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This second edition of the brief version of Broadcast-
ing in America abridges and updates the seventh
edition of the complete text (1994) for the benefit
of instructors who find the latter too fong and de-
tailed for their needs. The reduction to fourteen
chapters better suits classes taught on the quarter
system, for example, and those in which supplemen-
tary readings are assigned. The brief version drops
some of the exhibits, examples, and sidebars—and
all footmotes—and is written more succinctly.
This edition of Broadcasting in America retains
the same basic structure as previous editions and
reiterates our underlying goal of viewing electronic
media in a broad academic perspective. We view
media in context, both as products of contemporary
social forces and as social forces in their own right.

Changes in the Second Edition,
Brief Version

The second edition of Brief takes yet another step
in BLA’s evolution from a text devoted originally to
radio and television, then to radio, television, and
cable, to one that provides a comprehensive review
of all electronic media. It even includes some tech-
nologies, such as computers and telephony, never
before studied as part of muass media, but which
play an increasingly important and integral role in
human communication.

With this book, we have responded to recommen-
dations of reviewers and instructors and to recent
developments in the field. For example:

An entirely new Chapter 1 examines the informa-
tion superhighway and the accelerating conver-
gence of various electronic media forms.
Chapter 2, “From Radio to Television,” combines
Chapters 1 and 2 of the seventh edition into one
chapter covering the history of traditional broad-
casting, while Chapter 3 addresses the increasing
role of cable and other electronic media, including
telephony.

Technical material in Chapters 4 and 5 covers
electronic media basics, then explores the devel-
oping digital revolution, high-definition televi-
sion, and the complexities of sophisticated
networking and switching.

Chapter 6, “Commercial Operations,” blends in-
formation from the seventh edition’s Chapters 6
and 7 into one chapter on the basics of commercial
electronic-media organization and economics.
The chapter also contains a contemporary analy-
sis of the media job market with special reference
to women and minorities.

Chapter 7, “Noncommercial Services,” corres-
ponds to Chapter 8 in the seventh edition and
continues that chapter’s full integration of pro-
gram and audience material that had been placed
elsewhere in previous editions of BIA.

Chapters 8 and 9 describe how new economic
forces have affected programs, programming, and
program production. The information reflects
the emergence of cable television as a major player
with its own creative agenda and programming
strategies.

Chapters 10 and 11, “Ratings” and “Effects,” re-
view research methods and discuss the impact of
media on audiences and of audiences on media.
Discussion of policy and regulation in Chapter
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12 emphasizes service licensing and franchising
In Chapter 13, we concentrate on the many con-
stitutional controversies aver content and owner-
ship.

e The concluding Chapter 14, “Global View,” re-
views the rapid and radical changes in electronic
media in other countries.

Coverage of Recent Developments

We also continue in this second edition of BL4 Brief
the ongoing process of updating the reader about
changes in electronic media. Such changes occur
more rapidly now than ever before: the FCC reorga-
nizes itself; Congress enacts new legislation; indus-
tries react; technologies reinvent themselves; and
competition intensifies. We have incorporated cov-
erage of developments that occurred in the two
years between the production of the full-length sev-
enth edition and the production of this text, includ-
ing the following:

e The announced acquisition of Capital Cities/
ABC by Disney and of CBS by Westinghouse.

o Congressional passage in 1995 of sweeping legis-
lation that would transform the structure of elec-
tronic media, and the threat of a presidential veto.

e Demise of the 25-year-old Prime-Time Access
Rule.

e The debut and enthusiastic consumer acceptance
of direct broadcast satellite service offered by
USSB and DirecTV.

o Enormous strides by Fox toward parity with ABC,
CBS, and NBC, and the premiere of two new
networks—United Paramount and Warner Bros.

e Mergers and acquisitions—announced and
aborted—involving such corporate giants as TCI,
Time Warner, and Bell Atlantic, and the emer-
gence of telephone companies as major travelers
on the information superhighway.

o Public broadcasting’s struggle to survive Congres-
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sional efforts to “zero out” federal financial sup-
port.

o The history-making departure of Arbitron from
the television rating business.

o The Q.. Simpson trial, whose many facets dictate
its inclusion in several sections of the book.

Ancillary Support

Dr. Louise Benjamin of the University of Georgia
has prepared a new Instructor’s Resource Manual with
Test Items for BIA Brief’s second edition, as she has
for earlier editions of both versions of the text. The
test items are available to instructors on computer
disk in IBM or Macintosh format.
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ou already know something about Americari
i electronic mass media even before you pick
up this book. Like most of your friends, you
probably use radio, television, cable, and videocas-
sette recorders daily—to the point where they take
up a substantial part of your time. So why, then, a
textbook on something readily available in your life?
What can you possibly learn that you don’t already
know? Well, try these points:

e Where do today’s media giants come from? How,
for example, did CBS, MTYV, and Ted Turner get
their start?

o How are programs made, how are they paid for,
who chooses them, and why?

e Do we watch the same kinds of programs our
parents did? Is anything really “new”?

« Just how accurate are those ratings we hear about?
(“Nobody ever asks me what I watch!”)

o How much does government control what we see
and hear? Should it control more? Or less?

« And why do we have a system of electronic media
so different from those in most other countries?

Studying electronic media as the year 2000 ap-
proaches is an increasingly exciting thing to do.
Rarely has such dramatic and rapid change occurred
in the ways people communicate. Reports of new
developments appear almost daily. Yet many of us
take all this as matter-of-factly evolutionary. After
all, most young people in America have grown up
with computers, video games, and multichannel
television, and they take these artifacts quite for
granted. But staying on top of what some regard as
a media revolution, with all of its twists and turns,
its subtleties and its implications, is a challenge for
any serious student of communication.

1.1. The Information
Superbighway

Some who write about the burgeoning world of
electronic media have found it useful to refer to
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futuristic systems of high-capacity, high-speed paths
across the country and around the globe as The
Information Superbighway (see Exhibit 1.a).

What It Means

One organization that explores such matters defines
the information superhighway as

. a system of pathways that will provide unlimited
information—news, entertainment, data, personal
communications—to the people who want it. That
information will be available widely, easily and in mix-
tures of text, audio and video. Consumers will be able
to send and receive information and choose when they
do it. . . . [W]hether by computer, TV, phone or a
hybrid of them, people will be able to “travel” the
superhighway to get news, shop, socialize, work, attend
school, and have fun without having to leave home.
(The Freedom Forum, May 1994: 4)

Creative adopters of this metaphor have both ex-
panded and subdivided it, suggesting that the super-
highway has on-ramps and off-ramps, potholes and
traffic jams, tolls and bridges and tunnels, speed
limits or no speed limits, supersidewalks (for those
who wish to move at a slower pace), even roadkill
(to describe the unsuccessful would-be traveler).

Like any wonderfully descriptive metaphor, this
one, too, has become a cliché through overuse. T’
avoid it, writers have fashioned substitutes and varn-
ations: infobabn, I-way, info-highway, electronic bigh-
way, data highway, communicopia—the list is endless.
Detractors refer to the info-bypeway; visionaries
speak of a field of dreams (“If you build it, they will
come”).

Although the first use of the term remains ob-
scure, Vice President Al Gore, the Clinton adminis-
tration’s leading spokesperson on the subject, claims
he coined “information superhighway” in 1978.
The federal government laid out its expectations
for the highway as a key to general economic im-
provement and individual well-being in a 1993 re-
port that referred to the National Information
Infrastructure (N1I), an expression that sounds some-
ho_more official.



But as with any good metaphor, “information
superhighway” likely will be widely used until a
better expression surfaces. According to a Freedom
Forum study, selected newspapers, magazines, and
broadcasters employed the phrase, or one of its vari-
ations, nearly 3,000 times between January 1992
and February 1994. Still, the Miami Herald reported
three months later (while further refining the meta-
phor) that

[Tlhe information superhighway may be one of the
buzzwords of the year, but most people are still in the
computerized ditch. A Louis Harris poll found that
two out of three Americans had not read or heard
anything about {it]. . . . Even among the 34 percent
who knew the term, fewer than half said they under-
stood it well. All the same, 27 percent thought the
electronic network an excellent idea. (Miami Herald,
9 May 1994: 7A)

Convergence

Whatever we choose to call it, the information su-
perhighway will result from convergence—the com-
ing together of, and blurring of lines between, what
until now had been essentially discrete communica-
tion forms (broadcast, cable, telephony, computers,
mail). This convergence is not only of technologies,
of “hardware,” of means of transmission and deliv-
ery, but also of content. When complete, it will be
seamless (without interruption) and transparent (with
separate elements undetectable by users).

Convergence results in what most call multimedia
(although some, in what seems a bit of a reach, refer
to telemedia or even telepower)—the combination of
“more than one medium, where the media can in-
clude speech, music, text, data, graphics, fax, image,
video and animation. A key point is that different
media are integrated—that is, they are linked, syn-
chronized and commonly controlled. Connections
are set up in an integrated way. The media can also
be interactive or non-interactive” (Mayo, 1992).
Muldmedia, in turn, serve as foundation for the
superhighway (there’s that metaphor again). Exhibit
1.b offers one concept of what a future home multi-
media setup may look like.

Divergence

But back to potholes and roadkill. Some observers
suggest that the superhighway is not inevitable, or
at least that it will not achieve wide implementation
for many years. Most concerns center around basic
economics and how consumer acceptance and gov-
ernment regulation will affect those economics.

Detractors point to technophobia—the fear of or
disinterest in technology on the part of many Ameri-
cans. Even in the mid-1990s about a third of all
U.S. households either have no access to or choose
not to subscribe to what most young people regard
as a necessity—cable. Although more than 80 per-
cent of homes have VCRs, anecdotes abound de-
scribing the millions of units that mindlessly blink
“12:00,” awaiting their owner’s electronic educa-
tion; only about a third have home computers
and fewer than 5 percent have fax machines (EIA,
1994).

One 1994 survey found that only about 54 per-
cent of respondents had any interest in interactive
services—perhaps the most important aspect of
the superhighway; 34 percent said they were not
interested; 12 percent weren’t sure (Broadcasting &
Cable, 23 May 1994: 6). As indicated in Exhibit 1.c,
of those interested, most (about 44 percent) said
they would be willing to pay for video-on-demand
(VOD), a service that would provide subscribers
with a menu of movie titles and allow them to watch
individual films on their home screens—for a
price—whenever they wanted to. But some cable
operators doubted that actual consumer use would
justify the enormous investment necessary to install
VOD, pointing to studies that show people are in-
terested mostly in the latest hit movies. As for other
superhighway services (on-line information serv-
ices, video games, home shopping, etc.), none at-
tracted even 25 percent of respondents.

Nor is government’s role yet clear. On the one
hand, the Clinton administration in 1993 pledged
$5 billion to help offset the costs of developing
software and equipment necessary to build the su-
perhighway. On the other hand, critics suggest that
the last thing America needs is a politically backed
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The Information Superbighway

Early navigators on the information superhighway may need a roadmap to find their way, as content providers—such
as the example represented on the left—deliver their services (inany of them interactive) via cable systems, telephone
companies, and satellites, over wires and fiber optics and through the air to individuals, businesses, and governmental

and educational institutions.
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By the turn of the century, a home multimedia center
may become a common feature in some households.
The potential size of the projection, wall-mounted
T1IDTV video screen (five feet across or even more),
as well as the capacity of digital multi-track sound
systems could force multimedia use to take over an
entire room. The center features an integrated and
fully digital set of devices to offer multiple video and
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audio inputs through integrated decoders at the flick
of a universal remote button. Not shown here, but an
important part of any such room, will be interactive
audio and video services allowing consumers to “talk
back” to program producers. Home units for inter-
active video telephone and personal communication
services (PCS) may be a part of such rooms.
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or bureaucratically operated information infrastruc-
ture.

Some blamed government for 1994 collapse of
the historic combination of Bell Atlantic Corpora-
tion (a Regional Bell [telephone] Operating Com-
pany, or RBOC) and Tele-Communications Inc.
(TCI, the nation’ largest cable operator)—a union
that offered high hopes of jump-starting the ride

toward the superhighway. Valued at some $33 bil-
lion, the merger fell apart soon after the Federal
Communications Commission ordered cutbacks in
fees cable companies charge their subscribers.
Other observers discounted the notion that govern-
ment was at fault, pointing instead to ego, greed,
and personality clashes of the companies’ top execu-
tives as the real culprits.

1.1 The Information Superhighway 7



1.2 The Players

Neither Bell Atlantic nor TCI abandoned all expan-
sion plans, however (as detailed later). Rather, they
and others continued—albeit somewhat more cau-
tiously, perhaps—to explore the best routes they
might take. Although, as noted earlier, distinctions
among media grow ever more cloudy, a better un-
derstanding of the convergence phenomenon re-
quires a closer look at the major players.

Broadcast

‘Traditional radio and television run the greatest risk
of being stalled at the on-ramp of the information
superhighway. With their single, one-way-only
channels, they do not fit easily into a multichannel,
interactive future. But they are not dinosaurs yet.
Nor need they become extinct if, as now seems the
case, they move into the 21st century in their out-
look and operation.

ABC, CBS, NBC, and Fox—the national televi-
sion broadcast networks—cantinue to be the most-
watched source of information and entertainment.
They likely will remain for some years as the princi-
pal providers of national news, major sporting
events, and broad-based entertainment, as well as
the best way for national advertisers to reach a criti-
cal mass of consumers. But the advent of interactiv-
ity may dramatically change networks from single-
channel program distributors to multichannel pro-
grammers.

In fact, the concept of “channels” may disappear
altogether as viewers select from menus of programs
sorted by content (sitcom, drama, nature) rather
than source (ABC, CBS, NBC). So may program
“schedules” become obsolete as, for perhaps 50
cents, subscribers can, whenever they want, order
a replay of last night’s CBS Evening News or yester-
day’s episode of General Hospital.

In the meantime, networks have already moved
into cable (examples include NBC’s CNBC and
America’s Talking channels, and ABC interests in
ESPN and Lifetime). More recently they have
begun such interactive applications as on-/ine infor-
mation services (Prodigy and America Online, for
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example—see Exhibit 1.d) and CD-ROM (compact-
disc-read-only-memory) devices, already popular
through home computers. In 1995 CBS became the
first major broadcast television network to set up
its own home page (a dedicated site for information)
on the Internet (a worldwide interconnection of
computers).

For individual broadcast stations, however, the
future is less clear. With digital video compression
(allowing multiple channels to operate in the space
formerly occupied by only one) and conversion to
high-definition television, television stations may
create breakthroughs necessary for survival.

Radio stations already compete against cable-
delivered, commercial-free, CD-quality, multichan-
nel audio. Given more new services that promise
the same—delivered by satellite directly to the home
or car or portable receiver—many stations may not
survive the technological revolution.

Their rescue and, to a large extent, that of televi-
sion stations as well may depend on the level of
governmental dedication to two concepts on which
broadcasting was founded and under which it has
long operated:

e Localism. National program delivery systems can-
not directly serve the unique needs of individual
communities. Stations can.

o Universal availability. After buying a receiver,
Americans have long enjoyed information and en-
tertainment from over-the-air radio and televi-
sion at no additional expense (except indirectly
through costs of advertised products). Any deliv-
ery system that requires subscription payments
will be out of reach for a substantial number of
people.

Cable

Today more people receive their television pro-
grams by cable than by over-the-air broadcast. But
cable also offers much more than TV,

Many cable operators are experimenting with, or
are actually offering, interactive systems that permit
subscribers to order movies or TV program reruns
whenever they want (video-on-demand) or almost
when they want (near-video-on-demand), to play
video games, and to order merchandise without call-
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All major television networks have entered the superhighway, as this sample screen from
NBC on America Online illustrates.

Source: Photo from the National Braadeasting Company, Inc.

“

ing a 1-800 number. As rechnologics advance, as
systems replace coaxial cable with more efficient
optical fiber, applications will expand even further.
Indeed, one cable expert argues: “Forget about the
over-hyped two-way interactive service. The most
economic use of the cable system is to compete

against the local telephone company” (Broadcast-
ing & Cable, 11 April 1994 6).

Using video compression, some cable program
services (I1BO, for example) are already multipleximg
their signals, sending out multiple channels. Nearly
every day someone announces plans for a new
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service, specializing in everything from animals and
antiques, through cowboys and golf, to parents and
women’s sports. Again, basic questions of econom-
ics—not technology—will determine which of these
channels will survive: How many subscribers will
pay to see them; how many advertisers will pay to
have commercials carried by them? Because cable
already has a direct, physical connection to the
homes it serves, however, it is a frontrunner on the
information highway.

Telephone

But 2 newcomer has entered the race. For years
telephone companies (tekos) satisfied themselves by
delivering plain old telephone service (POTS), with
occasional bursts of modern technology such as call
waiting. All that has changed. Now telephony is
moving full speed ahead—as either competitor to
or partner with cable and others—to build the su-
perhighway.

Freed from some of their legal limitations (al-
though litigation continues), telcos are building so-
called video dial tone services (VDT), through which
they deliver video programming and, in some cases,
full electronic media operations indistinguishable
from cable companies.

Deals have come from everywhere, strange alli-
ances have been forged, and bizarre competitions
have begun: Nynex (another RBOC) backed Via-
com (a major cable operator and program supplier)
in the latter’s acquisition of entertainment giant Par-
amount; Time Warner (operator of the local cable
system) and Rochester (NY) Telephone (an inde-
pendent telephone company) entered into an
agreement whereby each would compete head-
to-head with the other, in the same city, in both
cable and telephone services; and Southwestern Bell
(yet another RBOC) bought two Washington (DC)
cable companies and later sought to compete in the
telephone business in that same area, which was
already served by Bell Atlantic. The head begins to
swim.

Like cable, the telephone industry already has a
physical connection to the home. Indeed, telcos
serve far more homes than do cable operators. In
addition to their huge financial base, what gives
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telephone companies—at least for a ime—an ad-
vantage over cable in building the superhighway
is their experience with sophisticated switches that
direct signals to and from designated locations and
that are essential to any full-scale interactive service
(see Exhibit 5.0, p. 128). Offsetting this advantage
to some degree, however, is cable’s experience in
programming.

Computers

Regardless of whether program delivery is by cable
systems or telephone companies, or both, comput-
ers will play a central role in building and operating
the superhighway. Indeed, electronic media already
employ them in a variety of ways. For example,
the now-familiar set-top converter box that facilitates
multichannel cable is a computer. Television sta-
tions and cable systems use computers to insert
commercials and program materials at prescribed
times. High-volume video servers that store and re-
lease programs for video-on-demand are comput-
ers. And today’s personal computers (PCs) already
handle audio and video as well as data (see Exhibit
l.e).

The computer industry, however, sees itself as a
far more important player in the new information
age. Software companies such as Microsoft and
Apple want to build operating systems that will serve
as the data highway’s traffic cops, controlling the
flow of information to and from each viewer’s
screen. Meanwhile, TV Guide and others are per-
fecting electronic navigators that will tell viewers
what’s on television and where to find it (Exhibit
1.f; see also Exhibit 8.h, page 210).

But there’s more. The on-line computer service
Prodigy, for one, now includes feeds of cable net-
work programming directly to personal computers
(PCs). As noted earlier, broadcast networks are ex-
perimenting with on-line, interactive television (Ex-
hibit 1.d). One observer suggests:

There is much debate about what the “home informa-
tion appliance” will look like a decade from now. One
view—call it the Ronco Dicer Slicer Approach—is that
a single device combining all the aributes of a com-
puter and a television will emerge. It will have a high-
definition screen and a controller that is a cross



Multimedia PC

Many personal computers today include CD-ROMs respond to verbal commands, show television pro-
and audio systems, and modems for connecting to  grams, answer your phone, and take messages.
other computers. Some systems even talk to you and

Source: Reprinted by permission of Personal Computing magazine.




TV Guide On Screen

As the number of program options multiplies geo-
metrically, viewers will come to rely more and more
on electronic listings, such as those provided by
TV Guide On Screen.

Source: Photo courtesy 1995 TV Guide On Screen. TV
Guide On Screen is a trademark of TV Guide Financial,
Inc.

—

between a remote control wand and a keyboard. (In-
deed, Packard Bell has introduced a line of PCs that
serve also as radios, televisions, telephones, CD-
ROM:s, and fax machines. On the other hand] . . .
there is an increasingly accepted school of thought
that there will someday be not one but many devices in
the home. Like kitchen appliances today, information
appliances a decade from now will each have a different
function. The personal computer and the TV will be
so affordable that the average family will think nothing
of having one or more of each, as well as other informa-
tion appliances, like smart telephones. (New York
Times, 8 May 1994, Section 3: 1, 8)

Newspapers
Some people say that no electronic device can ever

duplicate the convenience and utility of the newspa-
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per. Still, many in that industry have wisely elected
not to take a chance.

Newspaper giant Knight-Ridder first tried elec-
tronic publishing in 1978. But its Viewtron system
proved too costly and slow and folded in 1986. Un-
daunted by this experience, it has joined with other
major publishers including Gannett, Times Mirror,
and the Tribune Company to explore ways to use
computers and telecommunications for news deliv-
ery (Exhibit 1.g).

In the meantime, some applications are already
in place or in the planning stages, which move news-
papers into convergence and into that congested
line of traffic waiting to get on the superhighway.
The Chicago Tribune in 1992 became the first to
offer an electronic newspaper—Chicago Online—as a
national service. Within two years at least 60 dailies,
including most of the nation’s biggest newspapers,
were offering or working on electronic services of
some sort. Many now feature audiotext services
whereby the public calls a published number and
selects from a menu of items that include news
and sports headlines, weather, even samples from
recently released musical recordings. Times Mirror
has announced plans to create The Outdoor Life
cable channel and, with Nynex, to offer electronic
shopping in the New York City area.

Some newspaper companies have long since ex-
panded into other media areas. The Tribune Com-
pany, for example, owns several radio and television
stations as well as newspapers in major markets,
originates ChicagoLand Television news, and pro-
duces TV shows, including Geraldo.

1.3 Some Essential Terms

Given all this, one might well argue that this book’s
title, Broadcasting in America, is misleading. Indeed,
content s not limited to America butrather examines
other national systems as well. Nor is it limited,
in precise terms, to broadcasting. The trouble is,
electronic sources of information and entertainment
have grown so varied that, quite frankly, no single
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Major newspapers are moving onto the electronic superhighway. One example shown
here is a page from an experimental portable information tablet developed by Roger
Fidler, director of Knight-Ridder’s Information Design Laboratory. Readers will touch
the “flat-panel newspaper” screen to browse, activate full-motion video with sound, and
read stories in more detail.

Source: Photo courtesy of Knight-Ridder Information Design Laboratory.
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word describes them all. The Federal Communica-
tons Commission (FCC), as do some others, uses
the phrase “broadcasting and electronic media” to
distinguish radio, television, and related services
such as cable television from common carriers.
These terms need exploration here to show how
classifications result in legal and financial conse-
quences.

Common Carriers vs. Electronic
Mass Media

One way to determine whether a communication
service is an electronic mass medium is to ask who
has responsibility for its content. Telephone compa-
nies are the best example of common carrier. A
telephone company may neither edit conversations
nor restrict who will make use of its facilies. A
broadcast station does both.

Electronic mass media select programs, perform-
ers, and speakers and edit what they say and do. In
fact, many have a legal responsibility to do so. In
exchange for assuming this responsibility, electronic
mass media come under the protection of the First
Amendment to the Constitution, which guaran-
tees freedom from government interference with
“speech” and “the press.” Operators of common
carriers, however, supply communication facilities
such as telephones and satellites without assuming
any responsibility for what is normally transmitted
on those facilities. Having no “speaking role,” they
have no need to invoke constitutionally protected
freedom to speak at will by telephone or satellite.

These fundamental differences between elec-
tronic mass media and common carriers have several
other practical results, usually involving tradeoffs—
each advantage tends to be offset by a disadvantage.
The public can demand, as a right, equal access on
equal terms to acommon carrier, such as a telephone
system. No one can assert such a right to use a
broadcasting station or cable channel (except for
political candidates, who are entitled to equal oppor-
tunities to use broadcast and cable television facili-
tes). It is easier to obtain a common carrier license
than one for a broadcasting station or cable system.
The government, however, usually controls com-
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mon carrier profit levels and fees they charge their
customers. Electronic mass media (except cable, as
we shall see) may charge whatever the traffic will
bear and may make as much profit as they can, so
long as competition prevails.

Broadcasting Defined

Many assume that 4zy program or message trans-
mitted over the air, or even over cable, constitutes
“broadcasting.” But to qualify as broadcasting, pro-
grams or messages must meet specific tests. As de-
fined legally, to broadcast means

to send out sound and pictures by means of radio waves
through space for reception by the general public.

The phrases “by means of radio waves through
space” and “reception by the general public” are
crucial: Cable television systems do not broadcast
through space, but rather they send programs
through cable.

Communication “by means of radio waves” in-
cludes many nonbroadcast services, such as CB
radio, police calls, taxi dispatching, beepers, and
mobile telephones. However, these services operate
point-to-point (from a source to one intended recipi-
ent) or point-to-multipoint (from a source to more
than one specific recipient). Anyone with a suitable
receiver can intercept such transmissions, but they
are not intended “for reception by the general pub-
lic” and therefore do not count as broadcasting.

The verb to broadcast was adopted to distinguish
the new radio communication method from the pre-
vious point-to-point orientation of radiotelegraphy
and radiotelephony. “Broadcasting” expresses the
idea of scattered dissemination to anonymous, un-
defined destinations (listeners/viewers). The term
comes from the farmer’s act of hand-sowing grain
by casting it broadly. The sower lets seeds fall where
they may. (Students should be careful to remember,
by the way, that the past tense of the verb broadcast
is also broadcast—not broadcasted.)

Hybrid Services

Such broad distinctions between common carriers
and electronic mass media become less clear with



new services that have characteristics of both (re-
ferred to here as bybrids). Cable television, for ex-
ample, at first occupied a particularly ambiguous
position. Most cable systems operate much like
common carriers. They enjoy local monopolies and
exercise no editorial control over most of their pro-
grams, which come from broadcast stations and
cable-program networks. Should these factors put
cable operators in the same legal basket as common
carriers?

Or, since cable systems carry broadcast programs
and sometimes originate their own programs in the
manner of broadcasters, should they be subject to
the same laws as broadcast stations? The question
was debated for three decades until Congress finally
resolved it in 1984 by recognizing cable as a service
that is neither a common carrier nor a broadcaster
but a mixture of the two.

Cable operators continue to claim the same First
Amendment rights as broadcasters. For example,
they maintain that for a city to impose content limi-
tations on a cable system it franchises would violate
the cable owner right of free speech. This claim’s
legality has been challenged, but so far the courts
have upheld cable operators. At the same time, how-
ever, cable is subject to governmental rate regulation
(see Section 12.8).

Direct-broadcast satellite (DBS) services offer an-
other hybrid example. Satellites usually function
as common carriers, but direct-to-home satellite
transmission seems equivalent to regular broadcast-
ing, with the station located in space instead of
on the ground. However, DBS program providers
scramble their signals to prevent anyone other than
paying subscribers from receiving them. This bar-
rier to reception by the general public puts DBS
services in the point-to-multipoint rather than
broadcast category. The FCC settled the question in
1987, when it defined DBS transmissions intended
only for paying subscribers as nonbroadcast services.

Even the telephone, the classic example of a com-
mon carrier, has become increasingly hybridized. It
first took on a mass entertainment information role
when it offered “dial-it” services, sometimes called
mass announcement services. For a price, listeners can
hear, and in some cases participate in, audio “pro-

grams” by dialing numbers with special prefixes
(usually 1-800 or 1-900). Public concern over por-
nographic dial-it services brings into question the
common carrier’s traditional hands-off policy with
regard to message content.

As telephone companies move more and more
into multichannel audio and video delivery of enter-
tainment programs and information services—both
their own and those of others—they become less
and less distinguishable from cable systems.

1.4 Back to Basics

The information superhighway metaphor proves
most useful in describing those converging technol-
ogies that serve as conduits or delivery systems. It
is less helpful in discussions of content providers:
program producers and information suppliers.
Cable operators, telephone companies, even
computer hardware and software manufacturers
want to build the superhighway and control what
travels over it. But, in the final analysis, corporate
successes in the information age will be determined
not by how but rather by what they deliver. Most
people simply have no interest whatsoever in
whether they receive information and entertain-
ment through a wire (or possibly rwo wires—one
for a cable system and one for the telephone com-
pany), or over the air (by traditional broadcast or
by direct-broadcast satellite), or whether the picture
appears on a traditional television receiver or on a
computer screen. What they do have interest in is

o the variety and quality of the programs and ser-
vices they receive,

e how easy it is for them to receive them, and

* how much they have to pay for the package.

The student of electronic communication, how-
ever, must understand how it has developed, how
it works, how it is controlled, how it affects and is
affected by its several audiences, and—in the next
chapter—how it all began.
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s guideposts in broadcasting’s development,
five dates stand out:

e 1896, the original Marconi wireless patent

e 1920, inception of radio broadcasting

o 1927, passage of the Radio Act (most of which
carried over to the 1934 Communications Act)

o 1948, television network broadcasting begins

e 1975, firsthome VCR is sold and HBO announces
plans to use a satellite for program distribution,
setting the stage for cable’s expansion

In addition, both world wars helped define im-
portant technical phases in radio’s development:

e From 1914 to 1918, World War I stimulated rapid
evolution of wireless technology and set the stage
for radio’s debut

e From 1939 to 1945, World War II temporarily
delayed television’s emergence, though wartime
research developed ultrahigh frequencies that
TV’s postwar expansion would require. Today’s
electronic media, however, are based on even ear-
lier precedents.

2.1 Precedents

Public appetite for mass entertainment developed
decades before radio. Popular newspapers, home
phonographs, and motion-picture theaters all en-
couraged a mass media habit, making it easier for
broadcasting to achieve success in a very short time.

Urbanization

These older media grew out of fundamental social
changes encouraged by the Industrial Revolution
(roughly 1740-1850). For centuries, most people
worked on farms or in related agricultural roles.
But industry, based initially on steam power, in-
creasingly drew people away from the land to live
and work in cities.

These urban populations became the target of
what we now call muass media—technology-based
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means of communication that reach large numbers
of people, delivering news and entertainment that
most people find interesting, and at a price they can

afford.

Penny Press

Urban concentration and increasing literdcy and
leisure time all helped to transform newspapers.
Originally aimed primarily at a wealthy and edu-
cated elite, they became a product for the masses.
The “penny press” signaled this transformation
when, in 1833, the New York Sun began a trend
toward mass-interest, mass-produced papers. Cop-
ies sold for a penny, first in the thousands and even-
tually in the hundreds of thousands. The penny
press exploited news of everyday events, sensational
crimes, gossip, human-interest stories, sports, and
entertaining features—all presented in a breezy style
that contrasted with the flowery essay approach of
the past. Popular newspapers appealed across lines
of class, gender, age, political party, and cherished
beliefs. By the 1890s some mass-oriented newspa-
pers had circulations of more than a million.

Vaudeville

Early broadcasting inherited the entertainment role
long fulfilled by vaudeville acts. Immensely popular
from 1880 to 1920, vaudeville featured song-and-
dance teams, short plays, Irish tenors, ethnic comics,
and performing animals. Well-known vaudeville
acts toured the nation, filling theaters in cities large
and small. At their peak, vaudeville circuits sold
more tickets than all other kinds of entertainment
combined.

The Phonograph

Around the turn of the century, owning a phono-
graph (often housed in a handsome wooden cabinet)
accustomed people to investing in a piece of furni-
ture that brought enterminment into the home. By
the end of World War I, on the eve of radio’s in-
troduction, some 200 phonograph manufacturers



turned out more than two million players each
year.

But records used acoustic recording methods and
were little different from those that Thomas Edison
invented in 1878. Devastated by competition from
radio broadcasting and loss of buyers because of the
Great Depression, the phonograph industry nearly
disappeared by 1933.

Ironically, radio soon came to the rescue of the
recording industry. Radio widened audiences for
music of all kinds and introduced improved elec-
tronic means of sound reproduction that helped the
recording industry to expand again in the 1930s.

Motion Pictures

Like the phonograph industry, movies were well
established by the time broadcasting began in the
1920s. Moviegoers returned weekly for serial dra-
mas, which eventually had their counterparts in
broadcasting. Movies also benefited from radio’s
electronic technology.

The lack of synchronized sound—the precise
matching of sound and action—long stymied prog-
ress toward acceptable “talkies.” They finally began
in earnest in 1928, with several rival sound systems
competing for acceptance. One of these sound-on-
film systems had been developed by RCA, the owner
of the first national radio network—an example of
the many links between broadcasting and motion
pictures in the 1920s, long before television brought
the two visual media into an even closer relation-
ship.
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2.2 Wire Communication

Broadcasting built not only upon audience habits
developed by these earlier media but also upon its
direct technological and industrial forebears—the
telegraph and telephone. These prebroadcast wire
technologies communicated from point to point
rather than, as broadcasting does, to the general
public.

The Telegraph

The British first developed electrical telegraphy in
the 1820s as an aid to early railroad operations.
An American artist/inventor, Samuel F. B. Morse,
conducted extensive telegraph experiments in the
1830s—at a time when westward expansion put a
high premium on rapid communications over long
distances. Morse made significant telegraph im-
provements, including a receiver that recorded mes-
sages on strips of paper. He and a partner devised
the Morse code to translate numbers and letters
into the dots and dashes of telegraphic language.
That same code served for early prebroadcast wire-
less communications.

In partnership with the federal government,
Morse installed the first operational U.S. telegraph
line from Washington to Baltimore in 1844. Three
years later the government sold its interest to private
investors, retaining only the right to regulate tele-
graphic services. By the end of the Civil War, West-
ern Union had emerged as the dominant telegraph
company.

The decision to sell—or privatize—the telegraph
started the United States on a telecommunications
path different from that of most other countries.
Typically governments own and operate national
telecommunications systems under Post and Tele-
graph (PTT) administrations, which later often also
had some control over broadcasting. However, in
recent years PT'T monopolies have come under in-
creasing attack as countries adopt the more efficient
American model of privately owned, competitively
operated telecommunication services.

Communications over transatlantic telegraph ca-
bles began in 1866 (after a short-lived attempt in
1858), enabling exchange of information between
Europe and North America in minutes instead of
weeks. Both submarine and land telegraphy had
early and lasting associations with news. Even as
the telegraph was under development, newspapers
had begun to share news-gathering expenses. The
French news agency Havas began in 1835. Britain’
Reuters started in 1851, establishing one of the first
international news wire services. An association of
small New York news agencies formed in 1856
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became the Associated Press in 1882, today a major
supplier of print and broadcast news and operator
of a radio network.

The Telephone

Inventors next turned their attention to wire trans-
mission of speech itself, seeking a way to eliminate
tedious encoding and decoding of telegraph mes-
sages. Many investigators seemed on the verge of
a solution in 1876, when Alexander Graham Bell
applied for his first telephone patent. Bell organized
the original Bell Telephone Company a year later,
when he secured a second essential patent. Though
control over Bell’s patents soon passed to others
who went on to develop the company known today
as AT&T (until 1994, American Telephone & Tele-
graph Company), Bell's name still means “tele-
phone” to many people.

AT&T developed a “long lines” network con-
necting local exchanges with one another, soon
owning the more important local companies. In
1914 AT& T ensured its supremacy in long distance
by acquiring a license to a crucial electronic inven-
tion, the Audion (see Section 2.3), which made
coast-to-coast telephone service possible. AT& T’
control of long-distance voice communication by
wire had an important bearing on broadcasting,
which after 1927 depended on such wire links for
network operations.

Three giant manufacturing firms would also play
key roles in radio broadcasting: Western Electric
(AT&T’s manufacturing arm), General Electric
(GE), and Westinghouse. Together they dominated
the electrical industry and helped shape its partici-
pation in early wireless communication.
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2.3 Wireless Communication
Once speech-by-wire became possible, the next log-

ical step was wireless—speech communication at a
distance without costly physical links. The quest for
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such a system stimulated inventive juices of many
scientists and tinkerers in the late 19th century.

Hertzian Waves

Inventors in many countries claimed to have been
first in solving the problem. Most had common
access to important scientific knowledge about
electromagnetic energy published by two physicists.
In 1873 James Clerk Maxwell theorized that an
invisible form of radiant energy must exist—
electromagnetic energy. He described it mathemati-
cally, foreseeing that it resembled light radiating
out from a source in the form of waves.

In 1888 German physicist Heinrich Hertz re-
ported his brilliant laboratory experiments that con-
clusively proved the validity of Maxwell’s theory.
Hertz generated electromagnetic waves, transmit-
ted them down the length of his laboratory, detected
them, measured their length, and showed that they
had other wavelike properties similar to those of
light.

In effect, Hertz demonstrated radio. But he
sought only to verify a scientific theory, not to de-
velop a new way of communicating. It remained for
other experimenters to communicate with what they
called Hertzian waves. Later the scientific com-
munity adopted hertz as the standard term to ex-
press wave frequency. A hertz, usually abbreviated
Hz, means one wave-cycle per second. A 60-Hz
wave oscillates at the frequency of 60 cycles per
second.

“The Right Releasing Touch”

A young ltalian experimenter, Guglielmo Marconi,
is credited with developing radio as a viable means
of communication. He supplied “the right releasing
touch,” as a Supreme Court justice put it in uphold-
ing Marconi’s primacy in a later patent suit (US,
1942: 65). Stimulated by Hertz’s paper, Marconi
experimented with Hertzian wave signals in the
early 1890s, first sending them across the space of
an attic, then for greater distances on the grounds
of his father’s estate.



As soon as Marconi had convinced himself that
wireless telegraphy amounted to more than a labo-
ratory toy, he patriotically offered it to the Italian
government, which couldn’t see the potential. Still
only 22, Marconi next went to England, where, in
1896, he registered his patent. He soon launched his
own company to manufacture wireless-telegraphy
equipment and to offer wireless services to ships

Guglielino Marconi
(1874-1937)

In a 1902 photo, the inventor examines the paper
tape bearing a radiographic message in Morse code.
Though radio equipment still remained crude,
well-developed wire-telegraphy equipment could
be readily adapted to record wireless messages.
Seated is George Kemp, Marconis most trusted
engineering assistant.

Source: Photo from Smithsonian Institution, Washing-
ton, DC.

and shore stations. Exhibit 2.a shows Marconi with
one of the machines that displayed coded wireless
messages.

