed”). Brief
printed captions are inserted during line 21
of the vertical blanking interval. They appear
at the bottom of the television screen like
English subtitles in foreign movies.

= The most versatile of the ancillary signal
developments is teletext, a general term for
several different methods of transmitting
whole pages of textual matter (including
maps, drawings, and other types of displays)
during vertical blanking. In one version the
transmitting station stores in microcomputers
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up to several hundred pages of information
in digital form. Pages are transmitted in the
vertical blanking interval in rapid succession.
At the receiver a smaller computer stores a
requested page, decodes the digital infor-
mation, and feeds the text to the receiver
screen, where it can either temporarily dis-
place or be superimposed over the regular
television picture.

» Teletext displays only one page at a time,
and only on the television screen. Home fac-
simile provides a "hard-copy” version by
making a permanent copy on paper. This, of
course, requires yet another add-on device
attached to the already much-used home re-
ceiver.

Summary

Each broadcasting service is allocated certain
bands within which each station is licensed
to use a specific channel. Interference among
stations arises from those on the same chan-
nel and, at lesser distances, from those on
adjacent channels. The U.S. AM (standard)
broadcasting channels are 10 kHz apart. A
system of AM channel and station classifi-
cations facilitates allowing the maximum pos-
sible number of stations to operate without
causing objectionable interference. AM uses
medium frequencies that cause sky waves at
night. Power, one of the most important fac-
tors influencing AM radio’s area of coverage,
is limited to a relatively low maximum level
of 50 kilowatts.

Because FM uses VHF frequencies that do
not generate sky waves, FM coverage pat-
terns are stable, simplifying the interference
problem. The 200-kHz width of FM channels
enables transmitting both stereophonic
sound and special auxiliary services such as
background music. FM has other advantages
in terms of fidelity and freedom from static
and co-channel interference. Short-wave ra-
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dio broadcasting, a third service, is used in
the United States only for international
broadcasting, but some countries use it do-
mestically.

Motion pictures set a precedent for tele-
vision by developing the basic concepts of
resolution, picture elements, and frame and
field frequency standards. Electronic pictures
are picked up one element at a time by an
electronic scanning process. Television pic-
ture elements are transmitted in the form of
varying signal amplitudes. Color informa-
tion, in terms of three primary colors, is mul-
tiplexed so that no increase in channel ca-
pacity is required. In addition the 6-MHz
television channel carries auxiliary video in-
formation such as synchronizing signals to
keep pickup and receiver scanning in step,
as well as sound information. Sound is fre-
quency-modulated on its own carrier in the
upper portion of the channel.

Television channels are located in both the
VHF and UHF bands. Television signals
reach at a maximum approximately to the
horizon. UHF waves, because of their inher-
ent tendency to attenuate rapidly, cover
smaller areas than VHF waves. The received
video signal is displayed on a kinescope tube,
which repeats the scanning sequence of the
camera pickup tube. Although pictures are
presented on the kinescope face only one ele-
ment at a time, persistence of vision causes
the viewer to perceive them as complete pic-
tures in motion. The 525-line, 30-frames-per-
second standard of U.S. television results in
a satisfactory picture, although it is well be-
low the quality of high-quality 16-mm film.

Current technological innovations include
miniaturization of production equipment,
improvements in receivers, and the use of
ancillary signals for such services as closed
captioning and teletext. Probable future de-
velopments include flat picture display de-
vices of unlimited size, home facsimile, and
multichannel television sound.



CHAPTER 4

Storage, Distribution, and
Delivery Systems

4.1 Basic Concepts

Storage By "storage” we mean the ware-
housing of program materials for release and
rerelease after production. Means of storage
include disc and tape recordings, still and
motion picture films, and (increasingly im-
portant in recent times) the several types of
memories used by computers.

Except for news and live sports events,
virtually all broadcast materials are pre-
recorded. Moreover, to compensate for dif-
ferences in time zones, national networks
feed delayed broadcasts from the East Coast so
that stations in other time zones can release
network programs at the same local time in
all zones. Affiliates also sometimes record
network feeds for later broadcast. Most pro-
gram material thus goes through one or more
recording steps before reaching its ultimate
destination.

Nevertheless, the distinctive character of
broadcasting networks remains their ability
to provide for simultaneous broadcast of
identical programs in real time throughout the
nation, and, in the case of great public
events, throughout the world. Only broad-
casting, 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 foot on the moon.

Networks A broadcasting network, de-
fined in its simplest terms, consists of two or
more broadcasting stations connected to each
other so that they can put identical programs
on the air simultaneously.

The interconnecting links of a network are
referred to as relays. A relay station passes
on an electronic signal just as a relay runner
at a track meet passes on a baton. Relays in
this sense are point-to-point communications,
not broadcast communications. Relay sys-
tems and the firms that run them are often
referred to as common carriers. Such firms sell
the use of their facilities to all comers on a
first-come, first-served basis at fixed rates.
The telephone is the most familiar example
of a common carrier in the communication
field. Common carriers are neutral toward
programming, merely passing it on from one
place to another without having any voice in
its selection or production. Broadcasters, on
the other hand, are crucially concerned with
content (that is, programming) because they
are legally responsible for it.
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Stations as Delivery Systems To ap-
preciate the importance of the distribution
and storage functions in broadcasting, one
need only imagine what it would be like if
relay and recording technologies did not ex-
ist. Each station would be limited to the live
programs that it could produce locally. Few
if any stations would be able to attract and
hold large audiences. There would be no na-
tional programming, no great star perform-
ers, no coverage of wide-flung live news and
sports events. All stations are, by their very
nature, essentially local stations; only the ex-
istence of networks and recordings enables
their programming to rise above the local
level. The primary role of the station can thus
be viewed as delivery, not production.

Syndication Technology All mass me-
dia enterprises depend crucially on means of
recording and of rapid distribution. The tech-
noeconomic device for doing this job is syn-
dication. In the present chapter, we are con-
cerned with the technological aspects of
syndication, the physical means whereby
very expensive communications materials are
centrally produced and then distributed
among many users who share in the costs.
Economic aspects of syndication are dis-
cussed in §8.7. Without syndication we could
not afford to buy recordings of top musical
artists, to attend movies, to receive today’s
news from every corner of the globe, to enjoy
prime-time television, or to witness a presi-
dential news conference. All such achieve-
ments become possible because of syndica-
tion.

Broadcasting networks, as a system of dis-
tribution, introduced a novel form of syndi-
cation, different from the news, motion pic-
ture, and music syndication methods that
were already familiar when broadcasting be-
gan. Networks can bind an unlimited num-
ber of individual, local outlets into a single,
unified national outlet. One of the unique
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features of broadcasting is the fact that sta-
tions can function in this way without giving
up their ability to function at other times as
local outlets. The ability to operate locally,
regionally, and nationally — indeed, even
internationally — and to switch from one
type of coverage to another on a moment’s
notice, gives broadcasting a flexibility shared
by no other medium.

To understand broadcasting, then, it is not
enough to understand the attribute of “wire-
lessness” discussed in the preceding chap-
ters. Distribution and storage play vital roles
in extending and diversifying the potentiali-
ties of radio and television. Without benefit
of these technologies, broadcasting would
not only be very different; it would also be
far less successful, probably not a medium of
mass communication at all.

4.2 Sound Recording
Technology

Discs In disc recording the recording stylus
(needle) modulates the sides of a spiral
groove in the recording master. A transducer
(§2.4) activates the stylus, translating the
voltages generated by microphones into sty-
lus motion. The movements of the stylus cut
variations of appropriate amplitudes and fre-
quencies in the sides of the groove. In play-
back, vibrations of the pickup stylus riding
in the groove activate another transducer (the
pickup head) that converts motion back into
modulated electrical current. These voltage
variations in turn activate transducers in the
form of loudspeakers to complete the cycle
of transductions back to sound energy. The
information storage capacity of a disc sound
recording depends on a number of variables,
such as the sensitivity of the recording and
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pickup styli, the accuracy with which the styli
track the variations in the sides of the groove,
and the speed with which the disc revolves.

Tape In magnetic tape recording, the stor-
age medium consists of magnetized particles
of an iron compound that coat a plastic tape.
The smallness of the particles and the num-
ber available per second — as determined by
the tape’s width and the speed at which it
passes the record head — define storage ca-
pacity. For master sound recordings on quar-
ter-inch tape a speed of 15 inches per second
is used. The standard for broadcasting and
other professional playback uses is 7%2-ips.
Much lower speeds are used for ordinary
home recording, office dictation, and moni-
toring.

Information to be tape-recorded is fed to
the record head in the form of a modulated
electric current that varies a magnetic field in
the head. The pattern of these variations is
transferred to the tape in the form of a cor-
responding magnetic pattern that is induced
in the molecules of the ferrous particles. On
playback, the tape passes over a similar elec-
tromagnet causing the playback head to gen-
erate a modulated electric current that goes
to the loudspeaker after amplification. Run-
ning the tape over a third electromagnet, the
erase head, 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 is required, but for many
professional and most amateur uses, cas-
settes and cartridges are more convenient.
Cassettes incorporate double hubs for 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, usu-
ally called a “cart,” has a single hub and
contains an endless tape loop that repeats
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itself. Carts are especially useful in auto-
mated equipment, each cart containing a sin-
gle program item; inaudible cues recorded on
the tape tell the playback unit to stop at the
end of a recorded item.

4.3 Picture Recording

Kinescopes The only surviving recorded
versions of the earliest television shows are
kinescope recordings. A film camera took pic-
tures of television images as they appeared
on the face of a black-and-white picture
(kinescope) tube. The recording camera was
especially designed so as to produce a 24-
frames-per-second motion picture from the
30-frames-per-second  kinescope  picture.
Kinescopes were far from satisfactory. Broad-
cast-quality television picture recording had
to await the introduction of magnetic tape for
television in 1956.

Videotape Recording (VTR) Picture re-
cording on magnetic tape relies on the same
principle as magnetic sound recording. The
several thousand-fold increase of information
in the picture channel posed problems that
delayed successful application of the princi-
ple for decades. Recalling that among the
chief variables affecting the information ca-
pacity of a magnetic tape system is the speed
at which tape passes over the recording head,
one can visualize the problem — tape would
have to run at such a high speed it would
wear out recording heads in minutes and re-
quire reels of impractical size.

Scientists at Ampex Corporation solved
this problem ingeniously by imparting mo-
tion to the recording head as well as to the
tape. In fact Ampex mounted four recording
heads on a revolving drum (hence the name
quadraplex or quad format). The drum rotates
at high speed transversely (across the width
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of the tape) while the tape itself moves
longitudinally. The combined movements of
heads and tape produce an effective head-to-
tape speed of 1,500 inches per second, yet
the tape itself moves at only moderate speed.
The two-inch-width tape is held by suction
against the curvature of the revolving drum
to maintain head contact (Exhibit 4.3.1).

Subsequently less expensive tape record-
ers were developed using one-inch and
smaller tape. These retain the Ampex prin-
ciple of combining head-plus-tape move-
ment, but use only one or two heads, laying
down a slanted track instead of a transverse
track. The change in track angle makes pos-
sible a longer sweep for the head than would
be possible if it swept the narrow tape trans-
versely (Exhibit 4.3.1). This type of recorder
is called lielical because the tape wraps
around a stationary drum or capstan in a
spiral (helical) path while a spinning disc in-
side the drum brings each head in contact
with the tape as it passes by. The professional
one-inch VIR most widely used in the
United States conforms to a standard known
as Type C. It has two heads, one of which
records all but a few lines in each television
field. The second head handles the remaining
lines and all the accessory signals, including
three audio tracks and a control track.

Home Video Recorders Several differ-
ent formats of wvideocassette tape recorders
(VCRs) compete in the "home video’ market.
They use one-half-inch magnetic tape in cas-
settes about the size of a paperback book.
They depend on the buyer’s own television
receiver to display the recorded pictures. The
buyer does the recording, either off the air or
with a video camera. The recorder contains
its own tuner so that it can record programs
on one channel while the owner views pro-
grams on another channel. Of the several
competing formats the leader is known as
VHS, originated by the Japanese firm Mat-

STORAGE, DISTRIBUTION, AND DELIVERY SYSTEMS

sushita and distributed by several U.S. firms.
The runner-up format, called Beta, was orig-
inated by Sony, also a Japanese firm.

Video also has its equivalent of the audio
disc designed for home use. For consumers,
videodisc recording (VDR) has several advan-
tages: (1) discs store more information per
square inch of recording surface than tape;
(2) they are much cheaper to reproduce than
tape because they can be stamped out on an
assembly line, whereas tape has to be copied
foot by foot; (3) it is easier to search back and
forth on a disc to find a wanted portion; and
(4) discs wear better than tapes.

Two home-use versions have been put for-
ward. The Philips-MCA version uses a laser
beam to "lift” information off the surface of
the disc. RCA’s “’Selectavision” uses a stylus
riding in a track, but without the lateral mo-
tion of audio recordings; instead the stylus,
passing over microscopically small “slots” in
the grooves, senses stored electrical values in
terms of capacitance changes. More details of
these systems are shown in Exhibit 4.3.2.
Both systems rely on the buyer’s own tele-
vision set to display the recorded pictures.
They cannot be used for home recording as
can VTRs, nor are discs interchangeable be-
tween the two VTR types.

4.4 Digital Signal
Processing

Analog vs. Digital Signal Processing
Conventional recording methods use the an-
alog method of signal processing, not basi-
cally different in principle from the system
used by Edison when he invented the phono-
graph in the nineteenth century. That system
reproduces signals by means of continuous
patterns of change, corresponding to (that is,
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Exhibit 4.3.1
Videotape recorder (VTR) formats

83

Video Sound Sound
recording erase record Sound

heads head hfaad track
o
Tape
Ieunt
Cue Cue Tape Video
erase record drive  transverse
head head motor track

Transverse Quadruplex Format. Four video
recording heads mounted on a rapidly spinning
wheel, shown at the left, lay down transverse
tracks across the width of the two-inch tape.
Sound is recorded longitudinally along one
edge, auxiliary information along the other edge.

Type B Format
Direction of tape travel
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Audiotrack 1 /__ {
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Audio track 2
Segmented Video ™
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Audio track 3
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Helical Format. The tape spirals around a large.
stationary drum. Within the drum, the video-
recording head spins on a revolving disc,
making contact with the tape as it slips over the
drum'’s smooth surface. Because of the spiral
wrap the tape moves slightly downward as well
as lengthwise, so that the combined movements
of tape and recording head produce a s/anting
track, as shown. Some helical recorders use two
heads, some use different wraparound
configurations.

Direction of tape travel
< ——

Audio track 2 [_ .
Audio track 1

Control track
Sync track
Audio track 3

Contains vertical-interval —/ Type C Format
information necessary for

single-head, nonsegmented

recording

Type B and Type C Formats. These drawings show the ways information is laid
down on the one-inch tape now in general use. Type C is the one most widely

employed in broadcasting.

Source: AMPEX Corporation.
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Exhibit 4.3.2
Home videodisc systems
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A professional tape recorder using 2-inch-wide magnetic tape needs the equivalent
of 200 square feet of tape surface on which to store a hali-hour program. Home
videodiscs pack the same amount of information onto a disc surface less than a
square foot in area. Some of the characteristics of the two competing videodisc
systems diagrammed above are:

s Encoding method: RCA (shown at right) stores electrical information in slots
etched by an electron beam in pre-cut grooves on the disc surface: Philips uses a
laser beam to etch pits on a smooth disc surface.

» Pickup scanning device: RCA uses an electron beam, Philips a laser beam,

= Stylus used? RCA yes, but the stylus picks up information from the slots in the
disc electronically, not by means of vibrations as in an audio disc; Philips no — in
fact its disc is sealed in a clear plastic protective coating through which the laser
beam passes.

s Revolutions per minute: RCA 450, Philips 1,800 (RCA can use slower speed
because of the smaller diameter of the electron beam compared to a laser beam).

= Revolutions per picture: RCA 4, Philips 1.

Source: © 1975 by The New York Times Company. Reprinted by permission.
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analogous to) the continuous flow of sounds
or images that impinge upon a microphone
or a television camera pickup tube. This con-
tinuous pattern is inherently susceptible to
distortion.

In contrast, the digital method of signal
processing breaks the incoming signal down
into a stream of separate, individual pulses
of energy, which are inherently resistant to
distortion. This breakdown is accomplished
by a rapid sampling of the original continuous
signal, done at such high speed that the ob-
server has the impression of continuousness.
The method is called “digital” because the
individual energy pulses that result from
sampling are codified so that each can be
represented by a number. The signal consists
of a string of separate, individual numbers
instead of a continuously varying electrical
current.

Encoding Process A digital processor
consists basically of a sampling device and a
digitizing device. Signals (for example,
sounds picked up by a microphone) arrive at
the sampler as an electric current of contin-
uously varying amplitudes. The sampler rap-
idly reports amplitude levels at successive
moments, sending these samples to the en-
coder. The encoder quantizes each momentary
energy level by assigning it a number. Usu-
ally encoders employ the binary code. This is
the familiar number system used in comput-
ers, based entirely on the two digits, 0 and
1. Every quantity that can be expressed in
the conventional decimal system (based on
the numbers 0 to 9) can be expressed in bi-
nary code.

For processing purposes, this simplifica-
tion of the signal has a great advantage be-
cause, no matter how complex the incoming
signal may be, it can be reduced to a se-
quence of coded “zero” and “one” combi-
nations. Information handled in this way is
therefore immune from the many sources of
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interference and distortion that adversely af-
fect the quality of analog signals. For exam-
ple, repeated recording and relaying of ana-
log information inevitably causes loss of
quality, and the loss increases as the number
of steps increases. Streams of digitized infor-
mation, however, can readily be stored in
computer memory banks and shunted from
one place to another, going through any
number of complicated processes without
losing any of their subtle nuances.

Bit Speed The minimum item of infor-
mation conveyed by the difference between
"’zero” and “one” is called a bit. Digital chan-
nel capacity is measured in terms of bit speed,
the number of bits a channel can handle per
second, expressed as kilobits or megabits. A
telephone circuit, for example, needs a 64-
kilobit capacity.

The penalty paid for the simplicity of the
binary system is that it requires very high bit
capacity to handle complex information. That
is why digital methods were long used in
data processing, telephone, and experimen-
tal satellite communications before being ap-
plied to broadcasting. The high demand on
channel capacity makes it impracticable, with
present technology, to use digital methods
for over-the-air broadcasting to homes. Not
only would it require much wider channels
than the present analog methods; it would
also require excessively costly receivers.

For these reasons, digital processing has
been confined to prebroadcast phases of pro-
gram processing. These include a variety of
animation, graphic, and editing applications
that increase enormously the range of crea-
tive tools available to the director and video
artist. Digital techniques are undoubtedly the
most significant areas of broadcasting tech-
nological developments to be expected in the
1980s.



Digital Audio Conventional sound re-
cording exists within a constricted environ-
ment, bound by a fixed ceiling and a fixed
floor. The ceiling is imposed by the fact that
at a certain point audio overloads cause dis-
tortion, the floor by the fact that at a certain
point the noise inherent in all electrical
systems begins to overcome the signal. Dig-
ital recording spreads the upper and lower
limits farther apart than is possible in analog
recording. Digitally processed discs are al-
ready available on the consumer market,
though home reproduction equipment still
operates on the analog principle (despite a
few digital accessories, such as a memory
that will select the desired bands from a
multiband disc).

Application of digital techniques to tele-
vision sound has been successful in the
DATE experiments mentioned earlier (§3.11).

Digital Video The author of a recent tele-
vision production handbook points out that
“the full impact and potential of digital tech-
nology and its application to production can
be fully appreciated” in' the field of video
processing in the studio (Wurtzel, 1979: 422).
Video processing capitalizes on the availabil-
ity of microcomputers that store and manip-
ulate video information with fantastic speed
and flexibility. Among the current applica-
tions are the following:

a Time-base correctors that enable the use of
lightweight portable equipment for “elec-
tronic news gathering” (§3.11).

m Tape-editing equipment that uses digitally
generated numbers to visually identify each
frame, enabling the editor to identify the ex-
act points at which to make cuts or begin
fades.

m Digitally controlled video cameras that auto-
matically adjust themselves, “remembering”
the settings on their electronic controls from
one day to the next.
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m Digital character generators that enable di-
rectors to incorporate an unlimited variety of
type faces and graphic resources into pro-
grams, simply by typing up the desired titles,
legends, messages, diagrams, etc., on a key-
board.

u Devices such as CBS’s electronic palette that
enable artists to use electronic brushes and
pigments to create the video equivalent of
water colors, oils, and other types of paint-
ings on the television screen.

m Electronic animation that eliminates time-
consuming and costly film techniques.

a Effects of almost unlimited variety such as
action track, a digital frame-storing device that
remembers motion and can reproduce the
actual path that a golf ball just took across
the putting green.

Collectively these and other digital resources
give television the means of becoming a new
art medium whose potentialities artists are
only beginning to explore.

Digital TV Recording (DVR) The appli-
cations just mentioned concern short-term
effects that exploit limited frame-storage ca-
pabilities. They are grafted on to pictures that
basically still depend for their existence on
analog techniques. More difficult to achieve
will be a complete digital system from origi-
nal production to distribution by networks or
syndication channels to broadcast stations or
cable systems for delivery to home terminals.
The first major step in this direction, digital
video recording (DVR), is expected to be taken
by the mid-1980s. DVR would probably have
developed even more rapidly had it not be-
gun to appear at the same time as improved
conventional recorders in the one-inch Type
C format, in which broadcasters and produc-
tion firms had just invested heavily. By 1979,
British, American, and Japanese manufactur-
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ers had all shown demonstration models of
digital video recorders to the industry.

4.5 Terrestrial Relays in
Networking

The second type of technological resources
essential for syndication consists of the inter-
connection facilities that make networks pos-
sible.

Interconnection The “net” of network
broadcasting is the matrix of connecting links
— private (that is, nonbroadcast) point-to-
point relay circuits that carry network pro-
grams from their origination point to each
station affiliated with the network. This is
what we referred to earlier as the distribution
function, as contrasted to the delivery func-
tion that stations perform when they send
the programs on to their audiences. Some
organizations call themselves networks even
though they have no such simultaneous in-
terconnection facilities. These must be re-
garded, in both the legal and the practical
sense, as only pseudonetworks. A true broad-
cast network must have connecting links be-
tween the point of origin and the affiliated
stations, enabling simultaneous delivery of
programs by all affiliated stations.

Any wire or radio link that intervenes be-
tween the original source and the delivery
system can be regarded as a relay. Consid-
erations of channel capacity determine which
types of relays can be used for which pur-
poses. Ordinary telephone circuits (usually
especially equalized to compensate for the fact
that higher frequencies attenuate over dis-
tance sooner than lower) suffice for radio
programs, but not for television.

Coaxial Cable When wide bands of fre-
quencies are pushed through a wire conduc-

87

tor (as happens when the broad 6-MHz chan-
nel of television is involved) their energy
tends to fly off into space in the form of
radiation. Coaxial cable traps this energy and
conducts it within an artificially controlled
space. The cable is actually two conductors
— a hollow tube with a wire running down
its middle, the two insulated from each other,
so that the tube encloses a free space that
may be occupied by air or any nonconducting
material (Exhibit 4.8.3). Such a cable can con-
duct a broad band of frequencies in the mil-
lions of hertz. Attenuation does occur, of
course, but it can be corrected by amplifiers
inserted at intervals of about every third of
a mile.

Coaxial cable used for intercity relays is
buried underground. Installation costs add
to the heavy expense for the rights of way
and for the cable itself. In rugged mountain-
ous terrain cable installation can become pro-
hibitively expensive. Nevertheless, U.S. net-
work television originally depended on the
coaxial cable network (supplemented by
some short microwave links) of the American
Telephone and Telegraph Company (AT&T),
which since 1926 has also supplied the long-
distance telephone circuits for radio net-
works. Now, except for local short-run links,
AT&T uses microwave relays for network
interconnection.

Microwave Relays Waves used for re-
laying signals in the UHF, SHF, and EHF
bands are referrrd to as microwaves. They
range in length from a meter down to a mil-
limeter. Waves this short attenuate so rapidly
in the atmosphere that they were not at first
thought to be usable for communication.
When concentrated into a narrow beam,
however, microwave power can be increased
by a factor of 100,000. This gives microwaves



the strength to punch through the atmos-
phere for a distance of up to about 30 miles.
Because the waves are so short, relatively
small sending and receiving reflector-concen-
trators suffice.

Exhibit 4.5 shows a typical AT&T micro-
wave installation, with horn-type reflecting
antennas mounted on a high tower. Such
towers must be spaced within sight of each

Exhibit 4.5
Microwave relay station
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This repeater station on the summit of Wolf Creek
Pass in the Colorado Rocky Mountains is nearly
12,000 feet above sea level, part of an AT&T
transcontinental microwave radio relay route
connecting New York with Oakland, California.
The horn-shaped antennas have replaced the
circular, dish-shaped type originally used for
microwave relays.

Source: Photo courtesy of AT&T Long Lines
Department.

STORAGE, DISTRIBUTION, AND DELIVERY SYSTEMS

other. Each relay station receives, reampli-
fies, and retransmits signals to the next link
in the chain. It takes over 100 such repeaters
to span the continental United States land-
mass.

Microwave relay networks have an advan-
tage over coaxial cable in not requiring con-
tinuous right-of-way easements. Moreover,
microwaves actually benefit from rough ter-
rain, which usually throws up high points
that help in laying out line-of-sight transmis-
sion paths. Neither system, however, can
span large bodies of water.

4.6 Space Relays

Advantages of Satellites The answer
to the problems of long-distance relaying is
the communication satellite. This is essentially
a relay station located in space, far beyond
the earth’s atmosphere, able to “’see’” almost
a third of the globe’s surface before encoun-
tering the horizon (Exhibit 4.6.1).

Satellites have been likened to microwave
repeater towers thousands of miles high.
This analogy can be misleading, however,
because a microwave repeater links only one
specific location to two other specific loca-
tions — the next sending and receiving
points in the relay network. A satellite re-
peater links a single sending station (the sat-
ellite) to any number of receiving earth stations
at any distance within its coverage area. Add-
ing more receiving locations adds nothing to
transmission costs as it does with microwave
links.

Satellites have still other advantages. Un-
like HF sky waves, their direct microwaves
are relatively free from sunspot disruptions.
Microwave relay signals become degraded in
the course of dozens or scores of reamplifi-
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Exhibit 4.6.1
Satellite global coverage
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Satellite

Hypothetically, three communication satellites positioned at equidistant points

on a circle above the earth's equator, 22,300 miles in space, would be able to relay
signals to the entire globe. In practice the outer edges of the coverage areas would
experience too much signal attenuation as the angle of the satellite waves caused
them to pass through more and more atmosphere before reaching the earth's
surface. Each satellite carries several transmitters and directional antennas,
enabling simultaneous delivery of several signals from a single satellite by means

of spot beams aimed at particular regions.
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cations by successive repeater stations, but
satellites put signals through only one inter-
vening processor, the satellite transponder
itself.

Geostationary Orbit When positioned at
a precise height (about 22,300 miles) above
the equator, a satellite becomes geostationary,
meaning that it remains in one place relative
to the earth. Actually, of course, it travels,
like the moon, in an orbit about the earth. At
the stipulated height, however, the orbit is
geosynchronous (“in step with the earth”) so
that the satellite appears to hover in one place
above the equator. Small propulsion jets
aboard the craft enable ground-control to
make minor adjustments to keep it from
drifting out of the prescribed orbit. Each geo-

Exhibit 4.6.2
Orbital positions of U.S. domsats
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synchronous satellite is assigned a specific
orbital location, expressed in degrees of a cir-
cle, as shown in Exhibit 4.6.2.

Spectrum Allocations More than a
score of different types of satellite service ex-
ist, of which broadcasting is only one. Each
makes its own demands for spectrum space.
Competition for allocations is thus just as
keen in the higher reaches of the spectrum
used by most satellites as in the lower fre-
quencies used by the older types of radio
services. Broadcast satellite frequency allo-
cations go as high as 86 GHz, but most al-
locations are in the 3-23 GHz range.

Signal Propagation The terrestrial
sources and destinations of relay satellite sig-
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Geostationary satellites are assigned to fixed positions on an imaginary projection
of the earth’s equator, 22,300 miles high. Only the segment of the arc from 55° to

136° will allow U.S. domsats to cover the entire continental United States. Shown in
the sketch are the positions of four of the many domsats now in orbit and projected

for the future in this region.
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nals are called earth stations. Their most con-
spicuous feature is a large bowl-shaped an-
tenna, up to a hundred feet in diameter. The
use of such large antennas, despite the fact
that satellites make use of waves that are very
short, reflects a deliberate design strategy.
Because of limitations on launchable weight,
satellites must be relatively light and hence
must make do with low power. The larger
the ground antenna, however, the more en-
ergy it can collect. Thus a trade-off was made
— small, lightweight satellites in exchange
for massive ground stations.

As launch capabilities improved and heav-
ier satellites were lofted, ground antennas
grew smaller. At present, single-channel re-
ceive-only antennas on the order of 15 feet
in diameter are in regular use. Eventually,
the minimum diameter will be reduced to
three feet or less, enabling convenient direct
satellite-to-home reception.

The relay transmitters on board a satellite,
limited to solar power stored in batteries,
must operate on only a few watts of power.
However, their signals are propagated with-
out attenuation through an almost complete
vacuum until they reach the thin blanket of
air surrounding the earth. Because the sat-
ellite looks virtually straight down, its signals
suffer atmospheric attenuation for only a
short distance. Terrestrial radio relays, on the
other hand, operate close to the ground and
are therefore subject to atmospheric absorp-
tion over their entire route. Even so, the sat-
ellite signal that arrives at the receiving earth
station is extremely weak. A special low-noise
amplifier (LNA) magnifies the signal some
100,000 times before feeding it to the receiver.
The same antenna, appropriately equipped,
can be used both as an uplink (transmitter)
and as a downlink (receiver).

Satellite Construction Communication
satellites of the type used for relaying broad-
cast programs are equipped with several tran-
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sponders (combination receiver-transmitters).
The payload also includes steerable anten-
nas, batteries, solar panels to collect energy,
propellant for maneuvering the craft, and fa-
cilities for receiving and putting into effect
commands from a control center on earth.
Transmitting antennas are, of course, direc-
tional and can be adjusted to beam signals
toward desired areas on the earth’s surface.

