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PREFACE

Today, the field of broadcasting is changing
almost as fast as books and journals can
record the transition. No longer can we be
content to study electronic media by concen-
trating on radio and television stations, or,
for that matter, even cable and satellites. We
have arrived at the age of telecommunica-
tions. It encompasses a multitude of new
media and demands the integration of these
media in both theory and practice.

This new edition, also for introductory
courses, incorporates this total approach to
the study of electronic communication, ex-
amining everything from the history of the
telegraph to the future of personal com-
puters. In addition to the strengths of the
first edition, which have been retained, this
new edition includes:

* Anew chapter on computers and data pro-
cessing, including an examination of how per-
sonal computers are offecting the changing
world of broadcasting and telecommunication.

* A new chaopter on emerging telecom-
munication and consumer technologies, in-
cluding cellular radio, digital audio and televi-
sion, videodiscs, ond others.

* A new chapter on the telegraph and
telephone and how they evolved to complement
such modern technologies as television and the
computer.

* A new chapter on teletext and videotex
and what the future holds for these experimen-
tal media.

* A new chapter on programming from the
view of the program director, who must make
the strategic decisions in a competitive
marketplace.

* New material on common carrier regula-
tions.

* New material on national and interna-
tional controls over telecommunication.

* An expanded chapter on cable.

* Updating of important material on satel-
lite communication.

* Updating of information on research into
the uses and effects of broadcasting and
telecommunication.

The text continues to examine traditional
fields of study found in the first edition, in-
cluding the historical basis of radio and
television, educational and public telecom-
munication, corporate telecommunication,
ratings, the research process, economics,
and international broadcasting. It also in-
cludes a glossary and a library and data-
based search guide for broadcasting and
telecommunication.

A comprehensive Instructor’s Manual
also accompanies the text.

J.R.B.
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INTRODUCTION

The alarm clock, set earlier in winter since
the ferries run only a staggered schedule,
goes off at 5:00 A.M.. By the time the car’s
headlights slice through the fog over the
Neuse River three hours later, the cup of hot
chocolate on the dashboard tastes like a
weak milk shake. The weather report on the
car radio has changed from North Carolina
inland crop reports to coastal tide levels.
Now and then the waters of Pamlico Sound
peek through the fog, and the lights of busi-
nesses greeting the dawn break through to
join the sun’s first rays.

Ahead lies Cedar Island, a corner of
detached land lopped off the end of a penin-
sula that carries a roadway to its end at the
ferry dock. There waiting for its first run of
the day is the Cedar Island ferry. A crew

member wearing a fluorescent orange vest
asks for your ferry reservation number, mo-
tions you into line, and, if you timed your
drive just right and didn’t meet the draw-
bridge at Morehead City, directs you onto
the ferry that will take you on the two-hour
ride to Ocracoke Island.

If you are observant, you will find the
ride to Ocracoke Island one of stark con-
trast. As the other passengers begin to
emerge from their cars to go topside for a
better view, the crew casts off the heavy
lines, just as crews have been casting off
heavy lines for thousands of years. The big
vessel grinds and inches forward, the pilings
scraping and squeaking against the steel
plates welded to the port and starboard.
Gradually the speed increases and the bow
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begins to produce the first splash, which,
against the churning foam from the pro-
pellers, is almost unnoticed.

As you look beyond the marsh grass of
the harbor, beyond the loons poised for their
first morsel of morning seafood, you see the
markers showing where crab traps, called
pots, have been lowered to the bottom of the
sound by people who make a living from
commercial fishing. Their catch will grace
the tables of gourmet restaurants and the
stick-to-the ribs fare of all-you-can-eat
diners. They will put down dozens of crab
pots and dozens of markers. To the passen-
gers on the passing ferry it will seem impossi-
ble for anyone to locate the traps, even with
markers. The small white buoys, many made
from discarded plastic bleach bottles, seem
randomly thrown across hundreds of square
miles of open water,

Soon the sights of land disappear and the
passengers turn to walking around the
decks, venturing inside the lounge, and lei-
surely breaking out a picnic brunch. If you
are still observant, as you glance at the pilot
house, where the crew navigates, you will see
an array of sophisticated equipment that in-
cludes the green-glowing digital readouts of
the depth finders, the frequency markers on
the marine radio, and the readout of the
radar antenna circling a few feet above. In
the distance you may occasionally catch a
glimpse of a marine research vessel with its
dishlike antenna transmitting data 22,000
miles into space, to be relayed by the same
satellite that will tell the vessel its exact loca-
tion within feet, a job in years past delegated
to the mariner’s sextant.

On board the conversations pick up. Peo-
ple who have never met begin dialogues with
each other. The inhibitions and barriers to
talking with strangers are lessened. Every-
one has something in common—they are all
on the same vessel at the same time going to

the same destination. Most are dressed casu-
ally. The conversations will be about where
they live, where this trip is eventually taking
them, where the best place to eat and stay on
Ocracoke Island is. Some will be retirees en-
joying the freedom to travel to places they
have never been. Others are businesspeople
who have people to see on Ocracoke. Others
are couples looking forward to a romantic
weekend on the unspoiled beaches and to the
fresh seafood of the island restaurants.

About two hours from Cedar Island the
outline of Ocracoke Island begins to appear
on the horizon. First the water tower, then
the line of trees, then the old lighthouse,
then the telephone company’s microwave
tower. With all the sophisticated navigation
equipment aboard oceangoing vessels, the
lighthouse still shines as a beacon to craft of
all sizes. It is perhaps Ocracoke’s most
famous landmark, but certainly not what
the island is most famous for. That distinc-
tion is reserved for Blackbeard, the pirate
who used Ocracoke’s protected harbor as a
refuge from the Crown governor.

As the ferry gets closer to Ocracoke the
Coast Guard station begins to appear, and in
a short time the ferry bears around the chan-
nel marker and heads into the harbor. Most
of the cars venture toward motels or the
beaches, or to the end of the island, where
another ferry will take them north to Cape
Hatteras. A telephone-company engineer
will spend the afternoon on Ocracoke work-
ing at the telephone company’s microwave
relay station. The high-technology substa-
tion is critical to the island’s communication
links. It provides telephone service for the
islanders. For some of the summer residents
it links personal computer terminals with
data banks thousands of miles away. For the
island’s only doctor it is a vital link with the
mainland.

The day will go quickly for everyone who



made the trip. The day on the beach is al-
ways too short, the things to see too many.
Soon evening will send shadows of twisted
cedar trees across sandy sidewalks and shell-
laced roadways.

The sun is beginning to set on Ocracoke.
Before it rises tomorrow, the radio stations
on the mainland will be echoing the tide
levels, the fishermen will have found their
crab-pot markers, the passengers on the
early ferry will be chatting and exchanging
greetings, and the substation will be receiv-
ing and transmitting data at the speed of
light. It is truly an island of contrast.

An understanding of these contrasts is
necessary to an understanding of this book.
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Broadcasting and telecommunication are
part of this contrast. In addition, broad-
casting and telecommunication are part of
rapid technological change—change that is
just as far-reaching as the differences be-
tween the hand-held sextant of a ship and the
satellite-navigation equipment of today’s
oceangoing vessel. To fully understand and
appreciate these changes it is necessary to
first understand the process of communica-
tion and then explore how broadcasting and
telecommunication fit into the process. We
will begin not with the radio station or the
satellite-navigation system but with crab
pots and people who fish the open water off
Ocracoke Island.



THE PROCESS
OF COMMUNICATION

For the fishing boats leaving Ocracoke
Island to plant crab pots, communication is
an important part of their captain’s day. Al-
though they may check a local marine radio
station for the weather forecast, or even use
a home computer to access the prices of fish,
their most important asset is their ability to
communicate with themselves. That may
sound somewhat strange when we consider
we are studying broadcasting and telecom-
munication, but intrapersonal communica-
tion, communication within ourselves, is the
foundation of all other types of communica-
tion.

The people who are scattering the crab
pots across open water must go back and
find those same pots without the aid of any-
thing but their own instinct and knowledge

of the water. The local radio stations do not
tell them where their crab pots are located.
Nor do their friends. Through years of ac-
cumulating bits of information too small to
notice, they are able to navigate back to
where the traps were set and harvest the
crabs.

To better understand this process of com-
munication we will begin by examining three
terms: fransmit, transfer, and transact.

UNDERSTANDING THE PROCESS
OF COMMUNICATION

How would you describe the process of com-
munication? If at first it seems difficult, do
not be too disappointed. People who spend
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their lives researching the subject continue
to argue about the process.

Transmit

Whenever we begin discussing communica-
tion the term transmit pops up. Transmit
means to send information.! Yet if we
transmit something, are we communicating?
Consider the person who stands on a hilltop
and shouts across the valley to hear the echo.
Is that person communicating? Consider the
football coach who comes off the sidelines
to yell at a referee. Certainly the football
coach is transmitting information. But is the
coach communicating? Consider the student
who tells her roommate to clean up their
room. She has transmitted information, but
two days later the room remains a mess.
What if a television anchorperson asks
viewers to write to the station about a com-
munity issue but only one viewer replies?
Did communication take place? What about
the disk jockey who finds she had the small-
est number of listeners in the station’s
coverage area and is told by her boss to begin
looking for another job? Was the disk
jockey communicating with the listeners?

In all of our examples information was
transmitted, but in each case we must ask if
the information was received. If it was not,
did communication take place?

Transfer

Another term that frequently pops up when
we discuss communication is transfer.
Transfer means to send and receive informa-
tion. Stop and consider the examples we
used. Is the television anchorperson who
asks viewers to write the station transferring
information? Is the person who stands on
the hilltop shouting across the valley to hear
the echo transferring information? Cer-
tainly that person is transmitting, but does

transfer take place if no one hears the
shouting? What occurs if someone on the
other side of the hilltop shouts back? Does
communication take place? Now let’s con-
sider the roommate. What if she heard the
request but was too busy to clean up the
room and did not respond? Was informa-
tion transferred? Did communication take
place? What about the football coach?
What if the referee refuses to change the call
after the coach yells from the sidelines? A
transfer of information took place, but did
communication take place? What about the
disk jockey who had the smallest number of
listeners? Transmission took place, but did
transfer occur? Suppose the boss who tells
the disk jockey to find work elsewhere leaves
but the disk jockey is so shocked by the
ratings that she blocks out of her mind the
words from her boss. The boss has transmit-
ted information, but did she transfer infor-
mation?