To a remarkable degree Marconi combined an
inventor’s genius with that of a business innovator.
As inventor he persisted tirelessly, never discour-
aged even by hundreds of failed attempts at solving
a problem. In 1909 Marconi shared the Nobel Prize
in physics (with Germany’s Ferdinand Braun) for
achievements in wireless telegraphy. As a business
manager, Marconi demonstrated a rare entrepre-
neurial talent plus a flair for effective public rela-
tions. In the early 1900s, to prove his system’s value,
he repeatedly staged dramatic demonstrations of
wireless to skeptical officials, scientists, investors,
and equipment buyers.

Among his business ventures, Marconi’s Ameri-
can branch had a decisive influence on the develop-
ment of broadcasting in America. Founded in 1899,
American Marconi developed a virtual monopoly
on U.S. wireless communication, owning 17 land
stations and 400 shipboard stations by 1914. All
these facilities used a wireless extension of the
telegraph principle—point-to-point communica-
tion between ships and shore stations, between ships
at sea, and to a lesser extent between countries.

This limited application of radiotelegraphy domi-
nated the first two decades of radio service because
the relatively crude Marconi equipment could only
transmit Morse code dots and dashes. Telephones
could have been used as microphones to transmit
wireless speech, but methods had not yet been found
to impress such complex information onto radio
waves.

The Vacuum Tube

The solution to this and related radio problems
came with development of an improved vacuum tube,
capable of sensitive, rapid, subtle variations in ac-
cordance with the changing volume and pitch of
speech. American inventor Lee de Forest followed
up on research leads suggested by Edison’s 1883
electric lamp and the original two-element vacuum
tube (diode) that Ambrose Fleming patented in 1904.
De Forest’s work resolved the related problems of
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signal generation, detection, and amplification—
and would eventually make broadcasting possible.

De Forest’s crucial improvement consisted of
adding a third element to a2 vacuum tube, turning
it into a triode. He positioned his new element, a
tiny grid or screen, between the diode’s existing
filament and plate. A small voltage applied to the
grid could control with great precision the flow of
electrons from filament to plate. Thus a weak signal
could be enormously amplified yet precisely modu-
lated. De Forest first experimented with his triode,
or Audion, in 1906.

The Audion marked a great leap forward—out of
the age of mechanics and into the age of electronics.
Electrons (particles of energy smaller than atoms)
could be controlled. This transforming ability to
manipulate electrons would revolutionize not only
communications but also virtually all science and
industry.

It took more than a dozen years to develop the
Audion and the new circuits to go with it—and
much of the necessary work was done by others. Its
first practical application improved not radio but
telephony. In 1913 AT&T purchased from de Forest
the right to use vacuum-tube repeaters (amplifiers
in telephone lines), achieving the first coast-to-coast
telephone service two years later.

Commercial Uses of Wireless

Into the 1920s wireless firms made money by sup-
plying telegraphic communication among ships,
between ships and shore stations, and to link conti-
nents. Overland wireless-telegraphy services had
less appeal because telephone and telegraph lines
satisfied existing needs.

Wireless offered unique advantages to maritime
commerce. In fact, Marconi chose international
yacht races for some early public wireless demon-
strations. Wireless also gained invaluable publicity
from its life-saving role in maritime disasters, one
as early as 1898. Each year the number of rescues
increased. Exhibit 2.b describes the most famous of
them all.

Radio had commercial possibilities as a long-
distance alternative to submarine telegraph cables,
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which were enormously costly to install. Because
of technical limitations, however, transoceanic
radio service did not become strongly competitive
until vacuum tubes came into general use in the
1920s.

On the eve of U.S. entry into World War [, Gen-
eral Electric (GE) developed its alternator; a new
type of radio-frequency generator, to send trans-
atlantic messages reliably—a major improvement
in long-distance radio communication. During the
1920s vacuum-tube transmitters displaced alterna-
tors. Tubes enabled use of the short-wave (high-
frequency) portion of the spectrum—more efficient
than low frequencies previously used for long-
distance communication. A sharp rise in transatlan-
tic radio traffic followed.

Military Wireless

Naturally navies took an interest in military applica-
tions of wireless from the outset. In April 1917 as
America entered World War I, the U.S. Navy saw
wireless as a threat to national security. Enemy spy
agents could (some did) use radio to send informa-
tion about ship movements, for example. Therefore
the navy took over all wireless stations in the coun-
try, commercial and amateur alike. It dismantled
most, operating a few for its own training and opera-
tional needs.

The Army Signal Corps also used radio, as did
the fledgling Air Service. Some 10,000 soldiers and
sailors received training in wireless. After the war
they formed a cadre of amateur enthusiasts, labora-
tory technicians, and electronics manufacturing em-
ployees. They helped popularize radio, creating a
ready-made audience for the first regular broadcast-
ing services that began two years after the war
ended.

To mobilize America’s wireless resources for war
more rapidly, the navy decreed a moratorium on
patent lawsuits over radio inventions. Manufac-
turers agreed to participate in a patent “pool,”
maximizing wireless progress without risk of in-
fringement suits.

By the end of the war, big business had developed
a stake in wireless and was ready to branch out into



The Titanic Disaster, Apwil 1912

A luxury liner advertised as unsinkable, the Titanic,
struck an iceberg and sank in the Atlantic on her
maiden voyage from Britain to the United States in
April 1912. One heroic Marconi radio operator stayed
at his post and went down with the ship, although the
second operator survived. Some 1,500 people died—
among them some of the most famous names in the
worlds of art, science, finance, and diplomacy—
partially because each nearby vessel, unlike the Fitanic,
had but one radio eperator (all that was then required),
who had already turned in for the night. Only by
chance did the operator on a ship some 50 miles distant
hear distress calls from the Titanic. It steamed full
speed to the disaster site, rescuing about 700 survivors.

Source: Illustration from UPI/Bettmann Archive.

Radiotelegraphy’s role as the world’s only thread
of contact with the survivors aboard the rescue liner
Carpathia as it stcamed toward New York brought the
new medium of wireless to public attention as nothing
else had done. Subsequent British and American in-
quiries revealed that a more sensible use of wireless
(such as a 24-hour radio watch) could have decreased
the loss of life. Because of such findings, the 7itanic
disaster influenced the worldwide adoption of strin-
gert laws governing shipboard wireless stations. The
Titanic tragedy alse set a precedent for regarding the
radio business as having a special public responsibility.
This concept carried over into broadcasting legislation
a quarter of a century later.

2.3 Wireless Communication
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new applications. AT& T had added wireless rights
to its original purchase of telephone rights to de
Forest’s Audion. GE owned patents for its powerful
alternator and had the ability to mass-produce vac-
uum tubes. Westinghouse, also a vacuum tube pro-
ducer, joined in seeking new ways to capitalize on
wireless. But before any of these firms could move
forward, they had to come to terms with the navy,
which also had claims on wireless.

2.4 Emergence of Broadcasting

Throughout the early 1920s eager experimenters
constantly sought an effective means of radioteleph-
ony, the essential precursor of broadcasting.

Early Radiotelephone Experiments

In 1906 Reginald Fessenden made the first known
radiotelephone transmission resembling what we
would now call a broadcast. Using an ordinary tele-
phone as a microphone and an alternator to generate
radio energy, Fessenden made his historic transmis-
sion on Christmas Eve from Brant Rock, on the
Massachusetts coast south of Boston. He played
a violin, sang, read from the Bible, and played a
phonograph recording. Ships’ operators who picked
up the transmission far out at sea could hardly be-
lieve they were hearing human voices and musical
sounds from earphones that previously brought
them only the monotonous drone of Morse code.

In 1907, hard on the heels of Fessenden, de Forest
made experimental radiotelephone transmissions
from downtown New York City. Some of his equip-
ment appears in Exhibit 2.c.

Lee de Forest (1873-1961)

Washington, D.C.

The inventor in 1907 with a transmitter of the kind used that year in his famous broadcast,
along with a shipboard receiver of the type that picked up the transmission.

Source: De Forest photo from Culver Pictures; transmitter photo from Smithsonian Institution,
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By 1916 de Forest had set up in his Bronx home
an experimental transmitter over which he played
phonograph recordings—and even aired election
returns in November of that year, anticipating by
four years the opening broadcast of KDKA. With
some justification, de Forest called himself Futher
of Radio, the title of his 1950 autobiography.

Government Monopoly: The Road
Not Taken

Though World War I ended in November 1918,
the navy did not relinquish control of radio facilities
for another 18 months. The critical decisions made
at this time profoundly affected the future of broad-
casting in America.

Was radio too vital to entrust to private hands?
The navy thought so, and it supported a bill in
Congress late in 1918 proposing, in effect, to make
radio a permanent government monopoly. Despite
strong arguments from navy brass at the hearings,
the bill failed. Thus radio took the road of private
enterprise in the United States, though in many
other countries governments remained in charge as
radio expanded in the postwar years.

Origin of RCA

Restoration of private station ownership in 1920,
however, would have meant returning most com-
mercial wireless-communication facilities in the
United States to foreign control. Disturbed at the
prospect of British Marconi (parent of American
Marconi) consolidating its U.S. monopoly by pur-
chasing exclusive rights to GE’s alternator, the navy
strongly opposed the deal. The British, caughtin a
squeeze play, could ncither expand nor effectively
operate. With tacit government approval, GE nego-
tiated purchase of all American Marconi stock—
what today might be called a “semifriendly” take-
over.

In the fall of 1919, GE created a subsidiary to
take over and operate American Marconi—the
Radio Corporation of America (RCA), shortly to
become the premier force in American broadcast-
ing. Under RCA’ charter, all its officers had to be

Americans and 80 percent of its stock had to be in
American hands.

Westinghouse and AT& T joined GE as investors
in the new corporation. AT&T sold its interest in
1923, but RCA remained under GE and Westing-
house control until 1932, when an antitrust suit
forced them to make RCA an independent corpora-
tion. Thus it remained for some seven decades until,
in an historical irony, GE bought RCA back again
(see Section 3.6).

If RCA became broadcasting’s leading corpora-
tion, RCA exccutive David Sarnoff became broad-
casting’s leading corporate figure. From 1930, when
he became president, to 1969, when he finally re-
tired as board chair, he played a major role in the
creation of network radio, the evolution of televi-
sion, and the conversion of television to color. Today
a top-flight research laboratory bears his name. Ex-
hibit 2.d details his career—and that of his chief
rival.

Cross-Licensing Agreements

RCA and its parent companies each held important
radio patents, yet each found itself blocked by pat-
ents the others held. From 1919 to 1923 AT&T,
GE, Westinghouse, RCA, and other minor players
worked out a series of cross-licensing agreements,
modeled after the navy-run wartime patent pool.
Under these agreements, each company had its own
slice of the electronics manufacturing and services
pie.

Within a few years, however, these carefully laid
plans fell into disarray because of the astonishingly
rapid growth of a new use for radiotelephony—
broadcasting. Inception of this development came
in 1920 from several people, chiefly Dr. Frank Con-
rad, a Westinghouse engineer based in Pittsburgh.
Conrad operated an amatcur radiotelephone sta-
tion, 8XK, in his garage. Exhibit 2.e shows his setup.

The Oldest Broadcasting Station

Conrad fell into the habit of transmitting recorded
music, sports results, and bits of talk in response
to requests from other amateurs. These informal
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Sarnoff and Paley: Giants of Early Broadcasting

Both network broadcasting pioneers came from immi-
grant Russian families, but there the similarity ceases.
Sarnoff (top) rose from direst poverty, a self-educated
and self-made man. In contrast, Paley (bottom) had
every advantage of money and social position. After
earning a degree from the Wharton Schoal of Business
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 “a
technician turned businessman, ill at ease with the
hucksterism that he had wrought, and he did not con-
descend 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

Source: Photos: Sarnoff, courtesy RCA,; Paley, courtesy CBS.

work at the telegraph key for American Marconi, Paley
by way of leisurely DX (long-distance) 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 radio came
through sponsoring of programs. After becoming ad-
vertising manager of his father’s cigar company in
1925, he experimented with ads on WCAU in Phila-
delphia. Impressed with the results, he explored get-
ting into the radio business and late in 1928 took over
the struggling CBS network.

Both men, shown here in about 1930, were highly
competitive and pitted their companies against each
other for 40 years before Sarnoff’s retirement in 1969.
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Conrad’s XK and Its Successor, KDKA

Frank Conrad’s transmitter (ef?) typified the improvised setups used by wireless inventors
and experimenters. It contrasts with the first KDKA transmitter facilities (right), with
which the Harding-Cox election returns were broadeast on November 2, 1920.

Source: Photos courtesy Westinghouse Broadcasting Company.

transmissions (hardly “programs” in the formal
sense) built up so much interest that newspapers
began to comment on them. Others elsewhere
around the world had made similar amateur trans-
missions, but Conrad’s 8XK set a unique chain of
events in motion.

Pittsburgh department store managers, noting
growing public interest in wireless, sensed that peo-
ple might buy receiving sets to pick up Conrad’s
broadcasts. They installed a demonstration receiver
and ran a newspaper display ad on September 22,

1920: “Air Concert ‘Picked Up’ by Radio Here . . .
Amateur Wireless Sets made by the maker of the
Set which is in operation in our store, are on sale
here $10.00 up.”

In turn, Westinghouse executives saw in this ad a
possible novel merchandising tie-in: they could cre-
ate demand for radio receivers by regularly trans-
mitting programs. Accordingly, they adapted a
Westinghouse transmitter that went on the air as sta-
tion KDKA from an improvised studio in East Pitts-
burgh on November 2, 1920. Since KDKA’ opening
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coincided with election day 1920, the maiden broad-
cast reflected public interest in presidential vote
results. KDKA offered brief news reports of election
returns, fed to the station by telephone from a news-
paper office, alternating with phonograph and live
banjo music. After the election KDKA began a regu-
lar daily hourlong schedule of music and talk.

KDKA met five criteria that qualify it as the oldest
U.S. station still in operation, despite many other
claims based on earlier experiments. KDKA (1) used
radio waves (2) to send out uncoded signals (3) in 2
continuous, scheduled program service (4) intended
for the general public and (5) was licensed by the
government to provide such a service (Baudino &
Kittross, 1977). However, no broadcasting licenses
as such existed at the time; KDKA had the same kind
of license as ship-to-shore radiotelegraphic stations.

Unhampered by competing signals, KDKA’s
nighttime signal could be picked up at great dis-
tances. Newspapers in the United States and Can-
ada printed the station’s program schedule. As other
stations came on the air, some observed a “silent
night” once a week to enable listeners to receive
weak “DX” (long-distance) signals from far-off sta-
tions whose transmissions would be otherwise
drowned out by local stations.

In its first year of operation, KDKA pioneered
many types of programs that later became standard
radio fare: orchestra music, church services, public
service announcements, political addresses, sports
events, dramas, and market reports. But KDKA
lacked one now-familiar type of broadcast mate-
rial—commercials. Westinghouse paid KDKA’ ex-
penses to promote sales of its own products. The
company assumed that each company wanting to
promote its wares over the air would operate its
own station.

2.5 Broadcasting Becomes
an Industry

Westinghouse did not have the field to itself for
long. Departinent stores, newspapers, educational
institutions, churches, and electrical equipment
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dealers all soon operated their own stations. In early
1922 the new industry gathered momentum; by
May more than 200 stations had been licensed, and
the number passed 500 early in 1923.

Conflicting Approaches

RCA entered the field in 1921, purchasing WJZ, a
second station that Westinghouse built to reach the
New York market. WJZ assumed responsibility for
producing its own programs, as had KDKA. But
when AT&T put its WEAF on the air in 1922, it
took a different approach. The telephone company
explained that it would furnish no programs whatso-
ever. AT&T perceived broadcasting as another com-
mon carrier—merely a variation of telephony. In a
1922 press release about WEAF, AT& T explained
its approach:

Just as the [telephone] 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 filling radio
schedules entirely with leased time would not work.
As with print media, advertisers would have to foot
the bill. Advertisers, however, had no idea how to
prepare programs capable of attracting listeners. To
fill its schedule, the telephone company found itself
getting into show business after all—a decidedly
uncomfortable role for a regulated monopoly bent
on maintaining a serious and dignified public image.

Soon the industry broke into two conflicting
groups with different ideas about the way broad-
casting would work. The “Radio Group” consisted
of Westinghouse, GE, and RCA; the “Telephone
Group” was made up of AT&T and its Western
Electric subsidiary. In the end, it turned out that
each group was partly right.

The Telephone Group correctly foresaw that the
spectrum could not accommodate enough channels
for each company in the country to have its own
station. Instead, each station would need to make
its services available to many different advertisers.
AT&T miscalculated, however, in emphasizing pri-
marily those interested in sending messages instead



of those receiving them. Public goodwill had to be
earned with listenable programs to pave the way for
acceptance of advertising. Here the Radio Group’s
strategy of providing a program service prevailed.
It took about four years for these conflicting ap-
proaches to sort themselves out.

Radio Advertising

WEAF called the sale of commercial time toll broad-
casting, an analogy to telephone long-distance toll
calls. It first leased facilities for a toll broadcast in
August 1922, when a Long Island real estate firm
paid $50 for ten minutes of time to extoll the advan-
tages of living in an apartment complex in New
York. AT&T would not allow mentioning anything
SO crass as price.

In 1923 the first weekly adverdser appeared on
WEAF, featuring a musical group the client called
“The Browning King Orchestra”—which ensured
frequent mention of the client’s name although the
script carefully avoided mentioning that Browning
King sold clothing. By 1928, under pressure of ris-
ing stadon operating costs and advertiser demand,
more blatant advertising had become acceptable.

Few broadcasters had developed programming
and production skills, leaving a vacuum that adver-
tsing agencies filled. They took over commercial
program production, introducing the concept of
sponsorship. Sponsors did more than simply adver-
tise—they also owned their programs that served
as vehicles for their advertising messages. Later on,
during the height of network radio’s popularity, ad-
vertisers and their agencies controlled most major
entertainment shows, a surrender of control that
broadcasters lived to regret.

Networks

AT&T found a long-lasting broadcast role in its
interpretation of the RCA cross-licensing agree-
ments, claiming exclusive rights to interconnect
radio stations with its telephone lines. Thus, at first
only WEAF could set up a network. It began in 1923
with the first permanent station interconnection—a
telephone line between WEAF in New York City
and WMAF in South Dartmouth, Massachusetts.

By October 1924 AT&T had a regular chain or
network of 6 stations and assembled a temporary
coast-to-coast chain of 22 outlets to carry a speech
by President Calvin Coolidge.

Denied the use of AT&T telephone interconnec-
tion for its rival network, the Radio Group’s stations
turned to Western Union telegraph lines. Designed
only for the simple on-off pulses of Morse code,
telegraph lines could not carry radio as well as could
wires designed for voice. Nevertheless, in 1923 WJZ
formed a wire link to a station in Washington, DC,
and by 1925 had succeeded in organizing a network
of 14 statdons.

Cross-Licensing Revisited

The growing demand for broadcasting equipment,
especially receivers, upset the careful balance that
the cross-licensing agreements had devised. The
agreements had not included broadcasting, which
was seen to be of only minor importance. Further,
a federal suit alleged that the patent pool violated
antitrust laws by aiming to control manufacture and
sale of all radio equipment. The suit added urgency
to the need for change. At the same time AT&T
concluded that its original concept of broadcasting
as a branch of telephony was mistaken.

Accordingly, in 1926, the partners‘in the cross-
licensing agreements redefined the parties’ rights
to use their commonly owned patents and to engage
in the various aspects of the radio business. Briefly,
AT&T refocused on telephony, selling WEAF and
its other broadcasting assets to the Radio Group
for $1 million, agreeing not to manufacture radio
receivers. RCA won the right to manufacture receiv-
ers while agreeing 10 lease all network relays from
AT&T.

This 1926 agreement had a defining influence on
the future of broadcasting in America. As long as
two groups of communications companies fought
over basic concepts, broadcasting’s economic future
remained cloudy at best. The 1926 agreements re-
moved that uncertainty.

Origin of NBC

A few months after the 1926 settlement, the Radio
Group created a new RCA subsidiary, the National
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Broadcasting Company (NBC)—the first American
company organized specifically to operate a broad-
casting network. NBC’s 4/2-hour coast-to-coast in-
augural broadcast in late 1926 reached an estimated
five million listeners. It took another two years,
however, for coast-to-coast network operations to
begin on a regular basis.

In 1927 RCA expanded NBC into two semiauton-
omous networks, the Blue and the Red. WJZ (later
to become WABC) and the old Radio Group net-
work formed the nucleus of the Blue; WEAF (later
to become WNBC) and the old Telephone Group
network formed the nucleus of the Red.

Origin of CBS

In 1927, soon after NBC began, an independent
talent-booking agency, seeking an alternative to
NBC as an outlet for its performers, started a rival
network. It went through rapid changes in owner-
ship, picking up the name Columbia Phonograph
Broadcasting System as a result of a record com-
pany’s investment. In September 1928 William S.
Paley purchased the “patchwork, money-losing lit-
tle company,” as he later described it. When he
took over, CBS had only 22 affiliates. Paley quickly
turned the failing network around with a new affilia-
tion contract. In his autobiography a half century
later he recalled:

I proposed the concept of free sustaining service. . . .
I would guarantee not ten but twenty hours of pro-
gramming per week, pay the stations $50 an hour for
the commercial hours used, but with a new proviso.
The network would not pay the stations for the first
five hours of commercial programming time. . . .
[T]o allow for the possibility of more business to come,
the network was to receive an option on additional
time. And for the first time, we were to have exclusive
rights for network broadcasting through the affiliate.
That meant the local station could not use its facilities
for any other broadcasting network. I added one more
innovation which helped our cause: local stations
would have to identify our programs with the CBS
name. (Paley, 1979: 42)

Paley’s canny innovations became standard prac-
tice in network contracts. From that point on CBS
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never faltered, and Paley eventually rivaled Sarnoff
as the nation’s leading broadcasting executive (see

Exhibit 2.d).

2.6 Government Regulation

One final piece remained to complete the structure
of broadcasting in America—national legislation to
impose order on the new medium. With the incep-
tion of telegraph systems in the 1840s, most govern-
ments recognized the need for both national and
international regulation to ensure their fair and effi-
cient operation.

The first international conference devoted to
wireless communication issues took place in Berlin
in 1903, only six years after Marconi’s first patent.
It dealt mainly with the Marconi company’s refusal
to exchange messages with rival maritime wireless
systems. The conference agreed that safety consid-
erations would take precedence over commercial
rivalries during emergencies. Three years later, at
another Berlin Convention, nations agreed to equip
ships with suitable wireless gear and to exchange
emergency (SOS) messages freely among different
commercial systems.

1912 Radio Act

Congress confirmed American adherence to the
Berlin rules with a 1910 wireless act requiring radio
apparatus and operators on most ships at sea. In the
wake of the Titanic disaster, the wireless act was
modified to require at least two operators on most
ships. A few weeks later, the Radio Act of 1912, the
first comprehensive American legislation to govern
land-based stations, required federal licensing of all
radio transmitters. Specifically, the act required the
Secretary of Commerce to grant licenses to U.S.
citizens on request, leaving no basis to reject appli-
cations. Congress had no reason to anticipate rejec-
tions; it presumed that all who needed to operate
radio stations could do so on a seemingly unlimited
spectrum.



The 1912 act remained in force untl 1927—
throughout broadcasting’s formative years. The law
worked well enough for the point-to-point services
it was designed to regulate. Point-to-multipoint
broadcasting, however, introduced demands for
spectrum never imagined in 1912. Unregulated
growth of broadeast stations in the mid-1920s soon
created intolerable interference.

An ardent believer in free enterprise, Sceretary
of Commerce Herbert Hoover hoped that the new
radio business would discipline itself without the
need for government regulation. To that end, he
called a series of four annual national radio confer-
ences in Washington, DC. At the firstin 1922, about
20 broadcast engineers attended; by the fourth in
1925, participants had increased to 400 and included
station managers and attorneys. At each mecting,
Hoover stressed that here was an industry actually
requesting government regulation.

Finally, in 1926 things came to a head. A federal
court confirmed that Hoover had no right (under
the 1912 act) to establish regulations. He had tried
to sue a Chicago station for operating on unautho-
rized frequencies at unauthorized times. The court
found in favor of the station, remarking that, lacking
specific congressional authorization in the law,
Hoover could not “make conduct criminal which
such laws leave untouched” (F, 1926: 618). In less
than a year, 200 new stations took advantage of the
government’s inability to enforce licensing rules.
President Coolidge urged Congress to pass a new
law to regulate broadcasting. As he put it, “the whole
service of this most important public function has
drifted into such chaos as seems likely, if not reme-
died, to destroy its great value” (Coolidge, 1926).
Early in 1927 Congress finally complied.

1927 Radio Act

The Radio Act of 1927 adopted most recommenda-
tions of Hoover’s Fourth Radio Conference. Not a
government move to limit free enterprise, the 1927
act provided what most broadcasters wanted. It es-
tablished a temporary Federal Radio Commission
(FRC) to bring order into broadcasting. The techni-
cal and licensing problems continued, however, and

Congress eventually made the Commission perma-
nent.

The FRC, acting under the Radio Act’s require-
ment thatitact in the “public interest, convenience,
or necessity,” created a continuous band of frequen-
cies for AM radio, required and enforced specific
station frequencies and hours on the air, closed
down portable broadcast transmitters, and reduce:d
the number of stations operating at night (hecause
their medium-frequency signals then travel farther
and may cause greater interference). These and
other FRC moves gave investors and advertisers
confidence that breadcasting would develop in an
orderly fashion.

2.7 Depression Years,
1929-1937

Two years after passage of the 1927 act, the Depres-
sion settled on the nation. A third of all American
workers lost their jobs. National productivity fell
by half. None of today’s welfare programs cxisted
then to cushion the intense suffering that unem-
ployment, poverty, and hunger caused. Given the
depressed state of the economy and the FRC's house
cleaning, the number of radio stations on the air
actually decreased {see Fxhibit 2.).

Role of Broadcasting

In these difficulr years, radio entertainment came
into its own as the only free (after one owned a
receiver), widely available distraction from the grim
daily struggle to survive. Listencr loyalty became
almost irrational, according to broadcast historian
Erik Barnouw:

Destitute families. forced to give up on icebox or furni-
ture or bedding, clung to the radio as to a last link of
humanity. In cansequence, radio, though briefly jolted
by the Depression, was soon prospering from it. Mo-
tion picture business was suffering, the theater was
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collapsing, vaudeville was dying, but many of their
major talents flocked to radio—along with audiences
and sponsors. (Barnouw, 1978: 27)

Roosevelt and Radio

President Franklin D. Roosevelt, coming into office
in 1933, proved to be a master broadcaster, the first
national politician to exploit the medium to its full
potential in presidential politics. His distinctive de-
livery soon became familiar to every listener who
tuned to his “fireside chats,” the term used to sug-
gest the informality, warmth, and directness of these
presidential radio reports to the people. Radio of-
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fered a brand-new phenomenon in American pol-
itics.

Roosevelt made a significant impact on commu-
nication regulation as well. In 1934 the president
asked Congress to establish a single communica-
tion authority to pull together separate federal
responsibilities for regulating both wire and wire-
less. After making its own study of the situation,
listening to industry lobbyists, and largely ignoring
a small but vocal minority seeking greater access
to radio stations, Congress passed the Communica-
tions Act of 1934—still in place six decades later.
It created a new regulatory body, the Federal
Communications Commission (FCC), one of many



agencies set up in the flurry of New Deal govern-
ment activity.

Network Rivalries

During the Depression CBS tried to chip away at
NBC's privileged position as the first network. Big
advertisers and star performers usually selected the
bigger NBC over CBS when given a choice. It did
little good for CBS to build up successful programs:
“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”
(Paley, 1979: 174).

The Mutual Broadcasting System (MBS) began
in 1934 with a premise different from that of CBS
or NBC. In the early 1930s only two big radio
stations lacked network affiliation—WGN-Chi-
cago and WOR-New York. In 1934 they formed
a cooperative network organization with WXYZ-
Detroit and WLW-Cincinnati. The four stations
pooled some of their own programs, most notably
The Lone Ranger, to form the nucleus of a network
schedule. But MBS attempts to expand into a na-
tional network were frustrated because most stations
had already committed themselves to NBC or CBS.
MBS complained to the FCC about this virtual mo-
nopoly of the older networks.

The FCC began an in-depth investigation of net-
work practices. After three years of study, the Com-
mission issued its Chain Broadcasting Regulations in
May 1941, so sweeping in scope that NBC and CBS
argued the new rules would devastate the industry.
The FCC sought to give network affiliates more
control over their own schedules and the networks
less clout. Though the networks fought the rules
all the way to the Supreme Court, in 1943 the Court
upheld the FCC—a watershed ruling affirming the
constitutionality of the Commission’s rule-making
powers (US, 1943).

The decision forced NBC to wrap up its dual
network operation, and it sold the weaker Blue Net-
work, which became the American Broadcasting
Company (ABC) in 1945. Thanks to the new regula-
tions, MBS and the other networks expanded rap-

idly after the war. Radios four-network pattern
endured into the late 1960s.

2.8 Early Radio Programs

As derailed in Section 2.1, early radio drew on famil-
iar sources for program material, especially vaude-
ville acts, some of which proved readily transferable
to the new medium.

Comedy

The first network radio entertainment program to
achieve widespread popularity was a prime-time,
five-days-a-week situation comedy, Amos n’ Andy.
Charles Correll (“Andy”) and Freeman Gosden
(“Amos”) came to radio from vaudeville as a typical
song-and-patter team. At a Chicago station manag-
ers suggestion, they tried their luck at a radio-
comedy series. The two white performers developed
a black-dialect show in ghetto English, featuring
the ups and downs of the “Fresh Air Taxicab Com-
pany of America, Incorpulated.”

Amos "n’ Andy became radio’s first big network
hit in the early 1930s. Traffic stopped across the
country and movies halted in midreel at 7 PM. for
the nightly 15 minutes of chuckles over the antics
of Amos, Andy, the Kingfish, Lightnin’, Madam
Queen, and a host of minor characters, most of
whom the versatile Correll and Gosden played
themselves.

Such an impersonation of African Americans by
white actors using stereotyped dialect and situations
based on ghetto poverty would not even be consid-
ered today. As early as 1931 a Pittsburgh newspaper
called on the FCC to ban the series, alleging racism,
but its defenders argued that many blacks seemed
to enjoy the program just as much as did whites.
CBS dropped a later television version (with black
actors) in 1953 because of NAACP opposition, but
the series continued in syndication until 1966.
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Music

Radio relied heavily on music from the beginning.
In the mid-1930s more than half of all radio pro-
gramming consisted of music, three quarters of it
carried on a sustaining (nonsponsored) basis. Large
stations often hired their own musical groups while
networks supported symphony orchestras. In its
early years CBS devoted a quarter of its entire
schedule to music. NBC began regular broadcasts
of the Metropolitan Operain 1931 and hired Arturo
Toscanini out of retirement to head the NBC Sym-
phony Orchestra in the late 1930s.

Musicians and composers welcomed such live-
performance opportunities, but many stations could
afford only recordings. In a single playing, re-
cordings might reach more listeners than would
hear live performances in a year. This rapid con-
sumption via radio alarmed musical creators and
performers. The musicians’ union tried to keep re-
cordings of all kinds off the air, and copyright hold-
ers demanded heavy payment for performance
rights.

Under copyright law, playing a record in public
for profit (as in a broadcast) constitutes a “perform-
ance.” As such, it obligates the user (in this case a
radio station) to pay copyright holders (who may
include composers of the music, lyricists, and music
publishers) for performing rights. These music
copyright holders rely on music-licensing organiza-
tions to act on their behalf in monitoring perform-
ances and collecting copyright fees for the use of
both live and recorded music. The first such U.S.
organization, the American Society of Composers,
Authors, and Publishers (ASCAP), dates back to
1914.

Just eight years later ASCAP began making de-
mands for substantial payments by broadcasters for
using musical works in its catalog, whether broad-
cast live or from records. These demands threatened
stations with an unexpectedly heavy financial bur-
den. In 1923 they formed the National Association
of Broadcasters (NAB) to negotiate ASCAP’s de-
mands on an industrywide basis.

In 1937, when ASCAP announced yet another fee
increase, broadcasters decided to boycott ASCAP
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music and later created their own cooperative
music-licensing organization, Broadcast Music, Inc.
(BMI). Eventually BMI built up a comprehensive
library. Competition from BMI moderated ASCAP
demands, but licensing terms have been a cause of
lawsuits ever since.

Recordings

Musicians were not the only ones to oppose airing
recordings. Radio networks banned recorded pro-
grams because they sounded worse than live broad-
casts. Further, networks touted their ability to
distribute live programs as a unique asset.

As radio began, phonographs still used relatively
primitive technology. Early discs ran at 78 revolu-
tions per minute (rpm), allowing time for only three
or four minutes on a side. In 1929 broadcasters
began using better-quality 16-inch ETs (electrical
transcriptions). ETs revolved at 33% rpm, permit-
ting 15 minutes to a side. They were used in radio-
program syndication and for specially recorded
subscription music libraries on which many stations
relied.

ABC dropped its recording ban in 1946 to lure
Bing Crosby away from powerful NBC. The laid-
back crooner hated the tension and risks of real-
time broadcasting, which were compounded by the
need to repeat each live program in New York 2
second time for the West Coast to compensate for
time-zone differences. Crosby invested in a then
little-known company, Ampex, which developed
magnetic-tape recording based on German wartime
technology. As soon as broadcast-quality audiotape
recorders became available, ABC agreed to let
Crosby break the network ban by recording his
weekly prime-time program. The other networks
soon followed ABC’s lead, appreciating the flexibil-
ity and control such technology offered.

News

As with music, news depends both on outside
sources of supply and on technology. Most news
comes from press associations or wire services (0
called because they distributed news by telegraph



for years). Newspapers calculated that they could
limit radio’s competition by denying broadcasters
access to major news agencies. NBC had inaugu-
rated regular 15-minute nightly newscasts by Low-
ell Thomas in 1930 on its Blue Network—a sign
that radio might soon seriously compete with news-
papers.

Newspaper publishers, hoping to limit radio
news, forced the networks (which were ill-prepared
to gather their own news) to accept use of a special
Press-Radio Bureau designed to funnel just enough
news to radio to tempt listeners to purchase newspa-
pers for more details.

The Bureau never worked effectively. For one
thing, the press-radio agreement did not cover news
commentaries, so many newscasters became instant
commentators. In 1935 United Press broke the em-
bargo on unrestricted release of news to radio,
joined soon by International News Service (these
two merged in 1958 to form today’s UPI). The
Press-Radio Bureau finally expired, unmourned, in
1940 when the Associated Press began to accept
radio stations as members. The press associations
later acquired more broadcasters than publishers
as customers and began offering services especially
tailored for broadcast stations, including audio feeds
ready to go directly on the air.

2.9 Radio in World War 11,
1939-1945

During World War II, which the United States en-
tered in 1941, radio escaped direct military censor-
ship by complying voluntarily with codes. For
example, broadcasters avoided live man-on-the-
street interviews and weather reports; the former
could risk transmission of a secret code and the
latter would be useful to potential enemy bombers.
Radio had a role to play internationally in psycho-
logical warfare, and in 1942 President Roosevelt
appointed well-known newscaster Elmer Davis to
head the newly created Office of War Information

(OWD. OWI mobilized an external broadcasting
service that eventually became known as the Voice
of America, which still broadcasts to foreign coun-
tries today.

Wartime restrictions on civilian manufacturing,
imposed from 1942 to 1945, all but eliminated sta-
tion construction and receiver production. Manu-
facturers of consumer goods devoted their capacity
to military needs but continued to advertise their
peacetime products to keep their names before the
public. The government allowed them to write off
these advertising costs as business expenses even
though they had no products to sell.

Radio Drama

Released from the normal competitive pressures to
sell products by support of mass-appeal material,
some advertisers invested in their public image by
supporting high-quality dramatic programs of a
type rarely heard on American radio, though such
programs were common in Europe.

Radio developed playwrights such as Norman
Corwin and Arch Oboler who won their chief liter-
ary fame in broadcasting. CBS commissioned Cor-
win to celebrate Allied victory in Europe with an
hourlong radio play, “On a Note of Triumph,” in
1945. This emotional program climaxed an extraor-
dinary flowering of radio art—original writing of
high merit, produced with consummate skill, and
always live, for the networks still banned recordings.
With the end of the war years and the artificial
wartime support for culture, competitive selling re-
sumed, and this brief, luminous period of radio
drama and comedy creativity came to an end.

Wartume News

As the threat of European war loomed in the mid-
1930s, NBC began developing European news op-
erations to cover rapidly developing events. To
counter NBC, Paley decided on a bold CBS
stroke—a half-hour of news devoted to the 1938
Nazi incursion into Austria, originating live from
such key cities as London, Paris, Rome, Berlin, and
Vienna.
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| Edward R. Murrow (1908-1965)

Source: Photo from AP/Wide World.

CBS news reporter Murrow, shown here during World
War 11, often broadcast from the BBC’s Broadcasting
House in downtown London. He and other American
reporters used a tiny studio located in a sub-basement. |
Once, when the building took a hit during a German
bombing raid, Murrow continued his live report as
stretcher bearers carried dead and injured victims of
the raid past the studio to the first-aid station.

First employed by CBS in 1935 as director of talks
in Europe, he came to the notice of a wider public
through his memorable live reports from bomb-
ravaged London in 1949, and later from even more
dangerous war-front vantage points. Unlike other re-
porters, he had a college degree in speech rather than
newspaper or wire-service experience. The British ap-
preciated his realistic and often moving word-and-
sound pictures of their wartime experiences, and
American listeners liked the way he radiated “truth
and concern,” as William Paley put it (1979: 151).

Widely admired by the time the war ended, Murrow
became the core of the postwar CBS news organiza-
tion. He served briefly as vice president for news but
soon resigned the administrative post to resume daily
newscasting. As an on-the-air personality, he survived
the transition to television better than others, going
on to appear in See It Now and in often highly contro-
versial documentaries. He resigned from CBS in the
early 1960s to direct the U.S. Information Agency
under President Kennedy.

e —————— e e

The networks’ ban on the use of recorded mate-
rial created tremendous problems of coordination
and timing for the complex production. But in that
historic half-hour, anchored by Robert Trout and
featuring reports by William Shirer, Edward R.
Murrow (shown in Exhibit 2.g), and others, radio
arrived as a full-fledged news medium. Thereafter,
on-the-spot radio reporting from Europe became
a daily news feature.