4.7 Relay/Delivery Hybrids:
Radio

Terminology In some cases the distinc-
tion we have drawn between the two func-
tions of relaying (private, nonbroadcast,
point-to-point  distribution) and delivery
(broadcast release directly to listeners and
viewers) becomes blurred. Broadcasting in
fact increasingly finds itself involved in, or
affected by, nonbroadcasting or quasi-broad-
casting kinds of operations.

The technologies for producing, record-
ing, and delivering programs can be regarded
as building blocks that can be assembled in
various ways to serve a variety of purposes.
We refer to some combinations as hybrids not
to imply inferiority, but to call attention to
the process of cross-fertilization that is highly
characteristic of contemporary applications of
communication technology.

Rebroadcasting Why could not net-
works save money by asking their affiliates
to pass on the broadcast signal from station to
station — B picks up A’s signal off the air
and rebroadcasts it, C picks up B’s signal,
sends it on to D, and so on all across the
country? Some regional FM networks do in
fact depend on rebroadcasting for intercon-
nection instead of hiring nonbroadcast types
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of wire or microwave relays. Although re-
broadcasting as a method of relay works, it
has many disadvantages. Chief among them
are: (1) Each time a signal goes through the
broadcast-receive-rebroadcast cycle, it loses
some of its original quality; after a series of
such losses, signal quality becomes seriously
impaired. (2) Broadcasting stations are not
ideally spaced geographically for network
coverage — many gaps occur where stations
are too far apart for successful rebroadcast-
ing. (3) Rebroadcasting offers no option for
delayed delivery to enable identical clocktime
release in time zones remote from the origi-
nating station.

Translators Rebroadcasting is routinely
used to extend the coverage of individual
television stations in mountainous areas
where the terrain causes dead spots, or in
sparsely settled areas beyond the coverage of
regular television transmitters. For example,
KREX in Grand Junction, Colorado, is on
51 such rebroadcasting stations. Altogether,
some 4,000 translators have been authorized.
These specialized rebroadcast stations or sat-
ellites (in the terrestrial rather than space
sense) are called translators because they pick
up the originating station’s signal and “'trans-
late” its carrier to the frequency of a different
channel so as to avoid co-channel interfer-
ence with the originating station. Translators
beyond the range of the parent station’s sig-
nal may pick up the signal by means of sat-
ellite relay, in which case they are sometimes
called satellators.

Instructional Television Fixed Serv-
ices (ITFS) A short-range microwave re-
lay service is authorized specifically for edu-
cational use. The rules allocate 28 television
channels in the SHF band for ITFS. Most
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users are public schools, but university grad-
uate schools employ them too. Stanford Uni-
versity, for example, operates a released-time
training program for employees of companies
located within line-of-sight range of the cam-
pus. Over 5,000 employees receive instruc-
tion relayed directly to their company prem-
ises by ITFS, saving money and time by
eliminating the need to travel to the campus
for instruction (Curtis & Blatecky, 1978).

Multipoint Distribution Service (MDS)
A commercial counterpart of the ITFS service
allocates SHF frequencies for two television
channels adjacent to the ITFS channels for
short-range relay/delivery of data, facsimile,
and programming. Commercial MDS opera-
tors charge subscribers an installation fee for
a special rooftop antenna and down-frequency
converter (from the MDS frequency to that of
an unused channel on the customer’s televi-
sion set) as well as a monthly subscription
fee.

MDS is especially well adapted to serving
office or apartment buildings where many
subscribers can be found in close proximity,
able to use a single down-converter. The
service has also been sold to individual
homes in situations where cable television is
not available, relaying to subscribers types of
programming they would otherwise expect
to get by cable.

4.8 Relay/Delivery Hybrids:
Cable

Terminology Dependence of the just-dis-
cussed hybrid systems on over-the-air deliv-
ery subjects them to all the problems inherent
in spectrum crowding and resulting mutual
interference. Cable, however, creates in ef-
fect an artificial, interference-free environ-
ment in which to exploit the frequency spec-
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trum, completely independent of the natural
limitations imposed by open-space use of the
spectrum. Thirty television channels can be
fed simultaneously through a single coaxial
cable without mutual interference, all from a
single point of origination — the equivalent
of having 30 different television stations op-
erating in the same market. More advanced
types of coaxial cable can even accommodate
52 channels. If still more channels are needed
two or more cables can be used.

Simultaneous conduction of 30 channels
in a single cable is achieved by frequency di-
vision multiplex — meaning that the total
channel capacity of the cable (usually 300
MHz) is divided into subchannels. Each tele-
vision carrier frequency is located within a
subchannel. Exhibit 4.8.1 shows how the
frequency band may be divided in a 300 MHz
system.

Exhibit 4.8.1
The many channels of cable TV
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Cable TV Coaxial cable technology was
originally used for distribution of signals to
stations, not for delivery to homes. The rad-
ical innovation introduced by cable television
(originally called community antenna televi-
sion or CATV) was the use of cable to feed
programs directly into the home, combining
the relay and delivery functions in a single oper-
ation. This new use for cable came about be-
cause of a demand created by the frustration
of would-be television viewers who could
pick up over-the-air either no stations at all
or less than the desired number. Translators
(§4.7) are only a partial solution because each
one rebroadcasts only a single station. Cable,
with its many channels, gives access to any
number of stations and other sources of pro-
grams as well.

Upstream Downstream
signals Crossover | signals |
r‘—’l fiters [~ |
4 3 9 7 14
Return Low VHF FM Mid-band High VHF Super-band
channels channels | channels channels channels channels
(2-6) (7-13)
5 30 54 88 108 174 216 MHz 300

Most cable TV systems use coaxial conductors capable of handling a band width of
300 MHz. This example shows how such a band can be divided by frequency
division multiplex into many separate TV channels. It assumes a system using four
response (return) channels, which are located at the lower end of the band. After a
space to prevent the “upstream” and “downstream” signals from interfering with
each other, the rest of the band width allows for 35 TV channels and 100 FM
channels. The normal frequencies of the TV over-the-air VHF channels are retained,
other TV channels (either UHF stations or programs from sources other than stations
such as pay cable and local origination channels) occupy the “mid-band” and
“superband” segments. If UHF stations are picked up, their signals are down-
converted from the UHF (above 300 MHz) band to the “superband” VHF channels of

the cable system.

Source: Cable Television Information Center.
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How Cable Delivery Works Cable tele-
vision systems use several antennas, one for
each of the stations a cable company wants
to pick up directly off the air. Each antenna
is cut especially for its station’s wavelength
and feeds a separate receiver at the cable sys-
tem’s headend. Stations too far away to be
picked up directly may be fed to the headend
by microwave or satellite relays (Exhibit
4.8.2).

Programs received at the cable system
headend are forwarded to subscriber homes
by means of coaxial wires of the type shown
in Exhibit 4.8.3. Trunk cables carry the signal
from the headend to dividing points in the
cable network where feeder cakles take off to
carry the signals past subscriber locations. At
each location a drop cable leads to the home
receiver.

Differing types of cable are needed for
trunk, feeder, and drop-off functions in order
to deal with cable’s biggest enemy, rapid at-
tenuation. As noted in §4.5, radio frequency
energy attenuates in cable much more rapidly
than it does in the atmosphere; the higher
the frequency, the more rapid the attenua-
tion. In the midrange of frequencies used by
cable, signals lose half their strength in trav-
ersing a mere 200 feet of cable. Booster am-
plifiers and equalizers must be inserted at
frequent intervals to keep all channels up to
strength and at the same level. A major part
of a cable system’s capital costs, therefore,
must be devoted to the fight against atten-
uation. Obtaining rights of way and making
the installation are also major cost items.
Wherever possible, cable operators mount
cables on existing utility poles, but within
cities they must usually go underground in
conduits and tunnels.

Cable systems that deliver 12 channels or
less to their subscribers are directly con-
nected to home receiver antenna terminals,
relying on the VHF tuners in subscribers’ sets
to select channels. Systems that deliver more
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than 12 channels need an adapter unit (pro-
vided by the cable company on a rental basis)
that acts in effect as an expanded VHF tuner.
In this way, cable can avoid having to use
the UHF broadcast channels, which would
attenuate too rapidly to be practicable in
coaxial cable systems. It should be recalled
that cable is not tied to the over-the-air sys-
tem of channel frequency allocations. The ca-
ble operator is free to convert the received
frequencies to more convenient channels for
distribution over the coaxial cable system.

Optical Fiber Cable Although conven-
tional coaxial cable passes a wide band of
frequencies, it nevertheless has its limits. Fre-
quencies beyond 300 MHz attenuate too rap-
idly for practical use; when a cable distribu-
tion network needs the capacity to carry 50
or 60 television channels, a second cable has
to be strung at great additional expense.

Cables made up of bundles of hair-thin
strands of glass overcome this band width
problem. Such optical fibers must be made of
a very special, expensive glass. The signal is
conveyed by a special type of light, traveling
through the optical fibers. Usually the light
source is a laser, which produces a concen-
trated beam at a single frequency — a pure
color within the rainbow of colors that make
up white light.

A single laser beam conducted through
optical fibers has the channel capacity of
hundreds, even thousands, of conventional
coaxial cables. Optical fiber cables have other
advantages as well. (1) They cause less signal
attenuation than coaxial cable, requiring only
about a quarter as many repeater amplifiers;
(2) they are lighter in weight, more flexible,
and smaller in diameter; and (3) they are im-
pervious to electrical interference. Optical fi-
ber cables are already used for short, critical
runs in cable distribution systems in satellite
earth station installations. As their cost
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Exhibit 4.8.2
Cable television system plan
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The headend of a cable system contains the amplifiers and local origination
facilities of the system (if any). Feeding the headend are off-the-air TV station
signals picked up by special antennas and possibly also signals from more distant
stations fed by microwave relay. In recent years the most important input adjunct,
however, has become a small earth-station receiving antenna for picking up
satellite signals relayed from a variety of program sources. Trunk and feeder
distribution cables, shown mounted on poles in the sketch, would be run
underground within cities.




comes down they will doubtless replace co-
axial cable for installations that require ex-
tremely wide-band capacity.

Summary

Broadcasting stations can be viewed as being
primarily delivery systems, highly depend-
ent for program material on syndication. The
technological aspects of syndication include
storage of program material (in the form of
tapes, discs, films, and computers) and dis-
tribution by means of networks using com-
mon carriers — terrestrial and space relays
— and by cable.

Sound storage technology includes disc
recordings, magnetic tape, and optical sound
on film. Television picture storage includes
kinescopes, videotape recording, and video-

Exhibit 4.8.3
Cable TV's wideband channel

Hard Piastic
plastic foam
sheathing- = —Insulation

/

Aluminum or braided ———/ /—Copper
copper outer conductor wire
center
conductor

Cable TV gets its name from coaxial electrical
conductors like this. There are many types of
coaxial cable, but all have the basic structure
shown here — a wire suspended within a tube,
creating a protected, artificial, wideband channel
for electromagnetic energy.

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

STORAGE. DISTRIBUTION, AND DELIVERY SYSTEMS

disc recording. The newest technology in-
volves digital instead of analog recording.
This method rapidly samples the sound or
video signal, assigns a quantitative value to
each sample, and transmits the values in bi-
nary code. Digital video storage and process-
ing enables producers to obtain a wide vari-
ety of special effects with minimum effort.
Digital methods are confined mainly to the
studio, not yet having been applied to the
mass market.

Relaying, the second aspect of syndication
technology, refers to the distribution of pro-
grams from central sources to delivery sys-
tems. Terrestrial relays use either wire (usu-
ally coaxial cable) or radio (microwave)
transmission. Both require frequent reampli-
fication of the signal and therefore cannot
span large bodies of water.

Reliable long distance relaying is accom-
plished by communication satellites, which
have important advantages in cost and con-
venience over other methods. Relay satellites
are placed in geostationary orbit above the
equator, such that three satellites spaced out
evenly around the earth can cover nearly the
entire globe. Satellites function somewhat
like enormously high microwave relay re-
peaters, but unlike microwave relays are dis-
tance-insensitive.

Hybrid relay/delivery systems blur the dis-
tinction between the relay function and the
delivery function. These can be classified as
either radio or cable hybrids. In the radio
category are rebroadcasting, translator sta-
tions, instructional fixed services, and mul-
tipoint delivery systems. In the cable cate-
gory are community antenna television (or
cable) systems, with various links to program
sources. The basic service of cable television
is to relay/deliver television programs to
subscribers by means of coaxial cable. This
method of transmission offers many more lo-
cal channels than over-the-air transmission.
Still more channels can be delivered by op-
tical fiber cables.
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In the preceding chapters we summarized the physical bases of broad-
casting as they are now understood. It took time, of course, for that
understanding to evolve, and we turn now to the story of that evolution.
We consider the inventors who made broadcasting possible and the
business innovators who made it a universal reality. We trace the
growth of programs and networks from the first tentative radio show
and radio station hook-ups of the crystal-set era in the 1920s to the
cornucopia of broadcast services available in the 1980s.



CHAPTER 5

Preconditions: The Stage Is Set

Not the least of the many amazing facts about
broadcasting is the speed with which it
spread from a series of tentative local ven-
tures to a recognized national service, more
universal than bathtubs and refrigerators. To
introduce photography into general use took
a century, the telephone half a century; radio
in general took 35 years, but broadcasting
specifically only about 8 years. Broadcasting’s
popular acceptance and rapid growth did not
come about by chance. The preconditions for
its emergence had been evolving for at least
a century.

In this chapter we look at some of these
historical preconditions, the events that set
the stage for broadcasting, giving it almost
immediate star billing when it stepped before
the public. Several strands of development
intertwine: (1) the emergence of social con-
ditions favorable to the development of mass
communication, leading to the habit of media
consumption; (2) the corresponding growth
of the appropriate industrial and business in-
stitutions able to provide consumer goods in
quantity (including entertaining and infor-
mative media content); and (3) the progress
of scientific know-how that made possible
new ways of communicating that content.

5.1 Development of Mass
Media Consumption

Long before broadcasting began, the habit of
mass media consumption had already been
cultivated by the popular press, the phono-
graph, and the motion picture. These older
media stemmed from the mechanical inven-
tive tradition that was typical of the nine-
teenth century. Radio, on the other hand,
stemmed from the electronic inventive tra-
dition that, though born in the nineteenth
century, flowered in the twentieth. Never-
theless, these differing traditions converged
in complex and interesting ways as newspa-
pers, recordings, and movies felt the com-
petition of broadcasting and the impact of its
technology.

Social Preconditions The Industrial
Revolution (roughly 1750-1850) helped bring
about fundamental changes in the daily life
of the masses of people living in Western
countries. For centuries the primary occupa-
tions of common people had been agricul-
tural; then industrial occupations began to
draw people away from the land. Eventually,
most people lived and worked in cities.
Along with this urbanization came the spread
of education and the growth of leisure time.
The concentrations of people in cities became
the target of what we now call the “mass
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media” — those means of communication
that use technology to reach large parts of
the total population almost simultaneously
with the kinds of news and entertainment
that ordinary people find attractive and at a
price that ordinary people can afford to pay.*

The Penny Press Urban concentration,
education, and leisure all contributed to
changing the medium of print from a special
amenity primarily for the elite to a common-
place product for the masses. The penny
press was the most visible example of this
transformation. Previously, newspapers had
been sold to subscribers in small editions
numbering no more than a few hundred
copies. In the 1830s, however, the New York
Sun led a new trend toward mass-oriented
papers that were sold on the streets for a
mere penny a copy. They sold in the thou-
sands and eventually in the millions of
copies.

Until that time newspapers had concen-
trated on news of commerce, party politics,
and other such “serious” subjects. The pop-
ular press broadened the coverage exploiting
news of everyday events, sensational crimes,
gossip, human interest stories, and sports
— all presented in a breezy, colloquial style
in contrast to the flowery essay style of the
past. Popular newspapers also broadened
their appeal, cutting across the dividing lines
of party, class, sex, age, and cherished be-
liefs. Along with these changes in content
and style came improvements in marketing
to increase readership still more, and in

*It is worth remembering that the word media is a plural
noun (the media are), in spite of the fact that many
writers use it as a singular. This is more than a petty
usage error, for it implies that all the media — broad-
casting, print, film, and the rest — are identical, ob-
scuring the important fact that each medium has its own
separate identity and unique characteristics. One of the
goals of this book is to delineate the uniqueness of
broadcasting as a medium among media.
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printing technology to enable faster, cheaper
production. By the 1890s some mass-oriented
newspapers had circulations of over a mil-
lion. All this helped to create the habit of
mass media consumption by which broad-
casting would profit in the 1920s.

The Phonograph A later nineteenth-cen-
tury invention, the phonograph, was even
more directly influential than newspapers in
preparing the public to be receptive to broad-
casting. The phonograph accustomed people
to the idea of investing in a piece of furniture
that brought entertainment into the home. It
was encased in a beautiful cabinet and given
a place of honor in the living room.
Curiously enough, Thomas A. Edison,
who patented the phonograph in 1878, in-
tended it as an office dictation machine and
strongly resented the idea of turning it into
a mere “toy.” However, public appetite for
this entertaining novelty was so great that by
the time of World War I a flourishing phono-
graph manufacturing and recording industry
had emerged. In 1919, just after the war and
on the eve of the introduction of radio broad-
casting, some two hundred phonograph
manufacturers were turning out over two
million machines a year. The already mature
phonograph industry, looking with disdain
on the upstart radio and its entirely different
technology, carelessly neglected to protect its
future by taking the precaution to invest in
electronic research. When radio broadcasting
began in the 1920s, phonograph recording
was still dependent on acoustic methods not
fundamentally different from those originally
used by Edison in 1878. The industry’s short-
sightedness became painfully clear in 1929,
when the Radio Corporation of America
(RCA) bought out the famous Victor (“His
Master’s Voice”) phonograph plant in Cam-
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den, New Jersey. RCA promptly discontin-
ued phonograph production and began put-
ting the despised radios in the handsome
wood cabinets for which Camden was fa-
mous.

The combination of radio competition and
the impact of the 1929 stock market crash
devastated the phonograph industry. By 1933
“’the record business in America was practi-
cally extinct” (Gelatt, 1977: 265). Ironically,
not long after putting many phonograph
companies out of business, broadcasting be-
gan reviving them. This revival was caused
partly by the increased mass appetite for mu-
sic that radio created and partly by the dra-
matic improvements in recordings made pos-
sible by the belated application of radio’s
technology to the phonograph. RCA even-
tually began producing RCA Victor records
and developed its own electronic recording/
playback process (§7.7). In many other ways
the broadcasting and phonograph industries
have continued linkages ever since.

Motion Pictures Closely paralleling the
phonograph in its evolution was the motion
picture. Edison’s name is linked with both.
His 1889 invention, the kinetoscope, was the
first commercially usable motion picture cam-
era (though some contend he merely placed
his marketable name on the work of others).
With slight modification it served also as a
projection device that enabled one viewer at
a time to see a brief film sequence as a peep-
show in the 1890s. The earliest movie thea-
ters for films projected on screens began in
1896 and were often called nickelodeons (com-
bining the price of admission with a Greek
word for theater).

Like the phonograph industry, motion
pictures had achieved the status of a well-
established industry by the time radio began
in 1920. The movies created a mass audience
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for information and entertainment (news-
reels were an important part of movie theater
presentations before television phased them
out). Far more people could attend the local
”Odeon” or “Bijou” movie house than ever
had a chance to attend the “legitimate’ thea-
ter. Even the smallest movie house in the
most remote town could show on the silent
screen much of the best talent the world of
theater had to offer.

Again, as in the case of the phonograph,
the motion picture had something to learn
from radio technology — the ability to talk.
Although Edison had experimented in the
1890s with combining sound and pictures,
progress toward “talkies” was stymied by the
need for synchronized sound (precise match-
ing of sound and picture). The self-satisfied
Hollywood producers remained indifferent
to the possibility of sound pictures, even after
the problem of synchronization had been
solved. Talkies finally began in earnest in
1928, with several rival sound systems com-
peting for acceptance. One of these had been
developed by RCA, an example of the many
links between broadcasting and motion pic-
tures that began in the 1920s, long before the
advent of television.

5.2 Wire Communication

Though broadcasting benefited from the
prior arts of sound recording and the motion
picture, its direct technical and industrial de-
scent was from the telegraph and the tele-
phone — from point-to-point rather than
from mass-oriented communications media.
This means that electrical technology, rather
than the mechanical technology of the early
phonograph and the movies, led to the in-
vention of radio and, eventually, to its ap-
plication to public rather than private com-
munication purposes.



102

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

Crucial improvements were made by an
American, Samuel F. B. Morse, after exten-
sive experiments in the 1830s. His telegraph
receiver had the great advantage of automat-
ically making a permanent record of mes-
sages on strips of paper. We still use the term
“Morse code” for the system that he and a
partner developed for translating the letters
of the alphabet into patterns of electrical im-
pulses. The code consists of short and long
impulses ("dots” and “dashes”), with sim-
pler combinations for the more frequently
used letters (the letter ¢, for example, is a
simple "’dot”; the less frequently occurring
q is “dash-dash-dot-dash”’).

With the help of federal money, Morse
installed the first operational telegraph line
using his system in 1844 between Washing-
ton, D.C., and Baltimore. The first message
over the forty-mile line suggests the awe with
which the achievement was regarded —
“What hath God wrought!”” In most parts of
the world governments still retain responsi-
bility for operating national telegraphic sys-
tems. Congress, however, fearing the federal
Post Office would lose money if the govern-
ment competed with itself by running the
telegraph as well, sold its interest in Morse’s

*The word telegraphy (“distant writing”') was already in
use, referring to relaying semaphore (visual) messages
by means of a series of line-of-sight signaling stations.
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line to private investors, retaining only the
right of government regulation. By the 1860s
and the Civil War, a single company, West-
ern Union, had emerged as the dominant
force in the telegraph field.

Submarine Cable Laying telegraph lines
underwater offered a more difficult challenge
than overland telegraphy. The first short sub-
marine link ran under the English Channel
between Dover and Calais, about twenty-five
miles. This cable was laid in 1851, but it took
fifteen more years of repeated trials (includ-
ing a six-month success in 1858) before a per-
manent cable was finally laid on the floor of
the Atlantic between Europe and America.
This feat, accomplished in 1866, was the
work of the Anglo-American Telegraph
Company, headed by a persistent American,
Cyrus W. Field.

Regular transatlantic cable communication
began in 1868, and soon all the major centers
of the earth could exchange information in
minutes instead of weeks or months. This
meant a profound change in the nature of
the world. The first breach had been made in
the walls of international isolation, with far-
reaching effects on trade, politics, diplomacy,
and war. The submarine cable has been aptly
called “the grand Victorian technology.”

Telegraphy had an early and lasting as-
sociation with news. Even before the electric
telegraph became available, newspapers had
begun to share the costs of newsgathering,
which was, in effect, the first form of media
syndication (8§8.7). In the 1840s Paul J. Reuter
started a carrier-pigeon service in Europe to
supply financial news. He switched to teleg-
raphy in 1851 when the Dover-Calais sub-
marine cable became available. Thereafter,
Reuter “followed the cable” wherever it led
throughout the globe, establishing what is
today one of the five worldwide news agen-
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cies or news wire services. The others are As-
sociated Press and United Press International
(the two U.S. agencies), Agence France
Presse (French), and Tass (Russian).

Bell’s Telephone The next goal of inven-
tors was to transmit speech itself, eliminating
the tedious business of encoding and decod-
ing telegraph messages. Sound, of course, is
a much more complex form of modulation
than the simple “on-off” of the telegraph.
The problem of the telephone centered on
finding a sensitive transducer, a modulating
device able to convert complex sound-energy
from one medium (air) to another medium
(electrical current). Many investigators were
struggling with this problem and were ap-
proaching a solution when Alexander Gra-
ham Bell filed the key telephone patent in
1876.

Because he was by profession a teacher of
the deaf, Bell had made a profound study of
human hearing. However, his discovery of
the telephone principle came about as a by-
product of attempts to invent an improved
form of the telegraph. In fact his basic patent
of 1876 (said to have been the most valuable
single patent ever issued) was titled “Im-
provements in Telegraphy.” It described two
ways of converting the vibrations of a mem-
brane (a tightly stretched sheet of material,
comparable to the eardrum) into electrical
current of varying amplitudes (Brooks, 1976:
47).

Bell's 1876 patent, together with a second
one obtained the following year, formed the
basis for the company which we know today
as the American Telephone and Telegraph
Company (AT&T). Bell himself had little in-
volvement with the business after the 1880s,
but AT&T is still familiarly known as “The
Bell System.”
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5.3 Invention of Wireless

Remarkable though the telegraph and tele-
phone were, they could not reach out to
ships at sea. Moreover, the installation and
maintenance of wires and cables cost im-
mense amounts of money. The notion that it
should somehow be possible to do the job of
the telegraph and the telephone without us-
ing costly and confining wire connections
stimulated the inventive juices of many sci-
entists and tinkerers in the last quarter of the
nineteenth century. Their goal was wireless
communication — what we now call radio.

Conflicting Claims Many inventors in
many countries claimed to have been the first
to solve the problem of wireless transmis-
sion. Mahlon Loomis, an American, patented
a wireless system as early as 1872. The French
date radio’s invention from 1891, when
Edouard Branly demonstrated a radio detec-
tion device called the coherer. Russia cele-
brates Radio Day on May 7, commemorating
a demonstration made by Alexander Popoff
in 1895. The British scientist Oliver Lodge
experimented with wireless at about the
same time. “‘Stupidly enough,”” as Lodge
himself wrote, he failed to grasp its value,
thinking that the telegraph and telephone
were good enough.

Most of those who claimed the invention
had common access to critically important
scientific knowledge about electromagnetic
energy that had recently been published by
two physicists: (1) a theoretical paper by
James Clerk Maxwell, predicting the exist-
ence of invisible radiant energy similar to
light; and (2) the report of a laboratory ex-
periment by Heinrich Hertz, in which he
proved Maxwell’s theory by generating and
detecting radio energy and measuring its
wavelength.

Maxwell, a Scot, published his paper, A
Treatise on Electricity and Magnetism, in 1873
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— a routine-sounding title that gave no hint
of the far-reaching consequences it would
have. In it Maxwell hypothesized that elec-
tromagnetic wave energy must exist. Using
mathematical proofs and drawing upon ob-
servable facts about the behavior of light
waves, he constructed a theory about electro-
magnetic energy, hypothesizing that this en-
ergy existed not only as light, but also in
forms invisible to the eye. More than a dozen
years went by before Hertz, a German, suc-
ceeded in a laboratory demonstration that
detected the invisible waves that Maxwell
had predicted. His experiment gave conclu-
sive proof of Maxwell’s theory. His 1888 pa-
per, Electromagnetic Waves and Their Reflection,
led directly to the invention of radio within
a few years after publication. In recognition
of the importance of his contribution, other
scientists at first called radio waves ""Hertzian
waves.” Later his name, abbreviated Hz, was
adopted internationally as the standard way
to express the frequency of radio waves, with
the meaning “one cycle per second.”

Hertz sought to verify a scientific theory,
not to invent a method of communication.
Like Lodge, he failed to realize the practical
implications of his experiments. Indeed,
when asked if Hertzian waves might be used
to send messages, he said that wireless com-
munication would never work. He may have
been deceived by the fact that his experi-
ments were conducted with tenuous short
(HF) waves; the first successful wireless com-
munication efforts used the longer, more
rugged LF waves.

Marconi’s “Releasing Touch” It re-
mained for Guglielmo Marconi — more an
inventor than a scientist — to supply the
"’right releasing touch,”” as a Supreme Court
justice put it in an opinion on a patent case
many years later. “The invention was, so to
speak, hovering in the general climate of sci-
ence, momentarily awaiting birth. But just
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the right releasing touch had not been found.
Marconi added it” (320 US 65, 1942).

Stimulated by Hertz’'s paper, Marconi as
a young man of twenty-one experimented
with equipment similar to Hertz’s, first in-
doors and then on the grounds of his father’s
estate in Italy. Fortunately, Marconi had the
leisure for experimentation and the money
for equipment. Equally important, he had
access through his family to high official and
business circles.

For some of his earliest crude experiments
in the outdoors, Marconi suspended a sheet
of metal in the air to act as a transmitting
antenna, connecting it to a battery and a
spark gap. Sparks induced electromagnetic
energy in the metal sheet. He picked up the
radiated energy at a distance of a few
hundred feet with another suspended sheet
of metal, which caused answering sparks.
Endless experiments with different shapes,
sizes, and types of antennas, ground sys-
tems, and other components gradually im-
proved the performance.

As soon as Marconi had convinced himself
that wireless was more than a laboratory toy,
he offered it to the Italian government, only
to be rebuffed. His mother, who came from
a well-known family of British whiskey dis-
tillers, was able to arrange matters with Eng-
lish postal and military officials, the most
likely customers in Britain for the invention.
Marconi went to London and registered his
patent there in 1896. He was twenty-two.

The British were definitely interested in
obtaining a license to use Marconi’s patent,
but bureaucratic delay held up an official of-
fer. Impatient at the delay, Marconi launched
his own company with the help of his
mother’s family in 1897. Its object was to
manufacture wireless equipment and to offer
wireless telegraphic services to the public.
The Marconi Company’s first sale occurred
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Exhibit 5.3.1
How Hertz measured wavelength

Hertz's famous experiment of 1886 is reproduced in a demonstrator model built by
the Smithsonian Institution in Washington, D.C. The transmitting antenna at the left
sent radio waves down the length of Hertz's laboratory. The structure at the right
served to prove that the waves could be reflected. The inventor changed the
position of the sparking detector, held in his hand, to determine the length of the
waves. Measuring the distance between the points of maximum and minimum
energy, he found the length of half a complete wave-cycle.

Source: Courtesy Smithsonian Institution, Washington, D.C.
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the following year when the British War Of-
fice bought wireless equipment for use in the
Boer War in South Africa.