Transaction

A third word that frequently crops up in dis-
cussions of communication is transact.
What happens during transaction? Transac-
tion means information is sent and received
and feedback occurs. For example, if the an-
chorperson’s request for mail results in a
flood of letters, then information has been
transmitted and received and more informa-
tion sent back to the station through
viewers’ letters. We might suggest that if the
person yelling across the valley hears a reply
and then decides to yell back, transaction
has taken place. If the roommate at least
acknowledges she heard the request to clean
up the room, even though she doesn’t clean
it, transaction has occurred. And what if the
referee refuses to change the call but never-
theless has a healthy argument with the foot-
ball coach? Transaction has occurred. If the
disk jockey replies to her boss, ‘‘lI guess



you're right—I’ll start looking tomorrow,”’
has communication taken place?

The Dictionary Examines
Communication

To go one step further in better understand-
ing what lies behind the process of commu-
nication we can consult the dictionary. Our
dictionary definition of communicate uses
the phrase ‘‘to make known; impart; trans-
mit.”’ All of our examples would agree with
this phrase—the television anchorperson,
the person shouting from the hilltop, the
roommate, the football coach, and the disk
jockey and her boss. The dictionary next
defines communication as follows: ‘‘to have
an interchange, as of thoughts or ideas.”
This phrase is closest to our term transac-
tion, but certainly includes transfer as well.
If we are talking with our instructor about
grades on an examination, we are having an
interchange of thoughts and ideas. If we are
participating in a class discussion, we are
having an interchange of thoughts or ideas.

Now let’s consider further the dictionary
definition of communication and see how it
might apply even more directly to the major
emphasis of this text. According to our dic-
tionary, communication can also be defined
as ‘‘a system of sending and receiving mes-
sages, as by telephone, television, or com-
puter.”” We will find later in the text that all
three of these technologies play an impor-
tant role in our understanding of broadcast-
ing and telecommunication. For example,
telephone cables may be used to carry televi-
sion signals between cities. These same
cables may provide two-way communication
between points hundreds of miles away.
This two-way data link is, as we will learn,
more characteristic of telecommunication
than broadcasting. As the operator interacts
with the computer, electronic transaction is
taking place. The operator sends informa-
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tion and the computer responds with infor-
mation that appears on the operator’s dis-
play terminal. Thus, whereas the examples
we first used—the television anchorperson,
the football coach, the roommate, the per-
son shouting from the hilltop, and the disk
jockey and her boss—were primarily exam-
ples of human communication, broadcast-
ing and telecommunication are forms of
electronic communication.

Up to this point we have discussed three
key terms in understanding communica-
tion—transmit, transfer, and transact—and
we have examined the dictionary definition
of communication. We now need to examine
how researchers have defined communica-
tion.

Research Definitions
of Communication

Some researchers have defined communica-
tion as *‘the process of creating meaning.’’?
Others have defined it as ‘‘a dynamic pro-
cess in which man consciously or uncon-
sciously affects the cognitions of another
through materials or agencies used in sym-
bolic ways.’’? Still others stress the impor-
tance of viewing communication as ‘‘an act
of sharing, rather than as something some-
one does to someone else.”’*

All three of these definitions are relevant
to our examples. Our television anchorper-
son and our disk jockey and her boss are
part of the communication process. The per-
son standing on the hilltop obviously gave
some meaning to the words he was shouting
across the valley. Perhaps he was shouting
““] love you,’’ ‘‘Help!”’ or merely ‘‘Hello
there.”” Definite meanings are expressed in
all of those words. Certainly the roommate
who wanted the mess cleaned up and the
football coach who wanted the referee’s call
changed were also creating meaning, if not
for the person receiving their communica-



8 The Process of Communication

tion, then surely in their own mind when
they transmitted it. And there is little doubt
that communication is a dynamic process
that ‘‘consciously or unconsciously’’ affects
others. We have all had experiences in which
we both consciously made an effort to com-
municate to someone but unconsciously
communicated something entirely different
than what we had intended. On the other
hand, it would be difficult to characterize
the football coach’s communication as ‘‘an
act of sharing, rather than...something
someone does to someone else.”’

We can see how difficult it is to arrive at a
single definition of communication. Yet all
of the definitions we have considered are
correct. It’s a dynamic process. It involves
information that is transmitted and trans-
ferred, and information that becomes part
of a communicative transaction. Keeping in

FIGURE 1-1

mind that there are hundreds of definitions
of the term, we will settle on a specific
definition for the purposes of this book:
communication is the movement of mes-
sages between senders and receivers.

DISTINGUISHING AMONG TYPES
OF COMMUNICATION

Not only are there characteristics that dif-
ferentiate types of communication such as
broadcasting and telecommunication but
there are more general distinctions among
intrapersonal, interpersonal, and mass com-
munication. As we have seen, intrapersonal
communication is communication within
ourselves. Interpersonal communication is
communication between two or more per-

Basic model of communication. This basic model of com-

munication differs from the model of mass communication which includes
the gatekeeper organization. Central to all forms of communication is in-
trapersonal communication. Interpersonal communication involves com-
munication in a face-to-face situation, whereas mass communication
involves the addition of a mass medium and other distinguishing charac-

teristics described in the chapter.

Fields of
//"__‘\\Experience//"__\\\
- Sender ~ Receiver ~
e N T\

Y 2 /7N @€\
/ / Medium \ \
‘ )
\ /

\ /

Feedback




sons in a face-to-face situation. Mass com-
munication usually involves a large number
of people, and other factors as well. We will
define it later. To learn more about the pro-
cess of communication and to see how
broadcasting and telecommunication fit into
this process let us examine a communication
model, a stop-action picture of the com-
munication process (Figure 1-1).

A communication model is one of many
models used by communication scholars to
help clarify the process of communication.’
Along with being a stop-action picture, it is
also like a road map that tells us where
messages travel and what these messages en-
counter along the way. For example, we can
see in our basic model of communication
(Figure 1-1) that it consists of a sender, a
receiver, noise, a medium, and feedback.

INTRAPERSONAL
COMMUNICATION

As we have learned, the people who spread
traps over open water to catch crab use in-
trapersonal communication to process the
information that tells them where the trap
markers can be found. For the people who
make their livelihood in this way, a degree of
what they might call pure instinct comes into
play. The psychologist might call such in-
stinct intrapersonal communication.

Our senses, our nervous system, and our
brain are the main physiological compo-
nents of the communication process. For ex-
ample, if we are watching an instructional
television program about basic mathe-
matics, our eyes and ears respond to what is
on the screen. These two senses of sight and
hearing send electrochemical impulses
through our nervous system to our brain.
After receiving the impulses, our brain feeds
back other impulses to our motor nerves, the
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nerves that influence movement and enable
us to pick up a pencil and paper and work
the math problem. Different components of
the communication process have come into
play: the sender (eyes and ears), message
(electrochemical impulses), medium (ner-
vous system), receiver (brain and central
nervous system), and feedback (elec-
trochemical impulses).® Another compo-
nent, noise, can interfere with the com-
munication process. Your head may ache to
the point where you cannot think. A sickness
or injury may damage your nervous system,
either interrupting the passage of elec-
trochemical impulses or interfering with
your ability to respond to commands given
your motor nerves by your brain. All of
these are examples of one type of noise,
physical noise.

To understand the process better, let’s
return to Figure I1-1. Note where each of the
components of intrapersonal communica-
tion fits into our communication model:
sender, message, medium (sometimes called
channel), receiver, feedback, and noise.

Remember, for human communication
of any kind to occur, intrapersonal com-
munication must be present. In examining
our dictionary definition of communicate,
we see that someone must first think about
information before it can be made known or
imparted. Before an interchange of thoughts
or ideas can take place between two persons,
each must first employ the process of in-
trapersonal communication in order to react
to the other’s message.

We use intrapersonal communicationin a
number of ways every day. Consider how we
adapt to stress. Stress is a stimulus, and any
stimulus causes one or more reactions. We
may have a headache under stress. We may
sweat under stress. Each of these is a bio-
logical reaction—our body is signaling us
that we are overloading our sensory system.
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How do we adapt to stress? We may
decide to overeat. Yet overeating may pro-
duce just the opposite effect we desire,
especially if a stress-prone digestive system
can’t handle that much food. We may decide
to overdrink, but find the consequences of
visiting the local pub worse than the cure. Or
we may lie awake at night trying to solve a
stressful problem and pay for that wakeful-
ness the next day. As we can see, these
negative biological adaptations can cause
more stress, not less.’

One of the most recently acclaimed
methods of handling stress through intra-
personal communication is biofeedback.
You've probably heard about it or read
about it in popular magazines or scholarly
journals. Among other things, biofeedback
uses a machine to help people monitor their
own body stresses. Then, through a system
of trained relaxation incorporating every-
thing from relaxing muscles to imagining
relaxing scenes, people are able to minimize
their reactions to stress.

Memory is another form of intrapersonal
communication. It involves retrieving and
encoding information stored in our brain. A
person | know likes to visualize an image in
order to remember a name. She easily re-
members everyone she meets named Sarah,
because she always thinks of a Sarah as sit-
ting on the seat of a covered wagon. Al-
though these associations may seem humor-
ous and have no relation to the people we
meet, they are simply ways to aid memory
and stimulate the process of intrapersonal
communication.

Intrapersonal communication is the foun-
dation for adapting interpersonally to
others. We process all kinds of stimuli when
we communicate with other people. Using
that intrapersonal processing to communi-
cate interpersonally is one of the most im-
portant functions of our internal processing

systems. For example, many psychologists
feel that to successfully manage worry,
stress, and anxiety, we must communicate
with others about our problems. Other
research suggests that the least damage from
stressful situations is done to people who
discharge their fears through interpersonal
relations.

INTERPERSONAL
COMMUNICATION

On the Ocracoke ferry, despite the whir of
the radar and the flashing digital navigation
devices, interpersonal communication domi-
nates. People talk with other people more
freely than they would elsewhere. As we
have mentioned, they all have something in
common—they are on the same vessel going
to the same destination.

As we have learned, interpersonal com-
munication is communication in a face-to-
face situation between at least two persons,
and often many more, such as a group dis-
cussion or a speech to a crowd. In interper-
sonal communication the names of the com-
ponents of communication are the same as
in intrapersonal communication, but the
components themselves are different. To
continue with our previous example, im-
agine that instead of watching an instruc-
tional television program about mathe-
matics you are attending the instructor’s
class in person. Now the instructor becomes
the sender of communication; the messages
become the words spoken by the instructor;
the medium is the human voice; and you are
the receiver of communication. If you do
not understand something the instructor is
saying, you can immediately raise your hand
to ask a question. Your hand being raised is
a form of feedback to the instructor.