Later in 1938 came the Munich crisis where Eng-
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land and France abandoned Czechoslovakia to Ger-
many’s Adolf Hitler, climaxing 18 days of feverish
diplomatic negotiations among the great powers.
During these tense days and nights, pioneer com-
mentator H. V. Kaltenborn achieved fame by extem-
porizing a remarkable string of 85 live broadcasts
from New York, reporting and analyzing news of
each diplomatic move in Europe as reports came in
by wire and wireless.

Thanks to CBS’s early start, Paley’s enthusiastic



support, and a superlative staff of news people, CBS
set a high standard for broadcast journalism during
the war years, establishing a tradition of excellence
that lasted into the 1980s. Then corporate take-
overs, competition, and cutbacks (discussed in
Chapter 3) began to erode news standards initiated
in those pioneer days.

At this point in radio’s story, television began a
spectacular rise that was to soon affect the older
medium profoundly. Radio’s story picks up again in
Section 2.13.

2.10 Pre-1948 TV Development

Television experimentation took place for decades
before it developed into a mass medium. Early tele-
vision produced crude pictures without sound, in-
teresting only as curiosities. Exhibit 2.h shows the
quality achieved in 1929, still far below an accept-
able level. Public acceptance awaited pictures with
sufficient resolution (detail) and stability (absence
of flicker) for comfortable viewing—a standard at
least as good as that of the home movies then famil-
iar to wealthier consumers.

Mechanical vs. Electronic Scanning

Inventors long sought a way to break down pictures
rapidly into thousands of fragments for transmission
bit by bit, and then to reassemble them for viewing.
Experimenters tried to perfect a mechanical ap-
proach using an ungainly disc that spun rapidly in
front of a light beam. Holes in the disc let light
through to scan each picture frame line by line. In
the mid-1930s, mechanical scanning reached a dead
end with pictures composed of up to 240 lines per
frame. Satisfactory resolution for sustained viewing,
engineers argued, would need at least 400 lines
(American television in the 1990s uses 525; much
of the rest of the world uses 625), a rate that only
electronic technology could achieve.

No single inventor can claim a breakthrough in
electronic television, for television was a corporate

rather than an individual achievement. However,
two inventors are remembered for solving specific
parts of the puzzle—Farnsworth and Zworykin.
Philo T. Farnsworth, a self-taught American genius,
devised an image dissector—a device for taking pic-
tures apart electronically for bit-by-bit transmis-
sion. His patents required RCA, the corporate
leader in American television development, to se-
cure licenses from him to perfect its own system.

Vladimir Zworykin had immigrated from Russia
in 1919 and worked as an engineer for Westing-
house. In 1923 he invented the iconoscope, the first
electronic camera pickup tube suitable for studio
operations (shown in Exhibit 4., p. 89).

As David Sarnoff focused RCA’s resources into a
drive to perfect television as early as 1930, he hired
Zworykin to head the television research group.
Entrusted with the task of producing a marketable
television system, Zworykin’s team tackled technical
concerns as well as the subjective problem of devel-
oping picture-quality standards sufficient to win full
public acceptance.

TV Goes Public

It took RCA researchers nearly a decade to attain
441-line resolution, then deemed adequate for a
full-dress public demonstration. Sarnoff chose the
opening ceremonies of the 1939 New York World’s
Fair, with its “World of Tomorrow” theme, as a
suitable showcase for RCA’ television debut. For
the first time the general American public had a
chance to see (and to be seen in) electronically gen-
erated moving pictures.

The 1939 demonstration stimulated enormous
interest, but industrywide agreement on engi-
neering standards came only in 1941, when the FCC
decided to adopt a black-and-white standard (post-
poning consideration of a color system). It accepted
the industry’s recommendations, which upped the
line frequency to 525 per frame at 30 frames per
second—standards still in effect in American televi-
sion today.

Within the year, however, wartime needs halted
production of most consumer electronics. Further
development of civilian television was shelved for
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First U.S. Television Star

per frame.

During early experiments with electronic television, RCA laboratories used, as a moving
object to televise, a 12-inch papier-miché model of a popular cartoon character, Felix
the Cat, posed on a revolving turntable under hot lights. The image insert at left shows
how Felix looked on television in 1929 when picture definition was still only 60 lines

Source: Photos from The National Broadcasting Company, Inc.
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the duration. During World War II six experimental
stations remained on the air—two in New York
City and one each in Schenectady, Philadelphia,
Chicago, and Los Angeles. They devoted their few
hours of airtime a week primarily to civilian defense
programs. Perhaps 10,000 receivers were in use,
half of them in New York City.
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Postwar Pause

The end of the war in 1945 did not, as some ex-
pected, bring an immediate upsurge in television
activity, despite a backlog of 158 pending station
applications. Many experts believed that all-out de-
velopment should await adoption of a color system.



And potential investors wondered whether the pub-
lic would buy receivers that cost many times the
price of radios—or if advertisers would pay for ex-
pensive television time.

Meanwhile progress behind the scenes resumed.
In 1945 a new image orthicon tube came into use,
improving camera sensitivity while eliminating un-
comfortably high levels of studio light older tubes
had required. In 1946 AT&T opened its first
intercity coaxial-cable link between New York and
Washington, DC, enabling the start of live inter-
connection.

2.11 Growing Pains: Channels,
Color, Networks

By mid-1948 public demand and broadcaster inter-
est inaugurated the long-anticipated television gold
rush, the transition from mere experiments to true
mass medium. Sixteen stations were on the air at
the start of 1948—and nearly 100 two years later.
The number of cities that television served grew
rapidly. The audience expanded in one year by an
astonishing 4,000 percent. Regular network service
to a few eastern cities began. Major advertisers
started experimenting with the new medium, and
regular programs were launched.

Television’s growing pains, however, still had not
quite ended; the list of things yet to be resolved
included inereasing the number of channels avail-
able, adopting a color system, and establishing truly
national networks.

The Freeze and Sixth Report and Order

In approving commercial television in 1941, the
FCC had made available only 13 channels (later
reduced to 12) to serve the entire United States—
compared with 107 AM channels and 100 FM chan-
nels. As more and more stations applied to go on
the air, it became obvious that demand would soon

exceed the supply of channels. And interference
among the few stations on the air was growing be-
cause of a miscalculation of the distance needed to
separate stations assigned to the same channel.

In September 1948 the FCC abruptly froze fur-
ther processing of television-license applications
pending solution of these problems. The freeze had
no effect on applicants whose permits had already
been approved. For the nearly four years of the
freeze, 108 prefreeze stations enjoyed an enviable
monopoly. The FCC held a lengthy series of hear-
ings to settle the complicated engineering and pol-
icy questions that had precipitated the freeze. The
much-anticipated decision, the basic charter of pres-
ent-day American broadcast television, came on
April 14, 1952, in the FCC’ historic Sixth Report
and Order (FCCR, 1952).

The new rules supplemented the existing 12 VHF
(very high frequency) channels with 70 new chan-
nels in part of the UHF (ultrahigh frequency) band.
Use of this much higher range of frequencies had
been pioneered during World War I1. Exhibit 4.,
page 93, summarizes current channel numbers and
their locations in the spectrum, showing how the
FCC combined four separate frequency bands to
obtain sufficient spectrum space.

Channel-Allotment Plan

An FCC table, providing for slightly more than
2,000 stations, allotted use of one or more channels
to some 1,300 communities (the prefreeze plan had
allotted channels to only 345 cities). More than two-
thirds of the allotments were on the UHF band.
The FCC reserved about 10 percent (later increased
to 35 percent) of the total for noncommercial educa-
tional use, mostly in the UHF band. Exhibit 2.i
provides an example of how the allotment table
separates stations on the same channel throughout
the country, spacing them to avoid co-channel inter-
ference.

The number of on-air stations more than tripled
in the first postfreeze year, as shown in Exhibit 2.j.
Nevertheless, the new channel-allotment plan had
serious defects. For one thing, there were still too
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TV Channel Allotment Plan
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Using channel 7 as an example (a similar map could be made for any other VHF or
UHF channel), this map shows the occupied channel 7 allotments (those actually on the
air), except for three outside the contiguous 48 states. They are spread fairly evenly,
separated from each other by a minimum of 170 miles. The list of all channels available
in one of the cities is shown below. Rapid City, SD, is allotted two UHF channels (the
first of which went on the air in 1988), but the town gets additional service from translators
that bring in signals of several stations allotted to other cities in that region, plus cable
television.
Status of channel allotments in Rapid City, SD, in 1995 (shown by a black radiating
antenna on the map):
3—occupied by KOTA, an ABC affiliate
7—occupied by KEVN, an NBC affiliate
9—occupied by KBHE, a noncommercial station licensed to the state of South Dakota
15—occupied by KCLO, a CBS affiliate
21—not on the air

_—————————a——— = — = e

few channels to give viewers in every market the
same range of choices. Some had only one channel,
some two or three, and so on. Viewers in any given
market needed access to at least five channels to
be able to choose among the three networks, an
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independent (nonnetwork) station, and an educa-
tional outlet. For another, the FCC’ decision to
intermix VHF and UHF allotments in many locali-
ties placed UHF stations in such markets at a serious
disadvantage.




UHTF Problem

UHF waves have an inherent propagation weak-
ness—they cannot cover as great an area as VHF
waves. The Commission tried to ensure equal cov-
erage for both VHF and UHF stations by authoriz-
ing UHF to use higher power. Yet even if added
power could have helped, years passed before
maximum-power UHF transmitters became avail-
able. And long after UHF television service began,
set manufacturers still built VHF-only receivers,
forcing viewers in markets with UHF stations to buy
difficult-to-use UHF converters and often poorly
performing UHF antennas.

Faced with overwhelming disadvantages, UHF
television declined to a low of only 75 stations
by 1960. The FCC continued to seek ways to
assist failing UHF stations. Its most useful step

EXhibitZ.] eec00sc0s00e

came in 1962, when it persuaded Congress to
require manufacturers to equip all receivers with
built-in UHF tuners. Despite FCC efforts to
improve UHF viability, the Sixth Report and Order
saddled the television industry with long-term
problems. The frustration of viewers who wanted
more program options than the FCC’s allotments
made possible encouraged eventual development
of cable television and other substitutes for over-
the-air reception.

By 1965 some of the FCC’s UHF efforts had
taken effect, and that part of the industry began a
steady, though not spectacular, growth. FCC finan-
cial reports indicate that until 1974 UHF stations
as a group continued to lose money. Thereafter
their average profit margin increased each year. By
mid-1994 UHF commercial outlets on the air (594)
had surpassed VHF (559).

Growth in Number of TV Stations (1948-1 995)
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Source: Adapted from Stay Tuned: A Concise History of Amerizan Broadeasting by Sterling, C., and Kittross, J. © 1990 by
Wadsworth Publishing Company, Inc. Reprinted by permission of Wadsworth, Inc.

The modern TV era started in 1948, with 16 stations
on the air. Only 108 stations had been authorized when
the 1948-1952 freeze imposed a temporary ceiling.
After that the number shot up, reaching 400 by 1955.
Growth began to slow down at that point, but has
never actually stopped. Noncommercial stations de-
veloped more slowly, starting with the first two in
1954. Not included here are low-power TV stations
(1,591 by early 1995) or nearly 7,000 television transla-
tors.

“
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Color TV

Meanwhile CBS and RCA/NBC wrangled over the
postponed issue of color. CBS promoted a partly
mechanical system, RCA an all-electronic system.
Finally, in 1953, all parties agreed to an electronic
system patterned closely on RCAS. An important
argument in its favor was that it had compatibility—
black-and-white sets already in use could pick up
the newly approved color signals and display them
in monochrome.

However, color telecasts on a large scale devel-
oped slowly. Five years after the 1953 adoption of
color standards, only NBC offered programs in
color. Full network color production in prime time
finally arrived in 1966. By 1972, nearly two decades
after adoption of color standards, only half of the
country’s homes had color television sets. Today,
however, manufacturers make only color sets, except
for small black-and-white portables.

TV Relays and Recording

Full-scale national network operations had to await
completion of AT& T’ coaxial-cable and microwave
relay links, which joined the East and West Coasts
in 1951 and enabled the start of live network inter-
connection. Until the cable reached them, affiliates
had to use kinescopes of network programs—films
of television programs photographed as they were
displayed on the face of a receiver tube—syndicated
films, and their own live productions.

Kinescope recordings of network programs had
become available in 1948, but their poor quality
discouraged their use. In 1956 the Ampex Corpora-
tion demonstrated a successful videotape recorder,
which saw its first practical use that fallon CBS. Ina
rare spirit of cooperation, competing manufacturers
put aside rivalries and agreed on a compatible pro-
fessional videotape standard. Videotape doomed the
era of live production, as related in Section 2.12.

Ceiling on Networks

‘The FCC’s 1952 Sixth Repert and Order effectively
limited television to three national networks be-
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cause there were too few cities with four channels
to allow a fourth network to compete nationally
on an even footing. Even if all the independent
commercial stations in every market combined to
form a fourth network it would reach, at best, 85
percent of the population, whereas ABC, CBS, and
NBC each could reach more than 95 percent of
television homes. This situation underlines as well
the FCC’s greater concern for local, rather than
national, television service.

Nevertheless, there have always been pressures
to create a fourth national television network. MBS,
the fourth radio network, lacked the money to
branch into television. From 1946 to 1955, however,
a fourth chain did exist—Du Mont Television Net-
work, founded by Allen B. Du Mont, a developer
of the cathode-ray tube. The Du Mont network
survived only as long as lack of interconnection
facilities kept networking in check. Once intercon-
nection relays became generally available, Du Mont
could not sign up sufficient affiliates to compete
with the larger, older, and richer networks. (The
Fox Broadcasting Company’s fourth network expe-
rience is discussed in Section 3.6.)

2.12 Golden Age of Television,
1948-1957

As some look back with nostalgia to radio’s “golden
era” of the 1930s and 1940s, some feel the same
way about television’s first decade asa mass medium,
1948 to 1957.

Programs as Motivators

In that decade, the networks put first priority on
stimulating people to buy sets. Only attractive pro-
grams could do that:

It was the only time in the history of the medium that
program priorities superseded all others. If there was
an abundance of original and quality drama at the time

. . it was in large part because those shows tended
to appeal to a wealthier and better-educated part of



the public, the part best able to afford a television set
in those years when the price of receivers was high.
(Brown, 1971: 154)

Most programs, local and network, were neces-
sarily live—a throwback to the earliest days of radio.
Videotape recording was uncommon, especially at
the local level, until the late 1950s. Original televi-
sion plays constituted the best artistic achievements
of television’s live decade. “Talent seemed to gush
right out of the cement,” as pioneer New York Times
critic Jack Gould observed years later.

TV vs. Hollywood

Television programs could, of course, have been
recorded from the very beginning by filming them
(and many were—witness the continuing reruns of
the early 19505’ I Love Lucy). Economic, technical,
and industrial barriers delayed widespread use of
this solution. Hollywood traditional single-camera
method of production is slow and cumbersome,
costing far too much for general television use; and
it took time to adapt film production to the physical
limitadons of television, with its lower resolution,
smaller projected-picture area, and more restricted
contrast range.

In addition, many critics opposed use of film,
expecting television to escape Hollywood’s strait-
jacket in favor of a new, live, and less trite mass-
entertainment genre. The two points of view were
as far apart as their two producton centers—
television in New York and film in Los Angeles.
But the economics of both industries drove them
closer together. Inevitably, as technical barriers to
producing filmed television programs fell, and as
Hollywood accepted use of videotape, the produc-
tion base for entertainment programs shifted to the
West Coast by the late 1950s.

Hollywood’ old-line feature-film producers saw
television as a threat, much as publishers had feared
that radio would undermine newspapers. Producers
and distributors refused to rélease their most recent
feature films to television for a dozen years. At first
only pre-1948 films could be shown on television.
Not until the early 1960s did Hollywood conclude
that the television bane could also be a boon. Movie

producers realized that audiences would not stop
buying theater tickets just because they could see
movies on television. And the networks were ready
to pay big money to show “post-48” films—movies
that in most cases had little or no residual value for
theatrical release. Eventually feature-film producers
found they could profit even more from delayed
release to cable television and the VCR market, as
well as broadcasting.

Network Rivalries

In terms of program formats, many important ideas
in TV’ first decade sprang from the fertile imagina-
tion of Sylvester “Pat” Weaver, who became NBC’s
vice president for television in 1949, leaving NBC
six years later as board chair. Disregarding conven-
tional wisdom about established viewing habits,
Weaver occasionally replaced regular series with
one-time spectaculars, 60 or 90 minutes long. Weaver
also foresaw that the single-sponsor show (a hall-
mark of network radio) simply could not last in
prime-time television as costs soon exceeded what
single advertisers could afford. Instead, NBC intro-
duced participating sponsorship, which enabled sev-
eral different advertisers to share costs of a program.
NBC’s long-running Today and Tonight shows are
further testimony to Weaver’s lasting impact.

Despite Weaver’s NBC innovations, CBS steadily
gained in the audience ratings race. In 1955 CBS
achieved the number-one place in the ratings, a rank
it would hold undisputed for 21 years. Meanwhile,
the third network, ABC, found itself in somewhat
the same position that CBS had occupied in the
early days of network radio. Top advertisers and
performers automatically chose CBS or NBC, turn-
ing to ABC only as a last resort.

A corporate breakup helped rescue ABC in 1953.
When a Justice Department antitrust suit against
the big Hollywood film studios forced them to sell
off their extensive theater chains, one of the spun-
off companies, Paramount Theaters, merged with
ABC in 1953. Paramount injected much-needed
funds and established a link with Hollywood that
eventually paid off handsomely, helping ABC to
achieve status equal to that of CBS and NBC.
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In 1954 Walt Disney, the first of the major studio
leaders to make a deal with television, agreed to
produce a series of programs for ABC called Disney-
land (1954-1957), later continued on NBC. The
deal built ABC audiences and gave Disney free tele-
vision promotion for his developing California
theme park as well as for Disney feature films. Dis-
ney went on in later years to become a primary
program source for broadcast and cable television.

In search of a different image, ABC in the 1970s
began to pay more attention to shows appealing to
young, urban, adult viewers. Less concerned with
the older networks’ traditional concern for program
balance, ABC leaned heavily on action, sex, and
violence in much of its prime-time programming.

2.13 Radio’s Response

Television’s “takeoff” year of 1948 marked both a
high-water mark and the doom of full-service net-
work radio. In that year radio networks grossed
more revenue than ever before or since, excluding
profits from their owned-and-operated stations. For
more than 15 years, radio networks had dominated
broadcasting, but television was about to end their
rule.

Radio Network Decline

For the balanced news-and-entertainment network
programming that prevailed before television, four
radio networks seemed to offer as much as stations
and audiences would use. The four supplied their
affiliates a full schedule of varied programs, much
as the major television networks do today. (Today’s
dozens of satellite-delivered audio networks are pos-
sible because there are more stations, cheaper satel-
lite transmission, and because each modern service
or network specializes on a specific kind of program-
ming.)

Sponsors of major radio-network programs and
stars hastened the decline in radio-network fortunes
after 1948. As television captured its first audiences,
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it lured away major radio advertisers—and with
them went star performers and their programs. By
the early 1950s the networks were reeling. CBS’s
William Paley recalled that

Although [CBS’s radio] daytime schedule was more
than 90 percent sponsored, our prime-time evening
shows were more than 80 percent sustaining. Even
our greatest stars could not stop the rush to television.
(Paley, 1979: 227)

The ultimate blow came when radio stations
began to decline network affiliation—a startling
change, considering that previously such an affilia-
tion was a precious asset. But program commit-
ments to the networks interfered with the freedom
to put new, tailor-made, post-television radio for-
mulas into effect. By the early 1960s only a third
of all radio stations still held network affiliations.
Networks scaled down service to brief hourly news
bulletins, short information features, a few public-
affairs programs, and occasional on-the-spot sports
events.

Rock to the Rescue

With the loss of network dramas, variety shows,
and quiz games, radio programming shrank essen-
tially to music and news/talk, with music occupying
by far the majority of the time on most stations—just
as it had in the 1920s. Providentially for radio, this
programming transition coincided with the rise of a
new musical culture, one that found radio an ideally
hospitable medium.

Early in the 1950s Cleveland disc jockey Alan
Freed gained national recognition by

playing a strange new sound. A sound that combined
elements of gospel, harmony, rhythm, blues, and coun-
try. He called it “rock and roll.” And people every-
where began to listen. . . . It transcended borders
and races. . . . Rock and roll sang to the teenager; it
charted his habits, his hobbies, his hang-ups. (Drake-
Chenault Enterprises, 1978: 1)

Radio proved to be the perfect outlet for this new
form of expression as stations in many markets con-
verted to a “Top-40” format in the late 1950s. The



format name referred to the practice of rigidly
limiting DJs to a prescribed playlist of current best-
selling popular recordings. Top-40 specialists fre-
quently reprogrammed bottom-ranked stations and
lifted them to top ratings in a matter of months.

Paradoxically, Top-40s spectacular success came
as much from its ability to repel listeners as from
its skill in attracting them. Formula programmers
relied on consistency above all else; they pro-
grammed relentlessly for their target audience, no
matter what other audience segments might think.
Initially this often meant junking old programs at-
tractive to older audiences. By the 1960s rock lyrics
spread slogans of the disenchanted in a coded lan-
guage, defying conventional, conservative standards
that broadcasting had previously sought to main-
tain.

A second ingredient in Top-40 success was an
equally single-minded dedication to constant pro-
motion and advertising. Call letters and dial position
were indelibly imprinted on the listener’s mind, usu-
ally by endless repetition and promotional gim-
micks, in an effort to ensure proper responses to
rating surveys.

FM’s Rise to Dominance

Radio’s renewed focus on music brought FM to
the fore. For its first quarter-century, broadcasting
simply meant AM radio. In 1933 Edwin Armstrong
announced and patented a much-improved alterna-
tive method of audio transmission using frequency
modulation (FM). About 50 stations made it on the
air before the United States entered World War I1.
At the close of the war, however, the FCC shifted
FM from its prewar channels to its present location
at 88 to 108 MHz in the VHF band. This 1945
move made obsolete the half-million FM receivers
that had been built to operate on lower frequencies.

Postwar interest in FM stations, mostly as minor
partners in AM/FM combinations, peaked in 1948,
with more than a thousand stations authorized. But
as television’s rapid climb to power began, FM de-
clined into the background. Total station authoriza-
tions declined for a decade, as shown in Exhibit 2.f.
In 1958 FM began to recover, not only because of
greater audience interest in improved sound quality
but also from the lack of spectrum space for addi-
tional AM stations.

A new pro-FM FCC policy also helped. For ex-
ample, in 1961 the FCC approved technical stan-
dards for FM stereophonic sound. In 1965-1967
the FCC adopted a nonduplication rule that re-
quired AM/FM owners, first in big cities and then
in smaller markets, to program their FM stations
independently of AM sister stations. These meas-
ures proved effective in moving FM out of AM’s
shadow and created FM as an independent service
with its own formats. Increased listener interest gal-
vanized manufacturers into making FM receivers
more widely available, and at lower cost. By 1974
the majority of sets included FM, and two years
later so did most car radios. By the 1980s a reverse
trend had set in: some radios were marketed with
FM-only tuning, and 75 percent of all radio lis-
tening was to FM outlets. And ironically, when the
FCC dropped the program nonduplication rules as
a part of its deregulation in the 1980s, some FM
stations allowed struggling AMs to duplicate their
programming.

During the 1970s and beyond, telévision broad-
casting, too, would find itself backed into a corner.
The next chapter describes an era of new and in-
creasing competition that threatened to undermine
the entire broadcasting industry in its traditional
form.
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raditional broadcasting prospered into the

1980s, little changed from a decade or two

earlier. But new multichannel delivery sys-
temns developed in the late 1970s, expanding so rap-
idly in the 1980s and 1990s that more American
homes now receive their television programs by
cable than from over-the-air stations.

Audience demand for still more viewing options,
along with technical progress and important
changes in regulatory thinking that favors market-
place solutions, have combined to create a fast-
changing electronic media scene. Technologies
introduced here are described in more detail in
Chapters 4 (cable television) and S (on relays, re-
cording, and the digital revolution).

3.1 Emergence of Cable

Broadcasting’s greatest challenge emerged from at-
tempts to improve television-station coverage. The
FCC’s 1952 television channel-allotment plan (the
Sixth Report and Order described in Section 2.11)
left many “white areas”—places where people could
not receive television service. Even in the biggest
cities viewers might receive only five to eight chan-
nels. Most people received three or four, and virtu-
ally everyone wanted more.

Extending TV Coverage

At first low-power repeater transmitters met some
of the demand by extending station coverage into
fringe reception areas and into pockets that hills or
mountains cut off from normal reception. The most
common type, the translator, transmits on a different
channel from the originating station so as not to
interfere with the originating station’s signal. Some
stations operated several translators. Nearly 7,000
were in operation by 1995.

CATV

Another signal-extender, community antenna televi-
sion (CATV), originally worked something like a
translator, repeating the signal of one or more
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nearby stations. Instead of propagating signals over
the air, however, a CATV system delivers them by
wire to individual subscribers. A CATV system
using wide-band cable can deliver signals from sev-
eral stations, outdoing translators by giving eager
subscribers a range of program choices.

CATV systems began appearing in rural areas
of both Oregon and Pennsylvania in 1948, just as
regular broadcast television began. And, like radio
years earlier, CAT'V’s original economic motivation
was to sell receivers. Appliance dealers who built
the first systems could market television sets to con-
sumers who otherwise would not buy them because
they could not pick up over-the-air signals. Com-
munity antennas on hilltops or on high towers,
unaffordable by the average viewer, obtained unob-
structed line-of-sight signal paths to originating sta-
tions with viewers sharing in their cost.

CATV systems remained a local concern in the
1950s. Regulation, if any, came from municipal gov-
ernments that granted cable operators franchises,
permitting them to string cables on utility poles or
bury them along public rights of way. Early cable
systems carried only five or six channels, all of them
nearby television stations. Most systems served from
a few dozen to a few hundred subscribers—and less
than 1 percent of all television homes had access to

cable (Exhibit 3.a).

Program Augmentation

CATV operators soon sought ways to enhance—or
augment—their service by offering subscribers
something new. This took several forms as illus-
trated in Exhibit 3.b. Using microwave relays, some
systems began delivering programs from more dis-
tant television stations. Others originated their own
local programs. And some systems began to offer
nonbroadcast programming—feature films, sports,
and special events. Such augmentation, along with
later additions, marked a fundamental change from
CATV’s original role.

Broadcaster Fears

Television stations welcomed CATV as long as it
acted merely as a redelivery service, extending signals
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Changing Roles of Cable

A Cable System
in 1955

5 Channels

Augmented Cable
System by 1970

5-12 Channels

A Cable System
in 1985

20-35 Channels

Cable's Expanded
Role in the 1990s

S0+ Channels

Cable has slowly expanded its programming sources,
and thus the number of channels offered, since begin-
ning in the late 1940s as a means of extending the
viewer’s home antenna.

to unserved areas, beefing up fringe reception, and
overcoming local interference. Some stations even-
tually found their signals carried by dozens of cable
systems that substantially enlarged their audiences.

By the mid-1960s, however, broadcasters began
to see augmented CATV more as a potential com-
petitor than as a neutral extender of their signal.
The growing cable practice of importing signals
from distant cities tended to fuzz normally fixed
boundaries of broadcast markets. A network affiliate
might find its programs duplicated in its own view-
ing area by a cable-delivered distant station affiliated
with the same network. This undermined the con-
cept of market exclusivity, under which broadcast
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programs had usually been sold. Program duplica-
tion added to CATV’s tendency to fragment audi-
ences, leaving broadcast stations with lower ratings
and thus less appeal for advertisers. In addition,
CATYV began to expand into big city suburbs, no
longer merely serving those unable to receive off-
air service.

Regulation Limits Cable

As cable’s economic impact grew, so did broadcaster
complaints, which led the FCC to begin to intervene
with protectionist rules. In 1962 it began to use
microwave relay licenses as a justification for regu-
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lating cable systems that imported distant station
signals. Four years later the Commission extended
regulation to all cable systems, beginning a brief
period of pervasive control of cable.

The FCC soon required cable to carry all televi-
sion stations within each system’ areas of coverage
(the must-carry rale) and to refrain from duplicating
network programs on the same day a network of-
fered them. No new signals could be imported into
any of the top 100 markets without a hearing on
probable economic impact on existing television sta-
tions. In 1968 the Supreme Court upheld this FCC
role (US, 1968a).

As for cable-originated programs, broadcasters
feared (long in advance of any real danger) that
networks of cable systems might outbid them for
transmission rights to popular programs such as
major sports events. They spread scare stories about
program siphoning—the draining away to cable of
hitherto “free” broadcast programs. Broadcasters
warned that fans might have to start paying to re-
ceive major league baseball and football games.
They also claimed that network news and local
public-service programs would suffer if cable cut
into broadcaster advertising revenues.

Such tactics resulted in the FCC's so-called defin-
itive cable regulations of 1972 (FCCR, 1972b).
These rules severely restricted cable to being merely
ancillary or secondary to over-the-air television. The
new rules sharply limited the type and number of
signals that cable could bring into the largest cities
in competition with local stations. And cable opera-
tors had to provide, on request, access channels for
local governments, educational institutions, and the
general public.

Later Deregulation

Only five years after the 1972 “definitive” rules
appeared, however, an appeals court held that the
FCC had “in no way justified its position that cable
television must be a supplement to, rather than an
equal of, broadcast television” (F, 1977: 36). This
rebuff, plus a change in administration at the White
House (and consequently in the FCC chair), led the
FCC to reconsider. It began to remove itself step

by step from cable regulation, eventually returning
cable to the unregulated state in which it began, as
detailed in Exhibic 12.i (p. 306). In effect, the FCC
began to see cable as an independent medium in its
own right, no longer just an extension of broad-
casting.

3.2 Cable Becomes a
Major Player

As program augmentation expanded and cable shed
its regulatory constraints, CATV began to emerge
as a full-fledged competitor for television viewers.
As it matured, the term CATV faded out, replaced
by cable television. The transformation of CATV into
cable combined deregulation, use of new satellite
relays, and increased original programming.

Domsats’ Key Role

In the 1960s communication satellites first came
into use for international broadcast relays, bringing
overseas events to home screens instantaneously.
Demand for domestic satellites (domsats), however, was
delayed because of well-developed existing national
systems of microwave and coaxial-cable relays.

A 1972 FCC decision stimulated domsat demand.
The commission adopted an “open-skies” policy,
allowing any adequately financed and technically
qualified business firm to launch satellites for do-
mestic use (FCCR, 1972a).

Western Union’s Westar I became the first Amer-
ican domsat in 1974. Such satellites operate as
common carriers—point-to-point, rate-regulated
communication services. They lease or sell satellite
relay services, either to program distributors or to
brokers who resell short-term access to such users
as television news departments.

TVRO Antennas

A second satellite-related FCC decision, issued in
1979, deregulated television receive-only (TVRO)
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Ted Turner— '
Cable Empire Builder

Ted Turner, board chair and president of Turner
Broadcasting Systems (TBS), based in Atlanta, created
SuperStation WTBS, Cable News Network, Headline
| News, Turner Network Television, Turner Program
Services, The Cartoon Channel, and Classic Movies.
He also owns two professional sports teams—the At-
lanta Braves (baseball) and Atlanta Hawks (basket-
ball)—and is the husband of screen and exercise video
star and one-time political activist Jane Fonda.

Referred to variously as “Terrible Ted,” “Caprain
Outrageous,” “The Mouth of the South,” and “Man
of the Year” (named by Time magazine in 1992), Turner
is known for his outspoken opinions, his willingness
to challenge the establishment, his aggressive and en-
trepreneurial spirit (signs reading “Lead, follow, or get
| out of the way” can be found on his desk, and the
phrase is the title of the first Turner biography), his
driving ambition (he says he’d like to own all commu-
nications media and hopes to take over a broadcast
network), and his ego (“I am the right man in the right
place at the right time”). Physically, he’s the prototype
of a southern gentleman: tall, lanky, with silver hair
and mustache, a cigar in his mouth, and a Georgia
drawl. He loves the movie Gone With the Wind so much
he began his TNT network service with it, reruns it
constantly, and even named one of his five children
Rhett.

Source: Photo from AP/Wide World.

antennas, used to pick up programs relayed by satel-
lite. This eliminated a cumbersome licensing pro-
cess, opening the way to widespread satellite use
for relaying program services to cable systems—and
soon to broadcast stations as well. In 1977 fewer
than 200 cable systems owned their own TVROs,
but within a decade some 8,000 systems used them.
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Turner and Superstations

Domsats and TVROs gave cable systems a more
efficient and less expensive way of obtaining new
national program services with which to attract sub-
scribers. However, the programs themselves still re-
mained in short supply. Ted Turner, an innovative



Turner attended Brown University and was active
in debate and the yachting club. College yachting
served him well: in 1977 he won the prestigious Ameri-
ca’s Cup race. But Brown threw him out of college
twice for poor grades and excessive pranks—and his
fraternity dropped him for burning dewn its home-
coming display.

Turner began his business career as a salesman with
his father’s advertising firm in Savannah, Georgia. In
1963 he became chief executive of various Turner com-
panies, with headquarters in Atlanta. His interest in
television began in the 1970s with his acquisition of
Atlanta’s channel 17, then a failing independent outlet.
It was there, six years later, that he dreamed up the
superstation concept.

On June 1, 1980, Turner launched Cable News Net-
work (CNN), the first live, 24-hour, cable all-news
operation. Although it struggled for acceptance in its
carly years, CNN (including CNN Headline News,
begun in 1981) now reaches virtually all of America’s
cable subscribers along with millions more in countries
around the world. (In 1982 Turner also formed CNN
Radio, a 24-hour all-news cable audio service.)

Turner does not always have the Midas touch. He
stumbled in 1984 when he tried to compete with MTV.
His Cable Music Channel lasted just over a month until
MTV bought its assets for about $1 million plus free
advertising on Turner’s other cable services. His biggest
battle—also an eventual failure—came in 1985 when he
tried to 1ake over CBS (as described in the text).

Within a year of the CBS debacle, Turner purchased
the MGM studio’s huge film library (including his
beloved Gone With the Wind) for use on his TBS and,
later, TNT cable networks. The purchase, however,
pushed Turner deeply into debt, and he was forced to
accept a consortium of large cable-system operators
as parmers. They received positions on his board of
directors in return for their investment.

TNT began in October 1988, promoted as the first
cable network designed expressly to challenge the
major television broadcast networks. Initially reaching
some 17 million subscribers, the service offered mostly
movies but began more original programming in the
1990s. It was the fastest-growing new cable network,
reaching 60 million subscribers by 1994. Among other
audience-building ractics, Turner backed the compu-
terized “colorization” of classic black-and-white films
from the MGM callection. And in 1991 Turner took
over the Hanna-Barbera animation studio and its film
vault, which became a feeder for The Cartoon Channel
begun in 1992.

By the early 1990s Turner had begun to leave most
day-to-day control to managers, focusing instead on
strategic planning and long-time interests—such as the
environment—that he shared with Fonda. Develop-
mentof the Turner cable empire continued apace. TBS
helped start the first independent television station in
Moscow, with five hours of daily news and entertain-
ment, carly in 1993. It will eventually expand, with ad-
vertiser support, to a round-the-clock operation.

entrepreneur with an almost mystical faith in cable’s
future, invented the superstation concept as one way
to expand cable’s program menu. His colorful career
is outlined in Exhibit 3.c.

In 1970 Turner bought low-rated Atlanta station
UHF channel 17 (now called WTBS for Turner
Broadcasting System). Its schedule soon heavy with

movies and sports, channel 17 was uplinked for sat-
ellite distribution to cable systems throughout the
country. Turner initially charged nothing for his
programs to entice cable-system operators to invest
in TVROs and downlink WTBS for their subscrib-
ers. Cable systems paid 10 cents per subscriber per
month for the relay service. Turner’s eventual profit
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came from higher advertiser rates on WTBS, justi-
fied by the nationwide cable audience that it ac-
quired as a superstation. By 1995 nearly all cable
systems carried TBS (as the superstation was re-
named to publicize Turner Broadcasting System),
representing a potential audience of some 60 million
homes. Chicago’s WGN and several other TV out-
lets also became superstations with schedules of
films, syndicated fare, and sports.

HBO and Pay Cable

Domsats played a key role in expanding another
major programming innovation—pay (or premium)
cable. Home Box Office (HBO) led this development
in 1972. It introduced an advertising-free channel
of (primarily) feature films for which subscribers
paid an additional monthly fee over and above the
charge for advertising-supported channels (later
called the basic tier).

Lack of cost-effective distribution held back pay-
cable progress until 1975, when HBO leased a satel-
lite transponder—the receive-transmit unit on a sat-
ellite (Exhibit 3.d). HBO offered its programs to
any system in the country able to buy or lease a
TVRO antenna. Satellite delivery reduced distribu-
tion costs and enabled simultaneous reception
throughout the country—an essential condition for
national promotion of the service.

HBO’s move from ground to space relays helped
create cable networks. Although only a quarter of
all cable systems carried a pay-cable channel in
1977, by the mid-1980s virtually all did (see Exhibit
3.a). A decade later HBO enjoyed a subscriber audi-
ence of 18 million households. In the meantime,
HBO had been joined by a dozen other pay-cable
networks, though none had larger audiences.

Scrambled Signals

Pay television (plus other services) created a need
to prevent nonsubscribers from receiving serv-
ice. Several kinds of encryption—signal-scrambling
techniques—became available. Encryption distorts
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the signal so that only subscribers who pay for de-
coders can receive pay programs. The device most
widely used is called VideoCipher (see Exhibit 3.€).
Suppliers of encryption devices regularly update
their codes to defeat pirates who peddle black-mar-
ket decoders. But bootleggers can apparently solve
even sophisticated encryption codes. Companies af-
fected by pirates try to reduce losses by prosecuting
unlicensed dealers—and publicizing their convic-
tions.