To a remarkable degree Marconi combined
the genius of the inventor with that of the
business innovator. As an inventor he per-
sisted tirelessly, never discouraged, even by
hundreds of failed attempts at solving a prob-
lem. As a businessman he had a flair for
effective public relations. In the early years
of the century he constantly staged dramatic
and convincing demonstrations to prove the
usefulness of wireless. In 1909 Marconi
shared the Nobel prize in physics with Ger-
many’s Ferdinand Braun for achievements in
wireless telegraphy. He continued experi-
mentation throughout his life, using his
steam yacht Elettra as a floating laboratory.

Among Marconi’s business ventures, the
U.S. branch of his company, known as
American Marconi, is of particular interest
because it had decisive influence on the de-
velopment of broadcasting in  America.
Founded in 1899, American Marconi finally
began to realize substantial profits in 1913. In
that year Marconi acquired the assets of an
American firm, Lee de Forest’s United Wire-
less Company, which had gone bankrupt
after Marconi won a patent infringement suit.
The takeover gave American Marconi a vir-
tual monopoly on U.S. wireless communi-
cation, with ownership of 17 land stations
and 400 ship’s stations. All these Marconi
facilities were devoted to extensions of the
telegraph principle — point-to-point com-
munications between ships and shore sta-
tions, between ships at sea, and between
countries (Exhibit 5.3.2).

5.4 Technological
Progress: 1896-1915

Progress in the evolution of wireless to the
point where it would be usable for broad-
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casting awaited essential improvements in
technology. Improved methods were needed
for generating and modulating radio fre-
quency energy, detecting signals, tuning,
and amplifying.

Signal Generation Marconi, like Hertz
and other pioneer experimenters, depended
at first on electrical sparks for signal genera-
tion. When sufficient voltage builds up in a
circuit, electricity in the form of a series of
sparks jumps across a small air-gap separat-
ing the ends of two metal rods or rods fitted
with small spheres. Sparks create bursts of
alternating current, essential for generating
radio frequency oscillations capable of radiating
into space. Spark-induced Morse signals thus
consisted of a rapid series of isolated energy
pulses (Marconi spoke of their sounding like
“whipcracks”’). A continuous wave, uniform in
amplitude, was much more desirable — es-
sential, in fact, for radiotelephony.

Several improvements were made on the
spark-gap type of signal generator, including
the Poulsen arc, whose rapid continuous
sparking approached the ideal of a continu-
ous wave generator. It was widely used
throughout the world after 1911, especially
for maritime traffic. However, it did not work
well above 250 kHz (thus confining radio to
the VLF band), nor was it effective for intel-
ligible radiotelephony.

The search for a more versatile radio fre-
quency generator continued. A natural can-
didate was the ordinary alternating-current
electrical generator, but it was difficult to
build generators capable of producing the
high frequencies needed by radio (house cur-
rent uses a frequency of only 60 Hz). In 1906
General Electric built a high-frequency gen-
erator for the pioneer radiotelephone exper-
iments of Reginald Fessenden (§5.7). Such
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Exhibit 5.3.2
Guglielmo Marconi (1874-1937)

In a 1902 photo. the inventor examines the paper tape on which a radiotelegraphic
message is inscribed in Morse code. At that time radio equipment was still very
crude. but the already well-developed equipment of wire telegraphy was readily
adaptable to the task of recording wireless messages. Seated: George Kemp.
Marconi's most trusted engineering assistant
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generators became known as Alexanderson al-
ternators, named for a General Electric engi-
neer, Ernst Alexanderson.

Later another type of signal generator, the
vacuum tube oscillator, was introduced. This
type of generator eventually became stan-
dard in all radio transmitters. It enabled ef-
fective transmission of speech by radio and
allowed the use of higher frequencies than
the cumbersome Alexanderson generator
could ever hope to attain.

Detection Another key problem of early
wireless was providing adequate detection —
the method of sensing an incoming signal.
The spark-gap, originally used as a detector
by Marconi, was impractical. A variety of
other devices were tried, among them the
Branly colierer, a glass tube of metal filings
that “cohered” when influenced by an in-
coming radio frequency current. Coherence
caused the filings to conduct electricity and
thus to produce an electrical analog of the
radio frequency Morse signals. It had a seri-
ous drawback, however. After each pulse of
energy was received the filings had to be
"’decohered,” which was done rather primi-
tively by tapping the glass tube with a little
hammer.

A much more effective device, the crystal
detector, was discovered in 1903 and intro-
duced generally in 1906. It consisted of a
small lump of crystalline metal (several dif-
ferent types were used) that had the effect of
converting radio-frequency, alternating-cur-
rent energy into audible-frequency, direct-
current energy, thus removing modulation
information from the radio frequency carrier.

The most widely sold type of crystal de-
tector had to be probed for a sensitive spot
on a fragment of crystal with a piece of stiff,
fine wire known as a “cat’s whisker.” Thou-
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sands of amateurs could afford to build sim-
ple crystal sets, and they continued to do so
on into the 1920s. Many of broadcasting’s
original radio fans picked up their first pro-
grams on homemade crystal sets — an un-
forgettable experience. As in the case of radio
frequency generators, however, really effi-
cient detection had to await development of
the vacuum tube.

When Marconi tried to cover the America’s
Cup yacht races in 1901, in one of his typical
public-relations stunts, a boat carrying the
rival de Forest wireless system was also on
hand, and the two signals interfered with
one another. “The result was a complete fi-
asco. Neither the de Forest nor the Marconi
boats were able to send any information to
their shore stations, which were reduced to
the ultimate journalistic recourse of fabricat-
ing race reports out of whole cloth”” (Aitken,
1976: 246).

This dilemma arose because early trans-
mitters were untuned. Spark-induced pulses
of energy spread all over the wave band, so
that any one transmitter interfered with all
others. In 1904, however, Marconi obtained
a U.S. tuner patent, enabling his transmitters
to restrict their radiations to a limited group
of frequencies. Receivers could then select
("tune to”) the desired frequencies, exclud-
ing simultaneous signals present in other
parts of the band.

Amplification Another drawback of the
early equipment was amplifying signals,
whether at the sending or receiving end. This
problem was shared by wire communication.
It will be recalled that attenuation in wires
makes it essential to use repeater amplifiers
at frequent intervals (§4.5). In the early 1900s
only an inefficient mechanical amplifier was
available. The electronic device that eventu-
ally solved this problem, the Audion, also
solved detection and radio frequency gener-
ation problems, making possible radio as we
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know it today. For that reason the Audion’s
inventor, Lee de Forest, felt justified in titling
his autobiography Father of Radio (1950).

De Forest’s Audion After receiving a
Ph.D. from Yale in 1899, de Forest worked
first as an engineer with the Bell telephone
company’s subsidiary, Western Electric.
.However, he found routine engineering re-
search dull and soon began devoting full time
to developing his own inventions. In 1903 he
experimented with an open gas flame as a
radio detector. Because a flame has practical
disadvantages, he turned to the idea of using
gas heated within a glass enclosure by a
glowing filament. He had such a device fab-
ricated by a commercial electric lamp maker
in 1905.

De Forest was following up leads left by
Edison in 1883 and Ambrose Fleming, a Mar-
coni researcher, in 1904. Each had patented
devices based upon the then-unexplained
fact that an electric current would flow be-
tween the hot filament of an electric lamp
and a nearby metal plate sealed inside the
lamp. Because such lamps (or tubes) had two
elements, the filament and the plate, they
were called diodes. Fleming patented a diode
detector, but it was not a practical success,
soon giving way to the more effective crystal
detector.

De Forest took the crucial next step by
adding a third element to the tube, making
it a triode. He positioned the new element,
called a grid, between the filament and the
plate. The heater filament throws off clouds
of electrons. Being negatively charged, elec-
trons are attracted to the positively charged
plate. But in order to get to the plate, the
electrons have to pass through the grid. A
small voltage applied to the grid can control
with great precision the flow of electrons
from filament to plate. Weak incoming radio
signals were fed to the grid. The amplitude
variations (that is, the modulation) of the in-
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coming signals caused corresponding varia-
tions in the powerful current flowing be-
tween filament and plate. Thus the weak
became strong — amplification took place.
De Forest first used the triode in 1906 and
was granted a patent in January 1907. An
associate of de Forest made up a trade name
for the new device — Audion. We now speak
of the offspring of de Forest’s great invention
as the electronic (vacuum, thermionic) tube or,
in British usage, valve.

Development of the Audion De Forest
started with the notion that the heated gas in
the tube was the important feature of the
device. Had he realized, as became clear
later, that the gas trapped in the tube was a
hindrance rather than a help, ensuing patent
suits might have been avoided. The electron
tube did not become really efficient until it
could be made to enclose a near-perfect vac-
uum. Irving Langmuir at General Electric and
Harold D. Arnold at AT&T recognized the
theoretical basis of the electron tube and se-
cured the high degree of vacuum needed.

Development of the Audion and the new
circuits to go with it took more than a dozen
years. Its first practical application in com-
merce was not to radio at all but to telephony.
The Bell Telephone company desperately
needed an efficient amplifier for long-dis-
tance telephony. Coast-to-coast telephone
service was still impossible in the early 1900s
because of signal attenuation. In 1913 the Bell
company bought from de Forest seven basic
Audion rights, limited to telephonic appli-
cations. The company paid the inventor only
$50,000, though it was prepared (de Forest
later claimed) to pay as much as $500,000 if
necessary. By 1915 Bell was able to open the
first coast-to-coast telephone circuits, using
vacuum-tube repeaters.
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As de Forest put it, the Audion gave man-
kind the power to command “electricity it-
self, not just its manifestations.” It freed
technology from dependence on mechanical
moving parts. Ability to manipulate the elec-
tron made possible operations of a complex-
ity, delicacy, and precision undreamed of in
the age of gears, levers, belts, and pulleys.
The thousands of electronic marvels, rang-
ing from automatic door openers to space
probes, so commonplace today, were made
possible by the vacuum tube breakthrough.
In the last quarter-century the tube has been
largely replaced by solid state devices — first
the transistor, then the silicon chip (§3.11).
But they simply represent more efficient
ways of doing the same jobs of electron ma-
nipulation originally done by the vacuum
tube.

5.5 Business Developments

Role of Patents Frequent references to
patents and patent suits in the preceding
sections suggest their importance. They
formed, in fact, both the building blocks and
the stumbling blocks of great business em-
pires. Patent litigation reached its heyday in
the marathon struggles over control of basic
radio patents in the first half of this century.

To be defensible a patent must describe a
“novel” invention — it must introduce some-
thing genuinely new, not merely improve on
a previous invention. One of the reasons de
Forest had so much difficulty defending his
Audion patent was the fact that it built upon
the previously patented diode. Such inter-
dependence was characteristic of improve-
ments in the radio field; as a result, the his-
tory of wireless invention in the first half of
this century was marked by constant patent
litigation.

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

Constitutional Basis Article I, Section
8, of the U.S. Constitution provides that
“Congress shall have the power . . . to pro-
mote the progress of science and useful arts,
by securing for limited times to authors and
inventors the exclusive right to their respec-
tive writings and discoveries.”” This provision
lays the constitutional foundation for laws of
copyrights and patents. Copyrights are still
the source of a major economic burden to the
broadcasting industry (§7.7), and patents
have been the pivotal factors in the struggles
for industrial control.

A patent gives an inventor an exclusive
property right to an invention for a period of
seventeen years. During that time the inven-
tor has a legal monopoly. The inventor can
manufacture and sell the product himself or
can license others to do so. The early purpose
of the patent was to offer economic incentives
to native inventors at a time when the coun-
try depended wholly on Europe for scientific
knowledge. The Constitution emphasized
not so much the private gain of inventors as
the public interest in encouraging invention.
In creating private patent rights the authors
of the Constitution could hardly have fore-
seen that, after the Industrial Revolution,
patents would become the cornerstones of
great monopolies that sometimes benefited
neither inventors nor the public.

AT&T (the Bell System) The preemi-
nent case of skillful patent manipulation in
the interest of big business enterprise was
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that of the telephone (§5.2). Alexander
Graham Bell organized his original firm in
Massachusetts in 1877, the year in which he
secured his second basic patent. But the in-
ventor and his friends could not raise enough
capital to develop the company. Control over
the patents soon passed to others. Neverthe-
less, Bell’s name has been associated with the
company ever since, though it ceased to be
his own company almost as soon as it was
founded.

The company went through changes in
organization and name as it expanded and
brought in new investors. It now consists of
a parent holding company — the American
Telephone and Telegraph Company (AT&T)
— and over a score of subsidiary telephone
firms that constitute the “Bell System.” That
system provides most of the local and nearly
all of the long-distance telephone services in
the United States.

While its original 17-year patent monopoly
lasted, the telephone company’s strategy
centered on keeping its patent position im-
pregnable by vigorously suppressing in-
fringements. During this period the Bell com-
pany brought six hundred suits against
competing firms.

Rather than spread to ungainly propor-
tions by attempting to supply service
throughout the country, the Bell company
adopted a policy of franchising independent
regional operators. The franchised compa-
nies received the exclusive and permanent
right to use the Bell patents. They in turn
gave the Bell company substantial stock hold-
ings. By the time the patents came to an end,
the Bell company had attained controlling in-
terests in these franchised companies. Expi-
ration of the patents in 1893-1894 brought an
upsurge of competition, but in the long run
the Bell company held a trump card: it had
installed the long lines connecting the central
offices of telephone companies in one area
with the centrals in other areas. Supremacy
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in the long-distance field was assured in 1914
by AT&T'’s acquisition of the right to use de
Forest’s Audion (§5.4). For the first time
coast-to-coast long-distance telephone serv-
ice became practicable.

Even after the original Bell patents ex-
pired, the company continued a policy of not
selling telephone equipment outright. It pur-
chased Western Electric in 1881 as its manu-
facturing arm, thus making it possible to
keep the whole process of manufacture, in-
stallation, and servicing within the Bell fam-
ily. Patents continued to play a major role in
the strategy of the AT&T business empire in
the wireless era, enabling the telephone com-
pany to dominate the infant broadcasting in-
dustry (§6.4). Although the company gave
up its broadcast stations in 1926, to this day
it still profits from the broadcast industry
through its near monopoly of the long-dis-
tance terrestrial relay facilities used for net-
work interconnection.

AT&T'’s control over long-distance teleph-
ony was made possible because of its status
as a regulated monopoly. In exchange for its
privileged position the company accepted a
degree of government regulation (through
the Federal Communications Commission) of
its rates and other aspects of its business. In
1968, however, a small data transmission
company won the right to attach its own
equipment to Bell telephone lines. This in-
vasion of Bell’s equipment monopoly was the
first in a series of far-reaching changes that
began to revolutionize the communications
industry in the 1970s.

The revolution was triggered by the
emergence of new technology linking con-
ventional telephone facilities with microwave
and satellite networks, enabling computers
as well as people to talk to each other. One
of the prices of AT&T’s telephone monopoly
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was that the company was barred from en-
tering the field of computerized communi-
cations. However, in 1980, as compensation
for having to give up exclusive control over
use of its long-distance network, AT&T was
given the right to set up an independent
computer communications subsidiary. The
emergence of Baby Bell, as the projected
new subsidiary has been called, is expected
during the 1980s as part of a massive re-
structuring that will affect every aspect of the
telecommunications  industry, including
broadcasting.

AT&T’s manufacturing monopoly is also
under attack. The Justice Department started
a suit in 1974 to force AT&T to divest itself
of its manufacturing arm, Western Electric.
It is known as a "“one-owner, one-client”
company because it is wholly owned by
AT&T and sells its entire output to the parent
company. Though Western Electric is only a
subsidiary of AT&T, its task of fabricating
billions of feet of telephone wire and tens of
thousands of other products each year for
AT&T has made it the fifteenth U.S. corpo-
ration in size.

General Electric Another communica-
tions giant, the General Electric Company,
goes back to a watershed invention — Edi-
son’s incandescent electric light. The present
company was born of a merger in 1892 be-
tween the Edison Electric Light Company
and another manufacturing concern. GE took
an immediate interest in that key wireless
device, the vacuum tube. It became one of
the chief investors in early radio broadcasting
and to this day owns a group of pioneer sta-
tions, headed by outlets in its headquarters
town, Schenectady, New York — WGY(AM),
1922; WGRV(TV), 1939; and WGFM(FM),
1940.

Westinghouse Railroad air-brake patents
formed the basis for the Westinghouse Man-
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ufacturing Company. In the late 1800s, West-
inghouse became embroiled in an epic battle
with Edison over whether alternating or di-
rect current should be adopted as the stan-
dard for the nation’s electric power systems.
Westinghouse installed the first alternating-
current system in 1886, in competition with
the earlier direct-current system advocated
by Edison (later GE). The ten-year AC-DC
battle became so heated that when New York
state began using AC current for the newly
invented electric chair, Edison publicists ar-
gued that AC’s fatal effect on criminals
proved it was unsafe in the home. The con-
test ended when the two companies agreed
to standardize on AC power and to pool their
patents for their mutual benefit. Even so,
some parts of New York City were still served
by DC power until the 1920s.

Westinghouse pioneered in broadcasting
even earlier than GE. Its original station,
KDKA, still operating in Pittsburgh, dates
back to the very beginning of broadcasting in
1920. It is now part of Group W, which com-
prises seven AM, two FM, and five television
stations under Westinghouse ownership.

The increase in the importance of electric
power after the turn of the century made
both Westinghouse and GE extremely rich.
Together with AT&T (including its subsidi-
ary, Western Electric) they formed an invin-
cible triumvirate in the fields of electrical
manufacturing and communication. Their
patents, their power, and their know-how
were all to have a crucially important effect
on the emergence of broadcasting.

De Forest and the Feedback Circuit
All the inventors of the wireless era engaged
in constant patent litigation, but de Forest
seemingly more than most. He filed over
thirty patents in the pioneer years 1902-1906,
and in all was granted over a hundred. His
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most bitterly fought suit had to do with the
feedback, or regenerative, circuit — the subject
of “the most controversial litigation in radio
history” (Maclaurin, 1949: 78). This design
feeds back part of a received signal on itself,
greatly increasing signal strength. The circuit
was of vital importance because it increased
tremendously the sensitivity of radio receiv-
ers. In fact, it has been called "’as historic as
the first Bell telephone patent and as clearly
decisive in the development of the modern
world” (Lessing, 1956: 78).

Four powerful companies claimed to hold
the controlling patent on this improvement:
AT&T, with the de Forest patent; General
Electric, with the Langmuir patent; American
Marconi with a patent granted to Edwin
Armstrong; and the Telefunken Company,
with the German Meissner patent. This four-
way battle moved in and out of the courts for
twenty years. In 1934, after the contenders
had spent millions of dollars in legal fees, the
Supreme Court finally decided in favor of de
Forest.

Even the final court decision did not com-
pletely clear the atmosphere. Armstrong still
claimed priority. He seems to have under-
stood the principle underlying the feedback
circuit better than de Forest, who arrived at
the invention by largely empirical methods
(Maclaurin, 1949: 78). Engineers today gen-
erally recognize Armstrong’s claim, despite
the court’s award to de Forest.

This case shows how the growing compli-
cations of the wireless patent situation during
the early twentieth century made inevitable
substantial control of the new industry by the
great corporations. They alone had the re-
sources to build up patent strength, to with-
stand frequent court battles, and to under-
take the developmental work that patents
always need.
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5.6 Development of
Wireless Services

During its first two decades wireless as a
business made its money from supplying
communications services. Wireless manufactur-
ing was not yet a big industry because the
market for the equipment was limited to the
specialized needs of the few communications
service companies. The mass market for mil-
lions of broadcast receivers and thousands of
broadcast transmitters lay in the future. The
main demand was for services that wire
could not duplicate; therefore, overland wire-
less services were not important at first. The
efficient network of existing telephone and
telegraph lines already did the job.

Maritime Service Ships at sea were the
first commercial customers for radio com-
munication. For thousands of years ships
leaving port on long voyages had sailed off
into utter silence. Now for the first time they
could communicate with each other and with
coastal stations far beyond the horizon. The
natural efficiency of over-the-water propa-
gation made the maritime service workable
even with the crude equipment available in
the earliest days of radiotelegraphy. More-
over, the service had dramatic impact be-
cause of its value in times of emergency. As
early as 1898 wireless had been used in a
maritime disaster. In 1909, when the S.S.
Republic foundered off New York, all passen-
gers were saved by wireless-alerted rescue
ships. In that same year wireless came to the
rescue in twenty other emergencies at sea,
and each year the number increased.

The most dramatic disaster at sea occurred
in 1912 when the Titanic, a luxury liner ad-
vertised as unsinkable, struck an iceberg and
sank in the Atlantic on her maiden voyage
from Britain to the United States (see Box).
A heroic Marconi operator stayed at his post
and went down with the ship. Nevertheless,
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The Department Store and the Titanic Disaster

Overland telegraphy was used mainly as a
source of publicity at first. For example, in 1910,
Wanamaker's Department Stores contracted
with American Marconi to install wireless sta-
tions in its outlets in Philadelphia and New
York. The Wanamaker stations exchanged mes-
sages between the two stores and with ships at
sea.

In a 1913 promotional book the company
claimed that "the two stations in the Wanamaker
Stores are next to the most powerful stations in
the country, second only to that at South Well-
fleet, on Cape Cod. The Philadelphia Station has
sent messages as far as Colon, Panama, a dis-
tance of 2,000 miles, and incoming steamers re-
port that they can copy Wanamaker messages
1,000 miles at sea” (Wanamaker, 1913: 183).

By chance the station at Wanamaker's New The young operator who ran the New York
York store played a bit-part in radio history, for Wanamaker station was David Sarnoff, later to
it was the first station to make contact with the become the preeminent industrial leader in the
rescue ships involved in the Titanic disaster. broadcasting field

Sources: Titanic courtesy United Press International: Sarnoff courtesy RCA
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fifteen hundred people died — among them
some of the most famous names in the
worlds of art, science, finance, and diplo-
macy — making the Titanic disaster the most
unforgettable tragedy of its kind in history.
The fact that for days radiotelegraphy
maintained the world’s only thread of contact
with the survivors aboard a rescue liner
brought the new medium of wireless to pub-
lic attention as nothing else had done (see
Box). Subsequently, inquiries revealed that
a more sensible use of wireless (such as a 24-
hour radio watch) could have prevented the
accident, or at least decreased the loss of life.
Because of these findings, the Titanic disaster
had an important influence on the worldwide
adoption of stringent laws governing ship-
board wireless stations. It also set a precedent
for regarding the radio business as having a
special public responsibility above and be-
yond the obligations of ordinary businesses.
This concept carried over into broadcasting
legislation a quarter of a century later.

Naval Wireless Naturally, the naval
powers of the world took an immediate in-
terest in military applications of wireless.
Carrier pigeons had been the only means of
communication with ships beyond the range
of sight. Both the British and American na-
vies began experimenting with ship installa-
tions in 1899. Germany followed the next
year. The first naval use of radio in actual
war occurred in the Russo-Japanese War in
1904-1905. The Japanese victory is ascribed
at least in part to the superiority of their Mar-
coni equipment over that used by the Russian
Navy.

Transoceanic Wireless Long-distance
radio communication across oceans held
commercial promise as an alternative to tele-
graph cable, but because of technical limita-
tions this radio service did not become
strongly competitive until the 1920s. In the
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meantime, the Marconi company, which
dominated the transatlantic wireless busi-
ness, built several high-power coastal spark-
transmitter stations in the United States and
Canada prior to the outbreak of World War
I'in 1914.

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

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

Amateur Service During these pioneer
years amateur operators, who built their own
transmitters, played a significant role. When
forced to move into the HF band so that they
would not interfere with commercial traffic
at lower frequencies, amateurs first devel-
oped the techniques for successfully employ-
ing these supposedly undesirable frequen-
cies.

Radio amateurs, or “’hams,” are not to be
confused with modern CB operators, whom
amateurs disdain. Amateurs identify with a
long and proud tradition as serious hobby-
ists, technically qualified and licensed by the
government only after passing tests of skill.
In the early days their ranks included the
leading wireless inventors and engineers. By
1912, licensed amateur stations numbered
1,224, at a time when commercial stations
numbered only 528 — 405 on ships and 123
on land.
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5.7 Experiments with
Radiotelephony

All these wireless services used radiotelegra-
phy, not voice transmissions. Throughout
this period, however, eager experimenters
sought the key to radioteleplony, the essential
precursor of broadcasting.

Fessenden’s 1906 “Broadcast” The
first known wireless transmission using ra-
diotelephony and resembling what we would

Exhibit 5.7.1
Reginald Fessenden {1866-1932) at Brant Rock
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now call a broadcast took place in 1906. It
was made by Reginald Fessenden, “the first
important American inventor to experiment
with wireless”” (Maclaurin, 1949: 59). Using
his Alexanderson alternator to generate radio
energy (§5.4) and an ordinary telephone mi-
crophone, Fesenden made his historic 1906
transmission on Christmas Eve from Brant
Rock, a site on the coast of Massachusetts
south of Boston (Exhibit 5.7.1). Fessenden
himself played a violin, sang, and read from
the Bible. He also transmitted the sound of

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

Source: Courtesy Smithsonian Institution, Washington, D.C
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a phonograph recording. Ships’ operators
heard the transmission far out at sea. They
were utterly amazed to hear actual voices and
musical tones in earphones that up to then
had reproduced only static and the harsh dits
and dahs of Morse code. In a sense this event
marked the start of broadcasting, though of
course it lacked the essential attribute of con-
tinuousness of service. Fessenden’s historic
transmission was merely the first in a long
string of demonstrations that would culmi-
nate in the start of regular broadcasting serv-
ices in 1920.

De Forest’s Experiments The prolific
inventor who patented the Audion (85.4) also
felt the challenge of radiotelephony. Lee de
Forest, as a lover of fine music, naturally
turned toward the idea of using radiote-
lephony to communicate sound. In 1907, hard
on the heels of Fessenden, de Forest made
experimental radiotelephone transmissions
from a building in downtown New York City.
Intended listeners were fellow engineers in
nearby buildings, but the U.S. Navy supplied
an unexpected additional audience on ships
in the Brooklyn Navy Yard (Exhibit 5.7.2). In
1908 de Forest transmitted phonograph mu-
sic from the Eiffel Tower in Paris. Two years
later he staged the first transmission of live
opera. It came from the Metropolitan Opera
House in New York City and featured the
famous tenor Enrico Caruso. Listeners to the
wireless transmission, however, said the
voices were hardly recognizable.

In 1916 de Forest began using his Audion
as an oscillator to generate radio frequency
energy. In doing so he opted for electronic
means, rather than the mechanical means of
Fessenden'’s alternator. He set up an experi-
mental transmitter that year in his Bronx
home and began to transmit phonograph rec-
ords and announcements. In his autobiog-
raphy he described his personal announce-
ments — in which he credited the Columbia
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Gramophone Company for the recordings
and mentioned the wireless equipment sold
by his own firm — as the first radio com-
mercials. He even transmitted election re-
turns in the fall of 1916, anticipating by four
years a similar program on KDKA, now con-
sidered to have been the first regular broad-
casting station.

During the United States’ participation in
World War [ (1917-1918), de Forest had to
dismantle his station, but after the radio ban
was lifted he resumed his experimental trans-
missions. By then, however, the war expe-
rience had led to more formalized govern-
ment regulation of radio transmitters. A
government radio inspector told de Forest
that there was "’no room in the ether for en-
tertainment” and forced him to close down
(de Forest, 1950: 351).

The Fessenden and de Forest radio-
telephone transmissions are examples of
the many experiments conducted at univer-
sity laboratories and in private research
facilities throughout the United States and
elsewhere in the world during the early years
of the century. The most important influence
in bringing these scattered efforts into focus
was World War L

5.8 Wireless and World
War il (1914-1918)

Military Wireless When U.S. direct par-
ticipation in the war began in April 1917, the
Navy took over all U.S. stations, commercial
and amateur alike, and either dismantled
them or ran them as part of the Navy’s own
facilities, which included 35 shore stations.
Among the commandeered stations was
the American Marconi facility at New Bruns-
wick, New Jersey. There the Navy used a late
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Exhibit 5.7.2
Lee de Forest (1873-1961)
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The inventor is shown in 1907 with a transmitter
of the type used in his famous 1907 voicecast
along with a shipboard receiver of the type that
picked up the transmission.

Source: Courtesy Smithsonian Institution, Washington, D.C
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model of the Alexanderson alternator (§5.6)
to maintain reliable radio contact with Eu-
rope. In 1918 General Electric made an alter-
nator with the unprecedented power of
200,000 watts available. President Woodrow
Wilson used this monster to keep in touch
with Washington by radiotelephone as he
sailed to the Paris Peace Conference in De-
cember 1918.

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

Patent Pooling In order to mobilize the
total wireless resources of the country for
war, the Navy decreed a moratorium on pat-
ent suits. Manufacturers agreed to pool their
patents, making them available to each other
without risk of suits for infringement. Such
extraordinary measures were necessary be-
cause by that time the tangled web of con-
flicting patent rights had begun to strangle
the progress of wireless manufacturing.

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

Industrial Development Military pur-
chases and the moratorium on patent suits
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greatly increased the quantity and sophisti-
cation of wartime wireless manufacturing.
The armed forces needed

mobile “'trench transmitters’ (using barbed wire
for antennas), “’pack transmitters,” and compact
receivers. They wanted submarine detectors, radio
direction finders, and equipment for the recording
and study of code transmissions. All of these used
electronic vacuum tubes; assembly lines that had
produced electric light bulbs before the war were
now turning out vacuum tubes by the hundreds
of thousands. (Barnouw, 1978: 10)

The war served as a transitional period. In
prewar days the wireless industry had been
dominated mainly by inventor-entrepre-
neurs, struggling to market their discoveries
while at the same time feverishly experi-
menting on new ones. After the war, big
business took over. AT&T had added wire-
less rights to its original purchase in 1914 of
telephonic rights from de Forest. General
Electric was in the forefront with the pow-
erful Alexanderson alternator and the ability
to mass-produce vacuum tubes. Westing-
house, also a producer of vacuum tubes, was
casting about for new ways of capitalizing on
wireless.

Prospects for Radiotelephony Despite
the technological and manufacturing prog-
ress stimulated by the war, the future pros-
pects for nonmilitary radiotelephony were by
no means clear at the war’s end in 1918. War-
time developments had built up a great cor-
porate head of steam for the production of
wireless telephone equipment for which
there was no civilian market.