Noise

Noise can also be present in interpersonal
communication. Physical noise may occur if
the lights go out and you cannot see the in-
structor. Or a student next to you may drop
a pile of books, distracting you. A second
type of noise can be present—semantic
noise. Semantic noise can occur when the in-
structor uses a word or phrase having many
different meanings but does not specify
which meaning she wants to convey.

Sharing and Homophily

Using our example of the lecture, we can
begin to see the reason communication can
be referred to as a sharing process.® If con-
structive communication is to take place, we
must share certain things with the instructor.
One way of examining the process of sharing
is to understand that each individual has a
field of experience—the accumulation of
knowledge, experiences, values, beliefs, and
other qualities that constitutes one’s self.
For effective communication to take place,
these fields of experience must overlap, also
as seen in Figure 1-1. We must share certain
things with another individual. In our exam-
ple, we must first understand the language
being used, both written and oral. Second,
we must know something about the subject
of mathematics; otherwise, the lecture
would have little value for us and we could
not begin to work the problems. We may
also respect the instructor’s ability to teach,
perceiving her as having a genuine interest in
mathematics whether or not we are able to
comprehend the subject. If we have proved
ourselves good students, the instructor will
probably consider us as being interested in
the subject, respect our ability to learn, and
perceive us as having a genuine interest in
learning. We can also stress this concept of
sharing as an identification, not only be-
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tween people’s experiences but between lan-
guage symbols as well.?

Communication researchers have used
behavioral-research methods to examine the
concept of sharing in more detail. Sharing
has also been examined by such well-known
social scientists as Paul Lazarsfeld and
Robert Merton. The technical term for shar-
ing is homophily. Homophily can best be
understood as overlap. As McCroskey and
Wheeless state, ‘“To the extent that the at-
titudes, beliefs, experiences, education,
background, culture, and so forth, of the
source {sender] and the receiver overlap,
they are more likely to attempt communica-
tion with each other, and equally as impor-
tant, they are more likely to be effective in
their communication attempts.’’ ' This con-
cept—whether we call it sharing interaction
or homophily—is important to remember,
because it focuses on how we react to all
communication.

MASS COMMUNICATION

Now that we have a basic understanding of
the processes of intrapersonal and interper-
sonal communication, we need to under-
stand the process of mass communication
and, specifically, where broadcasting and
telecommunication fit into the process
(Figure 1-2). Mass communication is dif-
ferent from intrapersonal and interpersonal
communication, but all three types play an
important part in our lives. For the people
fishing off Ocracoke Island, the weather re-
port from the radio stations on the mainland
is just as important as their instinctive ability
to find their crab-pot markers. And when
they bring their catch in, their ability to use
interpersonal communication to bargain
with the wholesalers directly affects their
livelihood.
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Defining Mass

First, as the word mass suggests, mass com-
munication can reach a large number of peo-
ple through a mass medium. The number of
people who could attend the lecture on
mathematics was determined by the size of
the classroom. However, if the lecture were
televised, it could be made available to many
thousands, perhaps millions, of people.

The Medium

To make the lecture available to all those
people, it is necessary for us to alter our con-
cept of medium. No longer is the medium

Gatekeepers

—— .

Noise

Medium

I
[
I
———

FIGURE 1-2 Model of mass communication. Gatekeepers can be one
individual or an entire organization. The presence of a mass medium,
limited sensory channels, a gatekeeper, and delayed feedback are
characteristics which distinguish mass communication from intraper-
sonal and interpersonal communication.

just the human voice or the nervous system;
we add a mass medium such as television,
the radio, books, or newspapers, depending
upon the applicability of the medium to our
task. It may be somewhat difficult, although
certainly not impossible, to teach our mathe-
matics section by radio. We may even pro-
duce a series of articles for the newspaper. If
we want to teach music appreciation, radio
might be just as effective as television and
considerably cheaper. On the other hand, if
we want to teach surgical techniques, televi-
sion would be far superior (Figure 1-3). In
every case, in order to transcend the limita-
tions of interpersonal communication, we
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FIGURE 1-3

would need a mass medium to reach our au-
dience. For our purposes, therefore, we will
define mass communication as rmessages
directed toward a group of people through a
mass medium.

Limited Sensory
Channels

A mass medium also limits the number of
sensory channels operating between the
sender and receiver of communication. In
interpersonal communication, all of our
senses participate in the process of com-
munication—our sight, hearing, smell, even
touch. In mass communication these senses
are limited. With radio, for example, we
may be able only to hear someone deliver a
speech. With television we could hear and
see the person but not shake hands.

In many situations, television is an effective teaching tool,
sometimes superior to other methods of instruction. The ability of the
television camera to look directly at the surgical techniques employed in
this operation makes it possible for medical students to view the pro-
cedure much more closely than would be possible if they were in an
observation area. (Division of Audio/Visual Services, Johns Hopkins
Medical Institutions)

The Gatekeeper

Besides the presence of a mass medium,
another factor traditionally differentiating
mass communication from intrapersonal
and interpersonal communication is the
presence of a gatekeeper. With the addition
of these two concepts, our basic model of
communication now represents the process
of mass communication.

The term gatekeeper was first applied to
the study of communication by Austrian
psychologist Kurt Lewin, who defined it as
‘‘a person or groups of persons governing
the travels of news items in the communica-
tion channel.”’ ' Today, the term applies not
only to groups of persons but to entire in-
stitutions. Within these institutions are both
people and technology, all interacting to
““govern the travels’’ of information be-
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tween senders and receivers. That informa-
tion is much more than news, as Lewin sug-
gested. It may be strictly informative, such
as an evening television news program com-
piled and produced by hundreds of reporters
(Figure 1-4), camera-operators, editors, en-
gineers, specialists in audio and video
recording, researchers, writers, and many
others. Or the message may be entertaining
and involve producers, directors, costumers,
scene designers, musicians, and countless
more. The gatekeeper now becomes not only
a person or group of persons but people and
technology through which the message must
pass and be acted upon, and sometimes
altered, before it reaches the consuming
public.
FIGURE 1-4 Gatekeeper institutions con-
sist of all of those individuals who “govern
the travels” of information between senders
and receivers of communication. Reporters
as well as camera persons are gatekeepers
in television news departments and aid in
bringing information to the public. That same
news department could include such people
as researchers, writers, directors, pro-
ducers, and engineers. (Reprinted by per-
mission of the Magnetic Audio/Video Prod-
ucts Division, 3M Company, St. Paul,
Minnesota)

Functions of the Gatekeeper

The function of the gatekeeper is to alter,
limit, and expand what we receive from the
mass media. Assume one morning that a
television assignment editor dispatches a
news crew to cover a music festival. When
they arrive, the crew finds the festival spread
out over a city block. In addition to violin-
ists, pianists, and guitar players, there are
groups of musicians playing everything from
bagpipes to kazoos.

Upon seeing the television crew arrive, all
of the musicians begin to play, each trying to
gain attention. The reporter in charge of the
story decides to focus on the bagpipe
players. She bases this decision on a number
of things. For one, the colorful costumes of
the musicians will look good on color televi-
sion. The bagpipes are also something the
average viewer does not have the opportu-
nity to see very often. In addition, the leader
of the group is from Scotland and has a dis-
tinct Scottish accent. His voice alone will
help hold the viewers’ attention. That night
our bagpipe players appear on the evening
news.

Now let’s examine how gatekeepers—in
this case, the news crew—affected the infor-
mation we received. First, they expanded
our informational environment by offering
us information we otherwise would not have
received. The music festival may have been
in an outlying community, and we either
may not have had the time or may not have
wanted to go to the trouble of driving all that
way to attend it in person. On the other
hand, the crew also /imited the information
we received. For instance, many more per-
formers were at the music festival than just
those who played bagpipes. However, be-
cause the news crew chose to focus upon that
one group, we were not exposed to any of
the other performers. Had we been present
at the music festival, we probably would



have seen everyone perform. But because we
watched a report of it on the evening news,
we were greatly restricted in the amount of
information we received.

In summary, gatekeepers serve three
functions: (1) they can alter the information
to which we are exposed; (2) they can expand
our information by making us privy to facts
of which we would not normally have been
aware; and (3) they can limit the information
we receive by making us aware of only a
small amount of information compared with
the total amount we would have been ex-
posed to if we had been present at an event.

Delayed Feedback

Another distinction between mass com-
munication and other types of communica-
tion is delayed feedback. Remember when
you were sitting in the classroom listening to
the mathematics lecture? There, as we
noted, you could give instant feedback to the
instructor. You could raise your hand, ask a
question, and probably have your question
immediately answered. However, when you
were watching the mathematics lecture on
television this immediacy vanished. If you
did not understand something and wanted to
ask a question, you could only telephone the
station, if the program were live, or write a
letter to the professor. Either of these alter-
natives is feedback, but this time it is delayed
feedback.

New Technology:
Altering Delayed Feedback

New developments in broadcast technology
have in some cases altered the delayed feed-
back of mass communication. New two-way
media do permit instant feedback under
some circumstances. For instance, the in-
structor teaching the mathematics course via
television may have two different television
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monitors in front of the lectern, which per-
mit her to view students in two different
classrooms hundreds of miles away. In turn,
all of the students can see and hear the in-
structor on the television monitors located in
each classroom. A two-way voice connec-
tion permits the instructor to hear any ques-
tions the students may ask and to answer
them immediately. Although messages are
being directed toward a large number of
people through a mass medium, instant
feedback is possible.

Altering the Definition
of Mass

At first glance, it may seem as if the ap-
propriate wording of our definition should
be messages directed toward a mass au-
dience, or large number of people, through a
mass medium. Although this traditional
definition has merit and in some ways is cor-
rect, it has been altered by new applications
of mass media, such as the use of radio and
television for internal corporate communi-
cation. We now find television connecting
the boards of directors of two corporations
located on different sides of the continent,
or even oceans away, for executive con-
ferences. Meetings whose participants are
scattered hundreds of miles apart take place
regularly in this way. Television is also used
to disseminate messages to rather small au-
diences that cannot communicate face to
face. A state-police commander may give a
training lecture in front of a television
camera. The videotape of the lecture is then
played back at regional command centers
throughout the state at which groups of ten
or twelve troopers view the lecture. In each
case the audience is relatively small, far from
what we would normally consider a mass au-
dience.