Rise of Cable Networks

Until about 1980 cable remained basically parasitic,
feeding off existing broadcast programs and motion
pictures. In the 1980s, however, cable began to flex
its programming muscle. HBO led the way with
cable-specific productions—programs made espe-
cially for cable. It taped special on-stage perfor-
mances, obtained rights to sports events, and
commissioned original programs.

Ted Turner made a major contribution in 1980
by introducing Cable News Network (CNN), a 24-
hour schedule of news and news-related features
that many broadcast critics dismissed as the
“chicken noodle network” for its low budgets com-
pared with network news departments. Turner spun
off CNN Headline News 18 months later, another
24-hour service. But Turner was not alone. The
cable industry in 1979 had collectively begun a full-
time, public-affairs cable service, Cable-Satellite
Public Affairs Network (C-SPAN), aimed at cult-
vating good public relations for the cable industry.
Based in Washington, C-SPAN covers House of
Representatives and (on a second channel begun in
the 1980s) Senate sessions, congressional hearings,
and other public-affairs events.

Other cable-specific program channels followed.
MTV (Music Television) began in 1981 to provide
24 hours of hit recordings with matching video im-
ages, hosted by video disc jockeys. The Weather
Channel, started a year later, offers 24-hour weather
and environmental programming. As the decade
wore on, other networks unique to cable appeared—
evangelical religion, country music, children’
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(A) Satellite delivery of programs directly to viewers’
homes, whether by DBS systems intended for such
reception or by home pickup of relay signals designed
primarily for cable system use, depends on a reliable
means of scrambling the video and sound signals, to
be descrambled by devices supplied only to homes that
pay monthly subscription charges for the service.

(B) The descrambling device, in this case a VideoCi-
pher along with its hand-held remote control unit, is
installed between the viewer’s TVRO and the televi-
sion receiver.

Sources: TVRO courtesy Eric A. Roth; descrambler photo
courtesy General Instrument Corporation.
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programs, home shopping, and other specialized
formats. By the mid-1990s, cable-system operators
could choose among more than 100 satellite-distrib-
uted basic, pay-cable, and pay-per-view services.
Data on some of these are found in Exhibit 6.e (p.
114). Many more are in active development.

Pay-Per-View

A more flexible cable service required subscribers
to pay extra for individual programs. First appearing
in 1984, pay-per-view (PPV) allows viewers to order
individual programs (usually recent feature films)
from the cable company for a one-time fee. Wide-
spread use of PPV depends on addressability—an
efficient means for the headend to receive program
orders and address individual PPV decoders. PPV
customers use a touch-pad to communicate with a
computer called a video server at the cable headend.
The video server interacts with the customer’s de-
coder and carries out record-keeping and billing
operations. PPV developed rapidly in the late 1980s;
by 1995 nearly a third of cable households had ad-
dressable decoders.

3.3 Niche Services

Over the past two decades, several alternative modes
of program delivery have arisen to supplement
mainstream broadcast and cable services. Each pro-
vides programming by subscription that is similar
to or the same as that of existing cable channels
(usually in areas lacking cable). A few offer new or
different content.

Wireless Cable

A wireless multichannel multipoint distribution service
(MMDS) can serve urban areas in competition with
cable because its construction costs are far lower.
Because to its viewers it resembles cable service,

MMDS is ironically called “wireless cable.” MMDS
is a common-carrier delivery service, transmitting
up to 20 program channels by microwave from one
point to multiple reception points. MMDS’s spec-
trum location limits its coverage range to about 15
miles, and reception points must be in line-of-sight
view of the transmitter.

Because they are common carriers, MMDS own-
ers must contract out the programming function,
often to HBO or some other pay-cable provider (in
fact MMDS is the only dedicated electronic enter-
tainment medium in which the facilities owner does
not control programming). As common carriers,
however, MMDS operators go through a less cum-
bersome licensing procedure than do broadcasters
and cable operators, which enables MMDS to fill
a market niche with minimum delay. The first
MMDS service began operation in Washington,
DC, in December 1985.

MMDS’s head-on competition with cable made
program suppliers (mmany owned by cable operators)
reluctant to serve MMDS until FCC regulations
required MMDS access to such programming in
the early 1990s. But as cable continues to expand,
it threatens the MMDS window of opportunity. In
the future MMDS may be limited to servicing hotels
and a few isolated niche markets not attractive to
cable operators.

MATV/SMATV

A second niche service meets television service re-
quirements of a building or group of buildings on
a single piece of property. Master antenna television
(MATYV) and satellite MATV (SMATV) are special,
limited-area types of cable television. An MATV
installation combines a master television antenna
on the roof of an apartment building with coax-
ial cable feeding programs to each unit. Modern
multiple-dwelling buildings usually come with suit-
able cabling already installed.

Satellite MATV adds a TVRO antenna to the
installation, (Exhibit 3.f) enabling the system to pick
up satellite-distributed services. Because SMAT Vs
operate entirely within the boundaries of private
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MMDS and SMATV

Satellite Programming from
MMDS transmitter with transponders off-air TV stations
o\
'\’) (B) Programming
1) from MMDS (©Tv
3] master
\ antenna (MATV)

—

Private
homes

Distribution system

Downtown
office
building

GV

Satellite

master Processor
antenna

(SMATV) —_— E—

Viewers living in apartments or condominiums often receive their television signals by
means of (A) a satellite master antenna television (SMATV) system, a satellite TVRO
located near, as shown here, or on top of the building; (B) a multichannel multipoint
distribution service (MMDS), a small terrestrial receiving antenna on the building roof;
or (C) a master antenna (MATYV), also on the roof, picking up off-air signals. Each of
these supplies a cable distribution service within the building. Individual homes can also
subscribe to MMDS services as shown here. Cable system operators pressure local
franchise authorities to eliminate options (A) and (C) when they can—or at least to allow
cable equal access to such buildings.

58 Chapter 3 Cable and Newer Media

World Radio Histo



property (usually an apartment or condominium
complex), and thus do not cross public rights of
way, they are exempt from most cable and broadcast
regulations.

Cable-system operators, who naturally want to
sign up as many households as possible, oppose
SMATYV systems within their coverage areas. In fact,
applicants for new cable franchises often press mu-
nicipal authorities to assure them equal access to
SMAT V-equipped buildings. In 1990 several thou-
sand MATV/SMATYV operations existed (mainly in
motels and large apartment buildings), though they
served only a small proportion of the total television
audience.

DBS—Round One

Widely touted when first announced in 1980, dis-
missed because of high costs and limited technology
just a few years later, and becoming a reality only
in the 1990s, direct-broadcast satellite (DBS) appears
at first to render any land-based delivery system
obsolete by delivering programs to consumers with-
out going through an intervening broadcast station
or cable system. A broadcast transmitter, relatively
cumbersome and inflexible, reaches only a limited
area—and hundreds must be linked to provide
national network coverage. Cable systems must
hard-wire each subscribing home. A single DBS
transmitter, on the other hand, can serve the entire
country (with special spot beams serving Hawaii
and Alaska).

The FCC first received applications for DBS li-
censes proposing direct-broadcasting satellite ser-
vice in 1980. It authorized commercial operations in
1982, a remarkably fast regulatory go-ahead for a
new service. Critics questioned whether DBS, pri-
marily of interest to small and scattered audiences in
uncabled rural areas (as elsewhere it must compete
with cable and established program sources), could
recoup its costs. The critics proved right—the only
American DBS operation (using a Canadian satellite)
was short-lived because it attracted few subscribers.

This dim record resulted from a focus on technol-
ogy at the expense of programming: no DBS opera-

tor specified how its service would differ from those
already available from cable, broadcasting, and
home VCRs. Even in rural areas, possible DBS in-
terest was quashed by growing use of TVROs for
C-band direct reception from satellite channels in-
tended as relays rather than for home reception (see
p. 332). C-band satellites’ requirement for larger
and more expensive receiving antennas than higher-
powered Ku-band DBS satellites did not discourage
backyard-TVRO enthusiasts—some three million
strong by the early 1990s. (For more about satellites,
including a description of both C and Ku bands,
see Section 5.2.)

DBS—Round Two

Despite the dismal first round, however, improving
technology revived DBS interest less than a decade
later. Once again the FCC received many applica-
tions for new services to begin in the 1990s. These
new operators drew on DBS experience in Europe
and the Far East, where the service faced fewer
competing terrestrial channels than in the United
States.

The very different second-round DBS projects
planned eventually to utilize (1) high-power satel-
lites and advanced-design TVROs; (2) video com-
pression to allow multiple programs per channel
(see Section 5.5); and (3) both high-definition televi-
sion and digital audio (see Sections 5.7 and 5.8).
But these new projects also incorporated a different
DBS approach, including (1) a high priority on
programming, with more specialized channels to
compete with cable, and (2) projects backed by
cooperating groups, consortia, of companies, each
focusing on a specific part of the larger picture.
Huge DBS expenses were thus shared across several
partners.

In mid-1994 both U.S. Satellite Broadcasting
(USSB) and Hughes DirecTV began limited opera-
tions, sharing a satellite until more birds could be
launched. Each planned a phased introduction that
would by year-end offer service everywhere in the
country. With sales projected at 1.5 million units
by the end of 1995 and some 10 million by the end
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of the decade, DBS appeared well on the way to
replacing VCRs as the fastest-growing electronic
device in history.

The Unhappy Life of Videotex/Teletext

These two services, which differ sharply in terms
of capability, ownership, and how they are delivered
to home and office, Jook much the same to users on
the screen.

Teletext, a broadcast-based information service
that has not been a success in the United States,
delivers print and graphic materials to television
screens in home or office. Teletext material goes
out from regular television transmitters, occupying
an unused portion of the channel known as the
vertical blanking interval (VBI)—the dark line that
separates television pictures. Viewers use a keypad
to order up specific pages or screens of data from
perhaps 200 that are continuously transmitted and
updated.

Teletext is often confused with videotex, a similar-
looking service for consumers, but with important
differences behind the scene. Videotex offers two-
way communication over telephone or cable lines.
Videotex delivery systems are often operated by
common carriers, while content is created by others.
Not restricted by the limitations of the VBI, vid-
eotex offers unlimited numbers of informaton
pages.

By the early 1990s, however, it was evident that
home and office computers were better adapted
than television screens for interactive information
retrieval from such sources as Compuserve, Prodigy,
America Online, and the rapidly expanding In-
ternet.

Interacting with TV

Cable visionaries in the 1970s foresaw interactivity
as a logical next step in evolving home communica-
tions. Customers could talk with others on the
cable—teachers could interact with students, and
the public could more fully communicate with
stores, banks, public utlities, and safety agencies—
all without leaving home.
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Warner Cable gave this type of interactive service
a thorough trial beginning in 1977 on its Columbus,
Ohio, system. Called Qubse, it offered ten channels
over which viewers could respond by means of a
touch-pad. Though the experiment generated a lot
of media coverage, Qube failed to attract sufficient
subscribers to warrant its high cost, and after three
years of mounting losses Warner closed it down.

Similar viewer apathy greeted later two-way ex-
periments, including one operated by GTE in Cer-
ritos, California, in the early 1990s. After a brief
inidal fascination, viewers either lost interest or
were unwilling to pay the price necessary to provide
the service. Still, several companies experimented
with different approaches, trying to find a key to
successful interactive television.

3.4 Electronics Revolution

Many of these new services are possible only because
of a fundamental but steady shift from analog to
digital technology in the 1990s. This ongoing “digi-
tal revolution,” detailed further in Chapter 5, is
based in turn on the rise of microelectronics.

Transistors

We left electronics development back in the 1920s
when de Forest’s improvement of the vacuum tube
opened the way to broadcasting (Section 2.3). For
most audio and video uses, however, fragile, bulky,
power-hungry vacuum tubes have long since given
way to tiny blocks of solid crystal—the original so/id-
state devices. In 1947 a trio of Bell Laboratories
engineers invented the first one.

The transistor manipulates electrons far more effi-
ciently than the vacuum tube. Beginning in the
1950s, transistors transformed much of the elec-
tronics industry. The tiny portable radio, one of
the first mass-produced transistor-based products,
appeared in 1954 and quickly became the bestseller



in consumer product history to that date. Transis-
tors started an accelerating trend toward miniatur-
ization, as suggested in Exhibit 3.g.

Transistors also made possible development of
that prime artifact of the late 20th century, the com-
puter. Only computers could manipulate billions of
information bits with the speed and intricacy needed
for digital processing. In 1945 the first large experi-
mental electronic computer used some 18,000 vac-
uum tubes plus miles of wire. The tubes generated
so much heat that attendants had to smnd by to
replace them as they blew out. Transistors solved
the heat and size problem while reducing costs and
enormously increasing computer speed and mem-

ory capacity.

The Chip

Tiny computers and other devices remained im-
practical, however, as long as hundreds of separate
transistors had to be meticulously wired together
with hand-soldered connections. True miniaturiza-
tion came with invention of the integrated circuit—
the computer “chip” shown in Exhibit 3.g.

Chips are made of crystalline wafers, often silicon
(hence the name Silicon Valley for the area south of
San Francisco where much of the American elec-
tronics industry is concentrated). Microscopically
small electronic components and their connecting
circuits are etched on such chips. The chip’ ability
to concentrate computer components in a tiny space
made possible dramatic development of devices
such as inexpensive digital watches and hand-held
calculators. Personal computers followed, trans-
forming office and other work beginning in the
1980s.

Miniaturization

But the trend to making things smaller had begun
in the 1950s with the shift from vacuum tubes to
transistors that profoundly affected communica-
tions technology. Communication satellites, for ex-
ample, depended on miniaturization to reduce their
size and weight to launchable proportions. And the
complex calculation of their orbits and their teleme-

tering signals depends on highly sophisticated com-
puters using digitally processed information. More
recent solid-state devices allow complex circuitry
with thousands of transistors and other components
to be etched on a single chip an eighth of an inch
in diameter. These are used in a wide variety of
broadcast, cable, and satellite equipment, including
remote devices, improved home television receivers,
and electronic news gathering (ENG).

3.5 Home Media Center

Solid-state technology made possible many new
consumer products that widened viewer and listener
options. Some have been dramatically successful.

VCRs: Giving the Viewer Control

Marketing of home videorecorders began in 1975,
when Sony introduced its Betamax videocassette
recorder (VCR) at an initial price of $1,300. Sony’s
monopoly ended in 1977 when Matsushita brought
out its technically incompatible, but longer running,
VHS format. Mass production brought VCR prices
down to a few hundred dollars by the late 1980s.

The VCR frees viewers from broadcast and ca-
ble schedules. Consumers can time-shift by copying
and replaying cable and broadcast programs. After
fearing what VCRs might do to movie theater
attendance, Hollywood distributors eventually rec-
ognized the home VCR as a new market for its
movies. Soon VCR owners could buy or rent movies
and other video material for home showing. By the
early 1990s purchase prices of many motion pictures
on cassette had dropped to $30 and below.

To keep VCR sales climbing, manufacturers con-
tinually introduce new features. VCRs have become
marvels of computerized efficiency, capable of many
more tricks than most users can ever figure out how
to exploit.

Improving solid-state technology enabled mass
marketing of camecorders—hand-held video cameras
with built-in recorders, which were owned by about
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Changing Definitions of “Portable” (®)
@) 3 '

(A) The paper clip and pencil show the size of 1950s
vacuum tubes in relation to 1960s transistors and
current integrated-circuit chips. (B) Cumbersome
vacuum-tube portable radios required either large bat-
teries or household electric power. (C) Transistors
began to replace vacuum tubes in the 1960s, leading
to small, inexpensive portable radios. (D) In the late
1970s tny portable television-receivers using inte-
grated circuits became available.

Sources: Photo (B) from the Bettmann Archive; photo (C)
courtesy Zenith Electronics Corporation; photos (A) and (D)
by Janna Olson.
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a fifth of all households by 1994. Amateurs can
produce such amazingly good pictures with cam-
corders that television stations routinely encourage
them to send in news footage for use an the air.
Such network programs as America’s Funniest Home
Videos, composed entirely of home-made camcorder
product, were a popular fad in the 1990s.

Compact Discs

Newer recording media exploit solid-state technol-
ogy, as well as digital signal processing and laser
beams (described in Section 5.6).

The first of these devices, the audio compact disc
(CD), was firstsold in 1983. The CD achieves vastly
improved sound reproduction with neither surface
noise nor distortion. By the late 1980s the CD had
become “the most successful product introduction
in consumer electronics history” (EIA, 1988: 31).
CD sales surpassed sales of LP record albums in
1987; by 1994 nearly 45 percent of American homes
had a CD player. Radio stations used CDs almost
exclusively, though broadcast transmission still re-
lied on traditional analog methods of signal pro-
cessing.

Videodiscs

CD technology came to the rescue of an earlier and
failing consumer product, the videodisc. Magnavox
had introduced the first consumer videodisc player
in 1978 but the market suffered from several incom-
patible systems that confused potential buyers, the
inability to record with videodisc players, and com-
petition fueled by rapidly falling VCR prices.

By the early 1990s, however, videodisc manufac-
turers agreed on standards and made available com-
bination players for both audio CDs and 8- and
12-inch laser videodiscs. Prices for prerecorded
movies came down and viewers began to realize
their superior (to most VCRs) picture quality. Still,
even by 1994 laserdisc players were available in only
1 percent of all households. Unwilling to concede
defeat, however, manufacturers in 1995 introduced
two new versions of the videodisc, as described in
Section 5.6.

3.6 Broadcasting—
Changing Course

Development of cable and other delivery and
recording options gave people their first real
electronic media choices beyond traditional broad-
casting; the impact of those choices soon became
evident. Dramatic changes in the fortunes of broad-
cast television networks provide one means of as-
sessing such impact. In the 1980s all three changed
hands—and new networks appeared.

Traditional Network Competition

In the 1970s ABC finally achieved competitive
equality with its two older rivals. It gained affiliates
(and thus audience), expanded its evening news to
a half-hour (years after its competitors), and con-
verted fully into color. Late in the decade ABC even
managed to lead network ratings for several seasons
in succession.

NBC sought the number-one slot by hiring away
ABC’s program chief, Fred Silverman, as president.
Silverman’s ABC success did not travel with him,
however, and NBC remained in third place until
former independent producer Grant Tinker took
over the network presidency in 1980. Within five
years he had piloted NBC into the top spot, where
it remained for the rest of the decade.

In the 1970s CBS focused on finding William
Paley’s replacement. Paley restlessly hired and fired
a string of potential successors. Paley finally retired
in 1983, leaving Thomas Wyman as CBS chief exec-
utive officer, only the second one in the network’
55-year history. And Wyman lasted but two years
(see “Networks Change Hands,” page 66).

FCC Studies Networks—Again

Such boardroom and ratings battles masked more
important underlying changes. In Washington the
FCC, from 1978 to 1980, conducted its third (and
probably last) investigation of broadcasting
networks (FCC, 1980b). The Justice Department
had previously signed agreements with all three
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Rupert Murdoch—Media
Magnate

In 1985 Australian publisher Rupert Murdoch became
a United States citizen almost overnight to acquire
Metromedia’s six independent major-market television
stations (WNEW-TV, New York; KTTV-TV, Los
Angeles; WFLD-TV, Chicago; WI'TG-TV, Wash-
ington, DC; KNBN-TV, Dallas;: and KRIV-TV,
Houston) and one network affiliate (WCVB-TV, Bos-
ton) for $2 billion. He resold WCVB-TV to the Hearst
Corporation for $450 million but picked up another
Boston station, WEXT-TV.

Having purchased half-ownership of 20th Century-
Fox film corporation in 1984 for $250 million, Mur-
doch acquired the remaining half in 1985 (after the
Metromedia deal) for $325 million. He thus gained
complete control over a company with an extensive
film library (including such hits as Cocoon and Aliens)
and rights to numerous television series (L.A4. Law and
M*A*S*H, for example). In 1985 Murdoch announced
plans to form a new national television network, Fox
Broadcasting Company. A core of six O&O stations
(reaching about 20 percent of all U.S. television house-
holds) served as the network.

Fox premiered in October 1986 with The Late Show,
starring comedienne Joan Rivers. Rivers, who had
been the primary substitute host on Johnny Carson’s

)

Tomight Show on NBC, had credited Carson for much
of her success. She became the object of Carson’s ire
when she switched from friend and collaborator to
competitor and challenger in his time period. How-
ever, the Rivers show lasted only seven months. Fox
tried several other programs before giving up on the
late-night time period altogether in order to concen-
trate on other parts of the day.

In its first season, Fox averaged between 2 percent
and 6 percent of the national audience. Fox programs
typically languished at the bottom of the Nielsen list,
although some fared better.

networks requiring them to loosen control over in-
dependent programmers and cease serving as sales
representatives for their affiliates.

The latest FCC study concluded, ironically, that
FCC network rules developed over the previous
two decades merely restricted legitimate business
interaction between networks and their affiliates
without actually protecting the stations from net-
work dominance, or improving service to consum-

ers. The study specifically blamed the FCC’s own
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1952 channel-allotment decision for the continued
dominance of ABC, CBS, and NBC. So few markets
have more than three VHF channel allotments that
any fourth network faced a hard time in obtaining
a competitive line-up of affiliates.

New Player—Fox

This barrier did not deter Rupert Murdoch, an in-
ternational publishing tycoon with immense re-



The quality of the Fox affiliate line-up remained a
problem. More than 120 stations carried Fox program-
ming, but most were UHFE, some only low-power out-

lets, and nearly all were the weakest stations in their
markets. The network lost about $80 million in its
first year of operation, but Murdoch marched on.

He concentrated both on programming and on
improving his affiliate lineup. In 1994 Fox acquired
New World Communications, which switched affilia-
tion of its big-city stations to Fox (one from NBC,
three from ABC, and eight from CBS). Before long
Fox had become a major—and profitable—force in
network competition, with some shows (Married . . .
With Children and The Simpsons, for example) ap-
pearing on Nielsen’s list of top-rated programs. By
1995, however, questions of foreign ownership would
threaten Murdoch’s control of his stations, as dis-
cussed in Section 13.5.

Meanwhile, Murdoch in 1988 bought Triangle Pub-
lications (publisher of TV Guide) for $3 billion. He
controlled 60 percent of metropolitan newspaper cir-
culation in Australia, 36 percent of national circulation
in Britain; he also had part-ownership in ten book
publishers, and reached more than 13 million homes
in 22 European countries with Sky Channel, a satellite
broadcasting service for cable-TV viewers, and still
more millions with his Star TV satellite service in Asia.
He had interests in printing plants, real estate, an
airline, even sheep farms.

Sources: Logo © 1995 Twentieth Century Fox Film Corpora-

tion. All rights reserved. Used by permission. Murdoch photo
from AP/Wide World.

sources (see Exhibit 3.h). He launched his Fox
network in 1985, the first serious attempt at a fourth
national television network (since 1967 when a
“United Network” failed within a month).

Initial limitations on the Fox network’s size actu-
ally worked to its advantage. Fox escaped the FCC’s
financial-interest rule that restricted ABC, CBS,
and NBC in producing their own entertainment
programs (see Section 6.3). This technicality gave
Murdoch freedom to use his 20th Century-Fox

movie studio as a source of programs for the net-
work.

And he was aggressive in developing Fox into a
serious competitor. In mid-1994 Murdoch made a
$500 million investment in a group of stations, gain-
ing a number of major market affiliates, eight taken
from CBS alone. Station values began to climb as
broadcast networks were forced to increase pay-
ments for station time and a virtual bidding war for
affiliates developed in larger cities.
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Networks Change Hands

The three established networks had already under-
gone traumatic corporate changes. After more than
three decades of stable ownership, all three changed
hands within a two-year period. This abrupt break
with a 30-year tradition coincided with retirement
of long-time leaders, declining ratings in the face
of cable competition, weak financial performance,
and concern about increasing future multichannel
competition.

ABC went first. In 1985 Capital Cities Communi-
cations announced that it would acquire American
Broadcasting Companies, parent of the ABC net-
work, in a friendly deal valued at more than $3.5
billion (the 1953 merger of ABC with Paramount
Theaters had a $25 million value—one indication
of how network importance had grown). The com-
bined firm had to shed its cable interests and several
TV stations to meet FCC ownership rules (dis-
cussed in Section 13.5).

Within weeks after the Cap Cities/ABC an-
nouncement, Ted Turner revealed plans for an un-
friendly takeover of CBS. The network managed to
thwart Turner by repurchasing nearly a fifth of its
own stock from the general public. The battle left
CBS deeply in debt and torn by internal dissension.
Severe cutbacks followed, and many CBS employees
seemed relieved when Laurence Tisch (chairperson
of Loews, the entertainment and investment con-
glomerate), purchased nearly 25 percent of CBS’s
stock and became chief executive. In just two years,
however, Tisch closed down CBS laboratories and
sold off virtually all the network’s nonbroadcast sub-
sidiaries, including extensive publishing interests,
culminating in 1988 with the sale of Columbia Rec-
ords (the world’s largest record company) to Sony
for $2 billion. He focused all CBS efforts on tradi-
tional broadcasting. Despite its initial ratings suc-
cess in the 1990s, however, Tisch seemed to tire of
the business and began considering potential buy-
ers.

NBC’s turn had come in December 1985. Its par-
ent company, RCA, weakened by years of inept
management and huge losses from failed computer
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and videodisc ventures, welcomed a friendly buy-
out offer from General Electric. RCA and its NBC
subsidiary sold for $6.28 billion.

And Change Again

For several years after the takeovers, news from all
three networks went from bad to worse. Profits fell,
audience shares continued to slip, and thousands of
employees lost their jobs as networks slimmed down
to cut costs and compete more effectively. Competi-
tion from cable and independent stations lessened
the Big-Three networks’ once dominant role.

By the 1990s, however, stabilized audience levels,
growing advertising expenditures, and the ap-
proaching demise of fin/syn rules (see Section 8.2)
had restored to television networking much of its
former luster. Two new national networks, Warner
Bros. and United Paramount, premiered in January
1995 (see Section 6.3). And later that year two of
the Big Three disclosed that they would once again
change ownership.

On July 31 the Walt Disney Company surprised
both the broadcast industry and the financial com-
munity by announcing that it would acquire Capital
Cities/ABC in a deal valued at $19 billion—the
second-largest takeover in history. Brief and con-
fidential negotiations had produced the most
powerful entertainment empire in the world, com-
bining the most profitable TV network and its
ESPN cable service with Disney’s Hollywood film
and television studios, its theme parks, and its Dis-
ney Channel.

The next day, after somewhat longerand certainly
more public bargaining, CBS said it would abandon
its nearly 70-year legacy of corporate independence
by accepting a $5.4 billion buyout offer from the
broadcasting and industrial conglomerate Westing-
house Electric Corporation. Together they would
own 15 television stations and 39 radio stations, as
well as program production and distribution facili-
ties. (Congress appeared ready to relax ownership
caps that would have limited TV ownership to 12
stations.)

Most observers expected the Disney/ABC deal to



go through as announced. They regarded the CBS
announcement, however, as a possible (though not
necessarily intended) invitation for higher offers
from other suitors. Still standing in the wings, for
example—Ted Turner.

Radio

Despite intense competition, the number of radio
stations continued to climb after 1970, dividing lis-
teners into ever-smaller segments. FM station num-
bers rose to match AM by the mid-1980s as FM’s
audience appeal overcame AM’s former attraction.
FM'’s growing popularity with audiences and adver-
tisers persuaded the FCC to squeeze in more than
700 channel allotments to allow still more FM out-
lets.

Meanwhile, looser FCC technical oversight,
combined with a growing number of stations on
the air, had weakened AM’s already-inferior signal
quality. Under pressure from AM interests, the FCC
adopted several technical and ownership rule-
changes in an attempt to halt AM’ decline. But
when the FCC approved AM stereo in 1982, it
declined to specify a specific technical standard, ar-
guing “the marketplace” could resolve that issue.
Although five competing systems soon dwindled to
two, the resulting confusion among manufacturers
and consumers led to few statons adopting stereo
by the early 1990s. Congress finally required the
FCC to pick a standard, but this seemed a decade
too late to help AM reverse its downward spiral.

Further on the horizon, probably by the late
1990s, looms a major shift to digital radio transmis-
sion (see Section 5.8). Digital conversion raises sev-
eral questions: how AM and FM stations will pay
to shift to the new system; how many will shift and
how soon; and to what extent digital technology
may help the FCC encourage new companies to
provide radio service.

Television in Transition

The number of television stations continued to in-
crease in the 1980s, though the industry remained

stagnant in several respects. Independent (nonnet-
work-affiliated) stations increased from 129 to more
than 400 by 1994. Fully 70 percent of stations first
going on the air in the 1990s were independents,
and their proportion of total stations climbed from
18 percent to more than 35 percent. Nearly all of
this growth was on the UHF band as cable equalized
weaker UHF signals with VHF in cable homes.

On the other hand, advertising revenues re-
mained essentially flat. On top of this economic
stagnation, T'V staton owners faced expensive tech-
nical changes that would become available to
consumers first from broadcasting’s competitors.
Digital compression of video signals from satellites
and then cable systems began to add more competi-
tion in the mid-1990s. High-definition television
(see Section 5.7) may first reach consumers by
means of videotape, then satellite and cable services,
and only last from individual broadcasters.

3.7 Sorting Out the Players

Development of these new delivery systems and
improvements in older services raised questions for
manufacturers, broadcasters, competing systems,
and policymakers. What could be learned from such
huge and expensive failures (despite many glowing
predictions) of first-round DBS, teletext and vid-
eotex projects, and a few interactive cable experi-
ments?

Competitive Confusion?

Some industry experts argue that too many compet-
itors overtaxed program creativity while confusing
consumers with constantly changing technical stan-
dards and formats. To what extent have these op-
tions offered new ideas as opposed to more ways
to receive the same content long provided by tradi-
tional broadcasters? In other words, do marketplace
pressures encourage more duplicative media invest-
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ment—overlapping services that provide little really
new? Do we, for example, really need multiple
home-shopping channels pushing the same prod-
ucts?

Thus far this technological jockeying and promo-
tional hoopla has added more delivery options than
real programming innovation (with obvious cable
network exceptions like CNN, the Weather Chan-
nel, MTV, and even ESPN). Cable’s continuing
promise of niche-interest channels (only fully be-
ing realized with 1990s’ digital compression) may
change that picture. Critics have long argued that
what is needed are new (defined as not now provid-
ing video service) players with different program-
ming ideas—or who at least will provide more access
for others. One possible “new” media participant,
the telephone industry, actually played a pioneering
role in radio.

Return of the Telephone Company?

We interrupted discussing AT&T’s role in elec-
tronic media in 1926 (see Section 2.5) when AT& T
withdrew from radio station operation, though it
continued to profit as the common-carrier supplier
of network relays. By the 1970s changing tech-
nology and competitive forces renewed telephone
company interest in entertainment/information
media.

Competitors such as MCI and Sprint, taking ad-
vantage of microwave technology, began nibbling
at AT&T’s long-distance monopoly. These new-
comers argued that AT&T took advantage of its
great size to hamper their efforts. These complaints
revived Justice Department concern over the Bell
System monopoly. In 1982, after an eight-year court
battle, AT&T ended the resulting antitrust suit by
signing a consent decree, agreeing to divest itself
of its local operating companies, which served 80
percent of Americans.

In one of the biggest industrial restructurings in
history, the 22 local companies were combined into
seven regional firms known as RBOCs (Regional Bell
Operating Companies) or “Baby Bells.” AT& T with-
drew from local telephone service, focusing on
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increasingly competitive long-distance, manufac-
turing, and information markets.

Telephone and Information Services

Meanwhile technology opened up new vistas for
telco (telephone company) operations. Fiber-optic
cable, for example, offers dramatic advantages over
both copper cable and radio. Its small diameter (as
shown in Exhibit 5.b) makes for easy installation,
yet it has enormous broadband channel capacity and
freedom from environmental interference. Fiber-
optic cable is a natural for heavy-traffic telephone
routes and for main distribution trunks of cable
systems. More controversial—and expensive-—are
experiments now under way that replace copper-
wire with fiber-optic telephone connections to indi-
vidual homes.

Fiber-optic cable’s broadband capacity encour-
ages telcos to consider expansion into home delivery
of services (video news and entertainment options
provided by others given that telcos are common
carriers traditionally restricted from offering edito-
rial content) that need wide bands of frequencies.
Into the 1990s various rules and regulations had
limited Baby Bells from providing their own “infor-
mation services.” By mid-decade, however, court
decisions had removed most barriers and telcos an-
nounced a variety of their own information services
for homes and businesses.

Both broadcasting and cable saw such an expan-
sion of plain old telephone service (POTS) into infor-
mation and entertainment as a threat. On the other
hand, cable foresaw how its own broadband capacity
could carry new voice and data services in competi-
tion with telcos.

These developing and overlapping roles prompt-
ed intense debate in government and business cir-
cles on how best to shape changing relationships
among broadcasting, cable, and telephone interests.
Under the term “national information infrastruc-
ture” (a policy initiative of the Clinton Administra-
tion in the mid-1990s), discussion over who
—government or business—should define how best
to meet various national needs (in addition to enter-



tainment) was often heated. Because investment to
expand the needed fiber line and switching systems
as well as programming had to come from the pri-
vate sector (the federal government had no funds to
spare), government’s role was restricted to offering

suggestions and research in an attempt to broaden
the discussion agenda beyond profit-making enter-
tainment services alone. Whether all this discussion
would change anything by the end of the century,
however, was difficult to determine.
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echnology largely determines both the po-

tential and the limitations of electronic

media. Where and how far signals will
travel, how much information they can carry, their
susceptibility to interference, and the need for tech-
nical regulation—all of these factors depend primar-
ily on the signal’s physical nature.

This chapter surveys basic concepts involved in
using radio energy for broadcasting and cable sys-
tems, the most widely used means of program
delivery. :

4.1 Electromagnetism

A basic natural force, electromagnetism, makes possi-
ble a host of communication services. All forms
of electromagnetic energy share three fundamental
characteristics:

e They radiate outward from a source without ben-
efit of any discernible physical vehicle.

e They travel at the same high velocity.

¢ They have the properties of waves.

Radio Waves

Visible waves that ruffle the water when a stone is
dropped into a pond radiate outward from the point
of disturbance caused by the stone. Unlike water
waves, radio waves have the ability to travel through
empty space, going in all directions without benefit
of any conductor such as wire. This “wirelessness”
gives broadcasting its most significant advantage
over other ways of communicating. Radio waves
can leap over oceans, span continents, penetrate
buildings, pass through people, go to the moon and
back.

Light, a visible form of electromagnetic wave en-
ergy, illustrates some of the characteristics of radio
waves. When an electric bulb is turned on, light
radiates into the surrounding space, just as radio
waves radiate from a transmitter. Light travels at
the rate of 186,000 miles a second, the common
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velocity of all electromagnetic energy. Both radio
and light waves can be reflected—light from a mir-
ror, radio waves from any large surface. Both lose
energy as they travel away from a source, getting
weaker with distance.

Radio and light differ, however, as to wavelength
and wave frequency. Light waves have much shorter
length and much higher frequency than do radio
waves.

Wave frequency refers to the fact that all electro-
magnetic energy comes from an oscillating (vibrat-
ing or alternating) source. The number of separate
waves produced each second determines a particular
wave’s frequency. Differences in frequency deter-
mine the varied forms that electromagnetic energy
assumes.

Wavelength is measured as the distance from the
crest of one wave to the crest of the next. Waves
that radiate out from the point of disturbance—the
stone in the water or the radio transmitter—travel
at a measurable velocity and have measurable fre-
quencies and lengths.

Frequency Spectrum

A large number of frequencies visualized in numeri-
cal order constitutes a spectrum. The keyboard of
a piano represents a sound spectrum. Keys at the
left produce low-pitch sounds (low frequencies).
Frequency (heard as pitch) rises as the keys progress
to the right end of the keyboard. Exhibit 4.2 dia-
grams the electromagnetic spectrum and some of
its uses.

As frequency goes up, the practical difficulty of
using electromagnetic waves for communication
also increases. Frequencies suitable for radio com-
munication occur near the low end of the spectrum,
the part with the lower frequencies and longer wave-
lengths.

Communication satellites employ the highest fre-
quencies currently useful for broadcasting, mostly
in the range of 3 gigahertz (3 billion oscillations per
second) to 15 gigahertz. Even these frequencies are
nowhere near as high as those of light.

Only a small portion of electronic spectrum can
be used with present technology. The threat of



Electromagnetic Spectrum Uses
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This diagram is not drawn to a uniform scale—as the
frequencies rise, the scale gets smaller (otherwise it
would be impossible ta show this much spectrum in
a single diagram). The usable radio spectrum with
which we are concerned (B) is but a small part of the
larger electromagnetic spectrum (A). The higher the
frequencies, above the usable radio spectrum, the more
potentially dangerous the output of clectromagnetic
radiation can become (infrared and ultraviolet rays),
though even these can be useful (x-rays).

The radio spectrum is divided into hands by inter-
national agreement. Low frequency radio, a long-
distance form of AM broadcasting, is used in Europe

(B) U.S. Radio Spectrum Allocations

Band
AM V.M TV TV Radar
Uses Satellite links
Short-wave Microwaves
Frequency
3 30 300 3 30 300 3 30
kHz kHz kHz MHz MHz MHz GHz GHz

Y Ultraviolet X-Ray Gamma Cosmic
s

|

8 10° 107 10" 10?10
t Hz Hz Hz Hz Hz

! | I | I

but not the United States. Though not shown here,
virtually all usable spectrum is assigned to some use
(aviation, land mobile, ship-to-shore, CB radio, cellu-
lar telephone, satellite uplinks and downlinks, and mil-
itary applications). There is no unallocated spectrum,
meaning that new services have to move older services
aside (and usually upwards) in spectrum. See Fxhibit
4.j for more detail on broadcast service allocations.

Changes in frequency nomenclature avoid awk-
wardly long numbers. Thus one kilohertz kIz) =
1,000 Hz (hertz, or cycles per second); a megahertz
(MHz) = 1,000 kHz; a gigahertz (GHz) = 1,000
MHz.

“

interference among stations, increasing demand
for spectrum by new services, and further growth
of established services make efficient spectrum
management increasingly difficult. Broadcasting,
though it represents fewer than 1 percent of all

transmitters authorized in the United States, makes
especially heavy demands.