De Forest suggested that radiotelephony
might be used on small ships to save the
expense of skilled Morse operators. David
Sarnoff, then still associated with American
Marconi, predicted that radiotelephones
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would eventually replace the wired tele-
phones in homes and offices. But the Navy
still clung to radio’s original role as basically
a seagoing communication system. Navy wit-
nesses at a congressional hearing said radio
had no business competing with the tele-
phone and telegraph on shore.

Thus the time was ripe for a business and
social innovation. Some practical moneymak-
ing use for radiotelephony was needed, one
that would have a good growth potential
without competing head on with existing
wire or wireless services. In a word — there
was a crying need for broadcasting.

Summary

Preconditions for the emergence of broad-
casting included social, industrial, and scien-
tific developments of the nineteenth century
and the first two decades of the twentieth
century. The Industrial Revolution created
the social conditions that led to the habit of
mass media consumption. Development of
the penny-press newspaper, the phono-
graph, and the motion picture gave rise to
mass media production, distribution, and
consumption. The technology of these media
was rooted in an older, mechanical inventive
tradition rather than in electronics, from
which telecommunications sprang. Eventu-
ally, however, all of the mass media came to
benefit from the innovations of electronic
technology.

In the direct line of descent, the immediate
precursors of radio broadcasting were the
wire telecommunications systems — first the
telegraph and underwater cable, then the tel-
ephone. The telegraph enabled the growth of
worldwide newsgathering organizations that
greatly influenced all news media. Wire com-
munications enterprises in general built up
a collective fund of expertise and business

PRECONDITIONS: THE STAGE IS SET

experience that would later strongly affect
broadcasting.

James Clerk Maxwell’s theories about the
nature of electromagnetic energy and Hein-
rich Hertz’s subsequent laboratory proofs led
to the invention of wireless, or radio, by
Guglielmo Marconi in 1896. Marconi applied
the invention first to maritime and trans-
oceanic communication, in the point-to-point
tradition of the telegraph. These early uses
of radio were confined to radiotelegraphy.

From 1906 on, experiments in radiote-
lephony were carried out by such inventors
as Reginald Fessenden and Lee de Forest.
But only after the development of the vac-
uum tube did practical radiotelephony, and
hence broadcasting, become possible. The
vacuum tube opened the door to the elec-
tronic age and hence to all the subsequent
developments in broadcasting and other
modern media of telecommunication.

Patents such as those of Samuel Morse
(the telegraph), Alexander Graham Bell (the
telephone), Thomas Edison (the phonograph
and motion picture projector), and de Forest
(the vacuum tube) served as the bases for
building huge business empires, among
them the.American Telephone and Telegraph
Company (descendant of Bell’s original tele-
phone company), now the largest private
corporation in the world. AT&T, along with
such industrial giants as General Electric and
Westinghouse, already had a major stake in
the developing radio industry when broad-
casting came into being.

World War I accelerated the development
of radio in terms of technology (improve-
ments in equipment for military use), utili-
zation of resources (patent pooling), indus-
trial development (stimulated by large
military orders), and personnel development
(training of people to understand and use
radio). By the end of World War 1 (1918), the
stage was set. Within two years broadcasting
was to emerge.



CHAPTER &

Emergence of Broadcasting:
1919-1927

6.1 The Broadcasting
Concept

Tunnel Vision Before broadcasting began,
all radio messages were intended for specific
addressees. Even SOS emergency signals are
intended specifically for those who can be of
help, not merely for the entertainment of cas-
ual listeners. Communication executives
found it hard to see how profit could be made
from transmitting indiscriminately to anyone
and everyone. Moreover, both wire and
wireless communication businesses had so
far dealt with private messages and had con-
centrated on the interests of senders rather
than receivers of messages. It was easy to
collect fees from the sender of a telegram or
the maker of a telephone call, but how could
one collect fees from an unknown, un-
counted mass of “listeners-in"’?

The visionaries of radiotelephony, on the
other hand, thought less about making
money than about the adventure of creating
a new art. Concerning his 1907 experiments
with radiotelephony, de Forest wrote, “I can-
not, of course, claim that I originated the
term ‘broadcast,” but I think that I was the
first one to apply so descriptive a term to this
new art which [ was then beginning to cre-

ate”’ (1950: 226).* When broadcasting finally
did become a profitable business, de Forest
grew bitter about the effect of commercialism
on the quality of programs.

Sarnoff’s “Music Box” One of the vi-
sionaries, however, had a foot in both
worlds. David Sarnoff had followed up the
favorable notice he had won in connection
with the 1912 Titanic disaster (§5.6) by becom-
ing assistant traffic manager of American
Marconi’s radiotelegraphic business. In 1916
he wrote a memorandum to his chief pro-
posing that the company branch out into a
new form of radiotelephony:

[ have in mind a plan of development which would
make radio a "houschold utility” in the same sense
as the piano or phonograph. The idea is to bring
music into the house by wireless. . . . The re-
ceiver can be designed in the form of a simple

Others lay claim to the term as well. For example,
Fessenden’s wife, in her biography of the inventor,
wrote, “On Christmas Eve and New Year’s Eve of 1906
the first Broadcasting occurred,” referring to her husband’s
famous Brant Rock radiotelephone transmissions (Fes-
senden, 1940: 153, italics in original).
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“Radio Music Box” and arranged for several dif-
ferent wave lengths. . . . The main revenue to be
derived will be from the sale of the “Radio Music
Boxes” which if manufactured in lots of one
hundred thousand or so could yield a handsorze
profit . . .. The Company would have to under-
take the arrangements, I am sure, for music recit-
als, lectures, etc. . . . Aside from the profit to be
derived from this proposition, the possibilities for
advertising for the Company are tremendous; for
its name would ultimately be brought into the
household and wireless would receive national and
universal attention. (Quoted in Archer, 1938:
112)

In retrospect, this “Music Box Memo,”’ as
it came to be called, may not seem remarka-
ble, but we must bear in mind that Sarnoff
had won attention first as an exceptionally
skillful telegrapher; at the time he wrote the
memo, he was a relatively minor official of a
company whose business was devoted en-
tirely to radiotelegraphy. The best evidence
of the radical nature of Sarnoff’s proposal is
the fact that the higher-ups at American Mar-
coni did nothing whatever about it.

Four years later A. N. Goldsmith, a Mar-
coni engineer, showed Sarnoff the first “uni-
controlled” radio receiver — a set with a sin-
gle knob for tuning, another for volume, and
a built-in speaker. Previously most vacuum
tube sets came with a horn speaker and an
array of knobs that had to be adjusted with
some finesse — a formidable barrier to the
ordinary consumer. When Sarnoff saw the
simple unicontrolled receiver he exclaimed,
“This is the radio music box of which I've
dreamed!” (Bitting, 1965: 1016).

In those four years Sarnoff had been
steadily moving up the executive ladder.
Soon he would be in a position to act on his
hunch without having to defer to unimagin-
ative superiors. First, however, radio needed
to break free of wartime controls.
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6.2 Government Monopoly:
The Road Not Taken

The Navy’'s Claims Governments mo-
nopolize the great majority of the world’s
broadcasting systems (§1.2). For a time it was
touch-and-go as to whether American broad-
casting too might turn out to be U.S. govern-
ment broadcasting.

World War I ended in November 1918; yet
the Navy did not relinquish control of radio
properties until early in 1920. The critical de-
cisions made during this delay of over a year
affected the whole future of radio in the
United States, including the not-yet-born
service of broadcasting. The war had dem-
onstrated the vital importance of wireless to
national security. Before the United States
entered the war, for example, a German
high-power station in Sayville, New York,
violated United States neutrality by sending
intelligence to German ships at sea. Later, a
single message interception netted the U.S.
alien property custodian ten million dollars
worth of enemy goods.

Was radio too vital to entrust to private
hands? The U.S. Navy thought so. In fact,
the Navy had always asserted jurisdiction
over radio as a natural right, assuming that
it was destined to remain primarily a marine
service. The Navy supported a bill, intro-
duced into Congress late in 1918, proposing
in effect to make radio a permanent govern-
ment monopoly. Despite strong arguments
from Navy brass at the congressional hear-
ings, the bill failed to get out of committee.
Its wartime powers over civilian radio having
thereby lapsed, the Navy reluctantly turned
the stations it had seized back to private own-
ership early the next year.

Issue of the Alternator Restoration of
private ownership meant, however, turning
over most commercial wireless communica-
tion facilities in the United States to a foreign
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company, American Marconi. Moreover, that
company seemed about to capture exclusive
rights to use a most important American in-
vention — the Alexanderson alternator that
had greatly improved transoceanic radiote-
legraphy during the war (§5.8). Marconi him-
self had instantly grasped the significance of
the original alternator three years earlier and
had started negotiations with GE for exclu-
sive rights to its use. The talks had been in-
terrupted by the U.S. entry into the war, but
now, in March 1919, the negotiations were
reopened. The Navy was deeply disturbed at
the prospect of American Marconi consoli-
dating its U.S. monopoly by capturing exclu-
sive rights to the Alexanderson alternator.
Just the year before the Navy had spent a
million dollars to block American Marconi
from securing rights to the Poulsen arc, the
next-best radio energy generator to the Alex-
anderson alternator.

American Marconi Bows Out President
Woodrow Wilson himself took an interest in
the situation, even in the midst of the Paris
Peace Conference. He considered that com-
munication, oil, and shipping represented
the keys to the balance of power in interna-
tional affairs (Archer, 1938: 164). In 1919
Great Britain led the world in maritime
strength, and the United States led in petro-
leum production. Britain already had a long
lead in the field of worldwide cable facilities
and was now on the verge of obtaining a
world monopoly on international wireless
communication.

British Marconi found itself caught in a
squeeze play. The U.S. government made no
actual overt move to expropriate British Mar-
coni’s American holdings. But with tacit gov-
ernment approval negotiations were carried
out on a private level by Owen D. Young,
board chairman of General Electric (Exhibit
6.2). The Marconi company’s position in the
United States was plainly untenable. As the
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president of American Marconi told his
stockholders in 1919, “We have found that
there exists on the part of the officials of the
Government a very strong and irremovable
objection to [American Marconi] because of
the stock interest held therein by the British
Company” (quoted in Archer, 1938: 178).

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

RCA took over the operation of American
Marconi’s assets on November 20, 1919.
Eventually RCA’s name became closely
linked with broadcasting, but in 1919 the first
broadcasting station was still a year away,
and its founders had no plans to enter that
field. RCA Board President Owen D. Young
told a Senate committee a few years later,
“We had no broadcasting in our minds in
1919 and 1920.”

Westinghouse and AT&T joined General
Electric as investors in the new corporation.
In 1922 the stock distribution was approxi-
mately as follows: General Electric, 25 per-
cent; Westinghouse, 20 percent; AT&T, 4
percent; former American Marconi stock-
holders and others, 51 percent (FTC, 1924:
20). Eighteen hundred small U.S. investors
had held shares of American Marconi stock.
AT&T sold its RCA interest in 1923. RCA
remained under the control of General Elec-
tric and Westinghouse until, in order to settle
an antitrust suit, they sold their stock in 1932,
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leaving RCA as an independent corporation,
as it is to this day.

Sarnoff’s Role We first met David Sar-
noff as the young Marconi radiotelegraph op-
erator who stayed at his key in the New York
Wanamaker store for 72 hours, keeping in
contact with survivors of the 1912 Titanic dis-

Exhibit 6.2
The RCA “family,” 1926
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aster (§5.6). His name cropped up again in
1916 when, as assistant traffic manager of the
Marconi company, he submitted his pro-
phetic “music box”” memo. In 1919, when
American Marconi became RCA, he stayed
on with the new company, promoted now to
the job of commercial manager.

His role was to convert the company from

Back row: David Sarnoff, RCA vice president and general manager, and Martin H.
Aylesworth, president of the newly created National Broadcasting Company. Seated:
Charles G. Dawes, Vice President of the United States: Owen D. Young, chairman of
the board of both RCA and General Electric; and General J. C. Harbord, president
of RCA.

Source: Courtesy Smithsonian Institution, Washington, D.C.
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a collection of small radiotelegraph firms into
a major corporation, presiding over numer-
ous subsidiary companies. It has been said
that it took less than a year for Young to
create RCA on paper, but it took Sarnoff
twenty years to make it into a completely
integrated operating concern (Maclaurin,
1949: 248). In 1930 he became president of
the company, in 1947 chairman of the board,
finally retiring in 1969. As Time said in its
obituary in 1971, his was “one of the last
great autocracies in U.S. industry.” His sixty-
three-year career spanned the entire evolu-
tion of broadcasting from the first experi-
ments with spark transmitters to interna-
tional television relayed by space satellites.

Cross-Licensing: Phase 1 RCA’s mis-
sion was more than to take over the half-
dozen American Marconi wireless commu-
nication businesses. Each of its parent com-
panies held important patents, yet each
found itself blocked by patents held by the
others. As GE’s (and RCA’s) board chairman,
Owen D. Young, testified to a Senate com-
mittee. It was utterly impossible for any-
body to do anything in radio, any one person
or group or company at that time
[1919]. . . . Nobody had patents enough to
make a system. And so there was a complete
stalemate” (Senate CIC, 1930: 1116). Young
proposed that in RCA the major patent rivals
could find common meeting ground. Accord-
ingly, in the period 1919 to 1923 the contend-
ers worked out a series of cross-licensing agree-
ments, modeled after the World War [ patent
pool (85.8). Despite its subsidiary status RCA
participated fully, having inherited an im-
portant group of patent rights of its own from
American Marconi.

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

6.3 The “First” Broadcast
Station

Amateur Beginnings In 1920 Dr. Frank
Conrad, an engineer with Westinghouse in
Pittsburgh, operated an amateur radiotele-
phone station, 8XK, in connection with ex-
perimental work at the factory (Exhibit 6.3.1).
Conrad fell into the habit of transmitting re-
corded music, sports results, and the like in
response to requests from other amateurs.
These informal programs built up so much
interest that they began to get mentioned in
the newspapers. None of this was particu-
larly unusual; similar amateur transmissions
had been made by other experimenters, in
other parts of the world as well as elsewhere
in the United States. What made Conrad’s
8XK transmissions unique was the chain of
events they set in motion.

Horne’s department store in Pittsburgh,
noting the growing public interest in wire-
less, sensed an opportunity to develop a
hitherto untried commercial sideline. Previ-
ously, wireless had been primarily the do-
main of engineers and earnest amateurs.
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Exhibit 6.3.1
Conrad’s 8XK and its successor, KDKA

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

Source: Courtesy Group W (Westinghouse Broadcasting Co.), Pittsburgh, PA.
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Now it seemed the general public might be
willing to buy ready-built receiving sets.
Horne’s installed a demonstration receiver in
the store and ran a box in their regular news-
paper display advertisement of September
22, 1920. It was headlined "Air Concert
"Picked Up’ by Radio Here,” and concluded:
”Amateur Wireless Sets made by the maker
of the Set which is in operation in our store,
are on sale here $10.00 up.”

Opening of KDKA Westinghouse execu-
tives had been looking for a profitable entry
into the consumer communications field —
in fact they had already explored several pos-
sible new types of radio service. For this rea-
son they were alert to the implications of
Horne’s modest advertisement. They saw the
possibility of a novel merchandising tie-up:
Westinghouse could manufacture home ra-
diotelephone receivers and at the same time
create a demand for the new product by
transmitting programs for the general public.
Accordingly, Westinghouse Vice President
H. P. Davis ordered conversion of a radio-
telegraph transmitter for radiotelephony. It
went on the air as KDKA from an improvised
studio on the roof of the Westinghouse fac-
tory in East Pittsburgh on November 2, 1920
(Exhibit 6.3.1).

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

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

In order to appreciate the fascination of
the 8XK and early KDKA transmissions for
listeners of the day, we have to remember
that, with rare exceptions, previously the
only signals on the air had been in code. To
hear music and the human voice instead of
the monotonous drone of Morse was a star-
tling and thrilling experience for listeners.
Moreover, amateur set-builders felt a unique
satisfaction in realizing that here were pro-
grams sent out especially for themselves. Al-
ways before they had merely eavesdropped
on messages intended for other people.

The audience quickly expanded beyond
the original nucleus of amateurs. Ready-
made crystal sets were cheap, as the Horne
ad indicates, and could be built at home even
more cheaply. A homemade set consisted at
the minimum of a hand-wound coil (a round
Quaker Oats box was a favorite form on
which to wind the coil) with a slide to make
contact at various points along the coil as a
means of tuning, a crystal, and a pair of ear-
phones. A simple length of wire strung out-
doors acted as an antenna.

The tiny scratching sounds as one first be-
gan to probe the crystal with a cat’s whisker
created unbearable suspense. The thrill was
unforgettable when the cat’s whisker found
a sensitive spot and the distant sounds came
floating out of space and into the earphones.
Moreover, the experience of listening-in cre-
ated an insatiable appetite for bigger and bet-
ter receiving equipment — first (after 1922)
a detector vacuum tube, then another tube
for an amplifier, then more tubes for a su-
perheterodyne circuit, then a loudspeaker.
Manufacturers could not keep up with the
demand.

KDKA’s Success Because there was as
yet no crowding of the broadcast channels,
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station interference did not yet exist. KDKA's
sky wave could be picked up at great dis-
tances. Newspapers all over the country and
even in Canada printed the station’s program
logs. To assist DX (long-distance) listeners,
stations later observed a local “silent night”’
each week when they went off the air so as
not to interfere with incoming signals from
distant stations (Barnouw, 1966: 93).

In its first year of operation, KDKA pi-
oneered in broadcasting many types of pro-

Exhibit 6.3.2
KDKA'’s studio in 1922
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grams that later became standard radio fare
— orchestra music, church services, public
service announcements, political addresses,
sports events, dramas, and market reports
(Exhibit 6.3.2). But one now-familiar type of
broadcast material was conspicuously absent
— commercials. Westinghouse did not sell
advertising but rather bore the entire expense
of operation as a means of promoting sales
of its own products. It was taken for granted
that each firm that wanted to promote its

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

Source: KDKA Hadio Photo, Pittsburgh, PA
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wares over the air would open its own station
and do likewise.

Who Was First? KDKA’s 1920 Harding-
Cox election program is usually cited as the
historic beginning of regular broadcasting in
America. Nevertheless, a number of other
stations claim the honor, including some in
other countries. For example, KQW (San
Jose, California) first transmitted programs in
1909 and even ran a regular schedule in 1912;
a Detroit amateur station, 8MK (later WW]J),
began regular transmissions two months be-
fore KDKA’s maiden broadcast. In addition,
inventors like Fessenden and de Forest made
many test transmissions starting as early as
1906 (85.7).

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

Competition Begins Westinghouse did
not, in any event, have the field to itself very
long. Broadcast station operation had
strong appeal for department stores, news-
papers, educational institutions, churches,
and electrical equipment supply dealers. The
number of stations increased slowly in 1920,
with only 30 licenses issued by the end of the
year. In the spring of 1922, however, the new
industry began to gather momentum. In that
year alone 100,000 sets were sold. By May
over 200 stations had been licensed, and the

*There was of course no broadcasting license as such in
1920. KDKA received a license equivalent to the ones
issued to commercial shore stations that exchanged mes-
sages with ships under the Radio Act of 1912 (§6.7).
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upward trend continued during the next
twelve-month period, reaching 576 early in
1923.

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

6.4 Radio Broadcasting vs.
Radiotelephony

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

Radio Group Station Westinghouse
opened WJZ in October 1921. That station,
like KDKA, started in a Westinghouse fac-
tory, this one in Newark, New Jersey. West-
inghouse transferred ownership of WJZ to
RCA, which moved it across the river to
Manhattan as the flagship station of the Ra-
dio Group. As manufacturing companies (in
contrast to AT&T as a service company), the
Radio Group at first saw WJZ as a sales-pro-
motion device, a way to stimulate interest in
their own products. Attractive programming
was needed to motivate people to buy re-
ceivers. WJZ therefore accepted from the
start the responsibility for producing its own
programs.
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Telephone Group Station AT&T’s
WEAF went on the air August 16, 1922. A
company official told a congressional com-
mittee that AT&T spent over a quarter of a
million dollars on its first year of operation.
The company spared no expense because
WEAF served both as an AT&T showcase
and as a laboratory for experimenting with
ways of making a profit out of the new me-
dium. As the country’s leading communica-
tion firm, AT&T gave WEAF every technical
advantage.

Programming was a different matter. In
announcing plans for WEAF earlier in the
year at a Washington radio conference,
AT&T explained that it would “furnish no
programs  whatsocver over that station”
(Dept. of Commerce, 1922:7, italics supplied).
In other words, telephone company officials
thought of broadcasting as a common carrier,
as a new form of telephony. In a 1922 press
release about WEAF, AT&T emphasized the
point:

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

It soon became clear, however, that the
idea of filling the schedule entirely with
leased time simply would not work. Not only
were there not enough customers at first, but
more important, advertisers were not pre-
pared to fill their leased time with program
material capable of attracting listeners. The
telephone company therefore found itself
forced into show business after all — a de-
cidedly uncomfortable role for a regulated
monopoly extremely sensitive about main-
taining a serious and dignified public image.

Rival Theories Thus the two groups
started with opposing theories about the way
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broadcasting should work. In the end it
turned out that each group was partly right,
partly wrong. The idea of the Radio Group
that each advertiser would own a separate
station devoted exclusively to promoting that
advertiser’s goods was not practicable. The
Telephone Group correctly foresaw that the
number of stations would have to be limited,
and that each station would be used by many
different advertisers. It miscalculated, how-
ever, in placing the primary emphasis on
message senders rather than on the interest of
the general public, whose good will had to
be earned. In this matter the Radio Group’s
concept — to accept responsibility for provid-
ing a service to the receiving public, empha-
sizing the public’s own needs and wishes
— prevailed. It took about four years for
these conflicting ideas to sort themselves out.

“Toll” Broadcasting WEAF called ad-
vertiser-leased time "toll” broadcasting. Its
first lease of facilities for a toll broadcast oc-
curred on August 28, 1922. A Long Island
real-estate firm paid a $50 toll for ten minutes
of time, during which it explained the advan-
tages of living in Hawthorne Court, an apart-
ment complex in the Jackson Heights section
of New York.

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

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

AT&T Monopoly on Radio Advertising
Even had it wished to, W]Z was not in a
position to sell time to advertisers, as did
WEAF. A clause in the patent cross-licensing
agreements (§6.2) gave AT&T the exclusive
right to sell transmitters that used the patents
in the pool. AT&T refused to sell to stations
that planned to offer broadcast time for sale.

AT&T foresaw that if every firm that
wanted to advertise bought its own station,
co-channel interference would become intol-
erable. It had already received no less than
sixty requests for delivery of transmitters
from would-be broadcasters in the New York
area alone. Shared use of facilities by adver-
tisers, therefore, seemed essential. At the
same time, AT&T saw wireless telephony as
a natural outgrowth of wire telephony, in
which it had a monopoly position. In an
AT&T meeting, the firm’s radio administrator
explained:

We have been very careful, up to the present time
[1923), not to state to the public in any way,
through the press or in any of our talks, the idea
that the Bell System desires to monopolize broad-
casting; but the fact remains that it is a telephone
job, that we are telephone people, that we can do
it better than anybody else, and it seems to me
that the clear, logical conclusion that must be
reached is that, sooner or later, in one form or
another, we have got to do the job. (Quoted in
Danielian, 1939: 123-124)

The effect of AT&T’s policy on commercial
operation was soon reflected in the relative
economic positions of WJZ and WEAF.
Within a few years, W]Z was costing the Ra-
dio Group $100,000 a year to operate without
realizing any direct income whatever, while
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WEAF was grossing $750,000 in advertising
revenue annually.

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

“Chain” Broadcasting AT&T also in-
terpreted the cross-licensing agreements as
giving it the right to prevent other broad-
casters from connecting broadcast equipment
to its telephone lines. WEAF soon began to
capitalize on this advantage.

In 1923 WEAF fed a one-time program by
wire to WNAC for simultaneous broadcast in
New York and Boston. Later that year the
first permanent interconnection was set up
between WEAF and WMAF (South Dart-
mouth, Massachusetts), the latter owned by
a rich eccentric who operated WMAF for his
own amusement but who had no means for
programming the station. He persuaded
WEAF to feed him both toll (commercial) and
nontoll (sustaining) programs, paying a fee
for the latter and broadcasting the commer-
cial programs without additional cost to the
advertisers.

AT&T gradually added to its “’chain” (net-
work) of stations. By October 1924 it was able
to set up a temporary coast-to-coast chain of
22 stations to carry a speech by President
Calvin Coolidge. The regular WEAF network
at this time, however, consisted of only six
stations, to which WEAF fed three hours of
programming a day. Interconnection was by
regular AT&T telephone lines, temporarily
equalized (to compensate for the tendency of



132

higher frequencies to attenuate with distance
more than the lower frequencies). By 1926,
however, the telephone company began set-
ting aside permanently equalized circuits for
the exclusive use of its radio network.

Meanwhile W]Z, already debarred by the
cross-licensing agreements from selling ad-
vertising, was also refused network intercon-
nection by AT&T. The Radio Group's station
turned to the telegraph lines of Western
Union, but telegraph wires pass such a nar-
row band of frequencies that these lines were
far less satisfactory for broadcast programs
than AT&T's telephone lines. The Radio
Group even explored the use of radio-relay
interconnection, but microwave relays were
still twenty years in the future. Despite these
difficulties W]Z persisted. In 1923 it opened
a station in Washington, D.C., and by 1925
it had succeeded in organizing a network of
14 stations.

New Cross-Licensing Agreements
The rivalry between WEAF and WJZ was not
the only source of irritation among the com-
panies that signed the patent-pooling agree-
ments of 1919-1923 (§6.2). The market for
broadcasting equipment, and in particular
the mass market for receivers, upset the del-
icate balance of commercial interests that
cross-licensing had devised. The unexpect-
edness of the new medium’s rapid growth is
suggested by a comment of Herbert Hoover
(then Secretary of Commerce) at the first of
four annual radio conferences he organized
in the 1920s:

We have witnessed in the last four or five months
one of the most astounding things that has come
under my observation of American life. [The De-
partment of Commerce] estimates that today over
600,000 (one estimate being 1,000,000) persons
possess wireless telephone receiving sets, whereas
there were less than 50,000 such sets a year ago.
(Dept. of Commerce, 1922: 2)
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Exhibit 6.4
RCA opens its Washington, D.C., station

Listen in
To-night to

WRC

New Radio Broadcasting Station
in Washington, D. C.

Open August Ist

The Radio Corporation of America annonnces a
new broadcasting station of the very latest type.
On top of the Riggs National Bank Building—
one of the highest points in Washington. With
a transmitter of great power, range and clear-
ness, the equal of any station now in operation.
From coast to coast, Washington may be heard -
with fine programs of music, lectures and fun;
with important Governmental news. and vitsl
information. To residents of Washington this
new “Voice of the Capital” means a home station
surpassed by none, Listen in tonight! See daily
radio programs in your favorite newspaper.

Wavelength, 469 Meters.

Radiograms RCA RCA
vias R C 3 R Radiolas for
to Europe and Asia Marine Radio Every Home

Radio Corporation of America

233 Broadway, New York.

WRC, opened by RCA August 1, 1923, remains
an NBC owned-and-operated station to this day.
Note how RCA took advantage of the occasion to
advertise its radio communications and receiver
manufacturing businesses. The claim that WRC
would be heard “from coast to coast” was no
exaggeration in that interference-free period.

Source: RCA.
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The fad that Horne’s department store an-
ticipated in 1920 had really caught on: “The
public appetite for sets was insatiable and not
to be filled for years. Queues formed before
stores that had any sets or parts. Dealers
were a year catching up on orders” (Lessing,
1969: 111). RCA put the Radio Group’s first
set, the Radiola I, on the market in 1922.
Thereafter sales skyrocketed. In the first eight
years of broadcasting, the value of receiver
sales went from $5 million to $630 million.

Between 1923 and 1926 continual behind-
the-scenes negotiations went on aimed at set-
tling the differences among the cross-licen-
sees. A federal suit, alleging that the pool
violated antitrust laws, added urgency to the
need for action. By 1926 the telephone com-
pany was ready to admit that it had been
mistaken in its original concept of broadcast-
ing as just another branch of telephony.
WEAF had served its purpose, proving that
broadcasting was going to develop into a
business far afield from AT&T’s primary
business of telephony. But the telephone
company’s direct involvement in broadcast-
ing had begun to create bad public relations
for AT&T, something a regulated monopoly
industry cannot afford. For AT&T, “as an
experiment, broadcasting had been neces-
sary; as a business, it was almost certain to
be a liability’” (Banning, 1946: 272).

Accordingly, the signatories of the cross-
licensing agreements finally arrived at a re-
vised set of three agreements in July 1926.

The new agreements redistributed and re-
defined the rights of the parties to use their
commonly owned patents and to engage in
the various aspects of the business that grew
out of the patents. Briefly summarized, the
following terms directly affected broad-
casting:

1. AT&T was granted exclusive control over
wire telephony and two-way wireless teleph-
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ony (that is, nonbroadcast radiotele-
phony).

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

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

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

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

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

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

RCA had come a long way in its six years
of corporate life. Originally a mere sales out-
let for other Radio Group manufacturers, it
was now, thanks to the revised agreement,
a manufacturer in its own right and the dom-
inant force in broadcasting, with two net-
works (both the WJZ and the WEAF chains)
under its control.

It would be difficult to overestimate the
significance of the 1926 cross-licensing revi-
sions to the future of broadcasting in Amer-
ica. As long as the two groups of major com-
munications companies disagreed about
fundamental policies, broadcasting’s eco-
nomic future remained uncertain. The 1926
agreements removed this uncertainty.