If we consider computers in our defini-
tion of mass, we must again alter the way we
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traditionally perceive the mass audience. For
example, we might publish a magazine elec-
tronically by placing its contents in a data
bank accessed via computer (Figure 1-5).
Let us assume that our magazine is a highly
specialized mass medium that reaches a
small audience, such as ranchers living in
Montana. In addition to obtaining this
visual display, our audience has access to an
index listing each article in the magazine. A
rancher may need only to read an article
dealing with beef pricing and disregard the
other information contained in the pub-
lication. Thus, although the magazine is a
mass medium, it is published only in an elec-
tronic edition and reaches only a highly spe-
cialized audience. Compared with a national
television audience the readership of the
electronic edition of our magazine is very
small—so small we might fail to recognize
that it, too, is a mass audience, though not a
large one.

The use of new technology such as in-
teractive media is continuing to alter the
traditional definition of mass communica-
tion. The important thing to remember is
that it is not necessarily how many people

are exposed to a message, but how many
people have access to the message and how it
is delivered, that helps distinguish mass
communication from intrapersonal and in-
terpersonal communication.

Communicative Noise

Noise can exist in mass communication just
as it can in intrapersonal and interpersonal
communication. Noise can appear in the
processing of information through the gate-
keeper. Keep in mind that the network of
gatekeepers can consist of many different
persons or groups of people, all of whom are
part of the processing of information. When
information is passed from one gatekeeper
to another it can become distorted.

One example of noise in the communica-
tive process occurred when a group of re-
porters covered an incident along an inter-
state highway in the Midwest. A truck carry-
ing two canisters of phosgene gas stopped at
a truck stop. The driver of the truck smelled
a peculiar odor and decided that one of the
canisters was leaking. He became sick and
was taken to a local hospital. When state
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FIGURE 1-5 The traditional definition
of mass communication is being altered
by such interactive video systems as
two-way cable and videotex, both dis-
cussed in Chapters 8 and 9, respec-
tively. Using videotex to access an elec-
tronic data bank, the subscriber can
obtain electronic editions of maga-
zines, newspapers, and other informa-
tion materials once restricted to the
print media. These new media, because
of the active participation of the in-
dividual, are considered more person-
alized than traditional mass media.




police learned from the invoice what the
truck was carrying, they notified authorities
at a local army depot. The state police then
blocked off an exit on the interstate highway
almost twenty miles away. It was the logical
place to divert traffic since it was next to a
main feeder highway, which made an ex-
cellent detour in case the highway imme-
diately adjacent to the truck stop had to be
blocked off.

When all of this information was pro-
cessed into the news media, all under the
pressure of deadlines and semicrisis condi-
tions, it was distorted considerably. First,
news reports left the impression that the
truck was loaded with phosgene gas, and not
merely two canisters of it. Obviously, a leak
in a tank of gas the size of a gasoline tanker
would be much more serious than a leak ina
single canister about five feet high and less
than two feet in diameter, strapped to the
back of a flatbed truck. Second, because
phosgene gas had been used in World War
I, the wire services began to refer to the
canisters as containing ‘‘war gas.”’ Added to
this was the news of the roadblock twenty
miles away, which left the impression that
everyone in a twenty-mile radius of the truck
stop was in danger of inhaling war gas.

The network of gatekeepers that covered
the story included a group of reporters from
three radio stations, at least two newspa-
pers, two wire services, and two television
stations, and the local and military authori-
ties, who also were dispensing information.
The ‘“‘institution’’ of gatekeepers was sub-
stantial, and much information was pro-
cessed and eventually distorted.

Reducing Communicative Noise

Just as new technology has altered the con-
cept of delayed feedback, it has altered
noise, primarily by reducing it. In 1950 it
would have been almost impossible to carry
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live pictures and sound from one continent
to another. Back then, the speech of a Euro-
pean leader would have been reported first
by a correspondent and then fed to a wire-
service editor in the United States. The wire-
service editor would have then rewritten the
correspondent’s report before sending it
over the teletype to subscribers. This entire
process was subject to much distortion and
noise, because of the number of gatekeepers
involved.

Today, although that process still takes
place, it is now possible for a videotape of a
speech to be sent by satellite into the homes
of viewers thousands of miles away. On the
evening news the viewer watches the picture
and listens to the voice of the political leader
in place of the correspondent’s interpreta-
tions; this reduces the possibility of noise.
Even the newspaper reporter can carry a
small recorder, almost as inconspicuous as a
note pad, and reduce the chance of misquot-
ing a source. Still, few systems of processing
information are perfect. Remember that
although broadcast technology can reduce
noise, the human factor is always present to
return some noise to the system.

THE SOCIAL CONTEXT
OF MASS COMMUNICATION

Our discussion thus far has concerned
messages being sent, processed, and re-
ceived. Although we have seen how gate-
keepers act upon those messages, we should
also realize that social forces act upon
senders, gatekeepers, and receivers, influ-
encing how they react to and process
messages.

Consider the analogy of the computer.
Data is fed (sent) into the computer, where it
is processed and then presented, usually in
the form of a printout. You might feed the
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computer a series of numbers, of which the
computer will add and print out the answer.
If you fed the same set of numbers into the
computer each time, the computer’s answer
would be the same each time. Such is not the
case with messages sent, processed, and re-
ceived by means of mass communication.
People are not computers, and we do not live
in a vacuum. Messages causing one reaction
at one time may cause an entirely different
reaction another time. A politician’s speech
that attracted one gatekeeper’s attention
might not attract another’s. Let’s examine
this in more detail.

Social Context of Senders

Assume that you have decided to run for a
political office and it is time to begin the
long, arduous trail to election day. In writ-
ing the speech that will kick off your cam-
paign, you want to convey to the crowd
those qualities you feel will truthfully ex-
press your character, your position on the
issues, your background, and your inten-
tions. As you approach the podium in a
small rural community you think about the
times you have seen scenes like this before.
The serenity of your childhood, the familiar
faces of people you do not know but really
do know, the soft, mellow breeze—every-
thing is there, including two gatekeepers, a
reporter from each of the two local radio sta-
tions.

You begin your speech. You talk about
things and individuals that have influenced
your life. You talk about farm prices, having
grown up on a farm, and you know what
you are talking about. You relate your ex-
periences of meeting expenses during the
harvest season and borrowing money to buy
tractors. You also talk about the plight of
those in small business, for after the farm
failed your family opened a clothing store.
All of these social forces had a direct effect

on your campaign speech. Now how did
your speech affect the two gatekeepers?

Social Context
of the Gatekeeper

When you listen to the newscasts of the two
radio stations later that afternoon, you are
surprised to find that each reporter covered
a different part of your speech. One re-
ported your comments on farm prices and
only briefly mentioned statements about
small businesses. The other station detailed
your statements about small businesses but
skimmed your comments about farm prices.
Although you considered both reports ob-
jective, you wondered why they focused
upon different subjects. You discover later
that the reporter who reported your com-
ments on farm prices not only grew up on a
farm but also owned one. The other reporter
grew up in the suburbs, his father had a
small business, and he had no love whatso-
ever for farming. Each reporter had inter-
preted your speech in accordance with his
own background. Unlike a computer pro-
grammed to select and process certain infor-
mation, the two reporters were as different
as the forces influencing them,

In research these phenomena have been
called selective perception and selective
retention. Selective perception means we
perceive only certain things, such as those
that are most familiar to us or that agree
with our preconceived ideas. The reporters’
backgrounds and resulting selective percep-
tion created two different interpretations of
the speech. Selective retention means we
tend to remember things that are familiar to
us or that we perceive as corresponding to
our preconceived ideas. Research implies
that what reporters selectively perceive and
retain can become even more prominent
when they cover controversial issues.!?

Another influence on the story might be



the reporters’ peers. The reporters may be-
long to a professional association and ad-
here to a code of ethics. This code could in
turn directly affect the stories processed by
these gatekeepers and consequently received
by the public. What if the music festival we
discussed earlier had charged a ten-dollar
admission fee? And what if the assignment
editor, as part of his professional ethics, had
prohibited any of the staff from accepting
free tickets to any event while assigned to
cover that event? Admission to the festival
for the news crew would have come to thirty
dollars. But what if the manager of the sta-
tion had refused to pay the thirty-dollar ad-
mission fee for ‘‘something as unimportant
as a music festival.”” The editor might have
decided finally not to assign a news crew to
the festival. Do you agree with that deci-
sion?

Social Context of Receivers:
Opinion Leaders

Just as gatekeepers do not operate in a
vacuum, neither do receivers of mass com-
munication. Our family, co-workers, peer
groups, and organizations all affect how we
receive and how we react to messages from
the mass media. In this social realm, in-
terpersonal communication is also very im-
portant. For instance, upon hearing the
report of your campaign speech over one of
the radio stations, one local listener thinks
your speech has some strong merits. Yet her
friend has an entirely different opinion.
Since the listener respects her friend’s opin-
ion, she in turn changes her opinion of your
speech. In this case, the friend acted as an
opinion leader, a person upon whom we rely
to interpret messages originally dissemi-
nated through the mass media."

Consider another example. Suppose you
are watching television and see a commercial
about a new headache remedy. The remedy
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claims to be better than aspirin, to cause
fewer side effects, and to work much faster.
You have been having trouble with head-
aches, but instead of running out to buy the
new remedy you call your friend, a nurse
whose opinion you respect. The nurse rec-
ommends the new remedy, and the follow-
ing day you purchase it and take two pills. It
works. Notice, however, that it was not the
commercial that convinced you to purchase
the medicine. Although the commercial
helped, your friend ultimately convinced
you. She served as an opinion leader. Had
she not recommended the remedy, chances
are you might not have bought it then.

Interrelationships of Senders,
Gatekeepers, and Receivers

In reviewing our examples of what occurs
when information is processed through the
mass media, you should begin to see many
relationships among senders, gatekeepers,
and receivers. For example, it was homo-
phily—the perceived sharing or overlap of
experiences between you and the two radio
reporters—that caused each reporter to
report a different part of your campaign
speech to listeners. Similarly, the radio
listeners interpreted your speech in certain
ways, also because of this sharing or per-
ceived sharing of experiences, attitudes, and
other things. In fact, listeners may even have
selected one radio station over the other
because of similarities they perceived be-
tween themselves and the reporter.
Selecting one radio station over another is
an example of selective exposure, whereby
we expose ourselves to information that we
perceive to support our beliefs or ideas. By
studying the functional uses of mass media
we can examine how we selectively expose
ourselves to certain media because those
media fulfill a particular need. For example,
people waiting out a storm to fish near Ocra-
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coke Island will exhibit selective exposure.
They will turn to the radio stations that pro-
vide the most accurate weather information,
selectively exposing themselves to that sta-
tion over others. Or they may own a special
weather radio locked on a frequency that
broadcasts weather reports twenty-four
hours a day.