In 1993 Congress decided to reallocate for civil-
ian use some 200 MHz of spectrum controlled by
the military and other agencics. While allowing for
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a long period of transition (up to 2 decade or more),
the law required that the government guction some
of the reallocated spectrum, earning money for the
U.S. treasury. In 1994 the FCC initated its first
auctions—for personal communication and inter-
active video data services.

4.2 Wave Motion

Sound energy differs from electromagnetic energy
in fundamental ways, but sound also originates from
oscillating sources and travels in waves. Sound
therefore helps to illustrate characteristics of waves
in a tangible way. We can actually bear differences
in frequency as differences in pitch, for example.
Understanding the nature of sound also helps be-
cause sound quality and studio acoustics play a cen-
tral role in broadcasting.

Sound Waves

A conversation between two people at a party illus-
trates the basic principles of sound-wave motion.
When a speaker’s vocal cords vibrate, they set mole-
cules of air into motion in the form of waves. The
airborne sound waves travel to the listener’s ear-
drums, which respond by vibrating in step with the
wave motion of the air molecules. Eardrum vibra-
tions stimulate nerve fibers leading to the listen-
er’s brain, which interprets the vibrations as word
sounds.

Eardrums, unlike broadcast receivers, cannot tune
out other voices. Competing conversations may in-
terfere with comprehension. When this happens,
the speaker talks louder (producing stronger waves)
to overcome the interference. Similarly in radio,
increasing transmitter power may overcome inter-
ference from competing signals.

‘The party conversation illustrates basic concepts
of wave motion. At each step in the sequence, vibra-
tion (alternation, oscillation) occurs. Vibration in
one object (vocal cords) causes corresponding vibra-
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tory motion in other objects (air, eardrums). Vibrat-
ing air molecules travel invisibly from one point
to another. Increased volume (transmission energy)
overcomes interference from competing sounds.

The signal (word sounds) can also be transferred
as energy patterns from one medium to another,
altering form each time—from vocal cords to air
to eardrums to nerves. The process of changing
medium and form is called transduction.

Phase

As waves travel, they go through a cycle of motion.
That cycle can be visualized as a wheel (which is
what “cycle” means). The up-and-down and for-
ward motion of a point on the perimeter of a revolv-
ing wheel illustrates the basic wave attributes of
amplitude and velocity. Exhibit 4.b depicts these con-
cepts.

As the exhibit shows, waves go through opposite
phases of motion. The two opposing phases of a
wave-cycle may be regarded as positive (plus) and
negative (minus) aspects of the wave. The two op-
posing phases constitute a complete cycle. The
number of complete cycles produced each second
determines a wave’s frequency, expressed in terms
of cycles per second (cps).

When two waves of the same frequency coincide
exactly, they are said to be in phase. If both waves
have the same amplitude (strength), their ampli-
tudes combine, doubling the amplitude of just one
wave. Conversely, if two waves of the same ampli-
tude that are exactly halfway (180 degrees) out of
phase combine, they cancel each other completely.
In a practical application, antinoise devices elimi-
nate unwanted sounds by generating competing
sounds 180 degrees out of phase with the unwanted
sounds.

Phase has an important bearing on sound quality.
A sound with a perfectly smooth, symmetrical wave-
form oscillates at a single frequency. It has a single
tone—pure but uninteresting. Interesting sound
(pleasing voices, musical tones) consists of many
different frequencies of varying amplitudes, all
blended together.



Wave-Motion Concepts

Tracing the rise and fall of a given point on the rim of a revolving wheel helps show the
concepts of cycle, phase, amplitude, and velocity. With the axle treated as zero amplitude,
movement above the axle is the point’s positive phase while movement below is the
negative phase. The blue curves to the right illustrate distance as the wheel travels,
tracing a complete cycle of wave motion. This distance factor is measured as velocity—the
distance traveled in a unit of time.

) iy

Amplitude

(A) Starting at zero level, the dot moves to maximum
positive amplitude in one quarter-turn.

(A)

Height

!

=
5|
a

(B) In the next quarter-turn, the dot returns to zero
level, completing one phase of its cycle.

(C) In its next quarter-turn, the dot moves to its maxi-
mum point of negative amplitude.

(D) In its final quarter-turn, the dot returns to its
starting point, completing its second phase and one
complete cycle.

Bl

1 rotation = 1 cycle

Source: Adapted from Signals: The Telephone and Beyond by John R. Pierce. Copyright ® 1981 by W.H. Freeman and Company.
Reprinted with permission.
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Harmonics and Overtones

The frequency heard as “the” pitch of a sound is
its fundamental frequency, or fundamental. The funda-
mentals of human speech have quite low frequen-
cies, from 200 to 1,000 cps for women and from 100
to 500 cps for men. Complex sounds have barmonics
(exact multiples of the fundamental) and overtones
(not exact multiples) at higher frequencies that give
sounds their distinctive timbres. Middle C, for ex-
ample, has a fundamental of 264 cps, with possible
harmonics at 528 cps, 792, 1,056, and so on.

Differences in the distribution and amplitudes
of harmonics and overtones account for qualitative
differences among sounds of the same pitch. This
explains how one can distinguish a violin from a
clarinet, even when they produce exactly the same
note (frequency) at the same volume (amplitude).
Good sound equipment has the ability to capture
harmonics by reproducing sound frequencies up to
15,000 cps or higher.

Attenuation

In traveling, sound waves attenuate; that is, they
gradually lose their energy. Draperies, human bod-
ies, clothing, and other soft, irregularly shaped ob-
jects increase attenuation by absorbing sound energy.
Hard, flat room surfaces cause less attenuation by
reflecting sound waves much as a mirror reflects
light. Reflections cause reverberations or echoes (re-
verberations are echoes too closely spaced in time
to be heard as separate sounds).

The shorter a wave’s length, the more easily
small objects can block the wave’s path. Long
waves tend to “bend” around objects in their path.
One can verify this by listening to music in another
room or from around the corner of a building.
As soon as one turns the corner into the area
where the music frequency and sound originates,
it immediately brightens because one begins hear-
ing the shorter-transmission wave sounds (that is,
the higher-pitched sounds) that could not get
around corners as readily as the longer-transmis-
sion wave sounds.
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4.3 Radio Waves

Though radio and sound waves behave in similar
ways, they also have fundamental differences as to
frequency, velocity, and the medium in which they
travel.

Sound vs. Radio Frequencies

Limitations of the ear confine audible sound to an
upper frequency ranging from 15,000 to 20,000 cps
(individual hearing acuity varies a good deal, espe-
cially at higher frequencies).

In contrast, the radio spectrum runs from a few
thousand cycles per second into the billions. Radio
waves travel at 186,000 miles per second—about
900,000 times the speed of sound in air. Finally,
radio waves need no intervening medium, such as
air, in which to travel. Indeed, they travel best in a
total vacuum.

The phrase “cycles per second”—when used in
reference to radio waves—has been shortened by
international agreement to bertz (named after a fa-
mous radio physicist and abbreviated Hz). A hertz
is a frequency of one wave-cycle per second. The
number of hertz in the frequencies of the highest
radio bands rises into the billions, making for awk-
wardly long numbers. Exhibit 4.a shows how metric
terms simplify these numbers and how names such
as ME, HE, VHF, and UHF for the frequency bands
were derived.

Naming Channels and Bands

The location of any wave in the electromagnetic
spectrum can be stated in terms of either its fre-
quency or its wavelength. Confusingly, both ways
of naming waves occur. For example, the term micro-
waves identifies a group of waves by their length,
while the term VHF identifies a band by frequency.
The number 600 (often abbreviated to 60) on an
AM radio dial identifies a channel by frequency,



standing for 600 kilohertz. The frequency bands
used for international broadcasting are identified
both by wavelength and by frequency— short waves
(SW) and high frequency (HF).

Picture and sound components of television
transmissions use different groups of radio fre-
quencies. For the sake of convenience, television
channels are identified by arbitrarily assigned chan-
nel numbers rather than by wavelength or fre-
quency. For example, “channel 6” is a shorthand
way of saying “a station using the 82- ta 88-MHz
channel, with a video carrier-wave frequency of
83.5 MHz and a sound carrier-wave frequency of
88.75 MHz.”

Wave Radiation

Production of radio waves, like sound, depends
on vibration (oscillation). But an electric current,
rather than a physical object, oscillates. An oscillat-
ing current can be envisioned as power surging back
and forth (alternating) in a wire, first in one direc-
tion (one phase), and then in the other direction
(the opposite phase).

When current alternates in any electric circuit,
even in the wiring of ones home, it releases
electromagnetic energy into the surrounding space.
The tendency of alternating current to radiate
energy increases with its frequency; the higher
the rate of alternation, the more radiation takes
place. Dangerous radiations such as X-rays occur
at frequencies far above radio frequencies. Never-
theless, even the much-lower-frequency micro-
waves used in some forms of communication (as
well as in microwave evens) can be harmful to
humans exposed to unshielded, high-power sources
of such waves.

A broadcast transmitter generates radio-fre-
quency energy, feeding it to a transmitting antenna
for radiating into the surrounding area. The basic
emission, the transmitter’s carrier wave, oscillates at
the station’s allotted frequency. It radiates energy
at that frequency continuously, even when no sound
or picture is going out.

4.4 Modulation

Modulation refers to ways of imposing meaningful
variations on a transmitter’s carrier wave to enable
it to carry programs.

Energy Patterns

‘Turning a flashlight on and off modulates the flash-
light beam. A distant observer could decode such a
modulated light beam according to any agreed-
upon meaning. A pattern of short flashes might, for
example, mean “All OK.” Modulation produces a
pattern that can be interpreted as a meaningful
signal.

When radio waves carry words, they consist of
amplitude patterns (loudnesses) and frequency patterns
(tones or pitches). Air molecules form pressure
waves in response to the amplitude/frequency pat-
terns of the words. A microphone responds to
air-pressure patterns, translating them into corres-
ponding electrical patterns. The microphone’s out-
put consists uf a sequence of waves with amplitude
and frequency variations that approximately match
those of the sound-in-air patterns.

Ultimately, those AF (audio-frequency) electrical
variations modulate a transmitter’s RF (radio-fre-
quency) carrier, causing its oscillations to mimic
the AF patterns. At last we have a radio signal—
patterned variations in a carrier wave that convey
meaning.

Sidebands

A specific radio frequency, not a channel or band
of frequencies, identifies a station’s carrier wave.
For example, an AM station at 600 on the dial has
a carrier wave of 600 kilohertz (600,000 cycles per
second).

But modulation activates frequencies both above
and below the carrier frequency. These adjacent
frequencies constitute sidebands. The sidebands of
the 600-kHz AM station include the five kHz above
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and below 600 kHz. The ten frequencies from 595
to 605 kHz make up the 600-kHz channel.

The upper (above 600 kHz) and lower (below
600 kHz) sidebands represent opposite phases—they
simply mirror each other. Either one could convey
all information in the channel. Nevertheless, many
radio services—for example, sound broadcasting—
transmit both sidebands. That wastes spectrum
space, but suppressing one sideband would add con-
siderably to prices of both sending and receiving
equipment.

Some services, however, economize on spectrum
usage by suppressing one sideband. Television needs
such wide channels that transmitting both sidebands
would use up too much spectrum space and reduce
the number of usable channels. Therefore one tele-
vision signal sideband is suppressed, leaving only a
vestigial lower sideband, as shown later in Exhibit
4.i.

Channel Width

In broadcast communication, channel width, or band-
width, determines information capacity, much as a
water pipe’s diameter determines the tate at which
water can be delivered. Broadcast stations need large
pipes, or channels, because they must deliver large
quantities of information without delay—in real
time.

A still-picture news service can use a Narrow
channel if it is willing to tolerate delay while each
picture gradually builds up over time. A taxi radio-
dispatching service needs real-time message deliv-
ery, but it can tolerate narrow channels because it
needs only voice intelligibility, not voice quality.
Radio broadcasting needs wide channels both for
real-time delivery and for reproducing overtones
that include higher sound frequencies. Television
broadcasting needs still wider channels to transmit
both pictures and sound.

AM vs. FM

To repeat, modulation means imposing meaningful
patterns on an otherwise unvaried stream of energy,
a carrier wave. Broadcasting transmitters use either
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amplitude or frequency modulation. Exhibit 4.c
shows how they work. AM (amplitude-modulated)
stations are called standard stations because the tech-
nology of amplitude modulation was developed be-
fore that of FM (frequency modulation). Television
uses both types, AM for picture signals and FM for
sound.

Electrical interference caused by lightning or ma-
chinery affects AM signals because stray energy
from interference distorts wave amplitude patterns.
Listeners hear electrical interference as static. Over-
lapping signals from more distant stations on the
same channel also easily distort AM signals.

Electrical interference has no effect on FM pat-
terns, which rely on changes in frequency rather than
changes in amplitude. FM also rejects interference
from other stations more readily than does AM.

Muldiplexing

Two or more separate carriers can be modulated
in the same channel, a form of multiplexing. The
shortage of spectrum space makes multiplexing im-
portant as a spectrum-saving measure. Later in this
chapter reference is made to multiplexing auxiliary
signals in the FM channel and to multiplexing the
sound signal and a color subcarrier in a television
channel.

4.5 Wave Propagation

Modulated signals are piped from a transmitter to
its antenna, the physical structure from which signals
radiate into surrounding space. The traveling of
signals outward from the antenna is called propaga-
tion.

Coverage Contours

In theory, an omnidirectional (all-directional) an-
tenna would propagate signals over a circular cover-
age area. In practice, coverage patterns usually
assume uneven shapes. Physical objects in the trans-



How AM and FM Differ
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Source: Adapted from Siguals: The Telephone and Beyond by John R. Pierce. Copyright © 1981 by W.H. Freeman and Company.
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mission path, interference from electrical machin-
ery and other stations, the time of day, and even
seasonal sunspot changes can affect propagation dis-
tances and patterns.

The higher the frequency of waves, the more the

atmosphere absorbs their energy and therefore the
shorter the distance they can travel. Objects wider
than a wave’s length tend to block propagation,
causing “shadows” in coverage areas. Later in this
chapter, Exhibit 4.1 shows how large buildings cause
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“shadows” in television-station coverage. VHE,
UHE, and still higher frequency waves (used for
microwave relays and satellites) have such short
lengths that relatively small objects can interfere
with their propagation. In fact raindrops can block
the shortest waves.

Such variables make for irregular coverage pat-
terns. Engineers draw contours on maps by measur-
ing signal strength at various points surrounding a
transmitter. Contour lines link points of equal re-
ceived signal strength. Exhibit 5.¢ (page 110) depicts
contour lines in a satellite’s footprint, indicating the
minimum antenna size needed for good reception at
various distances from the center of the beam.

Frequency-related propagation differences divide
waves into three types: direct, ground, and sky
waves. Each type has advantages and disadvantages
that must be considered in matching frequency
bands with service needs.

Direct Waves

At FM radio and television frequencies, in the VHE
and UHF bands, waves follow a line-of-sight path.
They are called direct waves because they travel di-
rectly from transmitter antenna to receiver antenna,
reaching only as far as the horizon, as shown in
Exhibit 4.d. Line-of-sight distance to the horizon
from a 1,000-foot-high transmitting antenna propa-
gating over a flat surface reaches about 32 miles.
The signal does not cease abruptly but after reach-
ing the horizon fades rapidly.

Enginecrs locate direct-wave antennas as high as
possible to extend the apparent horizon. Raising
the height of a receiving antenna also extends the
horizon limit.

Ground Waves

AM radio uses medium-frequency (MF) waves.
Waves in the MF band travel as ground waves, propa-
gated through and along the surface of the Earth.
They can follow the Earth’s curvature beyond the
horizon, as shown in Exhibit +.d

Ground waves can cover wider areas than do di-
rect waves. In practice, however, a ground wave’s
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useful coverage area depends on several variables,
notably soil conductivity—the degree to which soil
resists passage of radio waves—which varies ac-
cording to dampness and soil composition.

Sky Waves

Most radio waves that radiate upward dissipate their
energy in space. However, waves in the medium-
frequency band (AM radio) and the high-frequency
band (short-wave radio) when radiated upward tend
to bend back at an angle toward the Earth when
they encounter the ionosphere.

The ionosphere consists of several atmospheric
layers located from about 40 to 600 miles above the
Farth’ surface. Bombarded by high-energy radia-
tion from the sun, these layers take on special elec-
trical properties, causing re¢fraction (a gradual type
of reflection, or bending back) of AM and short-
wave signals. Refracted waves are called sky waves.

Under the right frequency, power, and iono-
sphere conditions, returning sky waves bounce off
the surface of the Farth, travel back to the iono-
sphere, bend back again, and so on. Following the
Earth’s curvature, they can travel thousands of miles,
as depicted in Exhibit 4.d.

The ionosphere’s effectiveness varies with time
of day and with frequency. AM broadcast stations
produce sky waves only at night, extending their
coverage areas after sundown. However, sky waves
do not necessarily improve an AM station’s effective
nighttime coverage. Their intrusion may actually
shrink it.

Short-wave stations, however, are not limited to
using a single carrier frequency as are AM broad-
casting stations. They can switch frequency several
times throughout the day to take continuous advan-
tage of the ionosphere’s changing refractive abilities.

Antennas

Whichever type of propagation may be involved,
antennas are necded, both to transmit signals and
to receive them. Antenna size and location can have
a critical influence on the efficiency of transmission
and reception.



Ground, Sky, and Direct Wave Propagation
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Because of their location in the spectrum, radio and
television services have different signal propagation
paths.

AM radio is most complicated because its medium-
frequency spectrum location gives it two different
means of wave propagation: ground waves in the day-
time (A), and both ground and sky waves at night.
Ground waves travel along the surface of the Earth.
Given good soil conductivity and sufficient power,
ground waves outdistance direct waves, reaching well
beyond the horizon. As discussed in the text, sky waves
(B) bend back toward Earth when they encounter the
ionospheric layer of the atmosphere at night. Sky
waves may bounce off the Earth and back to the iono-
sphere several times, and different frequencies are af-
fected at different times of the day and night. In short,
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they are unpredictable and thus cause more interfer-
ence than they provide useful service. Because of po-
tential sky-wave interference, halt of all AM sta-
tions leave the air at night. Short-waeve international
services make use of sky waves, changing frequencies
to best match predicted ionospheric effects on sky
waves.

FM radio and television stations, because of their VHF
and UHF spectrum location, are subject only to direct
line-of-sight wave propagation at any time of day or
night (C). These waves are sent out from elements on
top of antenna towers and directed downward toward
the reception area, blocking off radiation that would
otherwise scatter upward and out into space. The “ho-
rizon” limit, of course, depends heavily on local
terrain.
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4.5 Wave Propagation 81




Small antennas built into receivers suffice to pick
up strong AM and FM signals. The higher the fre-
quency, however, the more elusive the signal and the
more essential an efficient antenna becomes—for
radio perhaps a retractable whip antenna or, for best
results, an outdoor antenna. In many locations, in-
door “rabbitears” and loop antennas suffice for VHF
and UHF television signals, respectively, although
some UHF signals require an outdoor antenna.

Transmitting antennas (see Exhibit 4.€) vary in
size because for them to work efficiently their length
must be mathematically related to the length of the
waves they radiate. For example, channel 2 (VHF)
television transmitters radiate 20-foot waves, but
television channel 48 (UHF) waves are less than 2
feet long.

Directional Propagation

A flashlight or an auto headlight focuses light into
a beam. A reflector creates the beam by redirecting
light rays that would otherwise radiate backward
or sideways, thus reinforcing the rays that go in a
forward direction. Transmitting antennas can also
be designed for directional propagation—beaming re-
inforced signals in a desired direction. Directional
propagation has value both for increasing signal
strength in a desired direction and for preventing
interference between stations.

Concentrating radio waves by means of direc-
tional propagation increases their strength. This
increase, called antenna gain, can be many-
thousandfold.

Receiving antennas are also directional; this is
easily demonstrated by turning a portable AM radio
in different directions. Signals from a given station
come in most strongly when the radio’s built-in
antenna points in the direction of that station’s
transinitter.

4.6 Mutual Interference

Mutual interference between stations limits the
number of stations that can be licensed to operate
in any particular community.
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Co-Channel Stations

The primary troublemaker, co-channel interference,
comes from mutual interference between stations
operating on the same channel. Co-channel stations
must be located far enough apart geographically to
prevent their coverage contours from overlapping.
Separation rules must take into account that signals
too weak for useful reception by an audience may
nevertheless cause co-channel interference. A sta-
tion’s interference zone therefore extends far beyond
its service area.

In keeping with U.S. policy of allowing as many
local communities as possible to have their own
stations, the Federal Communications Commission
(FCC) makes co-channel separation rules as liberal
as possible. Changing daytime vs. nighttime cover-
age areas of AM stations, caused by sky-wave
propagation at night, complicate the problem. The
FCC seeks to prevent such sky-wave interference
by requiring many AM stations either to use lower
power or to leave the air at night.

Adjacent-Channel
Stations

Near a transmitter, radio-frequency radiation is
so powerful that sidebands spread far beyond
nominal channel limits, causing adjacent-channel
interference. The possibility of such interference
limits the number of stations that can be licensed
in any one locality. Stations will not be found
on consecutively numbered channels in a single
market. (As Exhibit 4.j on page 93 shows, some
seeming exceptions to this rule occur: television
channels 6 and 7 and 13 and 14 are consecutively
numbered but their frequencies are not consecu-
tive.)

However, away from the transmitter, signal
strength falls off rapidly. Adjacent-channel stations
therefore need to be separated only by about the
radius of their service areas. For example, the FCC
requires a minimum adjacent-channel separation of
only 60 miles for VHF television stations but
about 270 miles for VHF co-channel separation
(distances for UHF stations are shorter).



Transmitting Antennas (B)

Antennas differ depending on the service for which
they are built.

(A) AM antennas use the entire steel tower as a
radiating element. For efficient propagation, the
height of this tower must equal a quarter the length
of the waves it radiates. Propagation of ground waves
depends on soil conductivity, among other things. The
photo shows heavy copper ground cables being buried
in trenches radiating from the tower base to ensure
good ground contact. There are three antennas here
for sending out a directional signal.

(B) Short-wave antenmas are very complex. Each
transmitting site has many antennas to feed different
HF frequencies, along with other suspended wires that
act as reflectors to beam signals in specific directions
to reach designated overseas target areas. The Voice
of America uses scores of antennas like this one.

(C) FM antennas, such as the ones on the far left
and far right, are similar to those designed for television,
such as the two at left center. All use radiating elements
at the top of each antenna to send out their signals.
An array of two-way radio antennas sits atop the building
at right center.

Sources: Photo (A ) courtesy of Stainless, Inc., North Wales,
PA; photo (B} courtesy of Voice of America, Washington,
DC; photo (C) courtesy of Shively Labs, Bridgton, ME.
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4.7 AM Stations

As a broadcast-station class name, AM is somewhat
misleading because the term means simply azplitude
modulation, and many services other than standard
radio broadcasting use such modulation. The video
component of the television signal, for example, is
amplitude modulated.

Band and Channels

Until 1988 AM stations were allocated to the 535-
to 1,605-kHz segment of the MF band, for a total
AM bandwidth of 1,070 kHz. In 1988, by interna-
tional agreement, the upper limit of the AM band
was extended to 1,705 kHz and, hence, the band-
width to 1,170.

The FCC restricted assignment of the new fre-
quencies to existing stations to reduce interference,
rather than licensing new facilities. Receivers with
extended tuning range to pick up the new channels
started appearing in the 1990s, and in 1994 the FCC
selected 79 stations to move onto those frequencies.
Once licensed at the new channel, a broadcaster
would simulcast on both its new and its present
frequencies for five years.

Ideally, sound-broadcasting channels would be
wide enough to encompass the maximum range of
overtone frequencies detectable by the human
ear—a channel width of atleast 15,000 Hz. However,
spectrum conservation dictates using no more than
the essential number of frequencies needed for each
type of service. AM stations in the United States
make do with a channel width of only 5,000 Hz.

The FCC spaces AM channels 10 kHz apart.
This spacing allows for 117 channels (that is, 1,170
divided by 10). A station’s carrier-wave frequency,
expressed in kilohertz, identifies its channel—540,
550, 560, and so on (receiver dials typically drop
the last zero). The 10-kHz spacing allows only 5
kHz for the actual signal, because one 5-kHz side-
band contains all the useful information. Stations
may—and many do—modulate beyond 5 kHz on
either side of their carrier frequencies if they do
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not cause interference. Nevertheless, AM’s channel
limitation makes it less satisfactory for music as
compared with FM.

Channel and Station Classes

The FCC classifies AM channels as local, regional,
and clear: By defining varying areas of coverage ac-
cording to nee , the FCC can license the maximurn
number of stations. Those on clear channels have
been “cleared” of interfering co-channel stations,
enabling distant sky-wave reception at night. Ex-
hibit 4.f explains the classification system further
and includes the new designation system to which
the industry is converting.

Sky-wave coverage also influences the FCC’s sta-
tion classification system. Again in the interest of
licensing the maximum possible number of outlets,
the FCC has divided AM stations into Classes I, 1I,
III, and IV (shown in relation to channel classes in
Exhibit 4.f). Class I (new Class A) stations have
dominant status on clear channels.

Transmission

High AM radio transmitter power improves efti-
ciency of both ground-wave and sky-wave propaga-
tion, getting greater coverage and overcoming
interference. Power authorizations for domestic
U.S. AM broadcasting range from 250 watts toamax-
imum of 50,000 watts, as indicated in Exhibit 4.f.

AM stations usually employ quarter-wavelength
transmission antennas (waves at the lower end of
the AM band are 1,823 fect long; those at the upper
end, 593 feet). The entire steel transmitter tower
acts as the radiating element.

In choosing sites for AM antennas, engineers look
for good soil conductivity, freedom from sur-
rounding sources of electrical interference, and dis-
tance from aircraft flight paths. Because ground
waves propagate through the Earth’s crust, AM an-
tennas must be extremely well grounded, with many
heavy copper cables buried in trenches radiating out
from the base of the antenna tower.

Low-power AM signals can be fed into build-
ing steam pipes or power lines, which serve as



AM Radio Station and Channel Classes

Traditional Designation

New Number of Power Percentage
Station Channel Designation Channels Range of Stations
Class Class System* in Class kW) in Class**
I Clear A 60 10-50 1
11 Secondary (60)*** 2.5-5 33
Clear B
1 Regional 41 S-5 46
v Local (3 6 25-1 22

A large number of clear channels is needed because
dominant Class I stations provide long-distance sky-
wave reception and therefore have very wide geo-
graphical spacing. By the same token, only a small
number of local channels is needed because many

AM station types and channels at the same time.

I outlets.

“The FCC is in the process of changing over from its long-standing, somewhat complicated roman-numeral designations for
AM station classes (I-II-II-1V) and its three categories of AM channels, in favor of a simpler A-B-C system that designates

**Column does not add to 100 percent because of rounding.

***The channels shown for Class 1T secondary clear stations are, of course, the same channels as for Class I stations—the IIs
are secondary because they must reduce power and use directional antennas especially at night to “protect” co-channel Class

stations can occupy the same channel, prevented from
interfering with one another by their low power.
Broadcasting & Cable Yearbook lists all AM stations by
channel, location, power, and antenna pattern. '

E—s i — e —— 7

distribution grids. The signals radiate for a short
distance into the space surrounding these conduc-
tors. Services using this propagation method are
called carvier-current stations. Colleges and universi-
ties often use carrier-current stations, which require
no licensing.

AM Stereo

Because of its narrower channel, AM took longer to
develop stereo than did FM. AM stereo uses a matrix
mode thatmeldsleftandright channelsin a way some-

what similar to the two channels of FM stereo but
without the full high-fidelity benefit. The few AM
stereo stations in existence in the early 1990s had
mostly chosen the Motorola C-QQUAM standard fi-
nally adopted by the FCC (see Section 12.9).

Short-Wave AM

Short-wave broadcasting, which also uses AM, has
been allocated parts of the HF (high-frequency)
band between 6 and 25 MHz. The ionosphere re-
fracts waves in this band both day and night,
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enabling round-the-clock coverage in target zones
thousands of miles away from the originating trans-
mitter.

The U.S. public makes little use of short-wave
broadcasting. However, some foreign countries use
short waves extensively for domestic services. A few
privately operated American HF stations, mostly
evangelistic religious outlets, broadcast to foreign
audiences. Short waves are used extensively for in-
ternational diplomacy.

4.8 FM Stations

Referring to AM as standard broadcasting has become
sorely out-of-date because FM’s inherently superior
quality has enabled it to forge ahead of AM in num-
bers of both listeners and stations.

Bands and Channels

U.S. frequency-modulation broadcasting occupies
a 20-MHz block of frequencies running from 88 to
108 MHz in the VHF band. This 20-MHz block
allows for 100 FM channels of 200 KHz (.2 MHz)
width. Exhibit 4.j on page 93 shows their spectrum
location in relation to other broadcast channels.

The FCC numbers FM channels 201 to 300, but
licensees prefer to identify their stations by their
midchannel frequency (in megahertz) rather than
by channel number (88.1 for channel 201, 88.3 for
channel 202, and so on). The lowest 20 FM channels
are reserved for noncommercial use.

The FM channel width of 200 kHz is gener-
ous—20 times the width of the AM channel. The
extra width allows FM not only to transmit high-fi-
delity sound but also to include a stereophonic sub-
carrier. Subsidiary Communications Service (SCS)
subcarriers can also be multiplexed in the FM chan-
nel to provide readings for the blind and background
music for offices and stores, for example. An SCS ser-
vice goes out simultaneously with the regular FM
broadcast program but requires a converter attached
to the receivers of itsintended audience. The subcar-
rier can also be used for the radio broadcast data sys-
tem discussed in Section 5.8.
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Transmission

The coverage area of an FM station depends on
the station’s power, the height of its transmitting
antenna above the surrounding terrain, and the ex-
tent to which obtrusive terrain features or buildings
block wave paths. In any event, FM uses direct
waves, which reach only to the horizon.

Once determined by these factors, an FM station’s
coverage remains stable, day and night. This stabil-
ity is one reason the FCC had an easier time
preventing FM interference than it did AM interfer-
ence.

The FCC divides the country into geographic
zones and FM stations into three groups according
to coverage area: Classes A, B, and C, defined by
power, antenna height, and zone. Class A power/
height combinations enable a station to cover a ra-
dius of about 15 miles; Class B, about 30 miles; and
Class C, about 60 miles (licensed only in uncrowded
areas). The maximum power/height combination
permits 100,000 watts (twice the maximum AM sta-
tion power) and a 2,000-foot antenna elevation.

Reception

FM receivers with quality loudspeakers can repro-
duce the overtones essential for high-fidelity sound.
That, plus FM’ inherent immunity to static and
interference, gives FM radio a significant quality
advantage over AM radio.

FM’s static-free reception is particularly notice-
able in the southern part of the country, where sub-
tropical storms cause much natural interference.
FM also has an advantage in large cities, where
concentrations of electrical machinery and appli-
ances cause static.

In addition, FM radio has greater dynamic range
(the loudness difference between the weakest and
strongest sounds) than does AM, making for more
realistic reproduction of music.

FM Stereo

FM stereo works as follows: Two sets of equipment
corresponding to left and right channels pick up a
sound source and use this signal to modulate the



station’s FM carrier. A control or “pilot” subcarrier
and a stereo subcarrier are also transmitted.

A stereo receiver with a decoder separates signals
for delivery to left and right speakers. FM stereo is
compatible in that a monaural receiver can provide
a full signal, though without the separate sound of
two channels.

4.9 Pictures in Motion

It helps to approach broadcast television technology
through a review of film, the original pictures-in-
motion medium.

Picture Resolution

Most photographic systems represent scenes by
breaking images down into many tiny pivels (picture
elements). Basically, the size and distribution of pix-
els on film stock limit resolution—the depiction of
fine detail. Film resolution (also called definition)
equates with imformation capacity in electronic com-
munication. Broadcast television pictures demand
a broadband channel, one with the capacity to handle
a great many pixels each second.

Cinema quality standards vary according to the
width of film stocks, stated in millimeters: 35 mm,
16 mm, and 8 mm. Along with some larger formats
for wide-screen projection, 35 mm represents the
professional theatrical standard. The intermediate
size, 16-mm film, was originally the amateur stan-
dard, but television’s great appetite for film hastened
evolution of 16-mm technology to the professional
level. Less expensive 8-mm (including super-8-mm)
was the amateur, home-movie standard before home
videocameras became virtually universal.

In all cinema formats, some film area must be
reserved for sprocket holes. Sprockets, the toothed
wheels that pull film into position for exposure or
projection, ensure accurate registration—the precise
positioning of film frames in cameras for picture
taking and in projectors for picture display. Some
film area also has to be reserved for between-frame
separation and (usually) for a soundtrack.

In electronic motion pictures, the frequency
channel is the equivalent of film stock. In terms of
information capacity, channel width corresponds to
film width; wider film equates with wider channel.
Accordingly, television channels must be wide
enough to permit reserving some frequencies for
sound, frame separation, and other auxiliary infor-
mation.

Frame Frequency

In cinema, what appears to be motion actually con-
sists of still pictures (frames) projected in rapid suc-
cession. Each frame freezes action at a slightly later
moment than the preceding frame. The human eye
retains the image of an object briefly after the object
has been removed. This image retention, called per-
sistence of vision, blends together the images in
successive frames. Thus the “motion” of motion
pictures is actually an optical illusion.

A fairly satisfactory illusion of natural motion
occurs if a projector displays 16 framhes per second
(fps). At that rate, however, the track recorded along
the edge of a sound film passes too slowly over the
projector’s pickup head for adequate sound quality.

Increasing the frame rate to 24 fps made for satis-
factory sound. The difference between the 16-fps-
silent and the 24-fps-sound standards accounts for
the jerkiness of silent films that are shown on mod-
ern projectors. Sound projectors chahge the projec-
tion rate from the original 16 fps to 24 fps—a 50
percent increase that speeds action to an unnatural
degree.

After each frame flashes on the screen, a moment
of darkness ensues while the sprockets pull the next
frame into position for projection. Although the 24-
fps rate gives the illusion of continuous action, the
eye still detects the light that falls on the screen
intermittently. A sensation of flicker results.

An increase in frame frequency could overcome
the flicker sensation, but because the 24-fps rate
gives all the visual and sound information required,
such an increase would waste film. Instead, projec-
tors show each frame twice. Although the projector
shows only 24 separate pictures per second, it
throws light on the screen 48 times per second.
This higher repetition rate gives the illusion of
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continuous illumination. Television uses a similar
trick. It illuminates the entire screen twice as many
times as the number of complete pictures shown
each second.

So that movie soundtracks can avoid the on/oft
system required for the visual portion of a motion
picture, audio information is separated by 26 frames
from its corresponding visual, permitting it to pass
smoothly over the audio heads.

4.10 Electronic Pictures

To achieve the illusion of motion without excessive
flicker, television adapts physical tricks from movies
to the realm of clectronics. Both media employ pix-
els, frames, registration, and a strategy for avoiding
flicker.

Camera Pickup Tube

In the studio, a television-camera lens focuses the
live televised scene on the face of the pickup tube
within the camera. The pickup tube has two basic
jobs: to break down the picture into many separate
pieces (pixels) and to convert the light energy of
each piece into electrical energy of corresponding
strength.

Light-sensitive particles are densely scattered at
random on the surface of a tiny rectangular plate
within the tube. When an image falls on the plate,
each particle reacts to the amount of light that
strikes it, converting light into an electrical equiva-
lent and temporarily storing it.

The tube generates a microscopically small beam
of electrons that sweeps back and forth across the
back of the rectangular plate. When touched by the
electron beam, cach pixel discharges energy it has
stored. These discharges lead away from the tube
as electrical amplitude variations (voltages).

Pickup tubes come in various shapes and sizes,
as shown in Exhibit 4.g. Tubes have no moving
parts such as the film camera’s revolving shutter and
sprockets. The television camera needs no shutter,
for the picture never exists as a complete frame; it
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occurs only as a sequence of pixels and lines. When
the electronic equivalent of the pickup tube’s pixel
sequence reaches the receiver tube, persistence of
vision blends the pixels into a seemingly unbroken
image, as explained more fully in Section 4.13.

Scanning Standards

In U.S. television (standards differ from one country
to another), the pickup tube’s electron beam scans
525 lines per frame. The number of lines per frame
affords a convenient way of stating a system’s fidel-
ity—its degree of resolution. Other key numbers
affecting resolution are 30 per second (frame fre-
quency) and 60 per second (field frequency).

The television camera cannot use the cinema’s
antiflicker strategy of repeating each entire frame
twice. That repetition would double the size of the
frequency channel, an unacceptable solution be-
cause of spectrum limitations.

Instead, television splits each frame into two
parts, called fields (see Exhibit 4.h). The electron
beam illuminates the receiver screen from top to
bottom for each field, but it picks up only every other
line in the frame. This method, known as offset, or
interlace, scanning, causes the electron beam to scan
line 1, line 3, line 5, and so on, to the bottom of
the field, then fly back to the top of the field to fill
in lines 2, 4, 6, and so on, as explained more fully
in Exhibit 4.h. Interlace scanning cheats the eye by
presenting it with 60 half fields per second, but only
30 full framses. The eye fails to detect that two fields
are needed to complete a frame.

Cameras Without Tubes

As discussed later, in Section 4.14, the television
industry is moving away from conventional tube
technology, embracing instead new, less-expensive
solid-state cameras.

Auxiliary Signals

Several types of auxiliary signals occupy part of the
television channel. Signals called sync pulses keep
camera-tube scanning in step (synchronized) with



Camera Tube

(A) As technology improved, tubes became smaller.
Commercial broadcasters first used the iconoscope, the
odd-shaped tube at the top. Then inzage orthicons, with
3-inch and 4.5-inch faces, replaced iconoscopes.
Smaller tubes such as the vidicon and plumbicon in turn
replaced the image orthicon.

Sources: Photo courtesy Frank Sauerwald, Temple Univer-
sity. Diagram by John Fretz based on information in Television
Technology: Fundamental: and Future Prospects by A. Michael
Knoll, 1988, p. 67, Fig. 7-8. Used by permission of Artech
House.