6.5 National Networks
Begin

Sarnoff’s Foresight RCA’s David Sar-
noff had long since recognized what had not
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been apparent to the officials of AT&T:
broadcasting was a genuine innovation that
would require its own special organization,
business methods, and personnel. It could
not continue indefinitely as an incidental
sideline to some other kind of business.
Sarnoff had renewed his “music box”
memo of 1916 immediately after the transfor-
mation of American Marconi into RCA in
1919. As early as 1922 he predicted the direc-
tion broadcasting would take as it matured:

When the novelty of radio will have worn off and
the public lis] no longer interested in the means
by which it is able to receive but rather, in the
substance and quality of the material received, 1
think that the task of reasonably meeting the pub-
lic's expectations and desires will be greater than
any so far tackled by any newspaper, theater, op-
era, or any public information or entertainment
agency. . . . Let us organize a separate and distinct
company, to be known as Public Service Broad-
casting Company, or National Radio Broadcasting
Company, or American Radio Broadcasting Com-
pany, or some similar name. (Quoted in Archer,
1938: 30)

NBC Organized A few months after the
1926 settlement, the Radio Group, under Sar-
noff’s leadership, created a new subsidiary,
the National Broadcasting Company (NBC),
owned initially 30 percent by RCA, 50 per-
cent by GE, and 20 percent by Westinghouse.

NBC was the first company organized
solely and specifically to operate a broad-
casting network. In its four-and-a-half-hour
coast-to-coast inaugural broadcast on No-
vember 15, 1926, Walter Damrosch con-
ducted the New York Symphony Orchestra,
with cut-ins from opera singer Mary Garden
in Chicago and humorist Will Rogers in In-
dependence, Kansas. The 25 stations in the
network reached an estimated 5 million lis-
teners on that occasion. Not until 1928, how-
ever, did coast-to-coast network operations
begin on a regular basis (Exhibit 6.4).
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Starting with the new year in 1927, RCA
organized NBC as two semiautonomous net-
works, the Blue and the Red. WJZ (later to
become WABC) and the old Radio Group
network formed the nucleus of the Blue;
WEAF (later to become WNBC) and the old
Telephone Group Network formed the nu-
cleus of the Red. This dual network arrange-
ment arose because NBC now had duplicate
outlets in New York and other major cities.
There would have been no point in merely
broadcasting the same programs on two sta-
tions in the same service area. As competitive
networks developed, however, the dual-net-
work operation took on more significance: by
tying up not one but two of the best stations
in major cities, and by playing one network
off against the other, NBC gained a signifi-
cant advantage over rival networks.

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

The network’s future remained uncertain
until early in September 1928, when William
S. Paley purchased the “patchwork, money-
losing little company,” as he later described
it. At that point it had only 22 affiliates. Paley
quickly turned the failing network around
with a new affiliation contract. In his auto-
biography a half-century later he recalled:

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

And for the first time, we were to have exclu-
sive rights for network broadcasting through the
affiliate. That meant the local station could not
use its facilities for any other broadcasting net-
work. 1 added one more innovation which helped
our cause: local stations would have to identify
our programs with the CBS name. (Paley,
1979: 42, emphasis added)

Exhibit 6.5
Sarnoff and Paley early in the radio era
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Paley innovations (emphasized in the above
passages) became standard practice in net-
work contracts, though some of the more re-
strictive terms were later banned by the Fed-
eral Communications Commission (§7.5).
Paley also simplified the firm’s name, call-
ing it Columbia Broadcasting System (the
corporate name was later further simplified
to CBS, Incorporated), and bought a New
York outlet as the network flagship station
(now WCBS). From that point on CBS never
faltered, and Paley eventually rivaled Sarnoff
as the leading executive in the history of
broadcasting in America (Exhibit 6.5).

The two leading network executives are shown in portraits taken in the early 1930s.

Sources: Sarnoff, courtesy RCA. Paley, courtesy CBS
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A Contrast in Leaders Both these pi-
oneers of network broadcasting came from
immigrant Russian families, but there the sim-
ilarity ceases. Sarnoff rose from the direst
poverty, a self-educated and self-made man.
In sharp contrast, Paley had every advantage
of money and social position. After earning
a degree from the Wharton School of Busi-
ness at the University of Pennsylvania in
1922, he joined his father’s prosperous cigar
company.

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

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

Paley’s introduction to the business of ra-
dio came by way of sponsored programming.
After becoming advertising manager of his
father’s cigar company in 1925, he experi-
mented with a program on WCAU (Phila-
delphia). Impressed with the results, he ex-
plored radio further. The rest is history.

6.6 Evolution of Radio
Advertising

Doubts About Commercialism Paley’s
enthusiasm for the exploitation of radio as an
advertising medium was not universally
shared in the 1920s. At the First Radio Con-
ference, called by Secretary of Commerce
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Hoover in Washington in 1922, the sentiment
against advertising had been almost univer-
sal. In the same year, when Sarnoff proposed
that RCA set up a radio network company,
he made no claim that the network would
profit from advertising: I feel that with suit-
able publicity activities, such a company will
ultimately be regarded as a public institution
of great value in the same sense that a library,
for example, is regarded today” (quoted in
Archer, 1930: 33).

This institutional approach to broadcasting
reflected the older generation’s outlook, es-
sentially rooted in the Victorian ideal of the
privacy and inviolability of family life. The
idea of introducing advertising into the inti-
macy of the home, mingling it with infor-
mation and entertainment, seemed to violate
that ideal.

At the Fourth Radio Conference, in 1925,
the broadcasters’ Committee on Advertising
and Publicity still considered direct advertis-
ing objectionable, recommending good-will
announcements only. Two years later the au-
thor of a book titled Using Radio in Sales Pro-
motion could write, “the broadcast listener
regards any attempt at radio advertising as
an affront” (Felix, 1927: 211). As the book’s
title implies, the author saw radio only as a
supplement to direct advertising: “clearly it is
not an advertising medium, useful in dissem-
inating sales arguments and selling
points”(8). This same concept had governed
WEAF’s early experiments with toll broad-
casting, described in §6.4.

Advertising Agencies Take Over Con-
trary to Sarnoff’s high-minded conception,
a dignified broadcasting service reflecting the
hush of a great public library would have
been an anachronism in the jazzy atmos-
phere of the 1920s. William Paley, an arche-
typical “gilded youth” of the twenties, rec-
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ognized this inherent contradiction. So did
the advertising agencies, hitherto concerned
with the print media. They brought to broad-
casting their own ideas about how advertis-
ing should be conducted and — more im-
portant — about how programs could be
designed as vehicles for advertising.

Because stations themselves had not yet
developed the production and programming
skills needed for mass appeal entertainment,
the agencies moved in and took over the pro-
gramming role, introducing the idea of spon-
sorship. Sponsors did more than just adver-
tise: they also brought to the networks the
shows that served as vehicles for their ad-
vertising messages. Advertising agencies
thus became program producers, and during
the height of network radio’s popularity most
major entertainment shows were controlled
by agencies on behalf of their advertiser
clients.

The agencies evaded early network rules
against frequent mention of sponsor by tack-
ing trade names to performers’ names. Au-
diences of the 1920s heard "The Cliquot Club
Eskimos,” "The A&P Gypsies,” “The Ipana
Troubadours,”” and so on.

Here is an example of an opening “bill-
board” from this period that manages to add
four indirect product mentions to the per-
missible single direct mention of sponsor
name and product name:

Relax and smile, for Goldy and Dusty, the Gold
Dust Twins, are here to send their songs there,
and "'brighten the corner where you are.”” The
Gold Dust Corporation, manufacturer of Gold
Dust Powder, engages the facilities of station
WEAF, New York, WJAR, Providence, WCAE,
Pittsburgh, WGR, Buffalo, WEEI, Boston, WFI,
Philadelphia, and WEAR, Cleveland, so that lis-
teners-in may have the opportunity to chuckle and
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laugh with Goldy and Dusty. Let those Gold Dust
Twins into your hearts and homes tonight, and
you'll never regret it, for they do brighten the
dull spots. (Quoted in Banning, 1946: 262)

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

N. W. Ayer and Son, an established ad-
vertising agency in print media, claims to
have been the first major agency to take radio
seriously as an advertising medium (Hower,
1949: 132). Ayer handled advertising for an
optical company on WEAF in 1922 and in
1923 introduced one of the earliest sponsored
network programs, the National Carbon
Company (batteries) Eveready Hour.

Another pioneer agency in radio was Lord
and Thomas, whose Albert Lasker was one
of the legendary figures of media advertising
history. Lasker placed nearly half of NBC’s
national advertising for the 1927-1928 sea-
son, overcoming NBC'’s reluctance to use di-
rect advertising (Gunther, 1960: 194). Lasker
fought against the institutional concept of ra-
dio advertising, insisting on using commer-
cials closely modeled on the copywriting
style used in the print media.

In the 1926-1927 broadcast season the
NBC Red and Blue networks had 34 pro-
grams on the air, 24 of which were spon-
sored. Most commercial programs were mus-
ical variety shows, sponsored by advertisers
of batteries, radios, soft drinks, bread, and
candy. The next season CBS joined in and
the number of sponsored programs nearly
doubled. Even though such down-to-earth
details as price-mentions were still banned,
advertising was already well on its way to
becoming the dominant factor in broadcast-
ing in America.

A Still Small Voice Despite the triumph
of commercialism, some people continued to
oppose the trend. The pioneer inventor Lee
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de Forest, for example, remained a bitter op-
ponent of radio advertising to the end of his
life:

Throughout my long career I have lost no oppor-
tunity to cry out in carnest protest against the
crass commercialism, the etheric vandalism of the
vulgar hucksters, agencies, advertisers, station
owners — all who, lacking awareness of their
grand opportunitics and moral responsibilities to
make of radio an uplifting influence, continue to
enslave and sell for quick cash the grandest me-
dium which has yet been given to man to help
uproard his struggling spirit. (De Forest, 1950:
422)

Many of the earliest broadcasting stations
had in fact been licensed to universities, out-
growths of experiments in their science and
engineering laboratories. Though usually op-
erated noncommercially, educational AM
stations held the same kind of licenses as
commercial stations — the Radio Act of 1927
made no provisions for a separate noncom-
mercial service. As channel allotments in-
creased in commercial value, most of these
early educational stations lost their channels
to commercial interests. Only a score sur-
vived — representing a still, small voice
crying out for broadcast pluralism in the ev-
ergrowing commercial wilderness. Had it not
been for the stubborn devotion of this hand-
ful of AM noncommercial pioneers, broad-
casting in America might never have
achieved the flourishing public radio and tel-
evision services of today, which we discuss
in Chapter 10.

6.7 Government
Regulation

There remains one final foundation block to
put in place before the story of broadcasting’s
emergence is complete — the passage of leg-
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islation capable of imposing order on the new
medium,

Regulation of Wire The government’s
decision to return radio to private operation
after World War I (§6.2) did not mean aban-
donment of government oversight. Since the
beginning of telegraphy, governments
throughout the world had recognized that
both national and international regulation
were essential to fair and efficient operation
of telecommunication systems. In 1865, 25
European countries drew up the Interna-
tional Telegraphic Convention, precursor of
the International Telecommunication Union
that now regulates all forms of wire and wire-
less communication (§1.4). Thus prior expe-
rience in the regulation of the wire services
set a pattern for radio regulation when it
came on the scene.

Maritime Wireless Regulation The
first international conference specifically con-
cerned with wireless communication took
place in Berlin in 1903, only six years after
Marconi’s first patent. Its main object, in fact,
was to deal with the Marconi Company’s re-
fusal to exchange messages with rival mari-
time wireless systems. This situation recalled
the chauvinistic practice that at first inhibited
telegraphic communication in Europe, when
national companies demanded that tele-
graph messages be decoded and passed
across international boundaries by hand,
only to be reencoded for transmission on the
next country’s national system.

At the Berlin wireless conference it was
agreed that humanitarian considerations had
to take precedence over commercial rivalries
when human lives were at stake in maritime
emergencies. Three years later, at the Berlin
Convention of 1906, the nations agreed to
require ships to be equipped with suitable
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wireless gear and to exchange SOS messages
freely among different commercial systems.*

The United States withheld its signature
from the Berlin agreement for six years. Fi-
nally, prodded by the terrible lesson of the
Titanic disaster (§5.6), Congress confirmed
the 1906 convention rules by passing the Ra-
dio Act of 1912. This was the first com-
prehensive U.S. radio (not broadcasting)
legislation, replacing earlier piecemeal
enactments. The 1912 act remained in force
during the period of broadcasting’s emergent
years of 1920-1926.

Failure of the 1912 Act The new law
worked well enough for point-to-point serv-
ices. Broadcasting, however, introduced un-
precedented demands on the spectrum never
imagined when the 1912 act was written.
That act directed the Secretary of Commerce
and Labor to grant licenses to U.S. citizens
“upon application therefor.” It gave no
grounds on which the secretary could reject
applications. In 1912 the demand for chan-
nels was so limited that Congress had no
reason to anticipate the need to reject appli-
cants. Presumably all who had a good reason
to operate radio stations could be allowed to
do so.

Secretary of Commerce Herbert Hoover at
first made all broadcast stations share time
on the same channel. Then in 1921 he allo-
cated the carrier frequency 833 kHz for “news
and entertainment” stations and 618 kHz for
“crop and weather report” stations. The
practice of time-sharing worked well for
ships’ stations, which need to make only oc-

*The international distress, or SOS, frequency was set
at 500 kHz. This decision had a bearing on the eventual
allocation of the broadcasting band. 1t would have been
more efficient to start the AM band lower in the spec-
trum, but this was prevented by the need to avoid in-
terference with the 500-kHz distress frequency.
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casional exchanges of specific messages and
can wait in line to get access to a shared
channel. Broadcast stations, with their need
to transmit uninterrupted program services,
demand continuous access to their channels.

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

An example of the bizarre problems faced
by the Secretary of Commerce was the station
owned by Aimée Semple McPherson, a pop-
ular evangelist of the 1920s. She operated a
pioneer broadcast station from her “temple”
in Los Angeles. The station “wandered all
over the wave band.” After delivering re-
peated warnings, a government inspector or-
dered the station closed down. The Secretary
of Commerce thereupon received the follow-
ing telegram from the evangelist:

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

Evangelist McPherson, after being per-
suaded to engage a competent engineer, was
allowed to reopen her station.

National Radio Conferences Herbert
Hoover, a Republican and an ardent believer
in free enterprise, hoped that the industry
would be able to discipline itself without gov-
ernment regulation. To that end he called a
series of four national radio conferences in
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Washington. At the first, in 1922, only 22
broadcasters attended; by 1925 the number
had risen to 400. Speaking at the 1925 con-
ference, Hoover said, “Four years ago we
were dealing with a scientific toy; today we
are dealing with a vital force in American
life” (Dept. of Commerce, 1926: 1).

Hoover optimistically called the national
radio conferences ““experiments in industrial
self-government” (Dept. of Commerce, 1924:
2), but even at that time he must have sus-
pected the hopelessness of the experiment.
He commented repeatedly on the fact that
here was an industry that actually wanted
government regulation. For example, at the
very first national conference in 1922 he said,
“This is one of the few instances that I know
of in this country where the public — all of
the people interested — are unanimously for
an extension of regulatory powers on the part
of the Government” (Dept. of Commerce,
1922: 1). From year to year the radio confer-
ences grew more explicit in their suggestions
for government regulation.

Zenith Decision Finally, a 1926 court de-
cision completely undermined the secretary’s
power of enforcement. A Zenith Radio Cor-
poration station, WJAZ (Chicago), had op-
erated at times and on frequencies different
from those authorized in its license. The Sec-
retary of Commerce brought suit under the
Radio Act of 1912 to enforce compliance but
the court found in favor of the station, stat-
ing:

If section 2 [of the Radio Act of 1912] is construed
to give the Secretary of Commerce power to restrict
the operation of a station as [the secretary] con-
tends is done by this license, what is the test or
standard established by Congress, by which
the discretion of the Secretary is to be con-
trolled? . . . Administrative rulings cannot add
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to the terms of an act of Congress and make con-
duct criminal which such laws leave untouched.
(12 F 2d 618, 1926, emphasis added)

The Zenith case illuminates a fundamental
concept of the American system of “govern-
ment by laws, not men.” No government
official, whether the president or the munic-
ipal dogcatcher, is granted unlimited author-
ity. Paradoxically, by failing to limit the sec-
retary’s discretionary powers to enforce the
radio act, Congress left him with unconsti-
tutionally broad powers and so he became
powerless.

In less than a year, 200 new broadcast sta-
tions took advantage of the government’s in-
ability to enforce licensing rules. By this time
meaningful reception had become impossible
in most places. “Co-channel interference be-
came so bad at many points on the radio
dial,” reported the Federal Radio Commis-
sion later, “that the listener might suppose
instead of a receiving set he had a peanut
roaster with assorted whistles” (FRC, 1927:
11). Thirty-eight stations created bedlam in
the New York area as did 40 in the Chicago
area. Sales of radio sets declined noticeably.
In his message to Congress in December
1926, President Calvin Coolidge said, “The
whole service of this most important public
function has drifted into such chaos as seems
likely, if not remedied, to destroy its great
value. I most urgently recommend that this
legislation should be speedily enacted”
(Coolidge, 1926: 32).

Radio Act of 1927 Coolidge was refer-
ring to the proposed new radio law, which
Congress finally passed on February 23, 1927.
The Radio Act of 1927 embodied the recom-
mendations of Hoover’s Fourth Radio Con-
ference and so can be said to represent what
most of the broadcasters themselves wanted.

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

The FRC was not in a position to wipe the
slate clean by canceling existing licenses and
assigning channels from scratch, but it did
take immediate steps to reduce interference.
It limited license periods temporarily to only
60 days (the law allowed a maximum of three
years), continuing an earlier edict of Con-
gress. The commission defined the broadcast
band, standardized channel designation by
frequency instead of by wavelength, closed
down portable broadcast stations, and cut
back on the number of stations allowed to
operate at night. At last investors in broad-
casting could move ahead with assurance
that signals would not be ruined by uncon-
trollable mavericks of the airwaves. The pas-
sage of the Radio Act of 1927 and the start of
year-round supervision by the FRC meant
that the final foundation stone of broadcast-
ing as a new communication service was in
place. The period of emergence was over and
the period of stable growth could now begin.

Summary

In the period 1919-1927 the foundation
stones of broadcasting in America were laid:
(1) the very concept of broadcasting was clar-
ified; (2) financial support from advertising
proved feasible; (3) competitive national net-
works began; and (4) Congress passed a stat-
ute setting up effective regulation of the new
medium.

The vital first step was the return of non-
military radio services to private ownership
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in 1920, following the Navy’s takeover during
World War . The next step was the sale of
American Marconi to the leading U.S. com-
munications concerns, which led to the cre-
ation of RCA to run the Marconi radiotele-
graphic business. The major companies
entered into cross-licensing agreements in
the period 1919-1923, pooling their accumu-
lated patents and sharing the wireless mar-
ket, which consisted of both radio services
and radio manufacturing. The balance among
competing commercial interests that these
agreements sought to ensure was soon upset
by the growth of broadcasting, with its new
mass market for receivers.

Among the cross-licensees, Westinghouse
ventured into broadcasting first with KDKA
(1920). It was followed by W]Z representing
the Radio Group (1921) and WEAF repre-
senting the Telephone Group (1922). In the
ensuing business rivalry, WEAF had the ad-
vantage because its owner, AT&T, claimed
exclusive rights to use the pooled transmitter
patents to broadcast commercially (that is, to
sell advertising); furthermore, AT&T would
not allow other stations to use Bell System
telephone lines for network interconnection.
Nevertheless WJ]Z built a small network us-
ing telegraph-line interconnection. The
groups differed in their approach to how
broadcasting should develop; eventually, the
growing industry adopted concepts from
each approach.

In 1926 dissatisfaction with the earlier
cross-licensing division of the spoils came to
a head and the companies struck a new
agreement. AT&T agreed to withdraw from
broadcasting altogether except for supplying
network interconnection. It sold WEAF and
its network contracts to the Radio Group.
Both networks came under the control of
RCA, which was also allowed to enter into
the radio manufacturing field. RCA, now
headed by David Sarnoff, thereupon set up
a new subsidiary, the National Broadcasting
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Company (1926), the first network company.
The second company, later called the Colum-
bia Broadcasting System and headed by Wil-
liam Paley, followed in 1927.

In the meantime, the original wireless law,
the Radio Act of 1912, had proved unable to
control the development of broadcasting. In

EMERGENCE OF BROADCASTING: 1919-1927

1926 regulation broke down altogether and
broadcasting fell into a chaotic state. Con-
gress passed new legislation the next year,
the Radio Act of 1927, the first to address
broadcasting as such. With this act the final
step was taken in building the foundation of
broadcasting in America.



CHAPTER 7

Radio after 1928

7.1 Radio in the Great
Depression (1929-1937)

During the early 1930s, for the first and only
time in broadcasting history, the number of
stations on the air actually decreased (Exhibit
7.1). This decline occurred both because of
the efforts of the Federal Radio Commission
to clear up interference among stations and
because of the shortage of investment funds
during the Depression years. By the end of
the 1929-1937 period, however, three-quar-
ters of all U.S. homes had radios and the
number of stations had again begun an up-
ward climb that has continued ever since.

Stock Market Crash of 1929 Radio
broadcasting’s formative years of 1920 to 1928
had been years of national prosperity and
devil-may-care gaiety. This was the Jazz Age,
hauntingly depicted in F. Scott Fitzgerald’s
novels — the era of the roadster, the Charles-
ton, and speakeasies (the Eighteenth
Amendment had banned liquor in 1919).
But the laughter abruptly died away in
October 1929 when the bottom fell out of the
New York stock market, signaling the onset
of the Great Depression, a worldwide eco-
nomic slump of unprecedented severity.
During these years a third of U.S. workers
lost their jobs and national productivity fell
by half. Suffering was intense, for none of

the welfare programs that now cushion un-
employment and poverty were then in place.
In this time of great trial, radio entertainment
came as a godsend, the one widely available
distraction from the grim realities of the daily
struggle to survive. As little as $15 could buy
a vacuum tube receiver. Listener loyalty was
so intense it became ““almost irrational,” ac-
cording to historian Erik Barnouw:

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

Roosevelt’'s New Deal The lowest point
of the Depression came in 1932-1933. Herbert
Hoover, the Republican former Secretary of
Commerce who had nurtured broadcasting
developments in the twenties, had become
president. In 1932 he shocked the conscience
of the nation when he ordered the military
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to use armed force to disperse the ‘‘Bonus
Marchers,” some 15,000 World War I veter-
ans who encamped in Washington to press
for payment of veterans’ benefits.

Hoover went down to defeat later that
year at the hands of the Democratic candi-
date, Franklin D. Roosevelt, whose New Deal

Exhibit 7.1
Growth of radio stations, 1920-1980
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measures eventually eased the worst effects
of the Depression. Thus began the massive
federal intervention in financial and social
matters that we now take for granted. At the
same time, radio was entering into the cul-
tural life of the masses in its own unique
way. Never before in human history had so
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Note that the only down-trends in the growth curves occurred in 1930s AM (when
the FRC was imposing order on the pre-radio act chaos) and in 1950s FM (when its
initial promise seemed not to be paying off). The sharp upward trend in the AM
growth curve in the late 1940s occurred after removal of World War II's restraints on

consumer goods.
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Sterling and John M. Kittross. Copyright 1978 by Wadsworth Publishing Co., Inc. Reprinted by

permission of Wadsworth Publishing Company, Belmont, CA.
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much attention been lavished on entertaining
and informing a nation’s total population re-
gardless of social or financial status or place
of residence.

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

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

Broadcast Conservatism Major sta-
tions and networks of the 1930s maintained
standards of deportment that today would
seem absurdly formal. Network announcers
were expected to wear dinner jackets in the
evening and to speak literate English with
perfect diction. It was taken for granted that
radio set the correct standard for spoken Eng-
lish for the entire country. Moreover, both
broadcasters and advertisers were sensitive
to radio’s status as a guest in the home. In
1934 CBS refused to carry a speech by the
Surgeon General of the United States be-
cause he planned to allude to venereal dis-
ease. A public furor erupted in 1937 over
some lines read by Mae West in a comedy
dialogue with Charlie McCarthy, the late Ed-
gar Bergen’s ventriloquist dummy (now in
the Smithsonian Institution):
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West: Why don’t you come home with me? I'll
let you play in my woodpile. . . . You're all wood
and a yard long. You weren’t so nervous and
backward when you came to see me at my apart-
ment. In fact, you didn’t need much encourage-
ment to kiss me.

Charlie: Did I do that?

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

The Federal Communications Commission
responded to outraged complaints by lectur-
ing NBC on its obligation to maintain proper
standards of taste and propriety.

Another aspect of broadcast conservatism
was its refusal to permit all-out advertising.
This austerity continued into the 1930s even
though the 1928-1929 season is regarded as
the first full-scale network advertising year
(Spalding, 1964). In December 1928 for the
first time regular coast-to-coast networking
became possible, and some 65 national spon-
sors bought time on the two NBC networks
and CBS. Nevertheless, in 1929 the National
Association of Broadcasters (then already six
years old) adopted an advertising code say-
ing: "'Time before 6 pm is included in the
business day and therefore may be devoted
in part, at least, to broadcasting programs of
a business nature; while time after 6 pm is
for recreation and relaxation, and commercial
programs should be of a good will type.” The
networks continued their ban on mentioning
prices until 1932.

A prime mover in overcoming radio’s ret-
icence about direct advertising was William
Benton, who cofounded the Benton and
Bowles advertising agency in 1929. A re-
markable innovator who pioneered in many
different fields, Benton realized that to be
effective on radio, advertising had to make
two adaptations: it had to break away from
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the print-media style of copywriting and to
compensate for radio’s lack of visual cues.
When Benton started writing advertising
copy for radio, a commercial simply stopped
the show while someone read an announce-
ment — “as though he were reading from a
magazine,” Benton later recalled. "I staged
commercials, you could hear the spoons,
people clinking cups of coffee, everything
acted out” (quoted in Whitman, 1973, em-
phasis added). Besides helping to revolution-
ize the writing and production of commer-
cials, Benton developed consumer research
techniques, launched some of the most suc-
cessful radio network shows of the period,
introduced live studio audiences as an acous-
tic setting (using audience reaction cue
cards), and popularized the singing commer-
cial.

Programming Excesses Side by side
with the self-conscious correctness and the
conservatism of network radio, however,
there existed another, quite different stan-
dard of broadcasting. All across the country
radio proved irresistibly attractive to a variety
of raffish, offbeat individualists who ex-
ploited it as a personal mouthpiece. As pi-
oneer radio critic Ben Gross recalled it:

Tailors, preachers, loan sharks, swamis, and
physical-culture men, merchants, nostrum dis-
pensers and frenzied advocates of odd ideas, such
as Colonel Henderson of Shreveport, Louisiana,
who combined primitive theology with hatred of
chain stores, indulged in a saturnalia of “free
speech.”” . . . In a steady procession, there came
before the microphones newscasters who merely
read word-for-word items from the daily papers,
owners of diploma mills, crystal-gazing fortune-
tellers, installment furniture men, conductors of
matrimonial bureaus, fakers, nuts and dreamers
making merry carnival. (Gross, 1954: 68)
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In most cases the Federal Radio Commis-
sion (FRC) was able to correct abuses without
withdrawing licenses (which at first had to
be renewed at six-month intervals). But in
two notorious instances of the early 1930s the
commission did administer the ultimate pen-
alty. In one case the FRC objected to the
broadcasting of medical advice by a “Dr.” .
R. Brinkley, on his station, KFKB, in Milford,
Kansas. Brinkley was not a qualified physi-
cian and yet he prescribed drugs that he
packaged himself and sold by number, rather
than by name. The FRC refused to renew
KFKB'’s license, saying Brinkley conducted
the station only in his personal interest, not
in the interest of the public.

The second case involved a religious cru-
sader alleging municipal corruption. The
Reverend Dr. Shuler of the Trinity Methodist
Church (South) broadcast in Los Angeles
over KGEF, a small shared-time religious sta-
tion. His fire-and-brimstone personal attacks
drew the biggest audience in Los Angeles
when he was on the air. When KGEF’s li-
cense came up for renewal in 1931 some
ninety witnesses appeared in opposition. The
FRC turned down the renewal application.

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

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

Brinkley, Shuler, and Coughlin were ex-
amples of the more extreme consequences of
radio’s innate susceptibility to misuse. Their
downfall did not put other exploiters out of
business; it merely caused most of them to
lower their profile. Spellbinders, quacks, cul-
tists, zealots, and get-rich-quick schemers
have always been part of the broadcasting
scene. They cannot be completely sup-
pressed without violating the First Amend-
ment’s guarantees of freedom of expression
and of religion and the constitutional sepa-
ration of church and state.

7.2 From World War Il to
the Present

For a bird’s-eye view of radio’s evolution
after the testing period of the Great Depres-
sion, it is convenient to divide the interven-
ing years into four periods: World War Il and
its aftermath, the postwar phase, the decade
of the 1960s, and the 1970s.

World War Il Period (1938-1946) The
country shook off the last shackles of the
Great Depression when it began to increase
production in response to the threat of war.
Radio brought vivid on-the-spot news of the
dark events in Europe that led up to U.S.
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entry into the war, relayed by short wave
directly from the scene — Hitler’s annexation
of Austria in 1938, the invasion of Poland,
followed by the British and French declara-
tions of war in 1939. Finally, with Pearl Har-
bor on December 7, 1941, came the U.S.
declaration of war on Japan, reciprocated im-
mediately by German and Italian war decla-
rations.

Broadcast news came of age in these tense
years. First it played an important role in
arousing the country to the necessity for mil-
itary preparation, despite isolationist oppo-
sition. Later it contributed to maintaining ci-
vilian and military morale alike (§7.6).

During World War I, radio escaped direct
military censorship by complying voluntarily
with common-sense rules. For example,
man-on-the-street and other live interviews
were avoided and weather reports were dis-
continued.* In 1942 President Roosevelt ap-
pointed a well-known CBS radio newscaster,
Elmer Davis, to head the newly created Of-
fice of War Information. The OWI coordi-
nated the mobilization of domestic broad-
casting and initiated the external
broadcasting service that eventually became
the Voice of America.

By 1944, even though broadcasting had
been declared an essential industry and
therefore exempt from the draft, half the
broadcast employees of the country had

*During World War 1 private radio stations had been
closed down (though this was before the broadcasting
era). During World War Il the president refrained from
using his right, under §606 of the Communications Act
of 1934, to assume sweeping controls over all federally
regulated wire and radio communications. Currently,
broadcasting stations voluntarily participate in the Emer-
gency Broadcasting System, a set of standby procedures
that can be put into immediate effect in case of national
emergency.
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joined the armed forces. The two leading ra-
dio broadcasting executives, David Sarnoff
and William Paley, became respectively a
brigadier general and a colonel on the staff
of General Dwight D. Eisenhower in Europe.