BROADCASTING AS
MASS COMMUNICATION

In its most basic sense, broadcast can mean
“‘scattered over a wide area’’ or ‘‘in a scat-
tered manner; far and wide.”’ The dictionary

also includes such definitions as ‘‘to make
known over a wide area: broadcast ru-
mors.’’ Certainly a disgruntled loser of an
election would agree with that definition. Or
consider the definition “‘to participate in a
radio or television program.” The guest
home economist on an afternoon radio pro-
gram for consumers would agree with that
definition. The farmer in the 1800s, who had
never heard of radio or television, would
have agreed with the dictionary’s definition
that broadcast means ‘‘to sow (seed) over a
wide area, especially by hand.” So would
the people scattering crab pots in the open
water off Ocracoke Island.

FIGURE 1-6 Television has the ability to reach mass audiences with
high-quality programming. For example, public broadcasting has
achieved recognition for cultivating an interest in the arts and making it
available to the public through programs such as the “Dance in America”
series produced by WNET/13 in New York. The dancers are from a scene
in “Adorations.” (WNET/13)




Consulting a thesaurus, we find that
words similar in meaning to broadcast in-
clude disperse, generalize, let fall, cultivate,
communicate, publish, telecommunication,
oration, and waste.'* We would not have to
travel far to encounter people who would
agree with all of those meanings. The adver-
tising executive would disperse knowledge
about a client’s product through broadcast-
ing commercials. The supporter of noncom-
mercial public broadcasting would argue
that quality programming cultivates an in-
terest in culture and the arts (Figure 1-6).
The broadcast journalist subpoenaed before
a grand jury and asked to divulge the source
of her latest investigative report would argue
that under the First Amendment to the U.S.
Constitution broadcast means the same as
publish, and that her rights to protect the
confidentiality of her news sources are the
same as those of newspaper reporters. To
the corporate executive, broadcast might be
associated more closely with relecom-
munication. For example, the image of two
executives sitting in a corporate boardroom
can be reproduced on television monitors
one continent away. There, other corporate
executives talk back to the boardroom ex-
ecutives via a two-way television system. For
the person highly critical of television pro-
gramming the term wasre might be more ap-
propriate. The term vast wasteland, coined
by former chairman of the Federal Commu-
nications Commission Newton Minow, has
become a favorite of critics of commercial
television.’* For our part, we will define
broadcast as signals sent via radio or televi-
sion.

By now you should have begun to see how
broadcasting enters into the process of mass
communication. Notice that between the
senders and receivers of broadcast commu-
nication are the broadcasting stations.
These, along with supporting and allied or-
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ganizations, directly affect the messages sent
through this medium of mass communica-
tion. Broadcasting stations consist of stan-
dard-broadcast radio and television stations
as well as cable television—commonly called
community antenna television (CATV)—
and closed-circuit television (CCTV).

SUPPORT STRUCTURES
OF ELECTRONIC MEDIA

The role of broadcasting and other elec-
tronic media as forms of mass communica-
tion are affected by numerous support struc-
tures (Figure 1-7). These range from the
committees of Congress who hammer out
legislation affecting the industry to small-
town municipalities debating a cable-
television ordinance, from creative minds at
a metropolitan production center to the
local merchant preparing a drugstore com-
mercial. We will divide these support struc-
tures into program suppliers, supporting in-
dustries, professional organizations, control
mechanisms, technical services, audience-
measurement services, and management ser-
vices.'®

Program Suppliers

Program suppliers provide stations, cable
operators and others with programming
ranging from Hollywood game shows to
spectaculars. Many of these suppliers are al-
ready familiar to us. They include such ma-
jor television networks as CBC in Canada;
BBC in Great Britain; NHK in Japan; and
ABC, CBS, NBC, and PBS in the United
States. Television production houses, such
as MTM Enterprises, are other program
sources. Their programs are either sold
directly to the networks or distributed
through major distribution companies, such
as Viacom. Not all program sources deal
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FIGURE 1-7 The institutions of electronic media include many support
systems. The program we view on television can be affected by the pro-
gram source, regulatory and social controls, technical services, feedback
from the audience, management, advertising, and employee services
such as professional societies and labor unions. (Adapted from Wilbur
Schramm and Janet Alexander, “Broadcasting,” in Handbook of Com-
munication, ed. Ithiel de Sola Pool and others, p. 586, © 1973 Rand

McNally College Publishing Company, reprinted with permission)

with entertainment. News program sources
have become increasingly important as com-
munication links with satellites continue to
shrink the world and whet our interest in in-
ternational events. Two widely used radio
news program sources are United Press In-
ternational Audio and Associated Press
Radio.

Supporting Industries

These consist of advertising agencies, which
place commercials on stations, and station
representatives, who act as national sales-

persons for a station, group of stations, or
cable systems and other forms of electronic
media.

Professional Organizations

Within any industry or profession are ser-
vices that link employees together for a vari-
ety of reasons, from professional to purely
social. For example, broadcasting’s version
of such a service is the National Association
of Broadcasters (NAB). More narrowly de-
fined professional organizations include the
Radio Television News Directors Associa-



tion (RTNDA) and American Women in Ra-
dio and Television (AWRT). There are over
one hundred other broadcast-employee ser-
vices in the United States alone. Labor
unions constitute a large share of the
broadcast-employee membership, especially
in metropolitan stations and the networks.
Major unions having a foothold in broad-
casting include the International Brother-
hood of Electrical Workers (IBEW) and
the Communication Workers of America
(CWA).

Control Mechanisms

Control of electronic media ranges from
governmental to social. At the national
level, governmental control is represented by
the Federal Communications Commission
(FCC) and the National Telecommunica-
tions and Information Administration
(NTIA). In the former, control takes the
form of specific laws and regulations. In the
latter, it is oriented more toward policy
issues. State and local governments may also
control broadcasting, cable in particular.
In the social-control arena public-interest
groups, such as Action for Children’s Tele-
vision (ACT), lobby both legislators and the
stations themselves. Hearings on television
violence held by another group, the National
Congress of Parents and Teachers (PTA),
culminated in a report to the industry and
pressure to reduce violence on television.
Advertisers and stockholders also exer-
cise control over broadcasting. In fact, a
small-market radio station may fear the loss
of its biggest advertiser just as much as a
visit from an FCC inspector. Why? Because
advertisers, especially in smaller com-
munities, can often ‘‘influence’’ the content
of broadcast programming. If the local car
dealer spends a huge sum of advertising
money on a station, his drunk-driving
charge may conveniently be absent from the
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morning news, all on the strong suggestion
of the station manager. Or sponsors may
refuse to air their ads during violence-filled
programs.

Technical Services

The hardware components of electronic
media have spawned a giant industry con-
sisting of everything from the production of
television and radio receivers to engineering
consulting. General Electric, Zenith, SONY,
Panasonic, RCA, Motorola, and others all
vie for this lucrative broadcasting market. In
addition, companies and governments ac-
tively produce and service satellite and
microwave systems that span the globe. The
industry also fosters its own technical ser-
vice—the consulting engineer. When an an-
tenna on a two-thousand-foot tower needs
fixing, it is hardly the job for the local TV
repair shop.

Audience-Measurement
Services

An audience is the lifeblood of any mass
medium. Measuring this audience uses the
talent of a host of survey companies. Other
such companies specialize in customized
surveys, such as measuring the effective-
ness of a station promotion, undertaking a
station-image survey, or initiating a person-
ality-recognition survey among the viewers.

Management Services

With the increasing complexity of electronic
media, few broadcast managers have the
skills necessary for handling all functions.
They must therefore rely on management
consultants. Among the most important of
these are attorneys hired to help them pro-
cess the mountain of governmental forms
they now must file, and to give advice on
complicated legal matters. Most of the ma-
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jor communication law firms are in Wash-
ington, D.C., close to the heart of govern-
ment.

Promotion services and brokers are two
other management services that are impor-
tant to the industry. Media are becoming
highly specialized where more competition
evolves every day. Sophisticated advertising
and promotion campaigns are necessary if a
station is to thrive in the marketplace. Pro-
fessional promotion consultants are avail-
able who handle such things as station public
relations or special advertising campaigns.
Brokers are the real-estate professionals of
the industry. If we want to buy or sell a sta-
tion or media property, we will probably use
a broadcast broker.

Although we have discussed each of these
allied organizations and services separately,
keep in mind that they are interrelated. The
production company is just as concerned
about the FCC’s stand on obscenity as the
broadcaster is. The attorney’s advice is just
as valuable to the advertising agency pro-
ducing a broadcast commercial as it is to the
station manager. The organizations and in-
terrelationships constitute the interactive
process of broadcasting in our society.

DEFINING TELECOMMUNICATION

Now that we have examined definitions and
processes of communication, and examined
how mass communication and broadcasting
fit into these definitions, we want to under-
stand the other term that appears in the title
of this book—relecommunication. Telecom-
munication is not a new term, but its use is
somewhat more recent among teachers and
researchers of broadcasting. Although we
did not define it at the time, we have already
discussed telecommunication. The micro-
wave relay tower on Ocracoke Island sends
and receives information that includes tele-
phone conversations and computer data.
Both telephone and computer (Figure 1-8)
have traditionally played an important role
in defining telecommunication. If we return
to the dictionary and examine the definition
of telecommunication, we find such words
and phrases as ‘‘electronic communica-
tion,”’ ‘‘transmission of impulses,”’ *‘tele-
graphy,”” “‘telephone,’” ‘‘cable,” *‘radio,”
‘“‘computer,”” ‘‘television,’’ and ‘‘messages
communicated electronically.”” We know
from examining the Greek term rele that it
means ‘‘at a distance’’ or ‘‘far off.”’ Thus,

FIGURE 1-8 Personal computers are
playing on increasingly important role
in telecommunication. With the ability
to remotely access data banks any-
where in the world, electronic publish-
ing opportunities, and software sold
much like books and magazines, the
computer is taking on many of the char-
acteristics of more traditional mass
media. See also Chapter 5. (TRS 80
Pocket Computer. Used with permis-
sion of Radio Shack and Tandy Corpora-
tion. TRS 80 is a trademark of Tandy
Corporation)



we can see in the juncture of tele and com-
munication a meaning that includes ‘‘distant
communication.’”’ At the same time, tele-
phone is also derived from rele, and in its
common usage telecommunication incor-
porates as much a sense of communication
by telephone as it does the meaning of long-
distance communication. Until the recent
development of two-way cable-television
systems, which we will discuss later, com-
puter data and video communication trav-
eled primarily through telephone lines or
through microwave-relay systems that in
many cases were owned by the telephone
company.