Accelerator
Target grid
plate

(B)

Transparent
conductor

1A

Electron
beam

Video
signal

Deflection and focusing coils

(B) The main components and functions of the vidicon
type of tube are as follows: a lens focuses the image
on a photoresistive plate whose electrical resistance
varies with the amount of light striking its surface. At
the base of the rube, three components called grids
help generate and shape the electron beam. As it leaves
the focus grid, it enters magnetic fields created by coils
surrounding the neck of the tube. Changes in the
magnetic fields, caused by changes in the voltage fed
to the deflection coils, sweep the electron beam back
and forth in the prescribed scanning pattern. As the
eleetron beam scans the rear side of the plate, it causes
the electric energy stored in each pixel to flow to the
conductor plate as an electrical voltage. The varying
amplitudes of those voltages, led by wire away from
the plate, constitute the video signal (illustrated in
Exhibit 4.i).

receiver-tube scanning. Generated by a special tim-
ing device in the studio control-room (as shown in
Exhibit 4.k on page 119), sync pulses ensure that
each pixel in each line will appear on the receiver
screen in the same location it had in the pickup
tube.

Another auxiliary signal blanks out the scanning
beam during retrace (also called flyback) intervals.

The electron beam uses these intervals to fly back
diagonally from the end of one line to the beginning
of the next line (borizontal retrace) and from the
bottom of one field to the top of the next field
(vertical retrace). Exhibit 4.h illustrates these retrace
movements.

If the beam continued to pick up picture elements
during its retrace movement, the orderly scanning

4.10 Electronic Pictures 89



Scanning Fields and Frames

Frame
. (Fields A+B)

Field B - even lines

A complete electronic picture, or frame, is made
up of two fields, each of which makes up half the
picture definition. One field (A) scans the odd-
numbered lines and the other (B) scans the even-
numbered lines (shown here as broken). Together
the lines of the two fields “interlace” to make up
a complete frame (C).

At the end of each scanned line, and each field,
the electron beam has to fly back to start a new
line or field. During these retrace times, a blanking
signal prevents the beam from activating any pic-
ture elements. When the beam returns to the top
of the screen at the end of each field, the time it
takes, equivalent to scanning 21 normal lines, is
called the vertical blanking interval (VBI). It is dur-
ing this VBI that nonpicture information can be
transmitted, such as closed captions and teletext
(see Section 3.3).

sequence would be destroyed. Vertical retrace time
is called the vertical blanking interval (VBI). Because
no picture information goes out during the VBI,
that transmission time (the equivalent of 21 picture
lines) can be used to send additional information
such as closed captioning for the hearing impaired.
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TV Sound

U.S. television uses FM sound. The 100-kHz sound
subchannel is located in the upper part of the televi-
sion channel, as shown in Exhibit 4.i. Sound needs
no synchronizing signals to keep it in step with the
picture. Sound and picture occur simultaneously
and go out in real time.

Though half the size of an FM radio channel,
television’s sound channel is designed to respond to
a sound range from 10 to 15,000 Hz. It also has
room for subcarriers that enable multiplexing ste-
reophonic sound and alternative language sound-
tracks within the channel.

Color TV

Signal specifications for color television provide for
compatibility—black-and-white (monochrome) re-
ceivers can reproduce a color signal without the aid
of an adapter. Multiplexing permits adding a color
component without enlarging the television chan-
nel. Exhibit 4.i shows the position of the color sub-
carrier in the television channel.

The color camera picks up images in three desig-
nated primary colors. The primaries are red, green,
and blue, rather than the red-blue-yellow primaries
familiar to artists. Filters separate color components
of images before they reach the camera tube. Various
hues of the color picture depend on the proportional
strengths of the primary colors in each pixel.

In addition to hue, color images also have a
brightness attribute, Juminance. The luminance
component contains all the fine detail in color pic-
tures, and it alone suffices for the monochrome
receiver.

4.11 TV Channels

U.S. broadcast standards call for a 6-MHz television
channel—600 times the width of an AM radio
broadcast channel. Indeed, 4// AM and FM broad-
cast channels together occupy less spectrum space
than only four television channels. Exhibit 4.i shows
how the 6 MHz of the channel are utilized.



The TV Channel

Video carrier (AM)

Channel 2T

WaE 1 1.25 2 4 5 545 | 6MHz
Vestigial <« Useful video channel: about 4 MHz ——— | 3.75
< Vostoal g
sideband <4 Video-audio carrier separation: 4.5 MHz ————————#»

Color subcarrier  Audio carrier (FM)

The architecture of the 6-MHz television channel includes a vestigial (sort of an “elec-
tronic leftover”) lower sideband that takes up the 1.25 MHz below the video carrier
frequency. Note that .25 MHz is unused above the audio subcarrier. These seemingly
“wasted” spaces reduce adjacent channel interference. When modulated by the black-
and-white video (lJuminance) information, the main video carrier’s upper sideband overlaps
the sideband of the color subearrier, but interleaving minimizes conflict. Uneven distribu-
ton of frequencies carrying the luminance signal makes such interleaving possible. If
the teeth of a comb are visualized as the frequencies occupied by the monochrome
information, the color information occupies frequencies represented by the spaces be-
tween the teeth.

A 100-kHz subchannel accommodates the audio information, located near the upper

end of the channel.
Source: Adapted from 47 CFR 73.699.

Channel Width and Resolution

Even with such wide channels, television achieves
relatively low picture resolution by the standards
of theatrical motion pictures and good-quality still
photography. The average home receiver displays
about 150,000 pixels per frame, but a projected 35-
mm film frame contains about a million.

Current television resolution standards represent
a compromise between ideal quality and the lowest

quality that most viewers can tolerate for continuous
watching. Higher quality has to be sacrificed to avoid
using too much spectrum space. The same spectrum-
saving goal motivates suppression of the lower side-
band of the television picture signal. Among im-
provements for the future, discussed in Chapter 5,
bigh-definition television (HDTV) is expected to
improve the current standard, known as NTSC
(National Television System Committee, which rec-
ommended the standards adopted in 1952).
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Location in Spectrum

Exhibit 4.j shows location of television channels in
the spectrum relative to location of channels other
broadcast services use. An FCC table allots specific
channels by number to specific towns and cities
throughout the United States. The map in Exhibit
2.i, page 40, gives an example, showing all the places
to which one particular channel has been allotted.

4.12 TV Transmission

Synchronization

The sync generator keeps the camera pickup tube
in step with the receiver display tube. Exhibit
4.k shows the sync generator in relation to other
control-room equipment. It generates precisely
timed signals that activate the camera’s deflection
coils, causing the electron beam to go through its
prescribed scanning motions.

The sync generator also inserts blanking signals
during retrace periods and synchronizes inputs from
external picture sources such as recordings and net-
work feeds. Synchronizing and blanking cues be-
come part of the composite picture signal.

Combining Picture and Sound

The picture (video) and sound (audio) components
travel from the studio to the transmitter as indepen-
dentsignals. The transmitter site may be miles away
from the studio so that it can be near the antenna.
At the transmitter, video and audio signals modulate
separate audio and video transmitters.

A television station’s power is usually stated in
terms of the effective radiated power (ERP) of its video
signal. The video transmitter operates on higher
power than does the audio transmitter because it
has a much greater information load, requiring up
to 20 times as much power.

Video and audio signals meet for the first time
in the diplexer—a device that combines video and
audio signals before feeding them as a composite
signal to the antenna for propagation.

92 Chapter 4 How Electronic Media Work

Propagation

Engineers elevate television-transmission antennas
as high as possible—on mountain peaks, roofs of
tall buildings, or the tops of tall steel towers. The
antenna towers themselves do not radiate signals as
do AM towers. They only support the radiating
elements, which are relatively small, in keeping with
the shortness of television’s VHF and UHF waves.

Television antennas propagate signals direction-
ally. They cut off waves that would otherwise shoot
off into space above the horizon, redirecting them
at a downward angle, toward the line-of-sight
coverage area. Objects in the propagation path
block UHF waves more easily than they block
VHF waves. UHF waves also attenuate more
rapidly than VHF waves. The FCC therefore
allows UHF stations to use very high power (up
to 5 million watts) to compensate to some extent
for the inherent coverage limitations of UHF
waves. In setting television-power limits, the FCC
uses a formula that takes antenna height into
consideration.

A television station’s coverage distance and the
shape of its coverage area thus depend on several
factors: transmitting antenna height and efficiency,
obstructive terrain features, transmitter frequency,
and effective radiated power. Exhibit 4.1 shows how
obstructions can affect propagation.

4.13 TV Reception

Antenna

The length of a transmitting antenna can be sized
for the length of the antenna’s specific carrier wave.
Receiving antennas, however, must be designed to
pick up many channels, often both VHF and UHF.
At these frequencies, receiving antennas are highly
directional. They must therefore point toward the
transmitters. In areas where transmitters are located
at widely different points of the compass, a rotatable
outdoor antenna may be necessary.



Summary of Broadcast Cbannel Specifications

This table pulls together information scattered throughout the test to allow cotnparison of the major channel
specifications of radio and television services. Note especially the allocation of television channels into four
separate frequency allotments in two different bands.

Service AM Radio FM Radio VHF Television UHF Television

Frequencies §35-1705 kHz 54-72 MHz (2-4)

(MF band) 76-88 MH:z (5-6)
174-216 MHz (7-13)
(VHF band)
Total channels 117 2

Bandwidth 10 kHz

(single station)

6,000 kHz
- (equivalent to 600
AM or 30 FM

. channels)
Classes of I Clear Channels 2-6
stations and 10-50 kW' about 65 miles
power limits 11 Secondary up to 100 kW
Clear Channels 7-13
2.5-50 kW zbout 55 miles
" I Regional up to 316 kW
I 1-5 kW
IV Local
25-1kw
Educational Ill none 137 specific channel
allocation allotments
Factors frequency antenna height
affecting power frequency
station soil conductivity power (to a degree)
coverage and day/night - rigid spacing
signal quality (sky wave) line of sight range
thunderstorms unlimited time
directional
antennas

4.13 TV Reception 93

World Radio Histo



TV System Components and Signals

TRANSMITTER

[

Audio f

STuDIO Antenna

Audio
)
A.udio Sync pulses
pickup
Picture
and

blanking

Camera
drive

Camera
drive

.—F

Video Picture
pickup

Blanking

Each block stands for a function that in practice may involve many different picces of
cquipment. The lower portion of the diagram represents the basic items and functions
involved in studio opcrations; the upper portion, those involved in transmission. Separate
sets of equipment handle the video and audio components all the way to the diplexer, the
device in transmitters that finally marries the two signals so that they can be transmitted as
a composite. (Exhibit 4.i shows how the audio and video components are multiplexed
in a single channel.)

Source: Based on Harold E. Ennes, Principles and Practices of Telecasting Operations (Indianapolis: Howard W. Sams, 1953).
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TV Propagation Paths

(A) Wave behavior

in the coverage pattern.

(A) Simplified coverage pattern of a television station, showing
some characteristics of direct-wave propagation: the waves carry
only to the horizon; some may encounter surfaces that reflect
signals; some may encounter obstructions that cause “shadow” areas

(B) Ghost image

(B) When a receiver detects both a
direct wave and a reflected wave, the
reflected wave will have traveled over
a longer path and will therefore arrive
at the receiver slightly later than the
direct wave. When the receiver dis-
plays the signal of the delayed reflected
wave, the image lags slightly behind
that of the direct wave, appearing as a
“ghost.” In 1994 the FCC approved
TV station use of ghost-cancellation
reference (GCR) signals aimed at elimi-
nating ghosts. GCR allows television
receivers to identify and delete the sec-
ond signal.

Contour Grades

The FCC classifies television-station coverage in
terms of Grade A and Grade B contours. A station’s
Grade A contour encloses the area within which satis-
factory service can be received with ordinary anten-
nas 90 percent of the time. Its Grade B contour
encloses an area more distant from the transmitter
within which reception is satisfactory only 50 per-
cent of the time. These coverage contours have no

meaning for cable television subscribers, who do
not depend on over-the-air antennas for reception.

Your TV Set

Like transmitters, receivers process the video and
audio parts of the signal separately. In conventional
receivers, the video information goes to a kinescope,
a type of cathode-ray tube (CRT) (see Exhibit 4.m).
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Color Kinescope Tube

Video
signals

Red Electron

guns

Green

Blue

Enlarged
section
of screen

Tricolor
phosphor screen

Some receiver tubes use three electronic
guns and tricolor phosphor dots. Varying
amplitudes in the modulated currents fed to
each of the electron guns cause the dots to
glow with varying intensities; though only
the red, green, and blue primary colors ap-
pear on the kinescope face, the eye blends
them together to make all the various hues.

Source: Adapted from Paul Davidovits, Communi-
cation (New York: Holt, Rinchart & Winston,
1972), p. 114, Used by permission of the author.

This is the tube the viewer looks at as the receiver
“screen.”

On the inside face of the kinescope, pixels con-
sisting of phosphorescent particles glow when bom-
barded with electrons. Within the neck of the
kinescope resides an electron gun—a large version
of the one in the pickup tube. It shoots a beam of
electrons toward the face of the tube. Guided by
external deflection coils, the electron beam writes
an image on the screen (actually the inner face of
the tube).

The beam stimulates pixels that glow with varying
intensities, depending on the beam’s strength. It lays
down an image, line by line, field by field, and frame
by frame. Synchronizing signals originated by the
sync generator activate deflection coils, keeping the
receiver scanning sequence in step with that of
the pickup tube at the studio.
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Color Reception

Phosphors that glow in the red-blue-green pri-
maries coat the inner face of the color CRT, ar-
ranged either as narrow parallel stripes or as triads
of dots. Receiver circuits decode the television sig-
nal into components representing the energy levels
of the three primaries in each pixel. Three streams
of electrons, one for each primary, strike the tube
face, using one or more electron guns.

Only primary colors appear on the kinescope.
The eye perceives varying hues in accordance with
varying intensities of the primaries as delivered by
the electron beams. One can confirm that only the
primaries appear by looking at part of a color picture
on the face of a kinescope with a magnifying glass.
Only dots or stripes in red, blue, and green will be
visible.



4.14 Solid-State Devices

Modern technology increasingly relies on a variety
of components that manipulate electrons far more
cheaply and efficiently than do electron tubes.
These components bear the family name sofid-state
devices.

Vacuum Tube as Forerunner

The predecessors to solid-state devices were the
vacuum tubes. They manipulate electrons within a
glass enclosure from which nearly all the air has
been removed. Vacuum tubes are bulky, power-
hungry, and easily damaged, and they generate

enormous heat.

Transistors

The solid-state revolution started with transistors,
which manipulate electrons in a small piece of solid
crystal instead of within the relatively large vacaum
chamber of a tube. Transistors are also known as
semiconductors because although they conduct elec-
tricity, they do so selectively. Transistors are made
of silicon, a common crystalline element. Crystals
are specially treated to control the flow of electrons
in prescribed ways.

Integrated Circuits

The second generation of solid-state devices, inte-
grated circuits, combine (integrate) many transistors
and other circuit components on silicon chips. Very
large-scale integrated circuits (VLSIC) consist of hun-
dreds of thousands of transistors and other compo-
nents, along with their microscopic connections,
etched on a single chip a quarter of an inch square.

Cramming complex electronic components into
such tiny spaces enables miniaturization, indispens-
able for the microcomputers that reside in practi-
cally every modern technically sophisticated device,
from satellites to wristwatches.

ENG (electronic news gathering), for example,

depends on miniaturization. It enables covering
news events outside the studio with lightweight,
portable equipment. The key to ENG development,
the time-base corrector; uses a microcomputer to sup-
ply accurate synchronization without recourse to
the sync generator at the studio.

Solid-State Receivers and Cameras

Most television receivers still rely on the cathode-
ray tube (the CRT or kinescope tube) for picture
display. However, researchers are exploring several
technologies for producing flat screens that could
be hung on a wall.

Flat screens can already be found in tiny, portable
television receivers and in laptop computers. One
type uses LCD (liquid crystal display) technology. It
employs a liquid crystal fluid, containing thousands
of pixels, sandwiched between two plates of glass.
When voltage is applied to the pixels, they twist on
or off, blocking a back light that passes through a
polarized filter. The quantity of passed light varies,
depending on how much the pixels have twisted or
untwisted.

LCDs are of two types. Passive-matrix LCDs con-
tinuously supply low voltage to all pixels, increasing
or decreasing the voltage when an element needs
to be turned on or off. This process results in flick-
ering, ghosting, and poor contrast, limiting the use
of these LCDs largely to those devices, such as
digital watches and some computer screens, that
display static images.

For moving video images, manufacturers use
active-matrix LCDs, which turn each picture ele-
ment on and off independently (see Exhibit 4.n).
The sheets of glass between which the liquid crystal
is trapped carry thin films of connected transistors
etched onto their inner surfaces. Each tiny transistor
is, in effect, a switch that can be turned rapidly on
or off to polarize the liquid crystal at that point,
and hence let light through. Three transistors are
needed to create a single pixel capable of displaying
a range of colors. Unlike passive-matrix LCDs,
active-matrix LCDs are colorful, bright, flicker-
free, and provide contrast comparable to that of a

CRT.
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Liquid crystal display screens vary in their construction and in the materials they use, but they all sandwich
some form of light-emitting elements between two plates of glass.

Source: Adapted from “Flat-Panel Displays,” by Steven W. Depp and Webster E. Howard. Copyright © 1993 by Scientific
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Scientists continue to experiment in their efforts
to improve flat screens. One system, for example,
has replaced the LCD’s rows and columns of pixels
with a grid of tiny channels filled with gas—similar
to miniature fluorescent tubes. Another sandwiches
a thin film of luminescent phosphors between sheets
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of glass that have rows and columns of electrodes
printed on them.

Solid-state cameras have become commonplace.
In place of the pickup tube, these cameras employ
an image sensor called a charge-coupled device (CCD).
It consists basically of an integrated-circuit chip in-




corporating thousands of transistors, one for each
pixel. Camcorders use CCDs and manufacturers are
rapidly switching to CCDs for both ENG and stu-
dio cameras.

Compared with cameras equipped with the tradi-
tional pickup tube, CCD cameras are inexpensive,
highly reliable, small, and able to withstand rough
treatment.

4.15 Cable Systems

As discussed in preceding sections, television broad-
casting suffers from spectrum crowding and
interference inherent in any over-the-air communi-
cation. Cable systems avoid these problems by send-
ing signals through the artificial, enclosed
environment of coaxial cable (see Exhibit 5.a, page
104)—from which the service derives its name.

Cable Advantages

Within the cable, a wide band of frequencies can
be used without causing or receiving undue interfer-
ence. Because cable signals do not interfere with
on-air services, cable is able to use VHF channels
above and below the broadcast VHF portion of
the spectrum—frequencies denied to broadcasting
because they are used by other services. A cable
system thus gives viewers a wide range of choices,
usually feeding 30 or more program channels—in
newer systems, more than 100—compared with an
over-the-air station’s single channel in the same
geographical area.

Confining radio energy within a cable eliminates
the need for home antennas, problems resulting
from co-channel and adjacent-channel interference
and from different propagation paths, and varying
behaviors of direct, ground, and sky waves. Cable-
enclosed signals can be modulated and propagated;
they retain all the radio energy characteristics al-
ready described, except those evident in open space.

Cable Drawbacks

Yet cable also sacrifices the unique asset of radio
communication, the ability to reach audiences with-
out the aid of physical connections. Cable connec-
tions are also expensive to build—and to rebuild
later in order to increase channel capacity.

Signals traveling through “wave guides” such as
coaxial cable—other than those using optical fi-
bers—attenuate rapidly, making it necessary to re-
amplify signals at frequent intervals, thus increasing
costs. Where possible, firms mount cables on ex-
isting utility poles; but within cities, cables are often
buried underground in conduits and tunnels at even
greater expense.

Cable System Design

At the system’s beadend, cable assembles programs
from various sources and delivers them via coaxial
cable to subscriber homes. Besides reception facili-
ties, a headend contains equipment for reprocessing
incoming signals, equalizing and feeding them to a
modulator for transmission over the system’s deliv-
ery network, and assigning each program source to
a specific cable channel.

Most cable systems have a tree-and-branch pattern.
As Exhibit 4.0 shows, trunk cables branch to lighter
feeder cables that carry the signals to neighborhoods
of homes, where still lighter drop cables connect the
system to individual households.

A headend can feed programs over a radius of
about five miles; covering wider areas requires sub-
sidiary headends that receive the programs via spe-
cial supertrunk coaxial (or fiber-optic) cables or via
microwave relays. Newer systems adopt a star pat-
tern with a series of local hubs. This restructuring
is especially usetul in installing fiber trunk lines.

As suggested in Exhibit 4.0, programs for cable
systems come to the headend from five sources:
over-the-air reception of nearby television stations,
relays of more distant stations, locally produced
or procured material, satellite-to-cable networks
and superstations, and special audio and text ser-
vices.
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Cable System Plan
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The headend of a cable system contains its amplifiers and local origination facilities (if
any.) The headend receives off-the-air TV station signals picked up by special antennas,
and possibly also signals from more distant stations fed by microwave relay. The most
important are usually several TV receive-only (TVRO) antennas for picking up satellite
signals relayed from a variety of program sources. Trunk and feeder distribution cables,
shown mounted on poles in the sketch, are often run underground within urban areas.
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Cable Spectrum Architecture
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Cable television in effect isolates spectrum from its natural surroundings by operating
within confines of coaxial cables. This insulation from nature largely eliminates the
possibility of interference, always a serious problem when using the natural spectrum;
italso enables cable to use segments of the spectrum that have been allocated to nonbroad-
cast services. Note that cable retains the VHF channel frequencies and numbering system,
but positions what it calls “midband” channels (numbered 14 to 22) and “superband”
channels (numbered 23 to 60) in frequency bands allocated in the natural spectrum to
nonbroadcast services, below the frequencies allocated to over-the-air UHF television.
Cable can manipulate signals more easily at these lower frequencies.

Source: Adapted from Baldwin/McVoy, Cable Communication, Second Edition, © 1988, p. 27. Adapted by permission of

Prentice-Hall, Englewood Cliffs, NJ.

Tuning Cable Channels

Cable television uses the same radio-frequency en-
ergy as do over-the-air transmitters. Exhibit 4.p
shows the broadband of frequencies fed through a
60-channel coaxial cable. A few older systems still
carrying only 12 channels rely on VHF tuners in
subscribers’ television sets. Most systems, with more
channels, must supply customers with an adapter
unit—or converter box—that has its own tuning facil-
ity. It feeds into a receiver channel (usually 2, 3, or

4, whichever is 7ot an over-the-air channel locally).

Virtually all television receivers now come “cable
ready” or “cable compatible,” meaning that they
can receive all channels offered on a cable system,
including those used by cable but not by over-the-
air broadcasters without the need for a converter
box. Some cable systems—especially with 100 chan-
nels or more and for scrambled pay and pay-per-
view services—still require set-top converters, even
with such receivers.
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he most dramatic recent changes in elec-

tronic media technology have come in how

programs are stored and moved from place
to place. A useful way to relate the many technolo-
gies involved is to examine three basic functions:
e relay or distribution of programs from one or
more central sending points to many receiving
points (stations or systems);
recording or storage of programs for repeated and
shared use by networks and stations or systems;
and
delivery of programs to the home (by broadcast
station, cable system, or satellite), as described in
Chapter 4.

5.1 Terrestrial Relays

Electronic means of relaying media signals include
those that use physical interconnections (wire and

coaxial/fiber-optic cables) and those that operate
over-the-air (microwave relay systems).

Wire Relays

Any point-to-point or point-to-multipoint linkage,
whether by wire or radio, can function as a relay.
A relay’s channel capacity determines which types
of material the relay can distribute.

The original broadcast radio-network relays
used wire telephone circuits. However, telephone
wires cannot pass the broadband of frequencies
required for television. Radio energy tends to
radiate from the wire, dissipating rapidly. Coaxial
cable prevents much of this loss, conducting a
broadband of frequencies through an enclosed
space. Coaxial cable has two conductors, a solid
wire running down the center of a hollow metal
tube, as shown in Exhibit 5.a. Attenuation still
occurs, but repeat amplifiers inserted at intervals
compensate for the loss.

Coaxial Cable

Hard
plast!c Plastic
sheathing P
oam
insulation -

o

|
|

Copper
wire
center
conductor

Aluminum or braided
copper outer conductor

Coaxial cable’s name derives from its two conductors
with a common axis: a solid central conductor sur-
rounded by a tubelike hollow conductor. Radio energy
travels within the protected environment of the space
between the two conductors. Cable television relies
on this type of conductor, as do many terrestrial relay
links that convey television signals, telephone calls,
data, and other types of information. Fiber-optic relays
are increasingly taking over trunk communications for
this and other industries, as discussed in Exhibit 5.b.

Source: [lustration adapted from Walter S. Baer, Cable Televi-
sion: A Handbook for Decisionmaking, Rand, R-1133-NSF,
1973. Used by permission.
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Fiber-Optic Cable

The high capacity of fiber-optic conductors makes
them ideal for handling digitally processed informa-
tion.

In fiber-optic cable, hair-thin strands of extremely
pure glass convey modulated light beams (Exhibit
5.b). The tremendously high frequency-range of
light (from 1 million to 10 million gigahertz) enables
using a bandwidth in the thousands of megahertz.
A single glass filament has more than 600 times the
information-carrying capacity of a coaxial cable.

The bundle of frequencies present in ordinary
light will not travel efficiently through an optical
fiber. Instead, lasers (light amplification by stimu-
lated emission of radiation) or light-emitting diodes
(LEDs) must be used to generate light beams con-
sisting of a very narrow band of frequencies.

Fiber-optic cables have many advantages as relay
links, especially for very heavy traffic. Little loss
occurs from attenuation, reducing the number of
repeater amplifiers required. Cables are small and
lightweight. They neither radiate energy to inter-
fere with other circuits nor receive interference
from the outside.

Fiber-optic cables have been permanently in-
stalled on heavy-traffic telephone routes and are
increasingly used for the main distribution lines of
cable systems. Eventually fiber-optic cables will
probably replace most conventional copper wire,
at least for major trunk relays. Indeed, cable and
telephone crews were racing to install fiber in the
1990s, driven by their need for stronger bargaining
positions in Washington policy battles about what
roles the two industries would play in information
delivery.

Microwave Relays

Another relay method uses radio waves in the form
of microwave links. Microwaves vary in length from
I meter to 1 millimeter. Microwave relays usually
employ the UHF band (only a portion of which is
allocated to broadcast television channels).

UHF waves in the range used by microwave relays
attenuate (weaken) rapidly in the atmosphere. How-
ever, when focused in a narrow, concentrated beam,

the waves from a microwave transmitter attain an
effective radiated power increase of a hundred-
thousand-fold. Exhibit 5.c shows how microwave
antennas focus radio energy. Microwaves concen-
trated in this way can travel about 30 miles without
excessive attenuation.

Accordingly, amicrowave relay system uses a series
of towers spaced about 30 miles apart, each with a
line-of-sight view of the next and the previous tower.
Repeater equipment on one tower receives transmis-
sions from the previous tower, amplifies the signals,
and retransmits them to the next tower in the series.
It takes more than a hundred towers to span the con-
tinental United States from coast to coast.

5.2 Satellite Relays

Like coaxial cable, satellites first served a relay func-
tion and only later began to deliver programs di-
rectly to consumers. Most satellite traffic still
consists of relays, such as network programs relayed
to affiliates and on-the-spot news events relayed to
studios. But improvement in satellite technology
now also accommodates another hybrid—direct-
broadcast satellite (DBS) services.

Satellite vs. Microwave Relay

Distribution

Microwave relay networks depend on ground-based
towers spaced every 30 miles or so. They cannot
span oceans. Live transoceanic television first be-
came possible only when international communica-
tion satellites began to function as relay stations in
space. Far beyond the Earth% attenuating atmo-
sphere, a single satellite has line-of-sight access to
some 40 percent of the globe’s surface, as suggested
by Exhibit 5.d.

Although often likened to microwave towers
thousands of miles in height, communication sdtel-
lites differ fundamentally from the older relay tech-
nology. A microwave repeater links one specific
location with only two others: the next sending and
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Fiber-Optic Relays

(A)

(A) The AT&T fiber-optic cable shown consists of
five pairs of hair-thin glass strands, each pair able to
carry some 50,000 telephone calls—or hundreds of
television signals—transmitted on beams of laser light.
Capacity is limited not by the small size of the fibers,
but rather by the speed of the lasers that generate the
information-bearing light beams, as well as the light
detectors at the receiving end.

(B) Each fiber-optic cable has extensive insulation and
holds many bundles of fibers, each of which can carry
many signals.

(C) Cable systems have begun replacing coaxial cable
with optical fiber in their trunk and some feeder lines
in order to compete with telephone company fiber
installations as each industry seeks to be first in pro-

viding 1« menu of broadband services to individual
houscholds.
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Sources: Photo from AT&T Bell Laboratories; cable fiber
diagram from National Cable Television Association.
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Microwave Relay Antennas

(A) (A) An outlet positioned in front of the dish-shaped
/\___ Spillover parabolic reflector delivers the radio waves, which are
Main —»> then reflected outward in a narrow beam resembling
reflector that of a searchlight.
Front
feed

(B) A variation of the parabolic reflector directs the
energy from the center of the reflector toward a small

\\/// —» subreflector that sends the waves back to the main

reflector for transmission.

(C) Dish-shaped reflectors lose efficiency because the

(B) o~ S feed tube or subreflector cuts off part of the outgoing
Rear - 2
feed / \ beam. The horn reflector avoids this problem.
-
Hyperbolic
subreflector (D) Microwave relay towers can be seen throughout
- the United States, with all of these antenna types
Parabolic mounted at various heights, providing trunk commu-
main - nication to companion antennas about 30 miles distant.
reflector
© (D)
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Source: Graham Langley, Telecommunications Primer; 2nd ed. (London: Pittman Books, 1986). Used with perinission.
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Geostationary Satellite Orbit

) (A) Looking down from space over the North Pole,
one can see how three satellites orbiting above the
Satellite  equator can “cover” most of the Earth (“most” because
their signals fade at polar latitudes). The satellites
appear to remain stationary with reference to Earth
when orbited at an altitude of 22,300 miles—the
geostationary (or geosynchronous) orbit (GSO). The
INTELSAT international satellite system operates
satellites over the Atlantic, Pacific, and Indian oceans.

(B) American domestic satellites (domsats) orbit in the
GSO above Colombia, each with an assigned position
expressed in degrees west from the prime meridian at
Greenwich, England. Because GSO bands allotted, to
the United States are so overcrowded, Ku-band C-
band, and DBS satellites are shown here at different
distances from the Earth; actually a// occupy the samie
Satellite orbit. The linkages between some satellites indicate
they carry both Ku-band and C-band transponders.
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receiving points in the relay network. A satellite,
however, links a group of relay stations (the satel-
lite’s receive/transmit units) to an unlimited number
of receiving Earth stations. Adding more Earth sta-
tions adds nothing to transmission costs, whereas
linking up new destinations in microwave relay net-
works does.

Satellites are also distance insensitive. They can
reach Earth stations at any distance within the satel-
lite’s footprint {coverage area). Distance adds no
transmission expense as it does with microwave net-
works. In addition, microwave signals lose quality
as they go through scores of reamplifications in
being passed on from one repeater station to the
next. But satellite relays amplify a signal only once
before sending it down to an Earth station.

Geostationary Orbit

Early satellites moved across the sky like the sun
and moon, requiring huge receiving antennas with
costly tracking mechanisms to keep them pointing
toward the moving signal source. But today’s satel-
lites can be positioned so that they remain stationary
with respect to their target area on the Earth below.
Once a receiving antenna has been adjusted to point
in the right direction, it needs no further attention.

Satellites thatappear to stay in one location above
the Earth operate in geostationary (or geosynchronous)
orbit—an orbital position directly above the equator
ata height of about 22,300 miles. At that height, ob-
jects revolve around the Earth at the same rate that
the Earth turns on its axis. Moreover, the centrifugal
force tending to push a satellite outward into space
cancels the gravitational force tending to pull it back
to Earth, keeping it suspended in space for years.

The geostationary orbit consists of an imaginary
circle in space. Satellites in that enormous orbit
actually move through space at about 7,000 miles
per hour. From the perspective of an observer on
Earth, however, they seem to stay in one place,
keeping in step with the Earth as it rotates. In prac-
tice, geosynchronous satellites tend to drift out of
position, but ground controllers can activate small
on-board jet thrusters to nudge a satellite back to
its assigned orbital slot.

Through the International Telecommunication
Union (ITU—see Section 14.3), the nations of the
world have allotted each country one or more spe-
cific slots in the geosynchronous orbit for domestic
satellites. Exhibit 5.d shows slots occupied by U.S.
domestic satellites. The ITU identifies positions in
degrees of longitude, east or west of zero longitude,
called the prime meridian. Zero longitude arbi-
trarily runs through Greenwich, England.

Allotments in the segments of the orbit suitable
for “looking down” on areas of high traffic density,
such as continental North America, are in high de-
mand. This demand has created a potential slot
scarcity. However, video compression (described in
Section 5.5) provides a solution to this dilemma.

Spectrum Allocations

Like Earth-based transmitters, satellite transmitters
need internationally allocated transmission chan-
nels. Satellites used in broadcasting transmit on mi-
crowave frequencies in the 3- to 7-GHz region (C
band) and the 11- to 15-GHz region (Ku bar}d).
Most communication satellites use the C band.
More powerful satellites, intended primarily for di-
rect reception by small home antennas, use the
higher-frequency Ku band.

In areas of heavy terrestrial microwave usage,
ground-based services often interfere with Eart
stations receiving C-band signals. Ku-band signals
escape this drawback. But Ku-band waves are so
short that raindrops in heavy downpours can inter-
fere with their propagation.

Eachsatellite needs two groups of frequencies, one
for uplinking (on-board reception) and one for down-
linking (on-board transmission). These frequency
groups must be far enough apart in the spectrum to
prevent interference between uplink and downlink
signals. Thus satellite frequency allocations come in
pairs—4/6 GHz, 12/14 GHz, and so on—with the
lower frequencies used for downlinking.

The downlink frequency bands must be large
enough to accommodate a number of different
channels for simultaneous transmission by the satel-
lite’s transponders—combination receive/transmit
units. Most relay satellites carry 24 transponders.
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Each can transmit two television channels (more
with video compression), making a capacity of 48
television channels per satellite (or many more nar-
rowband channels such as those for telephone or
radio transmissions).

Ku-band satellites usually carry fewer transpon-
ders, because their higher power means more weight

per transponder. Some satellites combine both C-
and Ku-band transponders for maximum flexibility.

Transmission/Reception

Satellite transmitting antennas focus their output
into beams to create footprints of varying size. Ex-

Satellite Footprints

A satellite’s effective coverage area, known as its foot-
print, appears on this map in terms of levels of signal
strength. The inner contour defines a satellite’s bore-
sight, its area of maximum signal strength allowing use
of smaller receiving antennas. Outlying areas beyond
the borders of the country receive only beamedge
power, beyond which satisfactory reception cannot be
expected even with large receiving antennas. This map

*

@

Source: Mark Long, ed., World Satellite Almanac: The Global Guide to Satellite Transmission and Technology, 3rd ed. © 1993 Mark
Long Enterprises, Inc., Ft. Lauderdale, FL. Used by permission.

shows the footprint of the same Satcom K-2 satellite
diagrammed in Exhibit 5.d, located at 81 degrees west
longitude. The satellite actually orbits far to the south
of the U.S., a position above the equator near the
Galapagos Islands. Not shown are smaller regional
beams that can be directed toward Hawaii and Alaska
to serve antennas in those areas.

—
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hibit §.e shows an example. The narrower the beam,
the higher the power within the footprint, because
directionality causes signal gain.

A sateilite downlink beam is strongest at its cen-
ter, growing progressively weaker at reception
points farther out. Viewers located near the margins
of footprints therefore need larger-diameter anten-
nas than those closer to the center.

The diameter of Earth antennas varies from more
than 100 feet to less than 1 foot. The variously
shaped antennas of receive-only satellite Earth sta-
tions, such as those shown in Exhibit 5.f, have be-
come familiar sights. Round or square antennas
about 18 inches in diameter have become the stan-
dard for direct-broadcast reception in homes.

The signals captured by a satellite receiving an-

TVRO Earth Stations

Each of the relatively inexpensive television receive-
only (TVRO) Earth stations (antennas) shown here
concentrates the weak satellite signals into a narrow
beam directed at a small second reflector mounted
on the tripod. This secondary reflector beams the
signal into a horn at the center of the TVRO dish,
from which it is fed, sill as a very weak signal, to
a low-noise amplifier (LNA).

Source: Photo courtesy Christopher H. Sterling.
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tenna are extremely weak. They therefore need
beefing up by a special high-quality amplifier—a
lownoise amplifier (LNA). LNAs magnify the incom-
ing signal strength by as much as a million times.
The LNA feeds the satellite signal to a downcon-
verter, which translates the high satellite frequencies
into the lower frequency range that television re-
ceivers use.

Satellite Construction

Communication satellites need five essential groups
of hardware components (see Exhibit 5.8):

* Transponders, the receive/transmit units that pick
up programs, amplify them, and transmit them
back to Earth

e Antennas for receiving uplink signals and trans-
mitting downlink signals (both program material
and telemetering information)

o Power supplies, consisting of arrays of solar cells
and storage batteries

o Telemetering devices for reporting the satellite’s
vital signs to, and for receiving instructions from,
the ground controllers

o Small jet thrusters for moving the satellite, orient-
ing it, and holding it in its assigned position, acti-
vated on command from ground controllers

Orientation is vital to a satellite because its anten-
nas must always point in the target direction and
its arrays of solar collectors, located on the satellite’s
body or on extended wings, must be positioned to
receive direct rays from the sun. These solar collec-
tors provide electricity to operate the satellite. They
also charge on-board batteries that take over during
periods when the Earth’s shadow interrupts sun-
light.

Satellites operate at extremely low power relative
to terrestrial relays. Power per transponder varies
from about 5 watts to 400 watts (the higher power
for Ku-band satellites designed for direct-broadcast
reception). Most satellite transmitters use no more
wattage than ordinary electric light bulbs, though
their power is enhanced by directional radiation.

Itseems paradoxical that, despite atmospheric ab-
sorption, satellites send signals such great distances
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Satellite Components

(A) shows that the largest part of most Solar panels
communication satellites is an array of
solar panels (which power on-board
batteries)—in this case two huge wings
on either side of the electronic core of
the satellite.