Sarnoff served as a communications trou-
ble-shooter and organizer and was respon-
sible for setting up radio and press coverage
of the D-day landing in France, mastermind-
ing what a colleague of that time called “the
largest hookup of communications ever put
together, comprising radio telegraph and tel-
ephone, cable and voice broadcasting”
(Dreher, 1977: 155).

Paley served in the Psychological Warfare
Branch in North Africa and Europe and was
given the responsibility for preparing a man-
ual of instructions on how the Allies would
reconstitute German information services fol-
lowing the surrender. After VE Day Paley
went to Germany to begin implementation of
the manual. He was offered a brigadier gen-
eral’s star to stay on and supervise the grad-
ual turnback of the media to German control,
but he was anxious to get back to CBS and
another battle — his struggle with NBC for
dominance in American broadcasting.

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

The networks, too, invested in creative
programming, particularly drama. The most
sensational radio play from this period, “The
War of the Worlds,” was a production of The
Mercury Theater on the Air, a series directed by
Orson Welles and John Houseman. The play
presented an imaginary invasion from Mars,
in the form of a series of radio news reports.
It caused widespread panic among listeners,
many of whom began to flee the imaginary
Martians even though the play had been
clearly identified as a Halloween prank.* One
reason for the extraordinary impact of the
play may have been that it was broadcast on
October 30, 1938, only a month after the
Munich Crisis (§7.6). Today it is one of the
most often requested programs at the Mu-
seum of Broadcasting in New York (see Box).

Less sensational but more significant from
an artistic point of view were the achieve-
ments of the Columbia Workshop (1937-1942),
a drama series supported by CBS as a purely
noncommercial venture. Its contributors in-
cluded established distinguished literary fig-
ures such as W. H. Auden, Dorothy Parker,
and Stephen Vincent Benét.

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

”On a Note of Triumph” climaxed an ex-
traordinary flowering of radio art — original
writing of high merit, produced with con-

*A legacy of the “invasion” panic is a present-day pro-
gram standard in the National Association of Broadcast-
ers’ Radio Code: “Sound effects and expressions char-
acteristically associated with news broadcasts . . . shall
be reserved for announcement of news, and the use of
any deceptive techniques in connection with fictional
events and non-news programs shall not be employed.”
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Broadcasting Nostalgia

In the late 1960s a cult of nostalgia began to
form around the artifacts, programs, and per-
sonalities of old broadcasting. Collectors re-
stored old sets, hobbyists exchanged tapes of
programs dubbed off surviving electrical tran-
scriptions (ETs), enthusiasts subscribed to fan
magazines devoted to old radio. Modern radio
stations have even begun playing some of the
historic programs and reviving such classic for-
mats as the radio mystery drama.

Some early radio sets have achieved the
status of antiques. They were encased in an
amazing variety of exotic designs — cabinets
“resembling toolboxes, Gothic cathedrals, Az-
tec temples and sireamlined trains embel-

Source: Photo courtesy Museum of Broadcasting

lished with Moorish fretwork, Bakelite amber
coral or malachite cases, chromed radiator de-
tailing or blue mirror frames . . ." (Reif, 1975)
The Museum of Broadcasting, founded in
1976 by William Paley at 1 East 53d Street in
New York, proved so popular that within two
years it had to acquire more space. In 1980 it
had nearly 10,000 radic and television pro-
grams on file; they can be heard or seen by
visitors for a small fee at the consoles shown
below. Every eight months the museum &c-
quires a complete day's programming of a sin-
gle station as a historical benchmark. The col-
lection includes a growing complement of
programs from foreign broadcasters as well.
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summate skill and always live, for the net-
works still banned recordings. With the end
of the war years and the artificial support for
culture, competitive selling resumed and this
brief, luminous period of radio creativity
came to an end.

Postwar Phase (1947-1959) The hos-
tilities of World War II came to an end with
the surrender of Japan in September 1945,
but the postwar radio era dates from 1947
because it took some time for the country to
return to routine civilian life. The upward
trend in radio licensing continued through-
out this period, despite the growth of tele-
vision, which started in earnest in 1948. The
radio networks felt the first effects of the new
competition in the early 1950s, when televi-
sion first began to erode prime-time radio
audiences and to lure major advertisers away
from network radio. In 1948 the radio net-
works grossed more revenue than ever be-
fore or since (excluding profits from their
owned-and-operated stations).

Outside the major markets (where televi-
sion first established a beachhead) the
smaller independent radio stations felt the
impact only later. Moreover, wartime restric-
tions had created a tremendous backlog of
would-be broadcasters, giving radio a mo-
mentum that carried over into the postwar
years. By the end of the 1947-1959 period,
1,500 more AM radio stations had gone on
the air, for a total of nearly 3,500.

Providentially for radio, the transistor
(83.11) arrived in the nick of time to help the
adjustment to television competition. Intro-
duced by the Bell Telephone Laboratories in
1948, the transistor took several years to
evolve, but by 1957 ““pocket radios’”’ were
being marketed by Sony. This development
had a profound effect on radio broadcasting
because it made the receiver truly portable.
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In fact the very word transistor gained inter-
national currency as a synonym for “porta-
ble, battery-operated radio receiver.” Radio
has become largely a portable and bedside
medium, leaving television to take over as
that big piece of entertaining furniture in the
living room.

The Turbulent Sixties At first over-
whelmed by television, radio faltered in the
1950s but began to find a new equilibrium
during the turbulent sixties — the era of the
Vietnam war, the Beatles, hippies, protests,
civil rights marches, urban riots, and the
drug culture. The music of the period re-
flected these violent social crosscurrents, and
radio found a unique role as the disseminator
of that music. Freed of the hopeless task of
trying to please everyone on small budgets,
the new radio risked its future on segmenting
its audience, selecting specific audiences, and
sacrificing potential listeners who did not fit
the mold. By 1965 the proportion of U.S.
homes with radio had leveled off at 98 per-
cent, the saturation level that has remained
essentially the same ever since. Nevertheless,
average listening had declined to a new low
as the decade began.

The Selfish Seventies Despite inflation
and an energy crisis, radio found renewed
vigor in the 1970s. By the end of the decade,
average radio listening had climbed back to
3.5 hours a day. Over a thousand new sta-
tions went on the air during the decade, 84
percent of them FM.

Once again in this decade, as in the 1930s,
radio succeeded because it was uniquely in
tune with the times, though now for very
different reasons. Journalist Tom Wolfe
called the 1970s “The Me Decade,” a period
characterized by a wild proliferation of self-
centered cults, individualistic lifestyles, how-
to-do-it advice, back-to-nature movements,
and ethnic separatism.
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Radio’s segmentation of the audience
aptly suited this mood, encouraging single-
constituency programming appeals and per-
sonal self-absorption. Phone-in talk shows
flourished, giving every caller a chance to
play secretary of state, judge, mayor, or fire
chief. President Jimmy Carter exploited the
trend, using radio more intimately than any
president since Roosevelt. Consumer advo-
cates told people how to “put on the gorilla
suit” to assert themselves against govern-
ment bureaucracy and computerized busi-
ness. Radio astrologers, health faddists, and
religious revivalists profited from listeners’
preoccupation with self.

Radio became a reflecting pool in which
listeners could constantly enjoy narcissistic
images of their very own liberated selves. No
personal problem was too bizarre or intimate
for therapists to discuss on the air with their
listeners. Commercial radio achieved an
openness and candor that would have been
unthinkable on even the most avant-garde
free-form FM stations of the 1960s.

1980s Trends As the decade began, the
most profound influence on radio of the
1980s was the swing of the pendulum away
from regulatory control toward market con-
trol through more free-wheeling competi-
tion. Entering the broadcasting field was to
be made easier, especially for members of
minority groups. Stations are now expected
to set their own standards for programming
and commercials, with minimum interfer-
ence from the FCC.

Increase in the number of stations was also
in prospect. The 1979 World Administrative
Radio Conference (WARC) agreed to enlarge
the AM band and to authorize subsequent
ITU regional conferences to consider adopt-
ing 9-kHz AM radio channel separation in
place of 10 kHz. These spectrum-use
changes, if adopted by the Western Hemi-
sphere regional conference in the 1980s,
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could enable licensing hundreds of new U.S.
stations (estimates vary from 200 to 1,400) to
compete for ever more fragmented audi-
ences.

AM radio broadcasters put high priority
on development of stereophonic capability in
the 1980s. They see this improvement as es-
sential to enable AM to compete with the
runaway growth of FM radio. Fidelity of the
AM medium has always been limited by
the low quality of built-in loudspeakers, and
engineers count on stereo to force manufac-
turers to improve the sound quality of AM
receivers. Under study since 1959, AM ster-
eophonic radio finally seems on the road to
reality in the 1980s. As the decade began, the
immediate problem was to agree on one of
the five different technical systems that com-
peted for acceptance.

7.3 The Fall and Rise of
FM Radio

FM’s Origins For its first quarter-century,
“broadcasting” meant only one thing — am-
plitude-modulated radio. Edwin Armstrong
invented a much improved alternative sys-
tem using frequency modulation in 1933, but
for almost thirty years it languished as a poor
relation of the established AM system.
Initially, Armstrong delayed making a
public announcement of his invention be-
cause of his friendship with David Sarnoff,
to whose RCA he gave a first option. Un-
known to Armstrong, Sarnoff was about to
commit RCA to a multimillion-dollar invest-
ment in the development of electronic tele-
vision. Moreover, FM threatened the contin-
ued high profitability of the AM system and
its networks. RCA did collaborate with Arm-
strong for two years in carrying out tests,
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using antennas mounted atop New York’s
Empire State Building, then still the world’s
tallest skyscraper (antenna height being a
vital factor in FM coverage). In the end,
however, RCA turned down the chance
to pioneer FM development, replacing
Armstrong’s antenna installation with its
own experimental television antennas. Deep-
ly mortified by RCA’s indifference, the in-
ventor became convinced that the broadcast-
ing establishment was bent on suppressing
FM.

The Anti-FM “Conspiracy” Determined
to fight on, Armstrong built his own experi-
mental FM station, W2XMN, which went on
the air in 1937 from Alpine, New Jersey, on
the heights above the Hudson River near
New York (Exhibit 7.3). One of Armstrong’s
early FM demonstrations originated from the
New York World’s Fair of 1939 — by no co-
incidence also the occasion for the first public
display of RCA’s new electronic television
system (§8.2).

“The historic significance of Station
W2XMN was never widely realized,” wrote
the inventor’s biographer. “Armstrong lav-
ished on it all the care and attention to detail
of which he was prodigiously capable. With
this station, the first full-scale one of its kind,
many basic contributions were made to ultra-
shortwave communications” (Lessing, 1969:
193).

RCA’s failure to take up the cause of FM
increased Armstrong’s bitterness at having
lost the long court battle over paternity of the
regenerative radio circuit to de Forest in 1934
(85.5). Now he started another frustrating
suit, this time against RCA for patent in-
fringements. It was not that Armstrong
lacked money — he had become a millionaire
from his inventions as a comparatively young
man. But he saw himself as the victim of a
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conspiracy to kill FM, to frustrate his second
chance at fame.

Costly changes in spectrum allocations, fa-
voring television over FM, seemed to Arm-
strong still more evidence of conspiracy.
First, in 1939 the FCC allocated 19 VHF chan-
nels to experimental television, only 13 to
FM. The next year the FCC authorized com-
mercial FM operation in the VHF band, 42 to
50 MHz, but only 30 stations had gone on

Exhibit 7.3
Edwin Armstrong (1890-1954)

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

Source: Courtesy Armstrong Foundation, Columbia
University
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the air when further development was frozen
in 1942 by World War II. At the close of the
war, on the basis of controversial engineering
advice, the FCC took away FM’s prewar
channels and awarded the space to televi-
sion, moving FM up to its present location at
88-108 MHz. This 1945 move made obsolete
the half million FM receivers that had been
built up to that time.

Most major AM station owners neverthe-
less obtained FM licenses, simply as insur-
ance against the possibility that FM might
catch on and make AM obsolete. They made
no attempt to take advantage of FM'’s supe-
rior quality or even to program it as a sepa-
rate service. Instead they merely "’simulcast”
their AM programs on FM transmitters. In
the absence of high-fidelity programming,
listeners had little incentive to buy, and man-
ufacturers had little incentive to develop,
high-fidelity receivers.

The interest in FM stations, mostly
planned as minor partners in AM/FM com-
binations, peaked in 1948, when over a thou-
sand were authorized. But in that year tele-
vision began its rapid climb to power, and
FM was pushed into the background. In 1949
alone, 212 commercial FM stations went off
the air, and total authorizations continued to
decline until 1958 (Exhibit 7.1). Then at last
FM stations began to multiply rapidly.

The long-delayed vindication came too
late for Armstrong, however. One night in
January 1954, the inventor left his New York
apartment for the last time.

He was completely and neatly dressed, in hat,
overcoat, scarf and gloves. He did not walk out of
the door, however, but out of the window, thirteen
stories above the street, falling from the last high
place to which he would ever climb. His body was
found by a building maintenance worker the next
morning, lying on a third-floor extension over-
looking the river. . . . Around him stood Man-
hattan’s once shining towers, from which all

183

magic had fled, drab and gray in the light of mid-
century. (Lessing, 1969: 248)

Thus ended the life of one of radio’s most
brilliant inventors. Later that year his estate
settled Armstrong’s patent infringement suit
against RCA for a million dollars — the same
amount that RCA had offered to pay the in-
ventor fourteen years before when Arm-
strong began the suit.

FM’s Triumph The resurgence of FM that
began in 1958 has continued at an accelerated
pace to the present day. This success is attrib-
utable not only to the inherent physical ad-
vantages of FM in terms of sound quality,
versatility, and stability of coverage; it was
also stimulated by the drying up of AM chan-
nel availabilities and by a deliberate FCC pol-
icy of encouraging FM licensees. In the earlier
years, when FM stations had difficulty in per-
suading advertisers to use their facilities,
their financial survival was helped by the sale
of Subsidiary Communications Authoriza-
tion (SCA) services (§3.4). Muzak, a company
that supplies background music for offices
and stores, became a major customer for
SCA. The subsequent development of digital
signal processing opens up many further
possibilities for the use of SCAs in new types
of data delivery by FM stations, including
slow-scan still pictures and textual informa-
tion.

In 1964 the FCC’s nonduplication rule, re-
quiring AM/FM owners in major markets to
program their FM stations independently of
AM sister stations at least 50 percent of the
time, gave an important stimulus to inde-
pendent FM programming. The FCC stiff-
ened this rule in 1979, requiring nondupli-
cation 75 percent of the time in markets as
small as 25,000. By then, however, FM had



154

already turned the corner and needed little
further incentive for programming independ-
ently of AM sister stations. A sign of this
change was a trend toward adoption of sep-
arate call letters for FM sister stations, rather
than relying on hyphenated call signs using
AM call letters.

FM’s final triumph came, however, only
after it cleared one more hurdle — the in-
grained belief of advertising agencies that FM
was not a viable commercial medium. For
years AM/FM combinations had thrown in
the FM component of coverage without extra
charge to AM advertisers. This giveaway had
created an enduring image of FM as an in-
effectual commercial medium.

Jerry Lee, president of WVDR (FM) in
Philadelphia, was the first FM operator to
gross a million dollars in annual advertising
revenues. He recalls that in 1969, even after
his station climbed from twenty-second to
third place in its market, he still had to go to
extraordinary lengths to get advertising
agency executives to take FM seriously. They
relied more on their prejudices than on the
factual evidence that FM had finally arrived.
By 1973, however, the trade journal Broad-
casting could headline its annual report on
FM “The Rites of Passage Are All Over for
FM Radio: It’s Out on its Own” (24 Sept.:
31). And by 1976 the FCC reported that com-
mercial FM as a whole could at last say that
it had begun to make a profit.

Today three-quarters of all radio receivers
sold incorporate FM. The FM audience equals
and in some markets even surpasses that of
AM, despite the fact that over half the com-
mercial radio stations on the air are AM. FM
still has one drawback — relatively poor cov-
erage of the important “drive-time” audi-
ence, still dominated by AM in 1980. Not all
autos are equipped with FM, partly because
AM/FM installations cost more, partly be-
cause vertical auto antennas are not ideal for
picking up FM'’s horizontally polarized signal
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(82.6). The FM industry has lobbied Congress
for an all-channel radio law similar to the one
requiring television receivers to incorporate
both UHF and VHF tuning.

7.4 The Parsimony
Principle

Voracity of the Medium In the 1920s
most broadcast schedules were on-again, off-
again affairs because all stations were at first
licensed to operate only part time. Most pro-
gramming was catch-as-catch-can, with sing-
ers and pianists dropping by the studio to
perform free. One early New York announcer
recalled that on an occasion when a sched-
uled performer failed to show up he became
so desperate that he announced a program
on “the sounds of New York” and simply
hung the microphone outside a studio win-
dow. It soon became apparent, however, that
one of radio’s main advantages as a public
medium was its ability to be continuously
available. Moreover, once the continuous use
of a channel had been acquired and the in-
vestment made in transmission facilities,
cost-effectiveness dictated that a station
should stay on the air as long as possible
with as few interruptions as possible.

Continuous operation created an incredi-
ble appetite for programming. To cope with
this voracity, programmers resorted to a va-
riety of strategies based upon what might be
called “the parsimony principle.” This basic
rule of broadcasting dictates that program
material must be used up as sparingly as pos-
sible, repeated as often as possible, and shared
as widely as possible.

Sharing is achieved by means of recording
and networking. Without these ways of ris-
ing above local limitations, broadcasting
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could never have developed to anywhere
near its present dimensions. Purely local pro-
gramming resources would soon be ex-
hausted and continuous operation would be
impossible.

At both local and national levels, sched-
uling and formatting strategies ensure spar-
ing and repeated use of materials. A regularly
scheduled daily or weekly entertainment
program series uses standardized openings,
closings, and transitions; it presents ready-
made personalities or characters building
upon established situations or plot lines. Pri-
mary examples of the parsimony principle at
work in early radio program formulas were
soap operas, game shows, and disc jockey
programs.

Soap Operas Among serialized radio
drama formats, the soap opera (so called be-
cause soap companies often owned and
sponsored them) is the classic case of frugal
expenditure of program resources. Notorious
for the snail-like pace of their plots, these
daytime serials used every tactic of delay to
drag out the action of each episode. Irna Phil-
lips, who wrote The Guiding Light for 21
years, estimated that in her 41-year writing
career she turned out the equivalent in length
of 2,500 novels — striking evidence of broad-
casting’s voracity (Gelman, 1971: 48). Her ca-
reer started at WGN-Chicago in 1930, when
she began writing a serial story in which she
and one other actress played all the parts —
economy in production expenses as well as
frugality in expenditure of program materials
being another advantage of the serial format.
At their high-water mark in the early 1940s
nearly 50 daytime radio serials could be heard
on the networks each week. Not until 1960
did NBC and CBS drop the last few survi-
vors. In the meantime, the format had made
a successful transition to television.
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Game Shows Audience-participation or
game shows, another parsimonious format,
became a major ingredient of network radio
programming in the late 1930s, although
game shows can be traced back to 1924 (Fabe,
1979: 293). The first to get wide attention was
Professor Quiz, a much-imitated show started
in 1937 on CBS. Information Please, launched
by NBC Blue in 1938 and featuring such well-
known literary figures of the period as Clifton
Fadiman and John Kieran, has been called
one of the most intelligent, erudite, and en-
tertaining programs ever on radio” (Fabe,
1979: 104). In 1949, their peak year, game
shows occupied 11 percent of the radio
prime-time network schedules, surpassed in
quantity only by musical variety shows, dra-
mas, and news programs (Sterling and Kit-
tross, 1978: 521).

Game shows had the advantage over soap
operas (as they still have in television) that
the main talent expense was limited to the
salaries for an MC plus fees for a panel of a
few show-business personalities who usually
worked for minimum union scale for the sake
of the exposure the shows gave them. The
format capitalized on the inexhaustible sup-
ply of amateurs willing to show off their abil-
ities — or simply to make fools of themselves.

Disc Jockey Format Most parsimonious
of all formats, the disc jockey (DJ]) show ex-
ploits to the full the availability of recorded
music and reduces production costs to the
lowest possible level. Unlike the formats pre-
viously discussed, it still survives in radio
and suits even the smallest station’s local
programming needs. At first DJs had low sta-
tus in the talent hierarchy because of the prej-
udice against the use of recorded material
(§7.7). As the quality of recordings improved,
however, so did the status of DJs.

The DJ format came to represent a form of
expression unique to radio, with no equiva-
lent in other media. It gives scope for the
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exploitation of personal idiosyncrasies and
for their interaction with the rapidly chang-
ing popular music scene.* Radio history is
full of strange and wonderful stories of the
bizarre antics and amazing achievements of
the great DJs. No one has yet done full justice
to this colorful strand of broadcasting history.
The biggest star of the DJ format in the 1930s
was Martin Block, who started his Make Be-
lieve Ballroom on WNEW-New York in 1935 at
a salary of $25 a week. Eventually Ballroom
was earning WNEW half a million a year and
Block’s annual salary reached $200,000. The
Ballroom format was simplicity itself — Block
asked the audience to picture a giant turn-
table stage that revolved on his command.
As each imagined segment brought a differ-
ent well-known popular band to the front of
the stage, Block would introduce the orches-
tra and its best-known tunes, interspersing
them with commercials. More than the for-
mat, however, accounted for his phenomenal
success; he was an exceptionally compelling
pitchman, with a sexy voice and uninhibited
invention (Gelman, 1971: 30).

7.5 Radio Network
Development

The Network as Syndicator Another
evidence of the parsimony principle at work
was the rapid rise of national networks to the
dominant position in the broadcasting indus-
try. By enabling instant sharing of programs,
networks constitute a form of syndication,
technological aspects of which (relay distri-
bution) were discussed in §4.1. Asa trade term
in the broadcasting industry, however, the
term “syndication” refers more narrowly to

*It also gave rise to “payola,” the practice of bribing DJs
and others responsible for selecting new recordings for
air-play to give favorable consideration to particular re-
leases (see §13.6).
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program materials distributed on a nonnet-
work basis by firms specializing in that busi-
ness. But it should be understood that net-
works themselves are functionally just another
form of syndication — that is, a means of
producing or procuring high-cost program
materials centrally and distributing them to
many separate users at moderate average
cost to each.* In this sense, network is a
form of syndication uniquely adapted to the
broadcasting medium.

Network Benefits A broadcasting net-
work offers three basic services to affiliated
stations: it provides (1) a structured program
service; (2) a means of program distribution so
that the service can be instantly received by
all affiliates at the same time; and (3) a sales
organization that finds national advertisers
to purchase part of the affiliates’ commercial
time.

Affiliated radio stations in the 1940s (like
television stations today) benefited from top-
quality programming and the sale of their
time to network advertisers. Equally impor-
tant, stations also benefited from the en-
hanced value to local and nonnetwork na-
tional advertisers of their nonnetwork time.
Network advertisers, in turn, benefited from
getting access to the best stations in the na-
tion’s major markets in a single transaction.
An incidental public benefit is the fact that
networks create an instantaneous means of
reaching the entire nation with news and in-
formation.

*The word syndicate was first used as a media term in
the nineteenth century, referring to the distribution of
special features to subscribing newspapers. Today there
are several hundred such press syndicates, distributing
comic strips, opinion columns, and other specialized
material. In the generic sense news agencies, which orig-
inated in the 1840s, were the original syndicators of
press material.
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Chain Broadcasting Investigation In
1938, radio stations representing 98 percent of
the total nighttime wattage were affiliated
with either NBC or CBS. This amounted to
only 40 percent of the 660 stations on the air,
but included virtually all of the major stations
in the country. Then as now, the great ma-
jority of affiliated stations were tied to their
networks not by ownership but by contract.
Originally, NBC's affiliate contracts had been
rather loose and informal, but William Paley,
struggling to catch up with NBC'’s lead,
evolved more binding contracts for CBS af-
filiates (§6.5). NBC followed suit.

It will be recalled that NBC had the ad-
vantage of deploying a double network, NBC
Red and NBC Blue, against CBS. This meant
that NBC tied up the two best stations in
many markets and could afford to use the
weaker of its line-ups, NBC Blue, as a kind
of loss leader to undercut CBS.

In 1934 a third network, the Mutual Broad-
casting System (MBS), began to emerge in
the Midwest. Frustrated in its attempts to
expand from a regional into a national net-
work, MBS complained to the Federal Com-
munications Commission that the older
chains unfairly dominated the network field.
The FCC initiated a major inquiry, based on
the fact that the Communications Act of 1934
empowered it to “make special regulations
applicable to radio stations engaged in chain
[i.e., network] broadcasting.” After more
than three years of investigation, the FCC
issued a set of “Chain Broadcasting Regula-
tions” aimed at relaxing the hold of the older
networks over affiliates and talent. Among
other things, the new rules forbade dual net-
works covering the same markets and forced
both CBS and NBC to give up the talent-
booking agencies they had developed as
sidelines. The rules also forbade the net-
works to force stations to carry programs
they did not wish to accept, or to infringe in
other ways on the autonomy of affiliates. -
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CBS and NBC were outraged at these in-
trusions into their business affairs. Predicting
total collapse of the network system if the
regulations went into effect, they fought the
case all the way to the Supreme Court, but
in 1943 the Court finally settled the argument
in favor of the FCC (319 U.S. 190).* The most
tangible immediate outcome was the end of
NBC’s dual network operation, with the sale
in 1943 of its Blue network, which became
the American Broadcasting Company (ABC).
The predicted collapse of network broadcast-
ing failed to materialize and Mutual began to
expand rapidly. Thus emerged radio’s four-
network pattern, which endured until the
1960s.

National Broadcasting Company

NBC continued as the leading radio chain.
By 1930, as a result of antimonopoly suits,
two of the original part-owners of NBC,
Westinghouse and Western Electric, had sold
off their interests to RCA. Two years later
RCA itself became independent of its original
co-owners in the patent pool (§6.2). NBC re-
mained a wholly owned RCA subsidiary
while RCA itself developed into a giant di-
versified corporation with worldwideinterests
in communication services and manufactur-
ing. NBC, reflecting the parent company’s
high corporate status, tended to assume the
role of a dignified elder among the networks.
Its image was further enhanced in 1933 when
NBC moved into its new headquarters in the
70-story art-deco style RCA building, part of
New York’s famed Rockefeller Center.+

*The Chain Broadcasting Regulations were later ex-
tended in 1946 to television networks. In 1977, after
radio networks had ceased to play a dominant role, most
of the original chain regulations were lifted for radio.
(For details see §12.4.)

+CBS did not achieve its own architectural monument
until 1965, when it moved into splendid new headquar-
ters at the corner of 52d Street and Avenue of the Amer-
icas, two blocks from NBC. Sheathed in elegant dark
granite, the CBS building came to be known as “Black
Rock.”
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Columbia Broadcasting System Wil-
liam Paley’s upstart rival network, CBS,
struggled for years to overcome its image as
the number-two chain, laboring in the wake
of NBC. Big advertisers and star performers
automatically preferred NBC to CBS when-
ever they had a choice, regardless of CBS'’s
growing popularity. “We were at the mercy
of the sponsors and the ad agencies,” wrote
Paley. “They could always take a successful
show away from us and put it on NBC”
(1979: 174).

CBS enhanced its reputation during World
War II by its outstanding news operation
(87.6). Following the war Paley launched an
all-out attack on NBC’s leadership. I would
grant NBC its greater reputation, prestige,
finances, and facilities,” said Paley, “but CBS
had and would continue to have the edge in
creative programming” (1979: 174). By 1948
CBS was packaging 29 sponsored radio pro-
grams, two of which were in the top ten —
My Friend Irma and Arthur Godfrey’s Talent
Scouts. Paley’s next target was the biggest
prize of all — NBC'’s superstars.

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

With this leverage, Paley went after Jack
Benny in 1948. The star was willing, but the
sponsor to which he was tied by contract, the
American Tobacco Company, remained
doubtful. Taking a tremendous risk, Paley
offered to compensate the tobacco company
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for every rating point it lost by shifting from
NBC to CBS for the weeks remaining in the
Benny contract. As Paley put it, there was
nothing left for them to argue about,” and
Benny moved over to CBS (Paley, 1979: 198).
Within a short time Bing Crosby, Red Skel-
ton, Edgar Bergen, George Burns and Gracie
Allen, Ed Wynn, Fred Waring, Al Jolson,
Groucho Marx, and Frank Sinatra all de-
serted NBC for greener fields at CBS.

By the fall of 1949 Paley finally achieved
his dream of taking the lead away from NBC,
a lead which CBS held for the short remain-
ing life of big-time network radio.

Mutual Broadcasting System The net-
work whose complaints against CBS and
NBC had precipitated the chain broadcasting
investigation, MBS, started on a different
premise from the older networks. Only two
major-market radio stations on clear channels
had remained in the early 1930s without af-
filiation with CBS or NBC — WGN-Chicago
and WOR-New York. They arranged in 1934
to form a network organization to sell time
jointly with WXYZ-Detroit and WLW-Cin-
cinnati. The four stations started the network
by exchanging programs on a regional net-
work basis. Their chief program asset at the
start was The Lone Ranger, a series that WXYZ
had introduced in 1933.

Mutual signed up several of the regional
networks and, in the post-World War II pe-
riod, offered a haven for the newly emerging
small stations that began to go on the air in
great numbers. By 1948 MBS affiliations had
passed the 500 mark and it was advertising
itself as “the world’s largest network.” The
significance of the number of affiliates in a
network has to be judged in terms of their
power, however, and most of MBS’s affiliates
were in the lower power classes. Many were
located outside the major urban centers, and
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Mutual took on a somewhat conservative po-
litical tone. Lacking the prestige and the cor-
porate resources of the older networks, MBS
had to scramble to stay alive. It tended to be
less choosy about both its programs and their
sponsors than the older networks and over
the years carried many paid religious and
politically right-wing programs that would
have had difficulty finding time on the more
prestigious networks.