The emergence of two-way interactive
media, such as cable television systems that
permit viewers to talk back electronically to
their television sets and select information
from central data banks, has enabled us to
see how the differences between technolo-
gies are being diminished. Telecommunica-
tion has become a broad term that centers
more and more in electronic communica-
tion, of which the computer, radio, televi-
sion, cable, telegraph, and telephone are all
a part. It encompasses broadcasting in its
more traditional sense of a radio or televi-
sion station sending signals to the masses as
well as the electronic magazine in Montana
accessed via a home computer. It encom-
passes the radio stations that broadcast
weather reports to the fishing vessels off
Ocracoke Island and the radar signals ema-
nating from the antenna on top of the ferry
leaving Cedar Island. Electronic signals may
travel through the air and be broadcast to a
wide region. The radio station on the main-
land broadcasting weather reports uses radio
waves, which we will later learn are part of
the lower end of an electronic yardstick we
call the electromagnetic spectrum. These
waves are not relayed via telephone lines or
other facilities but travel directly to the
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listeners tuned to the station. Such stations
are truly broadcasting in the traditional
sense.

At the same time, however, a local radio
station airing a newscast that originates in
New York must first receive it via telephone
lines through a satellite system. In addition,
a local cable system may pick up the signal
from the radio station and feed it to its sub-
scribers on one of the cable channels. We
can see from this that the term broadcasting
is simply not broad enough to be accurately
applied to all of the technologies that are
now part of our world of electronic commu-
nication. Thus, we have adopted the broader
term telecommunication. We will define
telecommunication as electronic communi-
cation involving both wired and unwired,
one-way and two-way communications sys-
tems. We can see that this definition includes
broadcasting.

CONTEMPORARY APPLICATIONS
OF TELECOMMUNICATION:
WHERE THIS BOOK WILL
TAKE US

The present chapter has helped us define key
terms and understand some examples of
them, but we have only scratched the surface
of telecommunication. In the chapters that
follow we will learn more about broadcast-
ing and other fields in this important realm
of technology.

The History and Development
of Telecommunication

Although this is not a history book,
Chapters 2-5 will examine some of the his-
torical foundations of telecommunication.
We will begin by examining the first tech-
nologies that could be called the ancestors of
modern telecommunication, the telegraph



26 The Process of Communication

and telephone. From the wires that stretched
across Europe and the pony-express routes
of the Great Plains to the first sound that
emanated from Alexander Graham Bell’s
telephone, telegraph and telephone are part
of our technological heritage. Today these
two technologies stretch beyond the confines
of any geographic region to satellites (Figure

1-9) traveling thousands of miles in space
beaming telephone and telegraph signals
across continents.

We will also see how the computer
gradually integrated itself into these
technologies and brought about a new fron-
tier of communication. We will be intro-
duced to terms such as microprocessor,

FIGURE 1-9 Satellite communication permits instantaneous transmis-
sion and reception of audio, video, and data signals anyplace in the world
where ground stations are located. International and domestic satellite
systems, aided by the space shuttle and proposed space docking and
space stations, are continuing to revolutionize worldwide telecom-
munication in the 1980s. (See also Chapter 7) Shown is one of the IN-
TELSAT satellites which is part of an international multi-nation satellite
network. (Courtesy Aeronutronic Ford and Ford Aerospace & Com-

munications Corporation)
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random-access memory, and interactive
video, all of which we will learn more about
in later chapters.

Broadcast and Information
Technologies

In Chapters 6-10 we will look more closely
at some of the technologies of broadcasting
and telecommunication. As we learn about
how radio waves bring us the morning
weather and our favorite programs we will
examine the electronic yardstick, or elec-
tromagnetic spectrum, that we referred to
earlier. We will also learn about micro-
waves, which appear higher on our elec-
tronic yardstick and help carry telephone
and data communication from microwave
towers such as the one on Ocracoke Island.
Microwaves can travel thousands of miles
into space, bouncing back to earth thou-
sands of miles from the point of origin and
bringing us everything from our evening
television programs to our long-distance
telephone calls.

We will look at satellite communication,
which has helped advance the technology
and applications of telecommunication.
From the navigation antenna on board a
marine-research vessel to the rooftop anten-
na of a remote Alaskan village, satellites
have challenged the boundaries of our minds
and the boundaries of cultures.

We will discuss cable communication,
which began as experimental antennas on
mountaintops in the late 1940s and today is a
billion-dollar industry that ‘‘wires”’ cities
and greatly expands the number of television
channels and other services we can receive.
Two-way cable systems are capable of pro-
viding interactive video, whereby a small
home terminal can activate services such as
home banking, shopping, theater purchases,
and airline reservations.
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Of all the applications of new technology
that are available to the public, teletext and
videotex have perhaps received the most at-
tention. Teletext is primarily a one-way
system that operates much like a television
signal but consists of textual information
that may also be electronically illustrated.
Videotex is a wired, two-way interactive tex-
tual system carrying information and elec-
tronic illustrations. Qur example of the elec-
tronic magazine for the Montana rancher is
an application of videotex. With a home ter-
minal an individual can access a computer
data bank. A ‘‘menu’’ of the information in
this bank can be called up on a television
screen, and the subscriber can then select
from it.

Other communication technologies are
also being developed. New cellular mobile
radio systems permit many more mobile
telephones to operate than ever before.
Since mobile telephones, the kind we could
use in our car, employ radio waves to
transmit and receive messages, the number
of these phones in each city, for example,
used to be limited to prevent interference.
But by dividing each city up into cells and us-
ing different frequencies for different cells,
we have made it possible for more tele-
phones to be licensed to the same geographic
area.

The same satellites that carry data and
other information into space carry the pic-
tures and voices of businesspeople conduct-
ing meetings via a process known as telecon-
ferencing. Using video and voice hookups
between distant locations, a group of ex-
ecutives in, for example, Columbus, Ohio,
can talk and see another group of executives
in San Francisco, all via television monitors.
The expense of a two-way audio-video link is
much less than the travel costs and lost time
of business executives who need to cross the
country for a meeting. Teleconferencing is
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another of the technologies whose principles
and applications we will investigate.

Systems and Programming

In Chapters 11-15 we will look at some of
the telecommunication systems that are part
of broadcasting and other technologies. The
major networks and the public broadcasting
services—for years, important parts of the
distribution system for radio and televi-
sion—are now being joined by distribution
via syndication. Through syndication, pro-
grams are sold directly to stations. We’ll ex-
amine both networks and syndication in
Part 3. We will also look more closely at how
telecommunication affects our educational
system. What started in the late 1930s as a
crude closed-circuit educational television
program that ushered in the era of educa-
tional television (ETV) has expanded today
into educational telecommunication where-
by students may sit at their own personal-
computer terminal and learn such subjects
as statistics and accounting. At the same
time, a group of managers in a nearby
assembly plant may spend part of their lunch
hour enrolled in a telecourse, a course taught
by television. We will discuss the develop-
ment of educational telecommunication and
contemporary applications of telecommuni-
cation in business and industry, as well as
broadcast programming. Much of Chapters
11-14 focus on telecommunication in North
America. In Chapter 15 we will examine in-
ternational broadcasting systems and how
they differ from broadcasting systems in the
United States and Canada.

Regulatory Control

As we have seen, control is one of the com-
ponents of broadcasting’s support structure.
In Chapters 16-19 we will expand our
knowledge of the controls that affect broad-

casting and telecommunication. We will
begin by examining the historical basis for
the system of laws and regulations that af-
fect telecommunication. We will then ana-
lyze the most prominent regulatory agency
affecting telecommunication, the Federal
Communications Commission. Looking
more closely at the content of radio and
television programming and the operation
of broadcasting stations, we will study such
regulations as the Fairness Doctrine and Sec-
tion 315 of the Communications Act of
1934. We will also examine some of the steps
one follows when seeking permission from
the FCC to construct a new radio or televi-
sion station. We will observe the regulatory
structure affecting common carriers, such as
telephones and other interstate communica-
tion systems. The provisions of a typical
cable-television ordinance and how local
governments deal with such ordinances will
give us an insight into this emerging arena of
municipal law. The increasing technological
capacity to reproduce information has re-
sulted in new issues in copyright law, rang-
ing from cable-television systems to photo-
copying.

Economics and Evaluation

An inside look at any commercial radio or
television station will uncover an economic
base necessary to keep the station operating.
In Chapters 20-23 we will examine some of
the financial issues and procedures found in
a typical station and study the important
contribution of broadcast promotion to a
successful operation. We will also take an in-
side look at broadcast ratings. Ratings in
many markets are an indicator of station
success, and a station’s income is directly
related to how well it does in the ratings—
how many people are listening to or viewing
the station.



From the station advertising director try-
ing out a new promotional campaign to the
college professor completing a study on tele-
vision violence, research in telecommunica-
tion is necessary for intelligent decision
making by everyone from legislators to sta-
tion managers. In Chapter 22 we will
examine the different types of research in
telecommunication and some of the issues
surrounding them. Much of this research
focuses on the audience and users of tele-
communication. Our study of broadcasting
and telecommunication will conclude with
an examination of the audience of radio and
television programming and how it is af-
fected by and reacts to it.

SUMMARY

The basis of the process of communication is
intrapersonal communication—communi-
cation within ourselves. In intrapersonal
communication our senses become the
senders of communication, our brain pro-
cesses the messages sent by our senses, and
we react to feedback messages sent to our
muscles.

The basic components of the communica-
tion process—sender, messages, medium, re-
ceiver, feedback, and noise—apply both to
intrapersonal and interpersonal or face-to-
face communication. Interpersonal commu-
nication encompasses intrapersonal commu-
nication. In interpersonal communication
the sender of communication is one individ-
ual and the receiver another individual. The
medium of communication is the human
voice and messages are words. Feedback
occurs when the receiver reacts to the mes-
sage of the sender. Both physical and se-
mantic noise may interrupt interpersonal
communication as they do intrapersonal
communication.
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To understand better the process of com-
munication we frequently use a communica-
tion model, a diagram that serves as a stop-
action picture of the process. For effective
interpersonal communication to take place,
the sender and receiver must have certain
things in common as they communicate. A
high degree of homophily—the term for
these overlapping fields of experience—can
aid interaction.

Mass communication is somewhat dif-
ferent from intrapersonal and interpersonal
communication. The term mass denotes the
presence of a large number of people. Fre-
quently, but not always, mass communica-
tion reaches millions of people. Moreover,
mass communication involves the presence
of a mass medium. Radio, television, and
cable are examples of electronic mass media.
We define mass communication as messages
directed toward a group of people through a
mass medium. Not all of our senses par-
ticipate in the process of mass communica-
tion, as they do in interpersonal communica-
tion. We cannot touch the other person, we
cannot smell the other person, and he or she
cannot respond immediately to our sensory
feedback.