(B) labels the major parts of a satellite
as defined in the text: transponders,
antennas, power supplies (batteries
and the “wing” solar panels, shown
here folded up for launch), and thrust-
ers for minor orbit adjustments.
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General Electric built the Satcom K-2 satellite and the National Aeronautics and Space
Administration (NASA) launched it into orbit in 1986. With a useful life of about a
decade, Satcom K-2 used Ku-band frequencies for—among other services—distribution
of NBC television signals to the network’s more than 200 affiliates, satellite news gathering
(SNG) transmissions, and Conus news cooperative delivery transmissions to some 120
affiliated stations in the U.S. and abroad. A number of nonbroadcast services also use
its transponders.

Source: Mark Long, ed., World Satellite Almanac: The Global Guide to Satellite Transmission and Technology, 3rd ed. © 1993
Mark Long Enterprises, Inc., Ft. Lauderdale, FL. Used by permission.
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with so little power. However, for most of their
22,300-mile journey, satellite signals travel through
the near vacuum of space. When at last they encoun-
ter the Farth’s relatively thin atmospheric envelope,
they pass almost straight down through it, experi-
encing little attenuation. Terrestrial radio signals,
in contrast, travel nearly parallel to the Earth, im-
peded by atmospheric absorption along their entire
route.

Satellite Launching

Most commercial U.S. communication satellites
have been launched from Cape Canaveral in Flor-
ida. Launching involves two phases: A powerful
rocket vehicle overcomes the initial drag of gravity
and air resistance, carrying the satellite into low
orbit. After being released from the rocket, the satel-
lite’s own, less powerful, on-board rockets propel
it into the high, geostationary orbit. Exhibit 5.h
illustrates the sequence of events.

Direct-Broadcast Satellite Service

Cable television systems, broadcast stations, and
other satellite-relay users can afford relatively large,
expensive TVROs (television receive-only anten-
nas). Large antennas compensate for the low power
of C-band satellite transponders. An unexpected bo-
nanza for TVRO antenna manufacturers came
when people hungry for video programs but beyond
the reach of either television stations or cable began
buying TVROs. They found they could intercept
C-band satellite-relay signals with somewhat small-
er, less expensive “backyard dishes.”

About 4 million such dishes on the order of 6 to
10 feet in diameter had been installed in the United
States by the mid-1990s. They can pick up as many
as 150 different programs from domestic and for-
eign satellites, most of them private relays, such as
news feeds, not intended for public consumption.
Such home pickups became known as C-band direct
reception because the general public received the sig-
nal directly from the satellite rather than from an
intermediary cable system or broadcast station.

Ku-band direct-broadcast satellite (DBS) vehidles,
on the other hand, are designed specifically for
home reception. The uplink leg of a DBS transmis-
sion acts as a broadcast relay, sending signals from
a distribution point to the satellite—the equivalent
of a broadcast station. The downlink leg in turn
acts as a broadcasting station, delivering programs
directly to consumers without the need for terres-
trial transmitters. The shortness of the Ku-band
waves and the high power of DBS transponders
favor the use of receiving antennas suitable for
mounting on private dwellings—in some cases only
18 inches in diameter but in any case not more than
3 feet. The development of DBS systems in the
United States is discussed in Section 3.3.

5.3 Analog Sound Recording

We turn now from relays to recording technologies,
beginning with the earliest to emerge—the art of
sound recording. We deal first with analog recording
and move next to digital.

Discs

In analog disc recording, a sound source causes a
stylus to vibrate as it cuts a concentric groove in a
revolving master disc. The stylus transforms fre-
quency and amplitude patterns of sound into corres-
ponding minute wiggles in the grooves. Molds
derived from pressings of the master disc can be
used to mass-produce copies. In playback, the
grooves cause vibrations in a pickup-head stylus,
which converts (transduces) the movements into an
equivalent electrical signal that is amplified and
transduced again to cause vibrations in a loud-
speaker or earphones—the sounds we hear.

Until the late 1940s no alternative to discs existed,
other than experimental recording on thin strands
of wire. For a time, discs began to lose favor as
users turned more and more to tape, though digital
recording methods today have revived use of discs.
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Satellite Launches

Q 1 Launch vehicle carries the
satellite into low Earth
’ orbit, where it is released.
p 2 The payload assist module (PAM) fires,
<, placing the satellite in a transfer orbit.
’ The PAM is then jettisoned.

3 Several days later, the apogee kick motor
(AKM) fires, putting the satellite into a
nearly circular drift orbit.

4 A final series of adjustment burns

A critical moment in the life of every % from the AKM settle the satellite
satellite occurs when it first leaves into a circular geosynchronous

the Earth. An enormous, unmanned, orbit.

launch rocket is needed to (a) over-

come gravity and atmospheric resis-

tance, (b) attain escape velocity, and

(c) place the satellite in an inital

low orbit. The fragile satellite starts

its journey as a mere passenger, pro-

tected within a nose cone. Only after

it reaches an alttude of about 200

miles does a satellite ignite its own

rocket engines to loft itself—by stages

as shown in the diagram—into  Source: Mark Long, ed., World Satellite Almanac: The Global Guide to
its 22,300-mile-high geosynchronous Satellite Transmission and Technology, 3rd ed. © 1993 Mark Long Enterprises,
orbit. Inc., Ft. Lauderdale, FL. Used by permission.
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Tape

Magnetic-tape recording avoids distortions inherent
in revolving turntables and stylus-and-groove
contact. Unlike disc technology, tape makes re-
cording as well as playback readily available to con-
sumers and combines both functions with
portability. The tape itself is plastic, coated with
tiny particles of metallic compound. The number
and tiny size of the particles available per second
of running time, as determined by the tape’s width
and speed, define storage capacity.

Master sound recordings on half-, one-, or two-
inch-wide tape usually call for a tape speed of 15
or even 30 inches per second (ips). In broadcasting,
a playback speed of 7% ips usually suffices. Much
lower speeds can be used when quality is less crucial,
as in office dictation and station output monitoring.
Multitrack master recording and other specialized
tasks call for tape stock that is wider than the stan-
dard quarter-inch. :

Audio signals from a microphone or other source
cause variations in a recording head over which tape
passes. These variations create patterned arrange-
ments of the meullic particles. On playback the
tape passes over another electromagnetic head,
where the tape’s magnetic patterns create a modu-
lated electric current for delivery to amplifiers and
speakers. Running tape over a third electromagnet,
an erase head, rearranges particles to neutralize
(erase) any stored magnetic patterns so that the same
tape can be reused repeatedly.

Originally all tape recorders—both professional
and consumer—had a reel-to-reel format, with each
reel separate and accessible. Now, however, en-
closed cassettes (or cartridges in automated broad-
cast operation) protect the tape and are more
convenient to use than open reels. As discussed at
Section 5.6, digital processing has overtaken analog
processing in tape, as it has in disc recording.

Cartridges

A cartridge, often called a cart, has a single hub and
contains an endless recordable tape loop that repeats
itself (see Exhibit 5.i). Radio stations use carts, with

automated stations finding them especially conve-
nient. Many carts can be loaded intp an automated
player, with each cart containing a single program
item (music, commercial, station ID). Computers
instruct each cart when to start, while inaudible cues
recorded on the tape tell the playback unit to stop
at the end of the item and to recue the tape for
subsequent replay.

Once an important consumer format, four- and
eight-track cartridge tapes were briefly popular in
home stereo systems, portable recorders, and car
tape players. They now have been replaced by the
smaller and more convenient cassette.

Cassettes

A cassette incorporates double hubs, one each for
feed and take-up reels, in a single small housing
(again, see Exhibit 5.i). After playing, the casserte
must be rewound. Alternatively, in the case of half-
widih recordings, some equipment reverses the tape
direction, or the cassette may be manually flipped
over to play a second “side.” The cassette format
lends itself equally to both analog and digital re-
cording methods.

5.4 Analog Video Recording

Surviving copies of the earliest television shows
(those prior to 1956) are all kinescope recordings
(“kinies” for short, pronounced to rhyme with
“kiddies”). A film camera, specially adapted for tele-
vision’s different picture-repetition rate, photo-
graphed programs by focusing on the face of a
picture (kinescope) tube. But kinescope recording
lost much of television’s already skimpy detail; when
played back, programs looked flat and hazy, far

from satisfactory for use on the air.
Videotape

Early videotape recorders (VTRs) were costly quad-
ruplex studio recorders. VIR designers needed

5.4 Analog Video Recording 115



Analog Sound Recording Formats

©

Source: Diagrams based in part on those in Alkin, Sound Recording and Reproduction (1992): 141.

(A) Reel-to-reel tape remains the standard for profes-
sional audio production.

(B) A mini-version of the reel-to-reel, enclosed within
a plastic casing, is the cassette tape, a worldwide analog
recording standard.

(C) Briefly popular as a consumer product in the 1960s
and 1970s, the singte-hub tape cartridge is still used
professionally for short announcements and commer-
cials in automated radio formats.

to increase greatly the speed at which tape passes
over the recording and playback heads to capture
the large amount of information contained in
pictures-plus-sound. They solved the tape-speed
problem by mounting four recording heads on a
revolving drum (hence the name guadruplex). The
drum rapidly rotated transversely (across the width
of tape) while the tape itself simultaneously moved
longitudinally, as it does in sound recording (see
Exhibit 5.j). The combined movements of heads
and tape produced an effective head-to-tape speed
of 1,500 inches per second.

Later, simpler and cheaper professional videotape
recorders using one-inch and smaller tape stock
came on the market. They retain the principle of
combining head and tape movements but use fewer
heads. Instead of laying down the track transversely,

the heads cross the tape at an angle, producing a
slanted track, as shown in Exhibit 5.j. The heads
spin on a disc mounted inside a stationary drum or
capstan. The tape wraps around the drum in a spiral
(helical) path—hence the name belical for slant-track
recorders.

For portable equipment, professionals opted first
for three-quarter-inch tape (called U-matic), but as
technology improved, half-inch, 8-mm (about one-
third of an inch), and even quarter-inch video for-
mats evolved.

Consumer VCRs

Videotape recording formats for home and small-
format professional use enclose the tape within cas-
settes—hence the term videocassette recorder (VCR).
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Analog Video Recording Formats

(A) Transverse Quadruplex Format

Sound
Video record
recording °U"d  head
heads cIase Sound
head track
2" Tape \
ENERRENERHE
m E i
L ol n-{r I 1 | |l
/ Cue
record
Control head Video
track Cue transverse
head erase track
head
(B) Helical Format
Sound Video
_____ track "slant
track"

\\\\\R\\\\&\>}|X§ﬁ—>7

Control track

Single
head Hzad
(revolving) drum
(stationary)

(C) One-inch Format

Direction of tape travel
S

) vee |

Audio track 2
Audio track 1

Control track
Sync track
Audio track 3

Type C Format

(A) Transverse quadruplex format: four video recording
heads mounted on a rapidly spinning wheel, shown at
the left, lay down transverse tracks across the width
of the two-inch tape. Sound is recorded longitudinally
along one edge, auxiliary information along the other
edge.

(B) Helical format: the tape spirals around a large, sta-
tionary drum. Within the drum, the videorecording
head spins on a revolving disc, making contact with
the tape as it slips over the drum’s smooth surface.
Because of the spiral wrap, the tape moves slightly
downward as well as lengthwise, so that the combined
movements of tape and recording head produce a
slanting track, as shown. Some helical recorders use
two heads, some use different wrap-around config-
urations.

(C) One-inch formar: this is an example of one of the
smaller formats. Still narrower VTR tapes are used—
3/4-inch, half-inch, 8-mm, and even 1/4-inch.

Source: Courtesy Ampex Systems Corporation. Used with
permission.

Home VCRs depend on the user’s television set
for playback, but they contain their own tuners to
enable recording one channel off the air or from
cable while watching a different program. VCRs can

also play or record the output of home videocameras
(carncorders) as well as display rented or purchased
tapes. Most VCRs come equipped with many so-
phisticated computer-assisted features, such as slow
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motion and the ability to be programmed days in
advance to record a sequence of shows on different
stations. Some provide freeze-frame storage “win-
dows” to monitor as many as nine channels at once
on screen, along with a “mosaic” function that
changes video images into patterns of colored
squares.

5.5 Digital Signal Processing

Satellites rely heavily on digital signal processing.
Broadcasting, however, is based on an older process-
ing method that creates signals analogous (similar)
to original sounds and images. Analog processing
imitates nature. For example, the continuously ro-
tating hands of a clock imitate movement of shadows
on a sundial. A digital timepiece, however, tells time
directly in numbers, jumping from one number to
the next. Digital signals bear no resemblance to
natural forms because they consist entirely of dig-
its—simple strings of numbers.

Sampling

Digital processing can be likened to cutting up a
picture (the analog signal) into thousands of tiny
pieces, selecting every other piece, assigning a
digital number to each of those pieces representing
its amplitude, transmitting the numbers, then using
the numbers to reassemble the picture with every
other piece missing. If the pieces are tiny enough,
the absence of the missing pieces will not be
noticed.

Cutting up an original analog signal and leaving
out some pieces is done by high-speed sampling.
Each sample consists of a short pulse of energy,
proportional in strength to the original signal’s
amplitude at that point. Each energy pulse is then
quantized—labeled with a number representing the
momentary amplitude of the analog signal.

Encoding

The numbers attached to each sample are encoded
by converting them from the decimal number sys-
tem (0, 1,2,3 . . . through 9) into the binary (two-
part) number system (0 and 1 only). Computers
have made the binary system familiar along with
the term bist, which stands for binary digit.

Numbers expressed in binary digits consist of
nothing more than strings composed of only two
digits. They are conventionally expressed as “zero”
and “one” but can also be regarded as equivalent
to “on” and “off.”

As an example, the output of 2 microphone con-
sists of an analog signal, a continuously varying elec-
trical amplitude (that is, voltage). A digital processor
samples this continuous amplitude pattern, breaking
it down into a series of small, discrete amplitude
values. An encoder quantizes each value by assigning
ita number in binary form representing its momen-
tary amplitude. The digitized output consists of a
string of “power-off” signals (zeros) and “power-
on” signals (ones).

Bit Speed

Capacity of a digital channel is measured by bit
speed—the number of bits per second that one chan-
nel can handle. Digitally processed signals inher-
ently need wider channels than do the same signals
in analog form. Sampling takes place many thousand
times per second. Those thousands are in turn
multiplied by the number of binary digits it takes
to quantize each one. Exhibit 5.k shows how ex-
pressing a three-digit decimal number digitally re-
sults in 15 binary digits. An analog telephone
channel requires a bandwidth of only about 3 kHz.
When converted to digital code, however, a tele-
phone call requires a 32-kHz transmission channel
to accommodate its bit speed of 64,000 bits per
second.

Exhibit 5.k offers more detail. It suffices to sum
up here by saying that digital processing converts
a continuous signal into a series of samples that are
given numerical values encoded as binary numbers.
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More on Digital Signal Processing

Digital signal processing has become so pervasive in
contemporary life that it’s worth a little effort to learn
how it works.

Actually, digital signal processing began with the
first electrical communication system, the 19th-cen-
tury telegraph. Telegraph operators sent messages in
Morse code by means of an on/off key that controlled
electricity going down the telegraph wire. The code
consists simply of varying lengths of “on” and “off,”
presented to the ear or eye as dots, dashes, and spaces,
which in turn representletters of the alphabet, punctu-
ation marks, and numbers.

Modern digital signal processing also employs sim-
ple on/off signals, although the transmitter’s carrier
wave always remains on. They represent the elements
of a binary code, a two-digit number system that re-
quires only two code symbols, conventionally written
as 0 and 1. All communication content can be reduced
to nothing more than strings of zeros and ones.

A system that communicates digitally needs to make
only one elementary distinction. “On” and “off” differ
so obviously that they leave little chance for ambiguity.
That simplicity makes digital signals extremely “rug-
ged”—able to withstand external interference and im-
perfections in transmission and copying systems.

The familiar ten-digit decimal system (0 through 9)
is used in everyday life. In that familiar system, the
values of digits depend on their positions relative to one
another, counting from rightto left. Each new position
increases a digit’s value by a multiple of 10.

A digitized waveform looks something like the dia-
gram above. The bars indicate the points at which the
wave's amplitude is sampled.

Thus the number 11 means (counting from right
to left) one 1 plus one 10 (1 + 10 = 11). The binary
code also relies on position, but each digit’s position
(again counting from right to left) increases by a multi-
ple of 2. Thus in binary code the decimal number 11
becomes 1011, which means (counting from right to
left) one 1 plus one 2 plus no 4 plusone 8 (1 + 2 +
0 + 8 = 11). Here’s an example converting the three-
digit number 463 to binary form:

Multipliers: 8 4 2 1 0
01000=0+4+0+0+0=4

B s § 01100=0+4+24+0+0=6
00110=0+0+2+1+0=3

As the examples indicate, it takes more digits to
express a number in the binary system than in the
decimal system. Thus, although the simplicity of digi-
tal transmissions makes them less subject to error, they
need larger channels than analog transmissions.

Conversion of an analog signal to a digitized signal
involves quantizing the analog signal, that is, turning it
into a number sequence. Quantizing consists of rapidly
sampling an analog waveform and assigning a binary
numerical value to the amplitude of each momentary
item in the sample. The higher the sampling rate, the
greater the fidelity of the digitized signal. There is an
equation for calculating the sampling rate necessary
to avoid distortion; it usually calls for sampling thou-
sands of times per second.

5.5 Digital Signal Processing

119



Advantages

The extreme simplicity of digitized signals protects
them from many extraneous influences that distort
analog signals. A digital signal cannot be distorted or
misunderstood as long as the elementary difference
between “off” and “on” can be discerned. In con-
trast, each new manipulation of analog signals low-
ers their quality. Recording, relaying, and other
processing of analog information inevitably intro-
duce noise, causing quality loss. However, each new
digital copy of a digitally encoded sound or picture
is in effect an original.

Because digitally processed information exists as
binary digits, the stored signal can be taken apart
and reassembled at will in infinitely varied forms.
A signal distorted by static can be cleaned up; ghosts
in television pictures can be eliminated. The possi-
bilities for manipulation are endless.

Spectrum Disadvantage

Digitally processed signals need wider channels
than do the same signals in analog form because a
string of binary digits is needed to identify each
tiny sample. The first communication modes to use
digital processing, therefore, were those with rela-
tively simple signals that made no great demands
on the spectrum—data processing and telephone
calls, for example.

The need for high-capacity channels has thus far
delayed the application of digital methods to broad-
cast transmission and reception. But compression
and the introduction of digital audio broadcasting—
all to be explained in this chapter—will likely over-
come the disadvantage. Another problem remains,
however: Digital signals can be negatively affected
by electrical interference, whereas an analog signal
would go right through.

Compression

Digital signals’ hunger for frequency bandwidth
drives ongoing development of signal compression

(Exhibit 5.1). Compression economizes on frequen-
cies by offcring tradeoffs—more signals per channel
at the cost of marginally reduced picture resolution
or color fidelity.

In any video transmission, not all pictures change
totally from frame to frame; some picture clements
remain the same over a scries of frames. One video
compression system transmits information about
only those elements that change, thus reducing the
average amount of new information that has to be
processed each second. Other methods achieve
compression by marginally reducing picture quality
(resolution) or color quality, or by slowing the pace
of perccived movement (as in some video conferenc-
ing systems).

Some early experiences with compression proved
less than “picture perfect,” however. The process
proved unable to handle some scenes that involved
rapid motion. Basketballs passed from player to
player, for example, looked like comets with long,
orange tails.

For television broadcasters, video compression
offers the potential for multichannel delivery serv-
ices and is central to squeezing HDTV’s massive
information load into an existing 6-MHz channel.

5.6 Digital Recording

Distortions inherent in analog disc recording can
be avoided by digital signal processing, as described
in the preceding section. In addition, substituting
laser beams for mechanical tracking by a stylus elim-
inates the wear and tear caused by physical contact
of stylus on disc.

Compact Audio Discs

Digitally processed, laser-produced sound in a com-
pact disc (CD) format (see Exhibit 5.m) has largely
replaced analog stylus recording and playback. The
mid-1990s saw a resurgence in vinyl LP popularity,
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Video Compression

TRANSMISSION DELIVERY MODE RECEPTION
Multiple Satellite transponders Multiple
program (or program
signals Digital i—;:‘ﬁ \ signals
encoder
compressor

Home

Optlc fiber
/V
Cable

Multiple signals (only four are shown) are digitally encoded and compressed for transmis-
sion by satellite, optical fiber, or over-the-air services. The compressed signal is decom-
pressed either by an intermediary (such as a cable system headend decoder before passing
the signal on to a household subscriber) or by circuitry in digital home TV receivers.
Viewers will be able to select from dozens and eventually hundreds more signals than
they now receive and may be able to record from compressed signals as well (see Sec-

decoder Home TV
headend receiver
Over.the-air decoder and VCR

tion 5.6).

however, led by musicians and some consumers who
find that medium’s album covers more attractive
and the sound more warm than on the more crisp
and cold CDs.

Plastic coatings in which CDs are sealed make
them almost immune to damage. They also have
enormous storage capacity, recording up to 80 min-
utes of stereo sound on a 4¥-inch disc. Unlike tape
systems, however, high costs have limited home CD
systems to playback-only.

Consumer Digital Audio Recorders

By the early 1990s the search for a consumer digital
audio recording device was moving in three quite
different directions.

First announced and demonstrated was DAT (dig-
ital audio tape). DATs initially offered users the
chance to make any number of copies without the
quality losses evident in duplicating analog tape.
Now, at the insistence of the music industry, DATs
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Compact Disc System

Compact disc Pit
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+— Laser beam
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Sound is recorded on a 3- or 5-inch disc in digital form. Microscopic pits alternate with
a shiny reflective surface to create “on/off” binary digital signals encoding the original
sound. A laser beam, guided by a supersensitive tracking mechanism, strikes the pits,
which reflect the beam back (as a modulated digital signal) to an optical sensor. The
sensor feeds its digital output to a microcomputer that converts the digital information
into analog form for delivery to speakers or earphones.

Source: IEEE Spectrum.

and their more recent digital competitors all contain
circuits allowing only a single digital copy to be
made of any digital original—any other copy will
be of analog quality.

In 1992 Philips and other manufacturers intro-
duced digital compact cassette (DCC) recorders, which
differ from DAT in that they can play back analog
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and digital cassettes as well as record digitally.
Later that year Sony began marketing its “Mini-
Disc,” a recordable compact disc for the consumer
market. Ironically, while the discs themselves are
half the size of traditiomal CDs, initial record/
playback units were about three times as heavy
as the famous Sony “Walkman.” Further, the new
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system was incompatible with any existing digital
recording mode.

Research continues on two specific formats: (1)
the CD-R, which may be recorded only once but
played back on any CD player—thus preventing
widespread duplication; and (2) the CD-E format,
which allows unlimited erasing and re-recording
and playback. Each of these approaches incorpo-
rates several different technical standards.

Digital Videotape

Professional digital videotape recording has
evolved three standards, with stll others in devel-
opment. The D1 standard provides the best quality
because it handles color and brightness compo-
nents of the signal separately, each with its own
channel. D2 uses composite color, meaning that,
like an analog broadcast signal, it multiplexes
(mixes) signal components in a single channel. D3
also uses composite color and reduces tape width
from % inch to % inch, thus making it more
adaptable for lightweight field equipment. Of
course, all digital recorder output currently must
be converted to analog form for transmission and
display on receiver screens.

In 1994 a committee representing some 50 elec-
tronics companies worldwide, including the United
States, agreed on a digital standard for home VCRs.
The new machines will replace the Y:-inch tape now
used by VHS systems with Y-inch, record up to
four and one-half hours, and be capable of recording
HDTYV. Although some partcipants predicted the
new machines would appear within a year or two,
initial cost estimates—ranging up to $3,000—
suggested that widespread use remained several
years away.

Tapeless Video Recording

The laser recording principle used in audio CDs
has been applied to picture recording, resulting in
laser video discs with better picture-quality playbacks
than those of VCRs.

Laser technology may eventually displace most

other types of information storage, including the
magnetic floppy disks used in home computers. A
single computer laser disc has 550-megabyte capac-
ity, many times that of a computer floppy or even
most hard drives. The computer version of laser
video, known as CD-ROM (compact disc read-only
memory), can store thousands of pages of informa-
tion on a single disc.

In 1995 two competing and incompatible versions
of home digital video disks (DVD) were introduced—
one by Toshiba and Time Warner, the other by
Sony and Philips—that could eventually replace vid-
eocassettes, CDs, and CD-ROM:s. It was expected
that players would cost, at least initially, about $500;
pre-recorded disks about $20. The Time Warner/
Toshiba system uses “super density” disks, formed
by back-to-back bonding of two thin disks, which
can store 5 gigabytes (180 minutes of video) per
side. The Sony/Philips system uses a red laser that
has a wavelength shorter than those used before;
this permits storage pits that are smaller and closer
together, thus squeezing more information (3.7 gig-
abytes, or 135 minutes) onto a disk. The former
produces somewhat better pictures, while the latter
costs less to manufacture. Observers saw in the con-
flict a replay of the 1970s VHS vs. Beta battle over
videocassette formats (see Section 3.5).

5.7 High-Definition Television

Larger screens, vastly improved picture resolution,
and digital multichannel sound—all are expected
benefits from bigh-definition television (HDTV) sys-
tems. HDTYV, though usually described in terms of
improved pictures, is actually a wholly new televi-
sion transmission system that appears likely to re-
place the half-century-old NTSC system early in
the 21st century.

HDTYV matches the quality of 35-mm theatrical
motion pictures and therefore lends itself to
projected display: screens 35 inches and larger in
size bring out the real improvement in picture
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High-Definition Systems

(A) NTSC - 525 lines;
analog audio

(B) HDTV - 1080 lines;
digital audio

American HDTV—compared to today’s NTSC standard—will have more than twice as
many scanning lines for improved picture definition, a much wider screen size, and both
digital audio and video signal generation. The diagrams compare (A) present NTSC
television with its 4:3 picture aspect ratio as approved in 1941 (and modified with color
in 1953) with (B) HDTV with its 16:9 aspect ratio.

Seurce: Diagrams based in part on Mark Long, author, World Satellite Almanac: The Global Guide to Satellite Transmission and
Technology, 3rd ed. (Fort Lauderdale, FL: Mark Long Enterprises, Inc.). Used with permission.
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resolution. HDTV allows comfortable viewing at a
distance of only three times the picture height and
can also be viewed at a much wider angle from the
screen than with exisdng television. HDTV also
permits multiple audio tracks, facilitating not only
sound in stereo but also sound in several languages.

Analog Beginnings

Engineers in Japan, beginning work in the 1960s,
made the first significant progress with HDTV,
developing a 1,125-line picture with a 16-to-9
aspect ratio. This analog system, called MUSE,
required 36 MHz channels—six times wider than
the U.S. 6-MHz standard. Japanese engineers later
developed a broadcast MUSE version using a 9-
MHz channel.

By late 1991 the Japanese were providing satellite
delivery, eight hours a day, of MUSE service to
selected viewing sites in Japan. However, initial cost
of receivers (about 518,000) drastically limited
HDTYV penetration.

HDTYV Standards

The FCC began in 1988 to consider U.S. HDTV
standards to ensure U.S. terrestrial broadcasting’s
ability to keep up with Japanese and European ef-
forts in the race toward improved television. Also,
nonbroadcast services (domestic cable, VCR, and
DBS), not being subject to the NTSC 6-MHz chan-
nel constraint of broadcast television, could forge
ahead with their own nonbroadcast version of
HDTYV without waiting for a compatible broadcast
version to emerge.

An FCC Advisory Committee on Advanced Tele-
vision Service (ACATS), established to compare
HDTYV systems and recommend one to the Com-
mission, sparked creative thinking among many do-
mestic and foreign companies. Some 20 potential
HDTYV proponents suggested technical means of
achieving their commeon goal.

By 1991 several companies announced their shift
to development of digital HD TV systems. The Ad-
vanced Television Testing Center (ATTC), an in-

dustry-supported laboratory near Washington, DC,
carefully tested five surviving applicants’ HDTV
systems. Time pressures urged the competing digi-
tal system backers to find a means of merging. By
uniting their best elements into a “grand alliance,”
HDTV could then be tested and more quickly
moved through final approvals to the marketplace.

Finally, in May 1993 the parties compromised
sufficiently to reach an agreement. Later that year
the FCC’s Advisory Committee selected a digital
compression standard, agreed on the number of
scanning lines (1,080), and adopted a Dolby CD-
quality audio system, and, in early 1994, selected a
Zenith-developed transmission system (see Exhibit
5.n). By mid-1994 considerable progress had been
made on an actual digital HDTV prototype system
for laboratory and field testing, and proponents
hoped to demonstrate the American HDTV stan-
dard at the 1996 Olympic games in Atlanta.

Moving from NTSC to HDTV

One of the most difficult decisions facing the FCC
amid all this fast-moving technical change was how
best to handle the transition from existing NTSC
receivers and broadcast and cable production and
transmission equipment to the selected HDTV
standard.

The Commission decided early in 1992 on a 15-
year phased transition, with both old and new sys-
tems operating side by side for a while. Broadcasters
would have to begin HDTV operations six years
after the FCC’s selection of an HDTV standard.
They would have to simulcast half of their program-
ming in their second year of HDTV operation, and
all of it by the third year. At the end of the transition,
when presumably a substantial portion of television
homes would be HDTV receiver-equipped, stations
and networks would have to convert to HDTV-
only operations, all on UHF channels, and give up
their old NTSC broadcast channels, which could
then be reallocated to other services.

Beginning in 1994, however, Congress began to
consider allowing stations to apply their second
channel to uses other than HDTV—interactive
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television, pay-services, and the like. Broadcasters
had argued their need to remain financially viable
by developing such revenue streams while awaiting
HDTYV acceptance.

Alsoin 1994 the Japanese government announced
an end to its support for and further development of
analog HDTV. Although the government retreated
later under pressure from Japanese manufacturers,
the announcement indicated that, despite its 20-
year lead in system development, Japan eventually
would bow to the inevitability of a digital world and
would likely adopt the American system.

Meanwhile Japan began selling wide-screen re-
ceivers and planned to begin broadcasts in 1995
designed especially for the new equipment. The
system, enhanced definition television (EDTV), would
provide better-quality pictures than conventional
television, although not as good as HDTV.

5.8 Digital Radio

Digital audio broadcasting (DAB) is developing more
slowly than the digital HDTV version of television.
It ultimately promises (or threatens, depending on
one’s point of view) to replace analog radio broad-
casting—both AM and FM—with a single new digi-
tal system of radio.

As with HDTYV, the FCC would likely set up a
transition period during which stations would
broadcast in analog AM and FM on their existing
frequencies, while simulcasting DAB on new assign-
ments (or possibly even on the existing frequencies,
thanks to new multiplexing technology). Then,
when sufficient homes had DAB receivers, stations
would cease their analog transmissions.

By the early 1990s about ten different technolog-
ies for achieving DAB existed, all of which fell into
one of two categories. Some would require addi-
tional spectrum to achieve true digital sound quality,
whereas others would operate in the present com-
bined AM and FM bands, though likely with wider

channels.

DAB Spectrum Needs

The FCC announced in 1992 that DAB—whether
transmitted by satellites or terrestrial stations (#f the
latter needed more spectrum than existing radio
broadcast frequency bands)}—would be allocated 50
MHz of spectrum at “S-band” frequencies (that is,
2.3 to 2.6 GHz).

Despite U.S. opposition, the ITU earlier in
1992 had established the L band (1.452 to 1.492
GHz) as the recommended location for DAB
services around the world. The United States
could not agree to the ITU choice because of
Defense Department unwillingness to move many
of its existing telemetry services off L-band fre-
quencies. Given that virtually all other countries
(many of which manufacture radios) agreed on
the L-band allocation, the United States may be
forced to withdraw its insistence on a different
set of frequencies before any service begins, or
before receiver manufacture gets under way.

DAB Progress

In 1992 the FCC granted experimental authority
for testing of in-band DAB. In 1994 tests of two
“in-band, on-channel” systems began, which, if suc-
cessful, would enable a switch to digital operation
without a change in frequency or some other FCC
relicensing process.

Meanwhile Satellite CD Radio, the first start-up
company in this area, had announced plans for a
30-channel ad-free service to be launched on a sub-
scription basis to home TVROs. By early 1993 five
more firms had applied to the FCC to provide satel-
lite DAB services. Later thatyear CD Radio demon-
strated satellite reception of digital radio in an
automobile, using a two-inch receiver built into the
vehicle’s roof. Called digital audio radio service
(DARS) by the FCC, the direct-to-home-or-car
concept faced stff opposition from broadcasters
again fearful that satellite-delivered multichannel
competition could eliminate the need for some or
all existing, local, terrestrial radio stations.
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Data by Radio

After long debate, both broadcasters and consumer
electronics manufacturers—working through a Na-
tional Radio System Committee—agreed on techni-
cal standards for a radio broadcast data system (RBDS),
transmitted on an FM station subcarrier for receiv-
ers equipped with a special microchip.

RBDS transmits a digital signal—an ad slogan,
identification of the station’s format, or other infor-
mation—that can be displayed in a special receiver
panel. The system would also make it possible for
an RBDS-equipped car to tune stations by format
(any one of more than 20 preset codes), with the
receiver jumping to a different but more powerful
signal when the tuned signal became weak. And in
an emergency situation—an approaching tornado,
for example—RBDS could be used to turn on a
receiver to transmit a warning message.

5.9 Networking and Switching

Whereas traditional broadcasting stations transmit
all of their signals to all persons who have receivers,
newer generations of multichannel media intend
only some persons to receive only some of their
signals.

Networking

Radio and broadcast television use nerworking (see
Sections 5.1 and 5.2), but only as relays to connect
themselves to program services and to each other,
not for delivery to the public. Early cable systems
used networking in much the same way but also
for delivery of all of their channels to all of their
customers.

Most newer media, however, intend to deliver
only some of their program services to only some
consumers. A modern cable system, for example,
intends to deliver its package of basic program serv-
ices to only those who pay a monthly subscription

fee and to deliver other programming (from HBO,
Showtime, and others) to only those who pay an
extra charge for those premimum services.

Cable and DBS systems achieve selective audience
delivery through scrambling (or encrypting) some sig-
nals and unscrambling them for paying customers,
or through the use of electronic traps in drop cables,
which prevent delivery until they are removed.

Interactive media complicate the process even
more. Only some signals from somé sources are to
reach only some receivers who, in turn, are to send
signals back upstream to the appropriate originating
source. Two principal elements are required to ac-
complish this complicated task. First, sources must
be linked with receivers, by terrestrial connection
or otherwise, so that together they form a network.
Then signals on that network must be routed, or
switched, from source to intended receiver and,
where interactivity exists, from receiver back to in-
tended source.

Few people appreciate the enormity and com-
plexity of the public switched telephone network
(PSTN). We simply push a few telephone buttons
and we are quickly—almost miraculously—con-
nected to precisely the person we want to reach,
whether in the house next door, in another state,
or even in another country.

The public telephone network resembles a cable
system (see the cable layout in Exhibit 4.0, page
100). Drop wires, which connect individual homes
to utility poles, join others to become a distribution
cable, which in turn joins others to form a feeder
cable that completes the connection from each hoine
to a central office. Here the similarity ends, because,
unlike cable system headends, telephone central of-
fices connect to each other by runk lines and, via
satellite and undersea cables, to their counterparts
around the world.

Switching

‘This vast network interconnection, when combined
with sophisticated switching capability, enables the
one-to-one telephonic communication we have
come to take for granted.
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From Switchboard to Switch

(A) Some people yearn for a return to the “good old days” when a telephone operator—a
live human being—would ask each caller, “Number, please?” and then, using a manual
switchboard with its many patchcords, make a physical connection of the caller’ line to
that of the intended receiver. (B) But the volume and complexity of today’s telephone
traffic require sophisticated, though visually unarresting, digital switches, such as
AT&T%s 5 ESS system.

Source: Photos from AT&T Archives.
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In its infancy, telephony accomplished its
switches manually. A telephone operator asked what
number you wished to reach and literally plugged
a wire (called a patch cord) into a console so that
your line would be linked to another (see Exhibit
5.0). Today’s switches are electronic and increas-
ingly are digital as well. Asynchronous Transfer Mode
(ATM) is the name given to one type of digital
switch. Rather than transmit information continu-
ously (synchronously), as happens when television
stations send out their signals, ATM gathers data
together into groups called cells and transmits them
as discrete packages. This asynchronous method
permits more efficient use of circuits and can handle
huge volumes of voice, data, and video.

As media converge and as demand increases for
voice, data, and video transmission, new systems

and standards must be put in place. And terms used
can be misleading. For example, the Integrated Serv-
ices Digital Network (ISDN), although not truly a
network, is an evolving set of standards for two-
way delivery of multiple services, by telephone and
other companies, across both narrow and broad
bandwidths. Similarly, Synchronous Optical Network
(SONET) describes not a network but rather an-
other set of standards, in this case for signal trans-
mission over optical fibers.

In large part, in addition to their deep pock-
ets, it is their switching expertise and experience
with interactivity, together with their worldwide
networks already in place, that make telephone
companies logical participants in the developing
multimedia revolution.
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ommercial broadcasting and cable are busi-
‘ nesses. Their primary motivation is to make

money. And as in any business, the way to
make money is to offer a salable product and to have
income exceed expense. Advertising’s dominant role
in financing most broadcast media has had a pro-
found impact on the types, number, and variety of
program services offered. Cable and similar tech-
nologies rely mostly on subscriptions for their sup-
port, although advertising plays an increasing role
in those media as well. This chapter focuses on
commercial operations, leaving the special financial
problems of public broadcasting to the next chapter.

6.1 The Basics

Exhibit 6.a summarizes the dimensions of the com-
mercial and noncommercial broadcasting and cable
industries in relation to total audience potential.
The individual outlet—nearly 15,000 stations and
more than 11,000 cable systems—forms the basic
economic unit of these industries.

These 26,000 units function as local retailers, de-
livering programs directly to consumers. People
sometimes use the phrases Jocal station and local cable
system, but in fact all stations and systems are local
in the sense that each is licensed or franchised to
serve a specific local community.