Under the pressure to survive, MBS intro-
duced innovative business practices, such as
network cooperative advertising. This is a
means of using local advertisers to support
network programming, originally the exclu-
sive domain of national advertisers. For ex-
ample, Mutual’s baseball Game of the Day was
supported in 1954 by over 4,000 local spon-
sors. CBS or NBC would have expected such
a program to be supported by a single na-
tional sponsor.

Such expedients never succeeded in mak-
ing Mutual stable financially, however, and
its whole history has been marked by fre-
quent changes in ownership. During a four-
year period in the 1950s its ownership
changed six times. The latest owner is Am-
way Corporation, which bought the network
for $18 million in 1977. The next year, aban-
doning the original MBS concept of not own-
ing stations, Mutual bought its first owned-
and-operated station, paying $12 million for
WCFL(AM) in Chicago.

American Broadcasting Company

When NBC was forced to sell one of its two
networks in 1943 as a result of the chain
broadcasting investigation, it naturally chose
to sacrifice the weaker of the two, NBC Blue,
which had descended from the old WJZ-Ra-
dio Group network of the 1920s (§6.4). NBC
had used the Blue primarily as a loss leader
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to protect the Red network and had not done
much to strengthen it in the intervening
years. Thus the new owner of the Blue net-
work (who renamed it American Broadcast-
ing Company in 1945 and dropped the his-
toric WJZ call letters in favor of WABCQ)
faced a difficult competitive situation, run-
ning well behind both NBC and CBS.

A second government-decreed corporate
breakup came to ABC’s rescue in 1953. Earlier
the Justice Department had forced “’divorce-
ment” on the Big Five motion picture
companies. This meant that the major Hol-
lywood production studios had to sell off
their extensive theater chains. One of the
spin-off companies, Paramount Theaters
(once the largest movie theater chain in the
world), merged with ABC, injecting not only
much-needed funds into the radio network,
but also establishing a link with Hollywood
that eventually paid off handsomely when
ABC went into television. But these devel-
opments came after the period of network
radio dominance; during it, ABC ran third to
NBC and CBS, with MBS trailing even fur-
ther behind.

Network Programming During their
heyday the radio networks supplied a full
schedule of programs much as television net-
works do today.

In those days network advertisers spon-
sored entire radio programs, rather than buy-
ing scattered spot announcements as they do
now in television. This close identification of
advertisers with the most popular programs
and star performers gave network advertis-
ing added value. By the same token, spon-
sorship gave performers added value. Bing
Crosby, already a top star, received $1,500 a
week when his program was sustaining,
double that when CBS found a sponsor for
him.

The first network radio entertainment pro-
gram to achieve addictive popularity was a
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prime-time, five-days-a-week situation com-
edy, Amos ‘n’ Andy. Charles Correll (”Andy”’)
and Freeman Godsen (”’Amos’’) came to ra-
dio as a “song-and-patter’” team, a format
much esteemed in early radio. At a station
manager’s suggestion they tried their luck at
a comedy series. The two white performers
developed a black dialect show in fractured
ghetto English, featuring the ups and downs
of the “Fresh Air Taxicab Company of Amer-
ica, Incorpulated.”

Amos ‘n’ Andy became the top network
show in the early 1930s. Traffic would stop
on the main streets of towns across the coun-
try and movies would be halted in midreel at
7 P.M. so that people would not miss their
nightly fifteen minutes of chuckles over the
antics of Amos, Andy, the Kingfish, Light-
nin’, Madam Queen, and a host of minor
characters, most of whom Correll and God-
sen played themselves.

Today the impersonation of blacks by
white actors using exaggerated dialect and
comedy situations based on ghetto poverty
could not be seriously proposed. A Pitts-
burgh newspaper asked the FCC to ban the
series in 1931, alleging racism, but its de-
fenders had a convincing argument: most
blacks seemed to enjoy the program just as
much as whites. Opposition became more
general in the 1950s. CBS ran a television
version of Amos 'n’ Andy (with black actors)
from 1951 to 1953, but dropped it because of
opposition from the National Association for
the Advancement of Colored People. Syndi-
cated showings continued until 1966, but the
syndicator finally agreed to withdraw the se-
ries from both national and international syn-
dication (Brown, 1977: 16).
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7.6 Radio News and Public
Affairs

By assuming a serious function as distribu-
tors of news and public affairs information,
responsible broadcasters cast themselves in
a far more important role than that of mere
entertainers. They became, in effect, sharers
with the printed news media in the Western
world’s great tradition of press freedom. But
this role was not won easily. There were (and
are) plenty of broadcasters who care not at
all about being part of a great press tradition
if it interferes with that other great American
tradition — making money through free en-
terprise. Nor was the traditional press eager
to welcome into its ranks a new and possibly
dangerously competitive rival for public at-
tention.

Press-Radio “War” News no less than
broadcast entertainment depends on syndi-
cation. Newspapers share material by means
of press associations — or wire services as they
were called traditionally, referring to the fact
that they flourished with the telegraph (§5.2).

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

NBC’s Blue Network inaugurated regular
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15-minute nightly newscasts by Lowell
Thomas in 1930, a sign that radio was about
to assume a serious competitive role. In re-
sponse to threats that news agency services
would soon be cut off, CBS began forming
its own newsgathering organization. To de-
fuse a possible press-radio war, the publish-
ers proposed a truce in 1933. The result,
known as the Biltmore Agreement, set up a
Press-Radio Bureau designed to protect the
papers’ interests.*

CBS suspended its own newsgathering,
and the two networks agreed to confine
themselves to two five-minute press-wire
news summaries a day from the Press-Radio
Bureau. These could be aired only after the
morning and evening papers had appeared,
could be used only on a sustaining (non-
sponsored) basis, and had to be followed by
the admonition, “For further details consult
your local newspaper(s).” The bureau agreed
to issue additional special bulletins on events
of transcendent importance,” but they had
to be written “in such a manner as to stim-
ulate public interest in the reading of news-
papers’”’ (quoted in Kahn, 1978: 81).

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

United Press broke the embargo in 1935,
soon to be joined by International News
Service. The Press-Radio Bureau finally ex-
pired, unmourned, in 1940 when the Asso-

*CBS and NBC were parties to the agreement, but not
the nonaffiliated stations. The relevant parts of the doc-
ument are reprinted by Kahn (1978: 80).
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ciated Press began to accept radio stations as
members of the association.

As broadcast news matured it became ev-
ident that, contrary to the expectations of the
newspaper publishers, radio coverage ac-
tually stimulated newspaper reading instead
of discouraging it. The press services even-
tually acquired even more broadcasters than
publishers as customers and began to offer
services especially tailored for broadcast sta-
tions, including audio feeds ready to go di-
rectly on the air. Today broadcasting in
America has at its disposal over sixty news
services, including those of the radio and tel-
evision networks and the U.S. international
agencies, now reduced to two, AP and UPI
(the latter a combination made in 1958 of the
old UP and INS of the Press-Radio Bureau
days). In 1979, radio paid about $35 million
for news services.

Radio News in World War Il Still an-
other reason for the breakdown of the Press-
Radio Bureau was the mounting public de-
mand for up-to-the-minute news from Eu-
rope as the tense pre-World War II drama
unfolded. Radio was ideally qualified to do
this job.

At first, however, U.S. network represen-
tatives in Europe had to pass up hard news.
Because of the networks’ agreement with the
news agencies they were confined to person-
ality interviews and feature stories. César
Saerchinger originated European feeds for
CBS in the early 1930s, making a deal to use
BBC facilities — an important precedent for
extensive cooperation between American and
British broadcasting during the war. Edward
R. Murrow, destined to be broadcasting’s
most revered news figure, went to Europe
for CBS in 1937 not as a newsman but as “an
arranger of ‘talks’ and a supervisor of
‘events’”’ (Kendrick, 1969: 139). At the very
moment in 1938 when Austria was succumb-
ing to the Nazis, Murrow was in Warsaw
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organizing a feature about Polish children for
a CBS educational series.

Anxious to outdo NBC’s developing Eu-
ropean news operation, CBS decided on a
bold stroke, a full half-hour devoted to a CBS
foreign news “roundup’ on the Nazi inva-
sion of Austria, originating live from key
points — London, Paris, Rome, Berlin, Vi-
enna. No one had ever tried such an ambi-
tious news production. The problems of co-
ordination and precise timing were
tremendous, for in 1938 the networks did not
allow the use of recordings. In that historic
half-hour, which was anchored by Robert
Trout and featured reports by William Shirer,
Ed Murrow, and others, “radio came into its
own as a full-fledged news medium’ (Ken-
drick, 1969: 158).

Later in 1938 came the Munich Crisis, ap-
peasement of Hitler, and British Prime Min-
ister Chamberlain’s memorable claim of
“’peace in our time”’ — a peace shattered only
a year later by the outbreak of World War II.
The Munich Pact, by which the Allies aban-
doned Czechoslovakia to Hitler, climaxed
eighteen days of feverish diplomatic negoti-
ations among the great powers. During these
tense days and nights, a pioneer news com-
mentator, H. V. Kaltenborn, achieved fame
and fortune by extemporizing a remarkable
string of 85 live broadcasts from New York,
reporting and analyzing news of each diplo-
matic move as it came in by wire and wire-
less. News staffers at CBS would shake Kal-
tenborn awake (he slept on a cot in a studio),
hand him the latest bulletin; he would go on
the air immediately, first reading the bulletin,
then ad-libbing his own lucid, informed com-
mentary. “Even as I talked,” wrote Kalten-
born, ”I was under constant bombardment
of fresh news dispatches, carried to my desk
from the ticker room. I read and digested
them as I talked” (Kaltenborn, 1938: 9).

The other radio networks were also ex-
tremely active. During the Munich Crisis, for
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example, NBC originated 147 European pick-
ups to CBS’s 157 (Barnouw, 1968: 83). But
Paley was determined to take the lead from
NBC in at least one field, and the war gave
him the opportunity. “From the ad hoc or-
ganization of stringers and the permanent
staff of four foreign correspondents on Sep-
tember 1, 1939,” recalled Paley, “we jumped
to fourteen regular foreign correspondents by
the end of the year, to thirty-nine in 1940,
and to more than sixty in 1941” (1979: 138).
The appetite for news was insatiable, with
the number of network newscasts nearly
doubling during the war years to 135 a week
in 1945.

Thanks to CBS’s early start, Paley’s enthu-
siastic support, and his good luck in assem-
bling a superlative staff of news specialists,
CBS set a high standard for broadcast jour-
nalism during the war years, establishing a
tradition of excellence that has lasted to this
day.

Edward R. Murrow Of all the stars in
CBS’s news crown, none shone so brightly
as Edward R. Murrow. Unlike the others,
Murrow did not come to radio from a news-
paper or wire service background. He had
earned a degree in speech from Washington
State College. There he was strongly influ-
enced by a remarkable teacher, Ida Lou An-
derson, who taught speech and supervised
the campus carrier current station. After his
graduation in 1930, Murrow gained initial
overseas experience working for the Institute
of International Education before joining CBS
in 1935.

During the war Murrow first came to the
notice of the wider public through his mem-
orable live reports from bomb-ravaged Lon-
don and from even more dangerous van-
tage points at the war front (Exhibit 7.6). The
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Exhibit 7.6
Murrow in London during World War Il

Murrow is walking nct far from the BBC's
Broadcasting House, a major target for German
bombing raids that was hit more than once.
Murrow and other American correspondents
originated programs from a tiny studio located in
a subbasement. On one occasion when the
building took a hit, Murrow continued
broadcasting as stretcher bearers carried dead
and injured past the studio to a first aid station
(Kendrick, 1969: 212).

Source: CBS News.
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British appreciated the way he brought real-
istic and moving word-and-sound pictures of
the war to Americans; at home, listeners ap-
preciated him because, as William Paley
wrote, "he radiated truth and concern” (1979:
151). Few people were so universally ad-
mired and respected during and just after the
war. He was, wrote David Halberstam, “one
of those rare legendary figures who was as
good as his myth.” When the war was over,
Murrow “was in his own way as much a hero
and a personage of that epic era as Eisen-
hower himself” (1979: 38, 39). Les Brown
called him "’broadcasting’s supreme journal-
ist” (1977: 288), and his boss, William Paley,
described him as “the soul of integrity . . .
fearless, strong-willed, and honor-bound by
his convictions’’ (1979: 151).

CBS benefited from Murrow not only as
an on-the-air personality; equally important
was his ability to attract to CBS News a su-
perb supporting staff. In 1947 Murrow re-
signed as CBS news vice president to resume
personal daily newscasting. As an on-the-air
personality, he survived the transition to tel-
evision better than some of the other famous
wartime journalists, moving on to still greater
achievements in the video age (§9.5).

News Commentary One of the early dis-
coveries about the use of news-related ma-
terial in broadcasting was that the medium
was ideally suited to editorial commentary as
well as to straight news reporting. H. V. Kal-
tenborn had started a series of commentaries
on WEAF in 1923. To his surprise, he found
that the same comments he wrote for his
paper, the Brooklyn Eagle, without causing a
ripple of concern sometimes provoked sharp
public reactions when spoken on the radio
(Clark, 1965).

He learned also how sensitive the execu-
tives of a company like AT&T, the WEAF
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licensee, could be to such reactions. After
only a few months WEAF abruptly discontin-
ued Kaltenborn’s popular news commentary
program because of the controversies it in-
spired. Nevertheless, news commentary be-
came a radio fixture by the late 1930s, when
world events called urgently not only for fast
reporting but also for interpretation.

Editorializing Broadcasters distinguish
between commentaries made by qualified in-
dividuals such as Kaltenborn, in their own
names, and station editorials aired in the
name of licensees. An editorial, according to
newspaper tradition, represents the pub-
lisher’s point of view. By contrast, both sta-
tion licensees (the equivalent of publishers)
and the regulatory agency questioned the
propriety of editorializing by licensees. More-
over, licensees (as in the case of AT&T and
the Kaltenborn commentaries) were not al-
ways ready to face the adverse reactions that
controversial opinions inevitably provoke.

Broadcast editorials were not generally of-
fered and in fact were banned by the Federal
Communications Commission in 1941, but it
reversed this stand in 1949 (§17.4). Despite
positive encouragement from the FCC there-
after, editorializing never caught on with the
networks; after all, they are hardly in a po-
sition to speak out on controversial issues on
behalf of all their affiliates. Individual sta-
tions began editorializing in 1949, but this
type of public affairs programming has never
loomed large in radio schedules, and to-
day editorializing on radio is relatively un-
common.

Radio Documentaries Radio excelled,
however, in a news-related program format,
the news documentary. Perhaps because of the
difficulties the press at first put in the way of
radio news reporting, broadcasters early
turned to an unconventional format — dra-
matized re-creations of news events, with
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actors impersonating the public figures of the
day. The March of Time, inaugurated by CBS
and Time magazine in 1932, was extraordi-
narily successful in spite of its questionable
mixture of fictional form and factual content.
The March of Time pioneered in documentary
journalism, a form that became a character-
istic and praiseworthy element of broadcast
programming. Later, when the Time series
was transferred to film, it linked the estab-
lished documentary tradition of radio to the
emerging one in television.

Hear It Now, an hour-long radio documen-
tary series broadcast by CBS in 1950-1951,
with Ed Murrow as narrator, consisted of ex-
tracts from past news broadcasts (parsimony
at work!), featuring the voices of newsmak-
ers, edited together into a coherent review of
recent events. It marked the start of the
broadcast collaboration between Murrow as
performer and Fred Friendly as producer, a
successful team that became even more fa-
mous for See It Now (1951-1958) and other
documentary series in television (§9.5).*

7.7 Broadcast Music

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

*The two had actually collaborated earlier, outside CBS,
in producing a popular series of record albums using the
same format, | Can Hear It Now.
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In its early years, a quarter of the entire
CBS schedule was devoted to music. NBC
began regular broadcasts of the Metropolitan
Opera in 1931, carrying it mostly on a sus-
taining basis until 1940. Thereafter Texaco,
Inc. underwrote the Met broadcasts and has
continued to do so ever since — “the longest
continuous commercial underwriting of the
same program by the same sponsor in the
history of radio” (McDowell, 1979). Texaco,
which now organizes a special ad hoc 300-
station radio network to carry the programs,
abstains from commercial interruptions, in-
serting only sponsor identifications at inter-
missions.

In 1937 David Sarnoff dispatched an em-
issary to Italy to sign up Arturo Toscanini,
the greatest symphony conductor of the day,
to lead the NBC Symphony Orchestra. Tos-
canini made musical history at NBC for a
decade. After his departure in 1946 the or-
chestra continued independently as the Sym-
phony of the Air, finally disbanding in 1965.

All this had tremendous impact on the
musical world, creating vast new public ap-
petites for all sorts of music, old and new,
classical and popular. While expanding the
market for music, however, radio also cre-
ated novel copyright and union rights prob-
lems never before faced by the creators and
performers of musical works.

Music Performing Rights: ASCAP and
BMI Under the copyright law* the playing
of a recording in public for profit is regarded
as a performance. As such it obligates the
user (in this case the radio station) to pay for
the performing right to the copyright holders,
who may include composers of the music,
lyricists, and music publishers.

*The present law, the Copyright Act of 1976 (17 U.S.
Code), replaced the 1909 law that was in effect when
radio broadcasting began. (Details of the 1976 Act are
discussed in §15.7.)
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Music copyright holders cannot possibly
monitor personally all the tens of thousands
of commercial establishments where music is
performed, including concert halls, hotels,
nightclubs, and other such public places as
well as broadcasting stations. Instead they
rely on music licensing organizations to act on
their behalf in collecting copyright fees for
performances of both live and recorded mu-
sic. The first U.S. organization of this type,
the American Society of Composers, Authors
and Publishers (ASCAP), was founded in
1914. It checks on the public performances of
music copyrighted by its members, collects
royalty fees, and distributes the net income
to the copyright owners.

When radio began, no one could be sure
what impact this new way of performing
music would have. Would repeated radio
performances quickly kill off interest in new
musical works, or would they enhance the
market for sheet music, recordings, and in-
person performances? As early as 1922 AS-
CAP began making substantial demands for
payments by broadcasters for the use of mus-
ical works in its catalog, whether broadcast
live or from recordings. These demands im-
posed a new and unexpected financial bur-
den on radio stations. In 1923 station owners
formed the National Association of Broad-
casters (NAB) to deal with ASCAP’s de-
mands on an industry-wide basis. Neverthe-
less, as radio grew the fees collected by
ASCAP also grew and soon broadcasting was
contributing the major share of the associa-
tion’s royalty collections. Effective resistance
to ASCAP’s demands was impossible be-
cause it was the sole U.S. licensing organi-
zation and controlled virtually all contem-
porary American music, along with
contemporary arrangements of older com-
positions on which original copyrights had
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expired. Radio stations found it impossible to
produce listenable music programs without
infringing on ASCAP copyrights.

Finally the broadcasters moved to break
the ASCAP monopoly. When ASCAP pro-
posed yet another substantial fee increase in
1937 the broadcasters rebelled, forming their
own cooperative music-licensing organiza-
tion, Broadcast Music, Inc. (BMI). The new
organization started business in 1940. Its first
“affiliates,” as the copyright owners are
called, were composers of country, western,
and “race” music (black popular music),
most of whom had never registered with AS-
CAP. Eventually BMI built up a comprehen-
sive library representing over a million mu-
sical works owned by some 55,000 publishers
and writers. BMI also has reciprocal agree-
ments with 38 foreign music-licensing organ-
izations. Nowadays the networks and most
radio and television stations pay for both AS-
CAP and BMI licenses. In 1979 radio stations
paid over $60 million for music licenses.

A long-drawn-out controversy continues
as to the legality of the methods of licensing
used by both ASCAP and BMI. The most
practicable system, now in general use, pro-
vides for a “blanket” license fee, figured as a
percentage of a station’s gross income and
permitting unlimited use of the licensing so-
ciety’s catalog. The networks oppose blanket
licensing and CBS is attempting to have it
ruled illegal under the antitrust laws (620 F
2d 930, 1980).

To calculate the amount due each copy-
right holder from blanket fees, the music-
licensing organization obtains detailed per-
use logs from a cross-section sample of all
stations in the country. The logs establish
frequency-of-performance levels for each
composition used. These levels are then
multiplied by a payment rate agreed upon by
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the individual composers in their contracts
with ASCAP or BML*

Union Battle Against Recordings A
second special interest group was concerned
with the new way of performing music in
public, the musicians’ union. Although
broadcasting created many new jobs for mu-
sicians, they saw its increasing reliance on
recorded music (especially the electrical tran-
scriptions then used for syndicated pro-
grams) as a threat. In 1922 an implacable op-
ponent of radio’s use of recordings, James
Caesar Petrillo, became president of the Chi-
cago chapter of the American Federation of
Musicians (AFM).

“Little Caesar,”” as he was called, first built
a strong political base locally in Chicago, then
went on to become national AFM president
in 1940. He embarked on a series of outra-
geous demands. First he prevented broadcast
of the Interlochen Music Camp, a well-loved
annual Michigan music festival featuring
young amateur symphonic artists. Next he
threatened to close down transcription mak-
ers, forcing syndication firms to pay substan-
tial extra fees for every broadcast transcrip-
tion made, the money going to a union slush
fund that Petrillo alone controlled. He suc-
ceeded in forcing broadcasters to hire profes-
sional musicians as “platter turners” in the
control rooms and as librarians in the station
record libraries of his hometown, Chicago.
He demanded that stations increase musi-
cians’ pay as much as fivefold. With unprec-
edented bravado, Petrillo defied the National
War Labor Board, President Roosevelt, the
Supreme Court, and the Congress of the
United States.

*The Copyright Act of 1976 makes a special provision
for compulsory licensing of public broadcasting stations
and their networks. They obtain licenses either by pay-
ing a voluntary, mutually agreed fee or one set by the
Copyright Royalty Tribunal, a federal body established
by the copyright act.
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Congress finally passed a bill known as
the Lea Act in 1946, amending the Commu-
nications Act of 1934 specifically to bring Pe-
trillo under control. The Lea Act forbade sta-
tions to hire unneeded personnel to satisfy
union demands, banned union restrictions
on the use of transcriptions, and forbade
unions from preventing broadcasts by ama-
teur musicians. It took another two years of
litigation before the courts finally upheld the
Lea Act, at last relieving broadcasters of the
constant musicians’ strikes that had em-
broiled them for nearly a decade. Petrillo’s
antics hastened the demise of live studio or-
chestras, an end that doubtless would have
been eventually brought about by the chang-
ing economics of the industry. Nevertheless,
organized labor interests still chafe at the
constraints imposed by the Lea amendment
and a bill to repeal it was passed by the
House of Representatives in 1980.

Network Recording Ban When radio
began, phonograph recordings were still rel-
atively primitive. In fact Edison cylinders
were still in use, along with discs. The latter
were made of shellac, a heavy, brittle mate-
rial easily damaged or shattered. They ran at
78 revolutions per minute, allowing time for
only three or four minutes to a side. Sixteen-
inch ETs (electrical transcriptions), running
15 minutes to a side at 33 1/3 rpm, were
introduced in 1929 specifically for radio pro-
gram syndication and for subscription music
libraries. The latter provided stations with a
basic library of music on ETs, supplemented
at regular intervals by additional recordings.

The radio networks, however, scorned re-
corded programs. They regarded their ability
to distribute /ive programming to their affili-
ates as a major asset. Even if more convenient
and better-quality methods of recording had
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been available, the chains would have re-
sisted the suggestion that they should pro-
gram “secondhand” material. The radio com-
mission, too, looked down on recorded
programs, requiring in the early years that
each recording be conspicuously announced
as such. This was to assure listeners that the
broadcaster had no intention of fooling them
into accepting canned material as the real
thing.

ABC was the first network to do away with
the recording ban completely. It did so in
order to lure Bing Crosby away from NBC in
1946. The singer hated the tension and risks
of real-time broadcasting, which were com-
pounded by the need to repeat each live pro-
gram in New York a second time for the West
Coast to compensate for time-zone differ-
ences. Crosby himself financed a company to
make tape recorders, based on magnetic tape
recording technology developed by the Ger-
mans during World War II. As soon as broad-
cast-quality audio tape recorders became
available Crosby insisted on recording his
weekly prime time program. CBS and NBC
soon followed the ABC lead.

Development of LP Recording Mean-
while, in the mid-1940s CBS had assigned
Peter Goldmark, head of the network’s re-
search laboratories, to explore ways of im-
proving the technology of disc recording. In
his autobiography, Goldmark says he was
amazed to discover that the old-fashioned
phonograph technology had never been sub-
jected to modern, systematic scientific anal-
ysis (1973: 134).

Goldmark took the entire process apart,
piece by piece, from the recording micro-
phone to the playback speaker, analyzing
each component and the relationships of one
to another. In the experimental recording
studio he used actual gunshots (particularly
difficult sounds to record), fired into a mat-
tress, as a test sound. The first recorded shot
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”sounded like a baked potato falling on the
floor”” (Goldmark, 1973: 136). He had a long
way to go, but by 1948 CBS was able to an-
nounce its new long-playing (LP) 33 1/3-rpm
records and new playback equipment to go
with them.

CBS’s arch-rival, RCA, countered with the
45-rpm "“extended play” recording, but soon
had to accept the longer-play CBS system as
well. Both systems use vinyl — light, flexible,
and durable, a great improvement over the
old 78-rpm shellac. More grooves per inch
and slower turntable speeds enable dramatic
increases in playing time. For the first time
music lovers could hear long pieces played
back without interruption. Well-designed
electronic components greatly improved
quality and reduced noise. These improve-
ments soon started a boom in high-fidelity
music, which in turn increased public interest
in the "hi-fi” capabilities of FM broadcasting.

The Role of Rock If music had been im-
portant to radio during the pretelevision era,
after television began it became all-impor-
tant. With the loss of network dramas, vari-
ety shows, quiz games, and documentaries,
radio programming fell back essentially to
music and news/talk, with music occupying
by far the majority of time on most stations.
Providentially for radio, this programming
transition came at a time when a new musical
culture was arising, one that was to find in
radio an ideally hospitable medium.

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

began playing a strange new sound. A sound that
combined clements of gospel, harmony, rhythm,
blues, and country. He called it “'rock and roll.”
And people cverywhere began to listen. . . . It
transcended borders and race. It was enjoyed down
South as well as in the North. The music was no
longer segmented. Both blacks and whites were

RADIO AFTER 1928

able to listen. . . . Rock and roll sang to the teen-
ager; it charted his habits, his hobbics, his hang-
ups. (Drake-Chenault, 1978: 1)

Rock became the vehicle for expressing
feelings about the expanding generation gap.
Music spoke the language of the counter-es-
tablishment and took up its movements, one
by one — civil rights, sexual freedom, drugs,
opposition to the Vietnam war, and general
rebelliousness. “Before the advent of rock,
the arts had never attempted to deal with
such passions in quite so direct and demo-
cratic a way”’ (Rockwell, 1979).

Radio proved to be the ideal outlet for this
new form of expression. Rock lyrics spread
the slogans of the disenchanted and the dis-
established in a coded language, in defiance
of the stuffy standards that broadcasting had
previously sought to maintain. In fact, with
prompting from the Nixon White House, the
FCC caused an uproar in 1971 when it
warned licensees that it was their duty to
know what the lyrics were saying about
drugs. Commissioner Nicholas Johnson, an
outspoken supporter of the youth culture,
strongly dissented, but a court appeal against
the FCC failed (478 F2d 594, 1973).

Elvis Presley made his first television ap-
pearance in 1956 (from the waist up), but
television lagged behind radio as a medium
for rock music. From the youthful audience’s
point of view, television was the establish-
ment medium, identified with big advertising
and committed to broad mass appeal pro-
gramming. From the rock stars’ point of
view, television networks were too easily
shocked by their radical styles. Moreover, the
technical inferiority of television sound failed
to do justice to their music, while the ordi-
nary live-audience television studio created
a depressing, stuffy atmosphere (Gunther,
1978). Radio therefore became the primary
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medium of the new musical culture, working
hand in glove with the recording industry
and responding instantly to every nuance of
change in musical fashions.

7.8 Radio’s Response to
TV Competition

Decline of Networks First to suffer from
television inroads were the radio networks.
Television swiftly captured the mass audi-
ence, luring away the major advertisers and
with them the major performers. Declining
income told the story in a nutshell. In 1948,
the year that television began its phenomenal
growth, the radio networks and their few
owned-and-operated stations earned $18
million. By 1958 their income had dropped to
zero. Total income of the rest of the stations
dropped in the same period from $46 million
to $41 million, but by 1958 twice as many
stations claimed a slice of the pie. On an
average, each station earned only half as
much in 1958 as it had in 1948.

Radio’s Identity Crisis As radio stations
continued to expand in number and shrink
in revenue, they faced a growing problem of
anonymity. Cast adrift from their network
program moorings, stations floundered in a
sea of sameness. Networks had given their
affiliates ready-made personalities and un-
affiliated stations were few enough in num-
ber to have relatively little difficulty in cre-
ating recognizable independent public
images. With the loss of star talent to televi-
sion and the cutback in network program
schedules, all stations became very much
alike. In metropolitan areas it was possible to
tune in to scores of different radio stations,
all sounding pretty much the same.

The answer to radio’s identity crisis came
with formula programming. It was first em-
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ployed with striking success in the late 1950s
in the form of “Top-40" programming. The
name referred to the practice of rigidly lim-
iting DJs to a prescribed playlist of currently
best-selling popular recordings. Gordon
McLendon, a colorful sportscaster and sta-
tion owner, is one of those credited with
launching the format.

Another pioneer, Todd Storz, applied the
Top-40 formula to group-owned stations.
Such innovators frequently moved bottom-
ranked stations to the first rank in their mar-
kets in a matter of months.

Top-40 Radio The prescribed playlist re-
moved the DJ from the position as sole arbiter
of musical programming. Designing the all-
important playlist soon came to involve a
great deal more than simply looking up the
latest popularity charts in Billboard or some
other trade publication. Much ingenuity and
research went into deciding which and how
many tunes should be considered the current
hits, which versions of them to feature, how
frequently each should be played in the pro-
gram “mix,” when an established tune
should be dropped, when a new one picked
up, how often and when to insert a “golden
oldie.”