Mass communication entails the presence
of gatekeepers. A gatekeeper governs the
flow of information in a communication
system. Today gatekeepers can be individu-
als or institutions, a single reporter or a
television-network news operation. Because
they have access to more information than
we do about a given topic, gatekeepers both
expand our informational environment by
giving us more information and restrict that
environment.

In mass communication feedback is
delayed, whereas in interpersonal or in-
trapersonal communication it is immediate.
Writing a letter to a politician we see on
television is a form of delayed feedback.
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New technology is altering the way we pre-
sent feedback via the mass media. Two-way
interactive communication systems permit
instant communication. From home shop-
ping to public-opinion polling, today’s
emerging technologies allow us more oppor-
tunity for immediate feedback.

These same technologies are also chang-
ing the traditional definitions of the term
mass. For example, a computer bank may
store the contents of an electronic magazine
from which a small number of subscribers
may access a single article through their
home-computer terminals. These smaller,
highly specialized magazines reach a
smaller, more specialized audience.

As with intrapersonal and interpersonal
communication, noise can enter the process
of mass communication. Physical noise
ranging from interruptions in the living
room of a viewer to static on the television
screen can affect messages between sender
and receiver. The inexactness of language in-
creases the chances of semantic noise also
being present.

Broadcasting—messages sent via radio or
television—is a form of mass communica-
tion. Telecommunication—electronic com-
munication involving wired and unwired,
one-way and two-way communication sys-
tems—is a much broader concept that has
come into use in the broadcasting industry as
it begins to consider many new technologies.
These new technologies range from teletext
and videotex systems to home computers.

The support systems surrounding broad-
casting include such areas as program sup-
pliers, supporting industries, professional
organizations, control mechanisms, techni-
cal services, audience-measurement services,
and management services.

In the chapters to follow we will examine
(1) the history and development of broad-
casting and telecommunication; (2) broad-

cast and information technologies; (3)
systems and programming; (4) regulatory
control; (5) and economics and evaluation.
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THE TELEGRAPH
AND TELEPHONE

When we flick the switch of our radio or
turn the knob on our television, it is hard for
us to imagine the hundreds of years of
theory building and applied technology that
paved the way for the modern era of elec-
tronic communication. Our dream of cap-
turing electricity and applying it to the com-
municative process dates back centuries. As
we gradually learned about electricity and
began to apply its power, two inventions
drastically changed the nineteenth century:
the telegraph and the telephone. Both were
responsible for whetting the appetites of the
inventors who would bring mass communi-
cation in the form of radio and television in-
to our homes, creating an electronic link
with the other side of the world. This chapter
introduces us to the beginnings of electronic
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communication, first the theoretical under-
pinnings and then the introduction of the
telegraph and telephone.!

APPLYING THEORY TO PRACTICE

In 1791 Luigi Galvani, an Italian physician
and professor of anatomy at the University
of Bologna, published the results of his
research on the nervous system of frogs.?
Galvani sent an electrical current into the
nerve of a dead frog and watched as the
frog’s leg contracted. Galvani discovered he
could achieve a similar reaction by touching
the nerve with different metals, such as cop-
per and iron. Probably because of his back-
ground in anatomy, Galvani attributed the



movement of the leg to the presence of
‘‘animal electricity”’ in the frog.

Greatly skeptical of Galvani’s research,
Alessandro Volta told the Royal Society in
London in 1800 that Galvani’s ‘‘electricity’’
wasn’t to be credited to the frog but to the
different metals, and that he, Volta, had
proved the theory by constructing what was
to become known as the voltaic pile. Volta
first placed a zinc disk on top of a silver disk
and then placed a cardboard or leather disk
soaked in brine on top of the metals. On top
of this he placed metal and then cardboard
or leather disks in a series until he had
formed a small pile of disks. What Voltahad
invented was the first practical energy cell.
Now scientists had at their disposal a con-
tinuous source of electricity.

Hans Christian Oersted
and André Marie Ampére

Research into the uses of Volta’s battery
continued, but not until twenty years later
did a professor of physics in Copenhagen,
Hans Christian Oersted, discover that an
electrical current could cause a nearby com-
pass needle torotate. Qersted’s discovery ac-
complished two things: (1) it provided proof
of the relationship between electricity and
magnetism, and (2) it joined the scholarly
disciplines of electricity and magnetism. The
same year, French physicist André Marie
Ampere refined Oersted’s discovery by ap-
plying mathematical formulas to electro-
magnetism.

Michael Faraday
and Joseph Henry

Scientists had yet, however, to actually
observe phenomena that would verify
Oersted’s and Ampere’s theories. That task
was left to the English chemist and physicist
Michael Faraday (Figure 2-1) and the Amer-
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ican physicist Joseph Henry. Henry did not
manage to publish the results of his research
until after Faraday’s had achieved world
recognition,

The son of a blacksmith, Faraday left
school at thirteen and while working for a
bookbinder read an article on electricity in
one of the volumes he was stitching. He
landed a job as an apprentice at the Royal
Institution and eventually became one of the
most respected scientists of his day, later to
head the institution.

Faraday’s work climaxed late in 1831. In
his experiments in the late summer and fall
of that year Faraday was attempting to dis-
cover whether magnetism could produce
electricity. The discovery came on Novem-
ber 4, when he moved a copper wire near the
poles of a large horseshoe magnet and pro-
duced a measurable electric current. Fara-
day said the phenomenon was caused by
““lines of force,”’ as can be illustrated by
placing a magnet near small iron filings.
Faraday continued research on lines of force
for the next twenty years, and in a research
paper prepared in 1852 he alluded to lines of
force radiating into the atmosphere, thereby
generating electricity.

James Clerk Maxwell

The next step in the development of Fara-
day’s theory came shortly after his death in
1867. Industrial leaders were calling for an
updating and modernization of science in-
struction in English universities. In 1874 the
James Henry Cavendish Laboratory at
Cambridge was established. James Clerk
Maxwell (Figure 2-1), a respected Scottish
physicist and mathematician, who had been
appointed to an endowed chair of physics in
1871 became director of the laboratory.
Having the luxury of devoting all his time to
scientific research with no pressure for re-
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FIGURE 2-1 Michael Faraday (top left), whose
work with electromagnetism paved the way for
Jomes Clerk Maxwell's (top right} developing
theory of electromagnetic waves that Henrich
Hertz (left) proved actually existed. Later, Mar-
coni (shown in Figure 3-1 in Chapter 3) used
Hertz's discovery to develop wireless. (Photos
courtesy of the Science Museum, South Kens-
ington, London)



sults, Maxwell could work at his own speed,
building theory upon theory. As a trained
mathematician, he extended Faraday’s
theories into mathematical predictions. His
Dynamical Theory of the Electromagnetic
Field stated that electromagnetic action
travels through the atmosphere in waves,
and that the atmosphere has the capacity to
carry these waves at the speed of light.

By the late 1800s the scientific community
in Europe was experiencing support and
growth. Whereas England’s scientific move-
ment was supported by lobbying in Parlia-
ment and endowments to universities, in
Germany science was supported as a busi-
ness. What had once been an agricultural
region was now beginning to experience the
profits of industrial growth. Raw materials
and the technology to transform them into
industrial products signaled changes in the
economy and the labor force. Technology
and industrial growth necessitated the sup-
port of scientific inquiry, and statesmen
began to place their firm support behind
research and instruction in the sciences at the
universities. Moreover, government sub-
sidies and national research organizations
created an atmosphere that nurtured new
knowledge and fostered experimentation
with existing theories. German scientists
found themselves treated with more respect
than any other scientists in Europe, and the
universities geared themselves to train and
employ not only the brilliant but also the
many people of average intelligence who had
the necessary persistence and fortitude.

Heinrich Hertz

It was at the beginning of this era, in 1857,
that Heinrich Rudolph Hertz (Figure 2-1)
was born to a middle-class family in Ham-
burg, Germany. Taught an hour a day by
tutors and obtaining the rest of his learning
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in his spare time, young Hertz developed a
keen interest in science and outfitted himself
with his own home laboratory. Engineering
first whetted his appetite, but after a year of
study at the University of Munich he moved
to Berlin to study pure science under the
well-known German scientist Hermann
Ludwig Ferdinand von Helmholtz. It was
there, under the lure of the Berlin prize of
1879, that von Helmholtz encouraged his
twenty-two-year-old apprentice to further
inquiry into electromagnetic forces. Their
early experiments were not very fruitful, and
for a while Hertz occupied his time with
other experiments. However, he never
ceased to be fascinated by the potential of
proving the Faraday-Maxwell theory of the
electromagnetic energy through space.

One day while lecturing, Hertz noticed
that when a spark gap was introduced into a
wire coil it produced a current in an adjacent
wire coil. What Hertz had stumbled across
were very high-frequency electromagnetic
waves generated by the spark. From there
the investigations proceeded systematically,
and from 1886 through 1889 Hertz, using
both transmitting and receiving spark gaps
at high frequencies, was able to prove the
hypotheses of Faraday and the predictions
of Maxwell. Hertz had discovered elec-
tromagnetic waves—today we also call them
radio waves—which catapult radio, televi-
sion, and other communication around the
world and into outer space.

Hertz’s work carried him beyond radio
waves and into light waves. He learned
about both the penetrating qualities of elec-
tromagnetic waves and their reflective
qualities at ultrahigh frequencies—frequen-
cies approaching those of light. This elec-
tromagnetic theory of light gained as much
attention from future researchers as Hertz’s
discovery of electromagnetic waves. Both
von Helmholtz and Hertz died in 1894.
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THE EARLY TELEGRAPH

Until now we have dealt with scientists who
were concerned with inquiry for the sake of
new knowledge and who did not necessarily
apply that knowledge to some commercial
principle. Pure scientific inquiry has an
established place in history and continues to
enjoy great esteem. Without new knowl-
edge, the inventive minds of scientists may
never have created new technology capable
of grasping the attention of everyone from
world leaders to the common people. We
now examine how inventors applied new
scientific knowledge to the field of com-
munication.

Prior to the telegraph, many devices had
been developed for signaling over long
distances. The most familiar to us are the
smoke signals used by Indians to signal the
approach of warriors or the success of a
hunt. The cannon volley from an early troop
vessel sailing off Ocracoke would signal to
Blackbeard and his pirates that they were
about to encounter a fleet from the Crown
governor. Flags on a mast and semaphores
on the railroad were both early forms of
telegraphic communication, and some are
retained even today.