Despite the localism of licenses and franchises,
economic efficiency favors centralization of station/
system ownership and program production. Stll
more efficiency comes from vertical integration—
common ownership of production, distribution,
and delivery facilities (see Section 6.4). The large
organizations that result increasingly dominate the
media economy.

[ X NN NN N N ]
6.2 Broadcast Stations
Definition

In the United States, the traditional commercial
broadcast station can be defined as an entity (indi-
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Electronic Media Dimensions

260 million
96 million

Total U.S. Population
Total U.S. Households
Total U.S. Television

Households (TVHH) 95.4 million
Commercial Radio Stations

AM (49%) 4,909

FM (51%) +5,122

10,031

Noncommercial FM Stations +1,736

Total Radio Stations 11,767

(42% AM; 58% FM)

Commercial TV Stations
VHF (48%) 559

UHF (52%) + 605
1,164
Noncommercial TV Stations
VHF (34%) 123
UHF (66%) + 240
363
Low-power TV Stations
VHF (34%) 534
UHF (66%) +1,057
1,591
Total TV Stations 3,118
(39% VHF; 61% UHF)
(49% full-power; 51% low-power)
Total Broadcast Stations 14,885
(79% radio; 21% TV)
Cable Systems 11,217

These data change almost daily but are representa-
tive for 1995.

Source: Broadcasting & Cable, 6 March 1995:73.
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vidual, partnership, corporation, or nonfederal gov-
ernmental authority) that

e holds a license from the federal gavernment to
organize and schedule programs for a specific com-
munity in accordance with an approved plan;

e transmits those programs over the air, using desig-
nated radio frequencies in accordance with speci-
fied technical standards; and

e carries commercial messages that promote the
products or services of profit-making organiza-
tions, for which the station receives compensa-
tion.

Within limits, an individual owner may legally
control more than one station, but each outlet must
be licensed separately to serve a specific community.
Moreover, each license encompasses both transmis-
sion and programming functions. A station there-
fore normally combines three groups of facilities:
business offices, studio facilities, and transmitter (in-
cluding an antenna and its tower). Usually all fa-
cilities come under common ownership, although
in a few cases stations lease some or all of them.

Station Functions

Exhibit 6.b offers examples of tables of organization
(sometimes called organization charts) for both a
radio and a television station. These vary widely
from facility to facility, but all outline the station’s
personnel structure and indicate who reports to
whom.

All commercial stations need to perform four
basic functions: general and administrative, techni-
cal, programming, and sales.

General/administrative fanctions include the serv-
ices that any business needs to create an appropriate
working environment—services such as payroll, ac-
counting, housekeeping, and purchasing. Services
of a specialized nature peculiar to broadcasting usu-
ally come from external organizations, such as engi-
neering-consulting firms and program syndicators.
For a network affiliate, the main such external con-
tract is with its network.

Technical functions, usually supervised by the sta-
tion’s chief engineer, center on transmitter opera-

tions, which must follow strict FCC rules, and the
maintenance and operation of studio equipment.

Program functions involve planning and imple-
mentation. Major program planning decisions usu-
ally evolve from interplay among the programming,
sales, and management heads. Because most stations
produce few non-news programs locally, the pro-
gram department’s main job is to select and schedule
prerecorded programs. A program manager typi-
cally serves as the department head in this area at
a TV station (an operations manager in radio). By
the 1990s, however, many stations had dispensed
with that title, leaving program decisions to the
general manager or combining the function with
that of the promotion department.

Promotion (increasingly called Creative Services)
includes making its potential audience aware of a
station’s programs through advertising, on-air an-
nouncements, newspaper listings, even T-shirts and
bumper stickers.

News, although a form of programming, usually
constitutes a separate department, headed by a news
director who reports directly to top management.
This separation of news from entertainment makes
sense because of the timely nature of news and the
unique responsibilities news broadcasting imposes
on management. At some TV stations news opera-
tions have taken on great importance by becoming
major profit centers.

Sales functions divide into local and national as-
pects. Station sales departments have their own staff
members to sell time to local advertisers. To reach
regional and national advertisers, however, a station
usually contracts with a national sales representative
firm that acts for the station in out-of-state business
centers. A network affiliate benefits from a third
sales force, that of its network. Exhibit 6.c suggests
some of the tasks routinely performed by a television
sales manager and other executives.

One job straddles the program and sales func-
tion—that of the traffic department. It coordinates
sales with program operations, preparing the daily
program pre-log (usually called simply the /og), which
schedules facilities, personnel, programs, and an-
nouncements. Traffic personnel ensure fulfillment
of advertising contracts and arrange for make-
goods—the rescheduling of missed or technically
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General
Sales
Manager

National
Sales
Manager

Local Sales
Manager

Account
Executives

Traffic
Manager

Clerks

Sales
Research

Program
Director

Public
Service
Director

Production
Manager

Directors,
Producers

Studio
Crew

Talent

Continuity
Director

Writer

Broadcast Station Tables of Organization

TELEVISION

- j—

Vice President and General Manager

| | |
News Chief Business
Director Engineer Manager
Assistant
Producers Chief Accountants
Engineer
Assignment Transmitter Billing
Editors Supervisor - Clerks
Anchors Studio : Buuldmg
Supervisor Supervisor
a
Reporters Remott? Custodian
Supervisor
Writers Technicians
Photographers Operators

Maintenance

Meteorologist k
Supervisor

Sports
Director

Promotion
Manager

Assistant

Staff
Artist
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RADIO

Sales Business Chief Operations
Manager Manager Engineer Manager
! Account Transmitter
: Executi Accountant S fa Talent
i
|
‘ : News
Promotion Custodian Engineers Director
L}
Continuity Reporters
| Traffic
|
| Nosingle table of organization fits all stations. Structures, functions, and job titles vary
widely throughout the industry. These are but examples to illustrate how one television
station and one radio station might organize their personnel.

inadequate commerecials. Traffic maintains a list of
availabilities (or avails), keeping sales personnel up-
to-date on commercial openings in the schedule.
Traffic usually fills unsold openings with public-
service or promotional announcements. At many
stations, computers handle much of the complex
work of the traffic department.

Station Groups

Like other business enterprises, broadcasting can
benefit from economies of scale. A company owning

several stations can buy programs, supplies, and
equipment in bulk and spread the cost of consultants
and attorneys across several stations, sharing experi-
ences and new ideas.

For reasons of public policy, the FCC places lim-
its on the number of radio and television stations
one owner may control (see Section 13.5 for details).
Sdll, within those limitations, the trend is toward
greater concentration of control.

All stations owned by a group do not necessarily
affiliate with the same network—or for that matter
with any network. Stations owned by the networks
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A Day in the Lives of TV Executives

8:30

9:30

10:00

10:30

11:00

12:00

2:00

4:00

6:00

General Manager

Program Director

Check discrepancy
reports for program
and equipment
problems; take
appropriate action.

Call TV Guide with
program updates.

Prepare weekly
program schedule.

Select film titles for
Saturday and Sunday
late movies.

Meet with promotion

manager regarding TV

Guide ad for local
shows.

Lunch with syndicated

program saleswoman.
Department heads
meeting.

Meet with producer/
director to plan local
holiday special.

Attend National
Academy of Television

Arts & Sciences annual

local banquet.

General
Sales Manager

News Director

Meet with assignment
editor and producer;
plan the day.

Meet with union shop
steward; discuss
termination of reporter.

Read mail; screen tape
of last night’s 11:00 pPM
news.

Discuss noon news
rundown with show
producer.

Meet with Chief
Engineer regarding
SNG failure.

Monitor noon news;
lunch at desk.

Department heads
meeting.

Meet with producer
and director; plan
rundown of 6:00 PM
newscast.

Monitor 6:00 PM news.

Not ali television station executives work 10- or 12-hour days, but many do, especially as competition from
cable and the other new media increases.
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themselves, known as network owned-and-operated
(O&O) stations, are the exceptions. Each national
television network’s O&O group reaches between
20 and 25 percent of the nation’s television house-
holds, ensuring ABC, CBS, NBC, and Fox their

own prestigious outlets in major markets.

6.3 Broadcast TV Networks
Definition
FCC rules dealing with television affiliation agree-
ments define a network as “a national organiza-
tion distributing programs for a substantial part of
each broadcast day to television stations in all parts
of the United States, generally via interconnection
facilities.” More specifically, the FCC defines a net-
work as an entity “which offers an interconnected
program service on a regular basis for 15 or more
hours per week to at least 25 affiliated television
licensees in 10 or more states” (47 CFR 73.658).
For years only three major national commerecial
television networks existed—ABC, CBS, and NBC.
Fox premiered in 1986, long after the Big Three
networks were well established, and slowly began to
increase its programming and to improve its affiliate
line-up. In May 1994 Fox made enormous strides
toward parity with the Big Three when it entered
into an agreement with New World Communica-
tions Group whereby New World would switch af-
filiations of its major-market stations to Fox. Under
the deal NBC would lose one affiliate, ABC would
lose three, and CBS would lose eight. The move
created a domino effect as the major networks
scrambled to line up new affiliates. Still Fox had a
way to go before it could be considered in the same
league with the others in terms of hours of program-
ming offered and, more important, in terms of pro-
viding its affiliates a comprehensive news service.
Meanwhile a new Warner Bros. Network (calling
itself “The WB”) premiered on January 11, 1995,
followed five days later by United Paramount Net-
work (UPN). Like Fox before them, both began

with limited hours of programming, and both had
aspirations of eventually becoming the fifth and
sixth, fully comperitive national broadcast television
networks. In addition, more than a hundred regional
and part-time networks are in operation.

In this section, however, we focus primarily on
the Big Three—the national, truly full-service tele-
vision networks: ABC, CBS, and NBC. Each has
about 200 affiliates, through which they can reach
virtually all U.S. television homes.

Like stations, networks vary in their organiza-
tional structure, yet each must fulfill the same four
basic functions of administration, programming,
engineering, and sales. Networks, however, enjoy
the luxury of a much higher degree of specialization
than do stations. NBC, for example, has separate
units to handle operations, entertainment, news,
sports, the television network, and NBC owned-
and-operated stations.

Affiliation

More than half of all full-power commerecial televi-
sion stations affiliate with one of the major net-
works. Most function as a primary affiliate—the only
affiliate of a given network in a given market. Second-
ary affiliates, typically those in markets with only
two stations, share affiliation with more than one
network. A few markets have only a single station.
In Presque Isle, Maine, for example, WAGM-TV
has the unusual privilege of picking and choosing
programs from all networks.

Affiliation does not mean that a network owns or
operates the affiliated stations. ABC, CBS, NBC,
and Fox do, of course, own some television stations.
But they contract with hundreds of other affiliates,
agreeing with -each to offer it the network’s pro-
grams before offering them to any other station in
the same market.

The station, in turn, agrees to dear time for all
or portions of the network schedule. However, it has
the right to decline to carry any specific program, or
it may offer to carry the program at a time other
than that of network origination (a delayed broadcast,
or DB); the network may or may not agree to this
last opton.

6.3 Broadcast TV Nethorks 137



In effect, traditional television networks buy affil-
iates’ time to deliver station audiences to network
advertisers. Affiliates sell their time to networks at
a rate much lower than they charge other customers.
In exchange, a broadcasting network offers its affili-
ates

o monetary compensation to the stations based on au-
dience size and composition;

e a structured schedule of network programs at no
direct cost;

o simultaneous program distribution so that affiliates
can receive the service at the same time;

o an advertising environment that appeals to the affil-
iates’ clients; and

o a sales organization that finds national clients to
purchase advertisements that occupy the net-
work’s portion of the affiliates’ commercial time.

Network-Affiliate Contract

Networks and their affiliates formalize the eco-
nomic link between them through an affiliation con-
tract. A clause at the heart of such a contract defines
the terms on which the network will make pay-
ments—called both station compensation and network
comp—to the station for the right to use the station’s
time. (In contrast, the new WB network has a “re-
verse compensation” plan under which affiliates,
rather than receiving payments, pay WB 25 percent
of all incremental profits they derive from their
association with the network. UPN, on the other
hand, relies solely on advertising for its revenue.)
Fach television network uses a different plan for
calculating compensation. The amounts paid to af-
filiates vary from station to station, reflecting differ-
ences in market size, station popularity, and other
factors. Rates in top markets such as New York and
Los Angeles run into thousands of dollars per hour;
they go down as low as $50, and some affiliates in
the smallest markets receive no compensation at all.
Network compensation represents a surprisingly
small percentage of the gross revenues of network-
affiliated stations—on the average, less than 5 per-
cent. But stations measure the value of affiliation
less in terms of compensation than in terms of the
audiences that network programs attract.
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Affiliates profit from the sale of spots in the 90
seconds or so that the network leaves open for affili-
ate station breaks in each prime-time hour of net-
work programming and the seven or eight minutes
made available at other times of the day. Moreover,
the statons’ own programs (whether locally pro-
duced or purchased from syndicators) benefit from
association with popular and widely promoted net-
work programs.

Network Regulation

Unable to control networks directly (because it does
not license them), the FCC regulates them indi-
rectly through rules governing the stations they own
and the contracts affiliates make with them.

The FCC’s network regulations were originally
intended to ensure station autonomy and to prevent
the networks from becoming the overwhelmingly
dominant force in broadcasting. For example, regu-
lations prevent network contracts from forcing
stations to clear time for network programs. How-
ever, as network power waned with the increasing
strength of competing media, the FCC became less
concerned with network dominance.

Nevertheless, the FCC still prohibits national
broadcast television networks from preventing an
affiliate from accepting programs from other net-
works, nor may an affiliate prevent its network from
offering rejected programs to other stations in its
market.

Further, a single entity may not own more than
one television network covering the same territory.
Radio networks, however, may (and do) offer more
than one service in the same market (this, too, was
once prohibited). A network may not influence an
affiliate’s nonnetwork advertising rates, nor may it
function as national spot sales representative for any
of its affiliates other than its O&O stations.

Clearance

With or without FCC regulation, networks and
their affiliates experience a somewhat uneasy shar-
ing of power, complicated by political and economic



factors too subtle for contracts to define. In one
sense the networks have the upper hand. Affiliation
plays a vitally important role in an affiliate station’s
success. However, without the voluntary compli-
ance of affiliates, a television network amounts to
nothing but a group owner of a few stations rather
than the main source of programming for some 200
stations.

The complex relationships between networks and
their affiliates hinge on the act of clearance—an affili-
ate’s contractual agreement to keep clear in its pro-
gram schedule the times the network needs to run
its programs. An affiliate might fail to clear time
or might preempt already cleared time for several
reasons. Network public-affairs and other nonen-
tertainment offerings usually get low ratings and
therefore most often fail to get clearance. Some-
times stations skip low-rated network programs in
favor of syndicated shows simply to keep audiences
from flowing to the competition. Often a station
wants to increase the amount of commercial time
available. It can run more commercials than the
network allows by substituting a syndicated pro-
gram or a movie.

Networks rely on affiliates not only to carry their
programs but also to carry them as scheduled. De-
layed network broadcasts erode national ratings.
Networks also need simultaneous coverage to get
the maximum benefit from promotion and adver-
tising.

In practice, affiliates accept about 90 percent of
all programs offered by their networks as scheduled,
most of them on faith. Stations can request advance
screening of questionable programs but usually feel
no need to do so, even though, as licensees, stations
rather than networks have the ultimate legal respon-
sibility. Because most television programs come in
series, affiliates know their general tone, so the ac-
ceptability of future episodes can usually be taken
for granted.

Thus affiliates have little or no direct influence
over the day-to-day programming decisions of their
networks. In the long run, however, they have pow-
erful leverage. Network programming strategists
take serious note of the feedback that comes from
their affiliates.

Changing Network/Affiliate Relations

Starting in the late 1980s, when rising costs and
increasing competition combined to weaken ABC,
CBS, and NBC, the traditional network/affiliate re-
lationship began to crack under the strain. Affiliates
felt that network compensation failed to reflect the
true value of their time to their networks. Networks
increased the amount of precious advertising time
available to themselves in their schedules, a move
affiliates resented. Pre-emptions reached all-time
highs, costing the networks millions of dollars in
lost revenues.

In the mid-1990s, however, after a flurry of affilia-
tion switches, the networks experienced a renewed
appreciation for their station “partners.” In many
cases they raised compensation rates. And whereas
historically they had limited affiliation contracts
typically to two years’ duration, they began writing
agreements with their most desired affiliates that
ran as long as ten years. With the longer contracts,
however, came network expectations—and in-
creased pressure—for more complete program
clearances by their affiliates.

Technology has freed many affiliates from their
former, almost total dependence on networks for
nonlocal news. Using satellites and minicams, sta-
tions can now cover not only local but also national
and even international news. In fact, roles have
partially reversed, making networks dependent on
affiliates for coverage of local stories of national
significance. An especially dramatic example of this
dependence occurred in June 1994 when networks
relied on local station helicopters for pictures of O.].
Simpson as his car travelled Los Angeles freeways on
the way to his home, where he was arrested for the
murders of his former wife and her friend.

Competition from Independents

Approximately 400 stations, most of them UHF, are
known as independents. They have no full-service
network affiliation, although they may be affiliated
with Fox or one of the regional networks. As Fox
continued to enlarge its presence, however, calling
a Fox affiliate an independent became at best a legal
technicality.
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The FCC’s prime-time access rule (PTAR) long
played a major role in turning some independents
into profit makers. Starting in 1971, PTAR gave
independents their first chance to counterprogram
effectively against network affiliates in the 7:00 to
8:00 pM. (Eastern and Pacific time) period. They
gained the advantage of rerunning network series
during that hour, a program option that PTAR de-
nied to affiliates in the major markets, as explained
more fully in Section 8.2.

Other factors favoring independent stations in-
cluded their coverage of live sports events, their
success in outbidding affiliates for popular syndi-
cated program series, their aggressive promotional
campaigns, and their establishment of the Associa-
tion of Independent Television Stations (INTV) in
1972. Cable also helped by making signal quality
of UHF independent stations equal (to cable view-
ers) to that of VHF affiliates.

Despite the loss of some business to indepen-
dents, network affiliates continue to dominate tele-
vision viewing. Affiliation with a national network
remains one of the most valuable assets a television
station can have.

6.4 Cable

Cable/Broadcast Comparison

The economic organization of cable television sys-
tems and networks differs substantially from that of
broadcast stations and networks.

Cable systems depend primarily on subscriber
fees, not advertising, for their revenue. A cable sys-
tem therefore owes allegiance only to the television
households in its franchise area that choose to sub-
scribe (in 1994 as high as 89 percent of the house-
holds in Palm Springs, for example, but averaging
about 63 percent of all television households in the
country).

A commercial broadcaster, in contrast, depends
almost entirely on advertisers and has a legal obliga-
tion to serve the total audience in its market area,
which is usually much larger than that of a cable
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system. Large cities often divide their municipal
areas into several different cable franchises. Cable
systems outnumber commercial television stations
about 10 to 1. Whereas most viewers can tune in a
number of local radio and television stations, almost
without exception they can subscribe to only a single
cable system.

System Organization

By the mid-1990s more than 11,000 cable systems
(the basic units of the industry) served about 60
million subscribers in the United States. More than
nine out of ten cable subscribers had access to 30
or more channels; about 40 percent could see 54
or more; some could view more than 100. Exhibit
6.d shows how a typical system structures its organi-
zation. Whether small, with a few hundred subscrib-
ers, or large, with thousands, each cable system
performs the same four basic functions as do broad-
cast stations, as described in Section 6.2.

However, a cable system’s technical functions dif-
fer from those of a broadcast station. Broadcast
technicians’ jobs end when the signal leaves the
transmitter—listeners/viewers are on their own
when it comes to arranging for reception. Cable
technicians must be concerned with the integrity of
both the sending and the receiving aspects of the
system. Often this division of responsibility results
in a distinction between inside- and outside-plant
personnel.

The inside group operates and maintains studio
facilities, as well as the complex array of equipment
at the headend, which receives programs by various
means from program suppliers and processes the
signals for delivery via coaxial and fiber-optic cables
to subscribers. The outside group installs and serv-
ices subscriber cable connections and equipment.

As for the programming function, cable systems
start with amore even playing field than broadcasters
because the distinction between network affiliates
and independents does not exist in cable. Nor does
broadcasting’s elaborate symbiotic relationship be-
tween an affiliate and its sole network exist for cable.

Typically cable systems fill their multiple chan-
nels with programs from both broadcasting stations



Cable System Table of Organization

pc———— = g 1 1
II ![]T'I_l.f-. = ancf_ffrglrat Manager 1 '_ : I
Director Customer Director Director Director Business &
of Operations of Plant of Technical of Video Personnel
Marketing Director Operations Operations Services Manager
Supervisor Line Local
Assistant of g 19 Maintenance Origination Assistant
Engineer .
Customer Supervisor Program
Service Director
Reps l
Sales I Construction System Billing
Manager ey Supervisor Technicians prodlce Clerks
Service
Reps l
ire
OD;rS:It;:r Construction :{:taalilrerclrew Accounts
R Crew i ’Tj Video Receivable
eps eaders Engineer
Telemarketing Engineering Tt s
Reps Supervisor Grey

Converter
Technicians Repair

Supervisor

As is the case with radio and television stations, every cable system designs its own table
of organization to meet its individual needs. ‘This is but one example.
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and cable networks. The general manager of smaller
systems makes program decisions, usually in consul-
tation with the marketing director. Some cable sys-
tems produce local programs, often on channels
programmed by community or educational organi-
zations. Although a few cable companies have made
a commitment to locally produced news, most sys-
tems defer to broadcast radio and television in this
expensive and personnel-intensive area.

Cable system sales operations might better be
called sales and marketing. Although some systems
sell commercial time on some of their channels,
marketing the cable service to subscribers ranks as
the all-important function that brings in most of
the revenue in the form of monthly subscriber fees.

The cable system marketing department tries to
convince nonsubscribers to subscribe and current
subscribers not to disconnect. The marketing de-
partment’s customer service representatives inter-
face with the public, answering telephones for eight
or more hours a day, responding to complaints from
subscribers and questions from potential customers.
A system’s ability to handle these contacts promptly
and skillfully can have a profound effect on its fi-
nancial success and, in extreme cases, on whether
it keeps or loses its franchise.

System Interconnection

Often several cable systems in a large market in-
terconnect so that commercials (or programs) can be
seen on all of them, rather than only one, providing
combined advertising coverage equivalent in reach
to that of the area’s television stations.

System interconnection may involve physically
linking the systems by cable, microwave, or satellite
(bard or true interconnections), or it may depend
simply on the exchange of videotapes (soft intercon-
nection).

MSOs

Firms large enough to make the capital investments
necessary to build, buy, or improve cable systems
are not likely to be attracted by the limited potential
of a single franchise. Thus emerged a trend toward
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multiple-system operators (MSOs)—firms that gather
scores and even hundreds of systems under single
ownership. Such firms have the resources to bid for
high-cost, politically intricate cable franchises in
metropolitan areas. Not until the 1992 Cable Act
were any efforts made to establish cable ownership
limits (see Section 13.5).

Although in the 1990s a trend toward mergers
and consolidations increased, hundreds of MSOs
operate in the United States. The largest, Tele-
Communications Inc. (TCI), has about 15 million
subscribers. Impressive though that number is, even
TCI serves fewer than 16 percent of all television
homes. By contrast, the largest television station-
group can reach nearly 25 percent.

Vertical Integration

Cable television often involves ownership links with
related businesses such as program production, dis-
tribution, and delivery. This type of linkage is called
vertical integration. Regulations prevent a high de-
gree of vertical integration in broadcasting, but the
less heavily regulated cable-TV industry resorts to
it increasingly. Tele-Communications Inc. (TCI)
provides perhaps the best example. TCI operates
the nation’s largest MSQO. It also owns parts of News
Corp. (owner of Fox TV), several cable networks
(Encore, Court TV, Black Entertainment Televi-
sion, Home Shopping Network, QVC, American
Movie Classics), and a satellite program distribution
service (National Digital Television Center). TCI
also owns part of an already vertically integrated
program producer/distributor/station owner—the
Turner Broadcasting System.

6.5 Cable Program Services

Cable systems typically carry most broadcast tele-
vision stations whose signals cover their franchise
areas. In addition, some systems produce limited
amounts of their own programming and offer access
channels for programs produced locally by others.



Beyond that, they draw on three main types of cen-
tralized program providers: basic-cable networks,
superstations, and pay-cable networks. Despite ever
-increasing channel capacity, most cable systems
are unable to carry all program services available
to them.

As the major cable networks began multiplexing
operations (that is, programming multiple channels
rather than only one), competition for carriage in-
tensified. Exhibit 6.e gives data for a representative
selection of cable program providers.

Basic-Cable Networks

The 1992 Cable Act requires cable operators to
offer subscribers a basic service tier (or level) of pro-
gram sources, including, at a minimum, local tele-
vision stations and all public, educational, and
government access (PEG) channels. (See Section
12.8 for TV stations’ must-carry and retransmission
consent options.) A cable operator may add other
channels of programming to this minimum, or /ife-
line, service. Subscribers pay a monthly fee to receive
the basic ter.

The 1992 Cable Act defines cable programming
service as all video programming provided over a
cable system except that provided on the basic ser-
vice tier. This includes programming from such cable
networks as USA, ESPN, and MTV, nearly all of
which are advertiser-supported. Some cable systems
include such networks in their basic service ter,
others on what they call an expanded basic tier. Some
systems have several ters, each for a separate fee.

For virtually all basic-cable network programs
(home shopping networks and Video Jukebox—now
named simply “The Box”"—are exceptions), a cable
system pays a fee directly to each network that it
carries. Fees range from just a few cents up to 50
cents and more per subscriber per month. A basic-
cable network sells commercial spots to its own
advertising clients and usually leaves about two mi-
nutes of advertising time each hour for local sale
by cable systems.

Advertising-supported cable networks have far
smaller staffs than ABC, CBS, or NBC, and they
reach smaller audiences. They maintain commercial

sales departments but also must devote major atten-
tion to selling themselves to cable systems. Unlike
major broadcast television networks, some have dif-
ficulty finding affiliates because so many cable net-
works compete for outlets.

Superstations

The superstation is a paradoxical hybrid of broadcast-
ing and cable television—paradoxical because, al-
though the FCC licenses each broadcast station to
serve only one specific local market, superstations
also reach hundreds of other markets throughout
the country by means of satellite distribution to
cable systems (see Exhibit 3.d).

Cable operators often include superstations in
one of their basic packages of chanrdels, paying a
few cents per subscriber per month for the service.
The station gets most of its revenue through higher
advertising rates, justified by the cumulative size of
the audiences it reaches through cable systems.

By the 1990s cable systems serving approximately
60 million subscribers—about two-thirds of all U.S.
television homes—carried the nation’s first super-
station, Ted Turner’s WTBS, which now calls its
satellite-fed cable service simply “TBS.”

Some cable systems also carry radio superstations,
notably Chicago’ Beethoven Satellite Network
(WFMT-FM), a classical music station. Listeners
pay an extra fee to the cable system operator to
receive such radio stations, as well as other audio
services, which go through a special cable connec-
tion to their home high-fidelity stereo systems.

Before superstations altered the rules, copyright
holders selling syndicated programs to individual
stations had based their licensing charges on the
assumption that each station reached a limited, fixed
market. For example, syndicators formerly licensed
programs to WTBS to reach only the Atlanta audi-
ence; but now that it has achieved superstation sta-
tus, its programs reach audiences in hundreds of
other markets, in many of which television stations
may have paid copyright fees for the right to broad-
cast the very same programs.

Responding to complaints about the inequities
created by duplicate television-program distribution
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Examples of Satellite-Distributed Cable Program Services

Network Homes Reached
(launch date/owner) (Millions) Content
ESPN 63.0 Sports events, news, and information

(1979/Capital Cities-ABC;
The Hearst Group)

CNN 62.6 News, sports, weather, business

(1980/ Turner Broadcasting)

USA 62.0 Series, movics, specials, sports
(1980/Paramount; MCA)

C-SPAN 61.1 House of Representatives, public affairs
(1979/Cable industry) programs

TBS 60.0 Movies, sports, specials, series
(1976/Turner Broadcasting)

MTV 59.4 Music videos, series, pop culture
(1981/Viacom)

Network Subscribers

(launch datc/owner) (Millions) Content

HBO 18.0 Movies, sports, specials
(1972; 1975 via satellite/ Time

Warner)

Showtime 10.7 Movies, sports, specials

(1976; 1978 via satellite/Viacom)

—_———ee—————am 1

on superstations, the FCC reimposed its syndicated The rule spawned a new industry: companies that
exclusivity (syndex) rulein 1988. Syndex requires each  supply programs that cable systems can insert on
cable system, at a local television station’s request, ~ a superstation channel to cover deleted programs.

to delete from its schedule any superstation pro-  ‘TBS, meanwhile, worked outa blackout-proof sched-
grams that duplicate programs for which the station  ule, free of syndicated programs subject to exclusiv-
holds exclusive rights. ity clauses.
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Network

Homes Reached

(launch date/owner) (Millions) Content

QvC 48.5 Electronics, jewelry, cosmetics, fashions
(1986/Comcast/Liberty-TCI)

Home Shopping Network 27.0 Electronics, jewelry, cosmetics, fashions

(1985/Publicly traded)

Homes Reached

Service

(launch date/awner) (Millions) Content :
Request Television 22.6 Movies, special events

(1985/Reiss Media)

Viewer’s Choice 12.0 Movies, sports, specials

(1985/Cable consortium)

Sources: Ownership from Television ¢ Cable Facthook, Warren Publishing (Washington, DC, 1994); all other data from Cuble
Television Developments, National Cable Television Association (Washington, DC, fall 1994).

Pay-Cable Networks

Subscribers pay their cable systems an additional
monthly fee to receive pay-cable, or premium, net-
works. In exchange, the subscriber gets programs
(recent movies, sporting events, music concerts,

etc.) without commercial interruption. Pay-cable
subscription fees average about $10 per month for
cach of the more popular premium channels. The
cable operator negotiates the fee with the program
supplier, usually splitting proceeds 50/50.
Included under pay cable are pay-per-view (PPV)
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networks. Instead of paying a monthly fee, PPV
subscribers pay a separate charge for each program
they watch, much as they would at a movie theater.
Although their programs resemble those of regular
pay-cable networks, PPV services offer recent theat-
rical releases before they are available on other
channels, as well as special events that regular pay-
cable networks decline to carry because of the high
price tag. Like other program services, PPV net-
works take advantage of multiplexing, offering their
fare on several channels. This allows them to offer
more programs and to schedule them more times
each day.

6.6 Advertising Basics

Unlike cable television, broadcasting in America
operates primarily as an advertising medium.
Dependence on advertising colors every aspect
of broadcast operations. As Exhibit 6.f indicates,
broadcast television ranks as the largest national ad-
vertising medium, though newspapers surpass tele-
vision in total advertising volume. Radio comes fifth
in total advertising dollars, after direct mail and the
Yellow Pages but ahead of magazines. Advertising
on cable, although rapidly increasing, remains small
relative to advertising on other electronic media.

Local, National-Spot, and Network Ads

Broadcast advertising falls into three categories, de-
fined by coverage area and image: local, network,
and national spot.

Local advertising comes mostly from fast-food
restaurants, auto dealers, department and furni-
ture stores, banks, food stores, and movie theaters.
When such local firms act as retail outlets for
nationally distributed products, the cost of local ad-
vertising may be shared by the local retailer (an
appliance dealer, for example) and the national man-
ufacturer (a maker of refrigerators). This type of
cost sharing, known as cooperative advertising, or just
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co-op, supplies radio with a major source of its
revenue.

When a station connects to a national network, it
instantly becomes a medium of national advertising.
For advertisers of nationally distributed products,
network advertising has significant advantages:

o The advertiser can place messages on more than
200 stations of known quality, strategically located
to cover the entire country.

e Advertising can be placed on all those stations
with a single transaction.

o The advertiser has centralized control over com-
mercial messages and assurance that they will be
delivered in the chosen times and in a preferred
program environment.

e The advertiser benefits from sophisticated net-
work market research.

e The advertiser gains prestige from the very fact
of being on a national network.

Despite those advantages, some national advertis-
ers find networks too costly or too inflexible. They
have the option of using national-spot advertising.
Advertisers using national-spot advertising work
through their advertising agencies and stations’ na-
tional sales representatives to assemble ad hoc col-
lections of nonconnected stations. The commercial
announcements go out to the chosen stations by
mail or by satellite. As Exhibit 6.g shows, television
depends heavily on national-spot sales.

National-spot advertisers can choose from several
program vehicles: station-break spots between net-
work programs, participating spots in local or syndi-
cated programs, and sponsorship of either local
or syndicated programs. National-spot advertising
thus enables advertisers to capitalize on audience
interest in local programs, something the network
advertiser cannot do. Exhibit 6.h shows that the
largest national advertisers use spot and network in
combination to achieve better coverage than either
could yield on its own.

Pros and Cons

As an advertising medium, broadcasting has unri-
valed access to all family members under the chang-



Advertising Volume of Major Media: Local vs. National
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The pie chart at left shows the percentage
of all advertising dollars allocated by
media type. As the bar graph below indi-
cates, newspapers retain the lead in at-
tracting local advertising dollars, while
television far exceeds newspaper in na-
tional. Cable, although its share continues
to rise rapidly, still lags far behind all other
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Broadcast Station and Cable System Revenue Sources
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Advertising

ing circumstances of daily living. In addition, car
and portable radios allow broadcasting to compete
with magazines and newspapers as an out-of-home
medium. Television is the only medium that can
vividly demonstrate how a product works. Above
all, the constant availability of broadcasting as a
companionable source of entertainment and infor-
mation gives it a great psychological advantage.
However, commercials must make their point
quickly. Normally most radio commercials last 60
seconds, and most television commercials 30 sec-
onds, though there is a growing trend toward 10-
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and 15-second spots. Even the longest spot cannot
duplicate the impact of a large printed department-
store ad or a supermarket ad with clip-out coupons.
Listeners or viewers cannot clip out broadcast ads
to consult later. Nor can broadcasting compete ef-
fectively with the classified sections of newspapers,
despite attempts with want-ad and home-shopping
programs.

A broadcasting station has a limited commercial
inventory of openings for commerecials in its program
schedule. Its single channel allows it only 24 hours
of “space” each day. Moreover, only so many com-




How Top Advertisers Allocate Their Budgets

Rank 1 2 3 4 5
Procter Philip General Sears,

Advertiser & Gamble Morris Motors Roebuck PepsiCo

Total estimated ad

expenditures (in billions) $2.2 $2.0 $1.3 $1.2 $0.9

Percentage of expenditures

allocated to—
Network TV 25 20 34 16 30
Spot TV 11 9 10 4 24
Syndicated TV 4 7 1 2 9
Network radio * * E 5 r
Spot radio = 1 1 ' 2
Cable ) 2 3 2 2
Newspaper i 1 2 14 2
Magazines 8 11 18 2 )
Outdoor ® 3 * # ¥

*Less than 1 percent

All these premier advertisers chose broadcast television for their major expenditures.
Even Philip Morris, prohibited by law from advertising its cigarettes on radio or television,
sells other products in sufficient quantity to warrant allocating more than a third of its
budget to broadcasting. Although expenditures on cable remain relatively modest, they

have increased in recent years.

tions Inc.

Source: Reprinted with permission from the September 29, 1993 issue of Advertising Age. Copyright © 1993 Crain Communica-

mercials can be crammed into the schedule without
alienating the audience. Print media, in contrast,
can expand advertising space at will simply by add-
ing pages.

Broadcasting also suffers the drawback of being
unavailable to advertise some products. Congress
forbade cigarette advertising in 1971, and most

broadcasters voluntarily ban such products as hard
liquor and “adult” movies.

Integrating Ads into Broadcasts
Most broadcast advertising takes the form of an-
nouncements, or spots. Advertisers usually prefer
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scatter buying—spreading their spots over several
programs. That avoids risking too much on any one
program and gains exposure to varied audiences.

Some programs have natural breaks where spots
can be inserted without interrupting the flow—
between rounds of 2 boxing match or between musi-
cal selections on a radio show, for example. In other
cases the break must be artificially contrived. The
art of writing half-hour situation comedies includes
building the plot to successive break-off points for
insertion of commercials. Viewers often complain
about arbitrary interruptions of theatrical feature
films, whose scripts do not, of course, provide seem-
ingly natural climaxes every ten minutes to ac-
commodate commercial breaks. Some viewers also
object to television “official” time-outs during foot-
ball games, taken for the convenience not of players
but of advertisers.

As a matter of both law and custom, stations make
station breaks—interruptions in programming for
the insertion of identification announcements (IDs).
Commercials inserted during these interruptions
are called station-break announcements.

Networks interrupt their program feeds periodi-
cally to allow affiliates time to insert mandatory
IDs. They also leave time for affiliates to insert
commercial announcements sold by the stations to
local or national-spot advertisers. Because of their
close association with popular network programs,
commercials inserted in these network adjacencies are
especially valuable.

Two quasi-commercial types of announcements
also occur where commerecials normally appear. Pro-
motional announcements (promos) call attention to
future programs of networks and stations. Most
broadcasters consider on-air promotion their most
effective and cost-efficient audience-building tool.
Public-service announcements (PSAs), though they re-
semble commercials, are broadcast without charge
because they promote noncommercial organiza-
tions and causes. PSAs give stations a way of ful-
filling public-service obligations and, along with
promos, serve as fillers for unsold commercial open-
ings.

Time devoted to clusters of commercial and other
announcements at station breaks, once limited to a
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minute or two, has constantly edged upward. Ad-
vertisers as well as audiences often complain of this
proliferation, which is referred to as commercial
clutter.

Cable Advertising

Cable-system operators face more complexities than
do broadcasters when inserting commercials in their
programs. They have to deal with many channels,
each with different requirements for advertising in-
sertions. Modern systems use computer programs
triggered by electronic signals originated by cable
networks to insert locally sold commercials auto-
matically into cable-network programming. Adver-
tiser-supported cable networks and superstations
include commercials within programs, in the same
way as do broadcast networks.

Perhaps more than anything else, lack of adequate
statistical information about cable audiences has im-
peded the growth of cable advertising. Cable’s many
program choices so fractionalizes its audience that
few channels attract sufficient viewers to yield statis-
tically valid measurements. Although in the past
rating services supplied audience information for
only the most popular national cable networks,
plans are under way for a variety of local cable
measurement services <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>