In addition to prescribing a playlist, Top-
40 stations mandated a hard-driving an-
nouncing style and the suppression of DJ im-
provisation, liberal use of such production
gimmicks as echo and filter, station identifi-
cations wrapped up in tricky jingles, frequent
repetition of catch-phrases and slogans, and
constant hammering on identity by means of
attention-grabbing promotional contests.

An hour’s monitoring of a Storz Top-40
station in the late 1950s yielded the following
statistics: 125 program items in the single
hour; 73 time, weather, promotional, and
other brief announcements; 58 repetitions of
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call letters; a three-and-a-half minute news-
cast featuring accidents and assaults, each
item averaging two sentences in length. The
overall effect was loud, brash, fast, hypnotic
— and memorable. The station acquired an
instantly recognizable “sound.” No other
station on the dial in a Storz market sounded
anything like the newly programmed Storz
station.

The dramatic success of the Top-40 for-
mula came as much from its ruthlessness in
repelling listeners as in its skillfulness in at-
tracting them — a seeming paradox to pro-
grammers who still thought in old-fashioned,
pretelevision, family-audience terms. They
could not conceive of deliberately offending
listeners. Formula programmers, however,
had learned that consistency was the secret
of success. They defined a specific audience
segment (in terms of age and musical taste),
programmed relentlessly for that segment no
matter how many other segments took of-
fense, and fulfilled the formula with unwav-
ering consistency. Formula programmers
cheerfully scrapped beloved old programs
that had been attracting loyal audiences for
decades but which struck false notes in the
station’s new sound.

The second ingredient in Top-40 success
came from equally single-minded dedication
to ceaseless promotion and advertising.
Everything possible was done to imprint call
letters and dial position indelibly on the lis-
tener’s mind. Tens of thousands of dollars
were spent on prizes to the winners of “treas-
ure hunts” and other promotional contests.
Such efforts were redoubled during
“sweeps” — the intermittent periods during
which national and audience measurement
firms collect listening data (§14.2).

Many stations have been penalized for us-
ing contests (some of them syndicated) that
violated the federal antilottery law (§15.7).
Moreover promotional contests sometimes
encouraged such unruly conduct by frenzied
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contestants that the FCC issued a warning
against causing public alarm, infringing on
property and privacy rights, and creating
traffic jams and other hazards requiring po-
lice intervention (2 FCC 2d, 464, 1966).

Extension of the Top-40 Principle
Top-40 was not, of course, the only possible
formula. Let several stations in a market con-
vert to Top-40 and soon all begin to sound
about the same. But the larger lesson of the
Top-40 formula or format* was to show pro-
gram strategists that highly disciplined pro-
gramming aimed at well-defined audience
segments could overcome anonymity and
create a loyal, if limited, following. Dozens
of different music formats and subformats as
well as talk formats have since emerged.
Modern radio programming demands con-
stant improvisation and experimentation as
music fads come and go and as youthful au-
diences grow up and shift their loyalties.
Defining target segments of the audience
is made easier by the fact that demographics
— age, sex, and rural vs. urban residence in
particular — have a strong statistical relation-
ship to program tastes. Twice as many people
in the 64-and-up group prefer MOR (middle-
of-the-road) stations as do people in the 18-
24 age group, for example. Three times as
many rural as urban listeners prefer ““coun-
try” stations. On the other hand, the tren-
diness of musical fads makes it impossible
for a station to rest on its oars once it devel-
ops a successful formula. Stations constantly
change formulas as fads come and go. Disco

*The terms “formula” and “format” are used inter-
changeably, though “formula” tends to focus attention
on program ingredients (in the sense of “recipe”), while
“format” tends to focus on program structure (in the
sense of “layout”).
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music was a striking example in the late
1970s. Many stations scrapped their existing
formulas to get on the disco bandwagon,
only to find its popularity wilting, sometimes
within months of its adoption.

Format Syndicators So exacting has the
art of program formula design and execution
become that many stations now employ the
services of firms known as format syndicators.
They provide what amounts to a new form
of syndication,* in which the syndicator sup-
plies not only actual program material but
also a wide range of advisory services. Syn-
dicators guide stations in every nuance of
programming, program promotion, and re-
search, charging each subscribing station fees
ranging from several hundred to several
thousand dollars a month.

About a dozen major companies operate
in the format syndication field. Bill Drake of
Drake-Chenault Enterprises, believed to be
the most influential programmer in the field
of radio today, led the reaction to the ex-
cesses of the original Top-40 formula. A 1971
Broadcasting special report, called “On the
Leading Edge of Broadcasting,” credited
Drake with “cleaning up” radio:

He did it by first believing that the radio listener
was being insulted as well as assaulted by the top-
40 sounds as broadcast [in the 1950s], then by
proving that the broadcaster stood to gain by ca-
tering to these sensibilities rather than offending
them. The first station given the Drake treatment

*Conventional radio program syndication also occurs,
with packaged features varying in length from a few
minutes to many hours available as ready-made program
items. A popular example is American Top-40, a weekly
four-hour package of music, interviews, and comments
heard in over 500 markets. The syndication of entire
formats seems to have been inspired by a practice that
arose in the 1950s, when successful DJs such as Martin
Block (§7.4) began selling their programs to more than
one station.
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(KGB [AM] San Diego) went from last to first
position in 63 days. (West, 1971: 44)

Drake-Chenault, founded in 1963, is the
oldest and probably the biggest format syn-
dicator. Its eight formats aimed at specific
demographic segments, include for example
”Contempo-300,” appealing to the 18-44
group, and the “XT-40,” appealing to the 18-
34 group. Drake-Chenault also syndicates
music packages such as its 48-hour History of
Rock 'n’ Roll.

Another popular format syndication firm,
Schulke Radio Productions (SRP), offers a
service designed especially for stereo FM sta-
tions. The basic SRP library consists of 130
tapes, each holding four quarter-hour seg-
ments (minus time for local insertions). Two
days of production effort go into the prepa-
ration of each one-hour tape to achieve a
quality that SRP calls “matched flow.” In the
course of a year at least 80 new tapes are
added. Each quarter-hour is programmed in-
dividually to fit into a particular hour of the
24-hour broadcast day, carefully calculated to
match audiences available in each of eight
different day parts. In addition, the formula
reflects changes between spring/summer
(happier, more up-tempo”) and fall/winter
(“more romantic”’). The client station gets a
manual of instructions along with the tapes,
additional services such as a promotional kit,
and ongoing advice based on monitoring of
station output. SRP’s “beautiful music,”
bland and unobtrusive, is aimed primarily at
the 18—49 female audience on the theory that
women “dominate’”” male listening in this age
category.

Station Automation Over a third of the
radio stations on the air use some degree of
automation, most commonly to handle rou-
tine logging of program details and billing of
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advertisers.* Much of the work in program,
production, and business departments is
highly repetitive and so lends itself readily to
automation. The daily program log, for ex-
ample, normally requires only minor updat-
ing from day to day. Most of the items such
as commercial, public service, promotional,
and station identification announcements,
remain in place over a period of time. Auto-
mated systems provide for deleting old and
adding new material without altering the
rest.

More sophisticated automation systems
can carry out most programming, produc-
tion, traffic, and engineering functions. They
make an ideal marriage with syndicated mu-
sic formats, which demand precise controls
over content and timing. Sophisticated au-
tomation uses microprocessors and digital
memories, keyboards on which instructions
can be typed out in plain English, video-
screens that give the keyboard operator in-
structions and information on the status of
the system, and “hard copy” printers that
deliver information for the record, such as
program logs (Exhibit 7.8).

7.9 Specialty Radio
Formulas

Although the great majority of radio stations
employ music formulas, among the 8,000-
plus commercial stations on the air every
conceivable variation occurs. Some try to
broaden their appeal by “dayparting” — al-
ternating formats to suit different parts of the
day. For example, some use an all-news for-

*Automated transmitter systems (ATS) are another op-
tion. First authorized by the FCC in 1977, ATS provides
for automatic adjustment of power and modulation lev-
els. If, despite the adjustments, authorized levels are
exceeded or malfunctions develop, the system shuts it-
self down and sends an alarm signal to an engineer.
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mat during drive-times, shifting to MOR mu-
sic at other times. Some build up DJ person-
alities, others suppress them. Some abide by
rigid formulas, some favor free-form pro-
gramming. Even the old-fashioned general
interest program philosophy still claims some
followers. The variety of programming avail-
able is truly prodigious, despite the essential
sameness of the typical music formulas.

All-News Format A particularly striking
example of the parsimony principle at work,
the all-news station, began to emerge in the
1960s. In a sense the name is a misnomer
because there is nowhere near enough fresh,
relevant news available to fill every single
hour of programming. So-called all-news sta-
tions actually devote only a quarter or less of
their time to news, and even that small news
budget is repeated frequently. The rest of the
time is occupied by many kinds of non-news
informational and service features. All-news
stations count on holding the attention of
listeners only for about twenty minutes at a
time, long enough for them to arm them-
selves with the time of day, the latest news
headlines, weather tips, and information
about driving conditions.

This “revolving door”” programming prin-
ciple demands a large audience reservoir to
draw upon. Moreover, all-news stations are
expensive to program. In the top 500 stations
(the 10 leading stations in the top 50 markets)
only 15 claim to be all-news stations (Broad-
casting, 25 Aug. 1980).

Talk Formats More widespread, though
still representing a minority of only about
three percent of the formats in use, are the
talk and information stations. Typically these
combine in-studio and telephone interviews
with listener two-way telephone talk.

The commercial viability of the two-way
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telephone format is affected by the fact that
it attracts an older and generally conservative
class of listeners — people who have both
the time and the inclination to engage in po-
lemics with talk-show hosts. Program direc-
tors must take care lest a small but highly
vocal group of repeat callers, often advocates

Exhibit 7.8
Radio program automation
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of extremist causes, dominate the talk, killing
advertiser interest.

Religious Formats Broadcasting has al-
ways attracted religious organizations and
charismatic figures. Over fifty religious or-
ganizations held station licenses in the 1920s,
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This example of an installation at KYYX(FM) in Seattle shows three modes of tape
playback — conventional reel-to-reel machines (left), banks of individual cartridge
players called Instacarts (center), and oval lazy-susans called Gocarts that revolve
to move cartridges into position for playback (right). The three different playback
modes allow efficient integration of varied program elements such as music,
commercials, promos, PSAs, and IDs, which are automatically switched on and off

in sequence according to the program log.

Source: IGM Communications
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but, like the educational licensees, most of
them later gave up their grants. Only a dozen
of these pioneer AM stations survive, but
more recently FM encouraged a resurgence
of religious radio stations. According to the
president of the National Religious Broad-
casters (NRB), which had over 800 members
in 1979, some 600 radio stations '‘broadcast
religious content virtually fulltime and are
owned by evangelical believers” (Armstrong,
1978: 56). Other estimates suggest that the
number of radio stations identified at least in
part with religious programming runs as high
as 1,400.

The practice of selling time to promoters
of religious programming, one of the most
striking features of modern radio, has always
been controversial, and many stations still
oppose it.* Nevertheless, such sales amount
to a multimillion-dollar business that even
nurtures its own specialized advertising
agencies. Paid religious radio programming
is in fact so widespread that a world directory
of stations that accept such business has been
published (ICB, 1973). Much of this program-
ming consists of old-fashioned back-to-the-
Bible fundamentalist preaching, but there are
also recognized religious musical formu-
las — traditional “gospel,” “’contemporary
Christian,” and “’Christian rock” (Routt et
al., 1978: 211).

Free-Form Radio In the 1960s, as a re-
action to rigidly formatted radio and as an
expression of dissent from established val-
ues, some small stations began what was
called “underground” or "free-form” radio.
They were mostly FM stations, willing and
able to risk experimentation. “Some great
things were done,” recalls one observer.

*The Radio Code of the National Association of Broad-
casters is silent on the subject, but the Television Code
states: “A charge for television time to churches and
religious bodies is not recommended.”
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“Tough, creative, unpolished, kinky scenes,
but great. FM radio was a world full of sur-
prises, like the world of early television” (Pi-
chaske, 1979: 151).

Particularly influential in this movement
was a small group of stations called by their
leading champion, Lorenzo Milam, “free-
form noninstitutional radio.” The original in-
spiration came from Lew Hill, an idealist who
initiated the movement when he founded
KFPA (FM) in Berkeley, California, in 1949,
under the umbrella of the Pacifica Founda-
tion, so named because of Hill’s lifelong de-
votion to pacifism (Trufelman, 1979). Four
more stations have since been added to the
group, in Houston, Los Angeles, New York
City, and Washington, D.C. Pacifica stations
operate noncommercially, depending on lis-
teners and foundations for financial support,
supplemented by income from a news bu-
reau and a tape syndication service.

The Pacifica stations have been constantly
embroiled in legal challenges, internal dis-
putes, and outrageous programming experi-
ments. The Pacifica name is attached to the
most significant Supreme Court broadcasting
obscenity decision, the "seven dirty words”
case (§17.2). Pacifica stations have scheduled
such unusual features as the news read in
Mandarin Chinese, a reading of all the Nixon
tapes that have been released, letters from
the kidnappers of Patty Hearst during their
standoff with authorities, recitations of
lengthy novels such as Tolstoy’s War and
Peace and Joyce’s Ulysses in their entirety, and
a two-hour opera improvised on the air by
phone-in singers. Absurd though many Pa-
cifica programs have been, limited though
their audiences have remained, they have
played a useful role in shaking up established
radio. Hundreds of stations have benefited,
if only indirectly, from Pacifica’s challenge to
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the safe, the conventional, and the routine
(Post, 1974).

According to Lorenzo Milam’s idealistic
theory of noninstitutional radio:

A radio station should be a place in the community
for concerned and talented and plain-home-folk
individuals to have a chance to express themselves.
In the place you live right now, there are hundreds
of secret talents: there is someone who collects
(and loves) old jazz; there are politically aware
people — who can speak to reality, and raise so
many consciousnesses in the process. . . . There
are individuals, walking down the street right
now, right there: live, living people who can play
the guitar or the kazoo or the harp — people who
would be delighted to know that there is one door
to the ether which is open and free to them: a door
to all the hungry minds and souls of so many
people who will, at last, know (through your sta-
tion) that they are not alone. (1972: 43)

7.10 Fate of Network
Radio

By the mid-1950s the complacent radio net-
work way of life of pretelevision days was
rapidly fading away. As William Paley re-
called it:

Although [CBS’s] daytime schedule was more
than 90 percent sponsored, our prime-time eve-
ning shows were more than 80 percent sustaining.
Even our greatest stars could not stop the rush to
television. Jack Benny left radio in 1958; Bing
Crosby left nighttime radio in 1957 and quit his
daytime program in 1962. It was sad to see them
and other old-timers go. Amos 'n’ Andy, which
had been on radio since 1926 and on a network
since 1929, left the air in 1960. (1979: 227)

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

Revival Although slower to revive than
the stations, radio networks climbed back
somewhat from their low ebb of the 1960s. In
1979 they still accounted for only about four
percent of radio’s total advertising revenue.
Nevertheless, new networks are emerging,
with a dozen already in business and still
more promised. One reason for the increase
is that in 1977 the FCC revised its definition
of what constitutes a radio network, broad-
ening it to include the audio services sup-
plied by the national news agencies.

Compared to the stability of television af-
filiations, those of radio stations seem some-
what casual. It is not unusual for one station
to appear in the affiliation lists of two or three
networks, and affiliates often carry only a
small part of the offerings of their networks.
For these reasons the numbers of affiliates
claimed by each network are meaningful only
in general terms. In 1980 the leading radio
networks in terms of affiliates, expressed in
round numbers, were: ABC 1,700 (divided
among four subnetworks); UPI Audio, 1,000;
Mutual, 950; AP Audio, 700; CBS, 350; NBC,
300. Smaller chains included the National
Black Network, RKO, and Sheridan.

Adaptation One of the more imaginative
network responses to the new demands of
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formula radio was that of ABC in 1968. Re-
cognizing the central role played by audience
segmentation in station programming, ABC
designed four different network services,
each with a different type of audience in
mind. Selection of network news and fea-
tures and the styles of presentation were ad-
justed to suit specific audience age ranges
and to blend smoothly into local program
formulas. ABC adopted the following alter-
natives (affiliates as of 1980 in round num-
bers):

w American Contemporary Radio tries to com-
plement the style of rock stations, targeting
the 18-24 age group (about 400 affiliates).

s American FM Radio matches the needs of
FM stereophonic stations with appeals to
teens and young adults (about 200 affiliates).
w American Entertainment Radio appeals to
“up-tempo” middle-of-the-road music sta-
tions, aiming at the big midrange audience
segments aged 18—49 (about 500 affiliates).

w American Information Radio seeks to please
the followers of MOR music and all-talk for-
mulas aimed at the older audience group
(about 600 affiliates).

ABC spaces out its short news feeds to the
four sets of affiliates throughout each hour,
using the intervening time to feed sports,
features, and commentaries on a closed-cir-
cuit basis for later playback by the stations.
This scheduling plan gets maximum use out
of its single network of interconnecting relay
circuits. The subnetwork plan also enables
ABC to have more than one affiliate in a sin-
gle market, something that had been forbid-
den by the old chain broadcasting rules
adopted during the heyday of network radio.

Another interesting network adaptation is
that of the Mutual Broadcasting System’s
Larry King Show, which capitalizes on the ex-
ample of the local all-talk format. Reversing
the accepted wisdom that network radio seg-
ments must be short and punchy, MBS offers
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an all-night talk show, lasting from midnight
to 5:30 A.M. Listeners find the blend of in-
terviews, two-way telephone talk, and badi-
nage by talk host King so fascinating they are
willing to pay for long-distance calls from all
over the nation and from Canada as well,
sometimes waiting for hours to get through
to the MBS studio in Arlington, near Wash-
ington, D.C. Guests are fascinated by the
experience of receiving calls in quick succes-
sion from knowledgeable listeners scattered
across dozens of different states.

Program adaptations such as the ABC and
Mutual examples represent a comedown
from the palmy days when stars like Bing
Crosby, Bob Hope, Fred Allen, and Jack
Benny dominated the airways. But these ad-
aptations helped give network radio a new
lease on life as a minor but seemingly per-
manent feature of the radio scene.

Summary

The post-1928 period for radio began with
the Great Depression, a time when the new
medium helped relieve the universal gloom.
Broadcasting at the network level was gen-
erally conservative and cautious during this
period, but there was also a less decorous
aspect of radio — stations that served as per-
sonal mouthpieces. Two such stations lost
their licenses in the early 1930s because of
irresponsible programming,.

After the Depression years came World
War II, during which radio news came of
age. In the postwar period television under-
mined traditional radio network program-
ming. During the 1960s radio stations found
new roles to play, emphasizing musical for-
mats. By 1980 some 8,000 commercial radio
stations were on the air, yet the medium
prospered. There was even a resurgence of
interest in network radio.



SUMMARY

Introduced during the 1930s, FM radio
was held back by the simultaneous emerg-
ence of more attention-compelling television
and by the reluctance of AM stations to give
FM free reign to develop. Not until the 1960s
did FM begin its major growth. The FCC'’s
nonduplication rule in 1964 gave it a big
boost. Now the audiences for FM and AM
are about equal.

Radio programming development was af-
fected by the medium’s voraciousness, which
made necessary the sparing, repeated, and
shared use of program materials. Soap op-
eras, game shows, and DJ programs were
early examples of parsimonious use of re-
sources. Networks exemplify shared use of
materials. The original two national net-
works, NBC (Red and Blue) and CBS, ex-
panded to four in the 1940s with the emerg-
ence of MBS and the sale of NBC Blue, which
became ABC. CBS originally played second
fiddle to NBC, but climbed to first place by
developing a superlative news operation and
by raiding NBC’s talent pool. ABC assumed
the third position, MBS the fourth.

At first the traditional press associations
and news organs resisted radio’s intrusion
into the news field, but during World War Il
radio news assumed great importance. Dur-
ing this period Edward R. Murrow, broad-
casting’s most distinguished journalist,
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emerged as a key radio personality and ex-
ecutive.

Recorded music had great importance in
radio station programming from the outset
because it enabled repeated use of program
materials. But radio’s use of recorded music
was impeded at first by high costs imposed
by music licensing organizations and the mu-
sicians’ union. Later, after these problems re-
ceded, the advent of rock and roll and the
political overtones that music took on during
the 1960s contributed to radio’s revival. Re-
cording technology, much improved by the
introduction of LP and ET recordings, stim-
ulated interest in music and hence eventually
also the growth of FM.

Radio’s decline as a result of television and
its subsequent recovery hinged on the reali-
zation that radio was no longer a family me-
dium. Basically this meant adopting highly
structured and readily recognizable program
formats aimed at small audience segments.
Starting with the Top-40 format, this trend
spread and accelerated rapidly in the 1960s.
Syndicated format companies sprang up to
assist in the process, which was also aided
by automation of production and program-
ming functions. Radio networks survived,
and today are even growing in numbers, by
adapting their programming to fit the needs
of stations using program formulas.






CHAPTER

Development of Commercial Television

8.1 Overview: The
Contrast with Radio

Development of Technical Standards
The idea of wireless transmission of pictures
occurred to inventors quite as early as the idea
of wireless sound transmission. However,
even after sound broadcasting became a real-
ity, television still remained in the experi-
mental stage.

This delay was partly because of the more
sophisticated technology that television re-
quires, but even more because of the need
for compatibility, the need to adopt a single
national standard specifying the details of the
television signal. The act of standardizing
such technical details as frame- and line-fre-
quency freezes development at a particular
level. If it turned out later that standards
should have been set at a higher level, tre-
mendous waste would occur because mil-
lions of receivers and much studio and trans-
mitter equipment would be outmoded.

Setting television standards involved
finding a compromise among the conflict-
ing interests of patent holders, manufactur-
ers, and government bureaucracies, all with
their own economic and political con-
cerns. For these reasons, in the years before

1948 television moved forward in fits and
starts as standards were improved bit by bit
and FCC permission was won to try the im-
provements out on the public.

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

The watershed year in the United States
was 1948, when a series of technical, legal,
economic, and organizational developments
converged. Thus television as a functioning
mass medium lagged some twenty years be-
hind radio.

Radio Precedents The very fact that ra-
dio broadcasting had already had two dec-
ades of growth as a mass medium gave tel-
evision a different start. Networks
immediately assumed a leading role in tele-
vision because they furnished ready-made
organizations and operational patterns for
the new medium. Moreover, the very nature
of television programming favored the net-
work approach. The type of shoestring op-
eration based on a turntable and a stack of
recordings that served to get many small ra-
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dio stations on the air was out of the question
in television.

On the other hand, radio had come on the
scene with the essential facility that the net-
works needed already in place — the nation-
wide web of long-distance telephone lines.
Television had to await the development and
installation of special coaxial cable and micro-
wave relay links by AT&T. The first regular
intercity relay circuit, running between New

Exhibit 8.1.1
See It Now joins Atlantic and Pacific
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York and Washington, D.C., became availa-
ble as early as 1946, the first transcontinental
link five years later. A few months after the
opening of the east-west link, Edward R.
Murrow celebrated the occasion in a famous
See It Now program on November 18, 1951
(Exhibit 8.1.1). Murrow showed both the At-
lantic and the Pacific oceans, both the Brook-
lyn and the San Francisco Bay bridges, si-
multaneously on monitors in the control

The famous scene on the first See It Now program in 1951, a shot of Ed Murrow in
the control room looking at monitors showing simultaneous views of the Pacific and
Atlantic oceans, symbolizing attainment of coast-to-coast television.

Source: CBS News
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room (he was the first to use the control room
as a studio). Murrow’s biographer called it
“’perhaps the most significant television half-
hour presented on the home screen until
then. . . . For the first time the continental
sweep, dramatic power and sheer magic of
television were displayed in the simplest and
most striking way”’ (Kendrick, 1969: 335).

During these developmental years, how-
ever, full network competition was still not
possible because on most routes AT&T could
supply only a single relay channel. Taking
turns using the cable, the networks could not
offer affiliates a continuous sequence of pro-
grams.

The recorded alternative to a direct net-
work feed was the kinescope, a filmed version
of the television picture as it appeared on the
face of a receiver tube (§4.3). These filmed
“recordings”” of network programs were
available by 1948 but looked so flat and un-
realistic that they did little to encourage peo-
ple to buy receivers. Nearly a decade went
by before videotape solved the problem of
television recording.

Growth of Stations Television station
growth patterns differ markedly from those
of radio, as a comparison of Exhibits 7.1 and
8.1.2 shows. Despite competition from tele-
vision, the upward curve of radio growth has
continued throughout its history. When us-
able AM channels began to dry up, FM took
over and continued the trend. The VHF tel-
evision growth curve began to level off by
1965; after an irregular growth pattern in the
1950s, UHF growth leveled off by 1970. Since
then the number of commercial television
stations has risen only slightly.

These differences between the two broad-
cast media reflect differences in costs and in
channel availabilities. More commercial tele-
vision stations would go on the air if it were
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possible for small markets to support the ex-
pense and if more channels became available
in the larger markets.

8.2 Quest for High
Resolution

Experimental television existed for decades
before it became a mass medium. Early sys-
tems worked, but the pictures were far too
crude to be regarded as anything but curi-
osities. The problem was basically one of ob-
taining sufficient resolution. A standard
equal to that of home movies was needed for
general public acceptance.

Nipkow’s Scanning Wheel Mechanical
television systems used the scanning wheel or
disc, invented in 1884 by a German, Paul
Nipkow. It was a large, flat metal disc, per-
forated with a series of small holes. Starting
near the rim of the disc, the holes were reg-
ularly spaced in a spiral pattern. As the disc
spun in front of an aperture, each hole
scanned one line of the scene to be televised.
Thus the number of holes in the disc deter-
mined the number of lines in each frame. A
wheel on the order of two feet in diameter
was needed to scan an area about the size of
a postage stamp.

Two pioneers, Charles Jenkins in the
United States and John Logie Baird in Britain,
demonstrated mechanical systems in the
1920s. Jenkins’s interest in television arose
from the fact that he had developed several
important motion picture projection patents.
In 1928 he began regular transmissions of
what he called “radiomovies.” He used a 48-
hole Nipkow disc, spinning at 15 revolutions
per second — line and frame frequencies suf-
ficient to yield only an exceedingly crude pic-
ture. Amateurs could build a simple receiving
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device capable of displaying a one-inch sil-
houetted picture. Despite their crudity, the
Jenkins telecasts from an experimental sta-
tion in Washington, D.C., enjoyed consid-
erable popularity. Because he conducted his
experiments in the low-frequency band in-
stead of the VHF and UHF bands we now
use, his transmissions could travel long dis-
tances — up to 2,000 miles when sky-wave

Exhibit 8.1.2
Growth of television stations, 1948-1980
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propagation conditions were favorable (Lach-
enbruch, 1971).

Baird, working in Great Britain, set up the
world’s first television company in 1925 to
exploit a 30-line mechanically scanned tele-
vision system. The next year the British gov-
ernment authorized experimental transmis-
sions and the sale of receivers. Baird’s
persistent efforts, along with the competing
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The modern TV era started in 1948, with 16 stations on the air. A few more than a
hundred stations had been authorized when the 1948-1952 freeze imposed a
temporary ceiling. After the thaw the number shot up remarkably unti about 400
was reached in 1955. Growth began to slow down at that point, but has never
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two in 1954,

Source: Adapted from Stay Tuned: A Concise History of Broadcasting, by Christopher H.
Sterling and John M. Kittross. Copyright 1978 by Wadsworth Publishing Company, Inc.
Reprinted by permission of Wadsworth Publishing Company, Belmont, CA
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efforts of the British Electric and Musical In-
dustries, Ltd. (EMI), culminated in 1936 with
the first high-definition television to be of-
fered on a regular basis to the public, the
British Broadcasting Corporation’s television
service.*

Baird had won the battle, but was soon to
lose the war, for the BBC hedged its bets. It
alternated two competing systems — Baird’s
240-line mechanical system and the rival all-
electronic 405-line EMI system. Within less
than a year the BBC discontinued Baird’s op-
eration, marking the end of the long cam-
paign to win acceptance for mechanically
scanned television. “Baird occupies an im-
portant but curious position in history,” con-
cluded Asa Briggs, the British broadcasting
historian. ’He publicized television more ef-
fectively than any other individual, but even-
tually when television established itself it was
not on the lines he had so long envisaged”
(1965: 523).

The BBC closed down its pioneer televi-
sion service at the outbreak of World War II
in 1939. Just a few months earlier an Ameri-
can version of electronic television had made
its public debut at the New York World’s
Fair.

Farnsworth and Zworykin The names
most prominent in U.S. television develop-
ments after Baird’s mechanical system was
abandoned were two inventors of widely dif-
ferent backgrounds, Philo T. Farnsworth and
Vladimir Zworykin. Farnsworth, an Ameri-
can genius who was virtually self-taught, de-
veloped an electronic (non-mechanical) scan-
ning system he called “image dissection.” He

*Who was “first” depends on what constitutes "high-
definition.” In the early 1930s even 180-line pictures
were considered high-definition, and by this standard
Germany began regular television broadcasts in Berlin
in March 1933.
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is credited with the invention of the basic
methods still used for suppressing retrace
path and for inserting synchronizing pulses.

In the early 1900s Zworykin had been a
brilliant student of the great Russian experi-
mental physicist Boris Rosing. He emigrated
to the United States after World War Iin 1919
and worked as an engineer for Westing-
house. In 1923 he applied for patents cover-
ing the basic all-electronic television system,
but he immediately found himself embroiled
in a seven-party patent interference suit. One
of the seven parties was Farnsworth, who
finally won a key decision on his electron
optics patent in 1934. RCA acknowledged
Farnsworth’s victory by paying him a million
dollars for the rights to use his discoveries.
In the interim Zworykin had won lasting
fame as the inventor of the iconoscope, the
electronic camera pickup tube, for which he
was granted a patent in 1928 (Exhibit 8.2.1).

In 1930, Zworykin became head of a cele-
brated research group of over 40 engineers at
the RCA laboratories in Camden, New Jer-
sey. Formed from a merger of the television
research programs of General Electric and
Westinghouse as well as that of RCA, the
Camden team mounted a systematic inves-
tigation of all aspects of television develop-
ment, aimed at solving not only technological
problems but also the subjective problem of
setting the specific standards of picture qual-
ity that would be needed to win full public
acceptance. No <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>