Early French Signaling

About 1790 Frenchman Claude Chappe
developed a series of semaphores (mechan-
ical flags) that relayed messages across land
in France. A similar network later crossed
southern England. Chappe based his system
on the work of Englishman Robert Hooke,
who more than one hundred years earlier
had considered the use of a signaling system
employing the newly invented telescope. The
Chappe system consisted of a series of
towers, each with a person standing on top
with a movable wooden beam whose dif-
ferent configurations represented the dif-

ferent letters of the alphabet. Each of the
people standing watch would read the
signals from one tower and repeat them to
the next tower. The system stretched more
than 140 miles outside Paris, but was slow,
cumbersome, and in bad weather subject to
serious limitations. About the same time,
the Spanish physicist Francisco Salva
theorized that single-wire telegraph lines
could be insulated and laid across the ocean,
enabling water to act as the ‘“‘return wire.”’

The Telegraph in Europe

The discovery of Volta’s battery led the Ger-
man scientist Samuel Thomas von Soem-
merring to apply a steady current to sending
and receiving units that were joined by a
complex array of thirty-five wires. He tested
his apparatus over relatively short distances
of a few hundred feet and reported his find-
ings on August 29, 1809, to the Munich
Academy of Sciences. He incorporated an
alarm whereby a spoon would fill with liquid
and fall on a bell arrangement; this would
alert the receiving operator that a signal was
about to come down the lines. Soemmer-
ring’s telegraph (Figure 2-2) was improved
by his friend and colleague, Paul von
Schilling-Cannstadt (also spelled Shilling).
Another early application of electricity to
telegraphic communication was made by Sir
Francis Ronalds in 1816. To generate elec-
tricity, Ronalds used a friction machine that
was much like an electric generator turned
by a hand crank. The sending and receiving
apparatus consisted of two round revolving
discs, each with a small opening near its
outer rim. Positioned behind the disc were
the letters of the alphabet and the numbers 0
through 10. Power from the friction ma-
chine would make the discs rotate in se-
quence, and the position of the receiving disc
would be the same as that of the sending
disc. By reading the different positions of



FIGURE 2-2 The telegraph of Paul von Schilling-Cannstadt developed
from a design by Soemmerring. While Samuel F.B. Morse is credited with
the development of the telegraph in America, his work benefitted by de-
velopments in telegraph communication which originated in Europe.
(Science Museum, South Kensington, London)

the receiving disc in sequence one could
understand the message. The system lacked
two important elements: (1) a steady power
supply which was available in the form of
Volta’s pile but was not used by Ronalds,
and (2) speed of transmission. The slow
rotation of the discs did not even approach
the rapid transmission of later systems.
Ronalds tested the system by constructing
two wooden frames twenty yards apart and
stringing eight miles of wire between them.
By connecting the sending and receiving ap-
paratus to the two ends of the wire and plac-
ing the ends next to each other, he could
watch how one disc reacted immediately to
the other.

THE MODERN TELEGRAPH

Developments in England

The modern telegraph developed in England
through the resourceful efforts of William
F. Cooke. While traveling in Heidelberg,

Germany, Cooke learned about the tele-
graph of Schilling-Cannstadt. Cooke knew
that if the machine could be further
developed, it would have practical applica-
tion in England. He immediately began
work on his own telegraph, copying the
designs of Shilling but using magnetic
needles that would point to different
characters of the alphabet. He later refined
Ronalds’s telegraph by powering the
rotating disc with a battery instead of
Ronalds’s friction machine. In consultation
with Faraday, Cooke further refined the
telegraph’s power supply. He also made the
acquaintance of Professor Charles Wheat-
stone of Kings College. Working together,
the two men continued to develop the
telegraph, increasing it to a four- and finally
a five-needle system. Cooke and Wheatstone
formed a legal partnership, and on June 12,
1837, a patent for their telegraph was issued.

The Cooke-Wheatstone telegraph had a
keyboard with five keys, one for each of the
needles on the telegraph. Each key would
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engage current into the circuit and thereby
cause the corresponding needle to turn and
point to a letter of the alphabet. The Cooke-
Wheatstone telegraph became the major
long-distance communication medium in
England—so much so that Samuel F. B.
Morse’s first attempts to introduce his
telegraph in England were unfruitful. The

FIGURE 2-3 Early telegraphic communica-
tion had its greatest importance to railroads
where cumbersome mechanical signals
were used. The Great Western Railway in
England was one of the proving grounds of
early telegraphs. The advertisement reads in
part: “Despatches instantaneously sent to
and fro with the most confiding secrecy. Post
Horses and Conveyances of every descrip-
tion may be ordered by the ELECTRIC
TELEGRAPH, to be in readiness on the arrival
of a Train, at either Paddington or Slough
Station.” (Science Museum, South Kensing-
ton, London)
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Cooke-Wheatstone system received its first
commercial test when it was installed on the
Great Western Railway (Figure 2-3). Al-
though their partnership was strained at
times, Cooke and Wheatstone continued to
develop their telegraph, and became more
prosperous because of the railroad’s use of
it. The Cooke-Wheatstone system is impor-
tant in that it differed from Morse’s
telegraph and was patented first.

DEVELOPMENTS IN AMERICA

The ship Sully was journeying home from
England to the United States in the fall of
1832. On board, two gentlemen talked about
the use of electricity for telegraphy in
England and Europe. One of the men,
Samuel F. B. Morse, was so enthralled
listening to his companion, Dr. Charles T.
Jackson of Boston, discuss electricity, that
upon reaching America he began to work ar-
duously on his own version of the telegraph
(Figure 2-4). An artist by day, he spent his
nights building the telegraph system that
would simplify the transmission of messages
over long distances. After considerable re-
finement, he demonstrated the Morse
telegraph in 1837 and patented the system on
June 20, 1840.

Experimenting With
the Morse Telegraph

The system differed significantly from the
Cooke-Wheatstone model in that Morse
used a thin paper tape on which indentations
were made as it slid across a wooden bar.
Signals consisted of short and long marks,
which became known as the Morse code
although they were said to be the brain-child
of Morse’s partner, Alfred Vail, the sonof a
manufacturer who had invested some money
in the new device. Similar aid was given



Morse by Leonard D. Gale, a chemistry pro-
fessor at the University of the City of New
York, where Morse had been working as an
art teacher. Morse, though blessed with an
inquisitive brain and ingenuity, didn’t know
much about science. Art was his vocation.
Morse continued to work on thetelegraph
and mounted public displays in an attempt
to garner support for widespread develop-
ment of the device. An early demonstration
camein the fall of 1842, when Morse tried to
span ariver with the telegraph only to have a
ship hook the underwater wire and cut it. He
then went abroad for financial backing, but
was rebuffed. His chance arrived in 1843,
when Congress appropriated $30,000 to
build an experimental telegraph line between
Washington, D.C., and Baltimore. In 1844
the system was completed, and using a
greatly improved transmitting device Morse
conducted a successful test whose famous
message ‘‘What hath God wrought’’ sig-
naled the telegraph’s full-scale arrival in the
United States. The Morse telegraph spread
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FIGURE 2-4 Samuel F.B. Morse's
telegraph which used a paper tape to
record the code. A more efficient way
turned out to be the dot-dash clicks of
the telegraph key which became the
standard means of sending and receiv-
ing messages. (Science Museum, South
Kensington, London)

throughout the nation, linking western
boom towns with eastern ports. Although he
had to fight infringements upon his patent,
Morse continued to develop the telegraph in
America and later in Europe, where he was
both honored and well compensated for the
use of his system.

The Telegraph Expands:
Western Union
and the Atlantic Cable

It was in this setting that a Rochester, New
York, businessman named Hiram Sibley
established a telegraph line in 1851 from
Buffalo to St. Louis. With other investors,
Sibley formed the New York & Mississippi
Valley Printing Telegraph Company. In
1856 the company changed its name to the
Western Union Telegraph Company. The
telegraph business, closely tied to the
development of the railroads, began to ex-
pand. Telegrams were also expensive:
Twenty dollars, a substantial sum in those
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days, was not uncommon. Through a vari-
ety of lease options, the company secured
the rights to the Morse telegraph west of
Buffalo. It then began immediately to buy
up other smaller telegraph companies and
established one large telegraph system.

By now Congress realized the need for a
wireless connection of the West and East
coasts. After all, gold had been discovered in
California, ships were making regular
passages from New York to California
around the tip of South America, and the
nation needed a communication link be-
tween eastern and western commerce. On
September 20, 1860, Western Union was
awarded a $40,000 contract to build a
telegraph line connecting the eastern and
western lines. Sibley hired Edward
Creighton to survey the route. Creighton,
who later helped establish Creighton Univer-
sity in Omaha, faced a great expanse of
plains, rugged mountains, and unfriendly
Indians. The Overland Telegraph Company,
based in San Francisco and backed by
California telegraph interests, and the
Nebraska-based Pacific Telegraph Com-
pany began work on the line, one starting
from each end on July 4, 1861. The eastern
end of the line ran from Omaha to Salt Lake
City and was surpervised by Creighton. The
western end connected Sacramento and San
Francisco with Salt Lake City and was
supervised by James Gamble.

Construction was not uneventful. It
wasn’t until permission from the Shoshone
Indians was obtained and Mormon leader
Brigham Young gave his blessing to the proj-
ect that the line could be completed. On Oc-
tober 24, 1861, three months and twenty
days after ground had been broken and
slightly less than ten years earlier than the ex-
perts predicted, the lines met. Shortly
thereafter, work began on another telegraph
line through the Pacific Northwest, Canada,

and across Alaska to Russia. The project
was suspended in 1867, however, upon com-
pletion of the Atlantic Cable which bridged
the communication gap between Europe and
North America.

Now the telegraph sped news across the
Atlantic. Stock-market quotations, shipping
news, and economic fare dominated the
transatlantic news flow. Yet despite all the
popularity of the telegraph, it still could not
operate without wires. And although the
railroads were important to commerce, they
were no less important than cargo ships,
which were without communication once
they had left sight of land. The wires simply
couldn’t follow them. So for the next thirty
years, the telegraph would continue to func-
tion as it had originally been conceived.

ALEXANDER GRAHAM BELL
AND THE IDEA BEHIND
THE TELEPHONE

While the telegraph was making its impact
on nineteenth-century communication, the
telephone wasn’t far behind.

Alexander Graham Bell was a product of
European culture and refinement. His father
was a well-known speech professor whose
speciality was teaching the deaf and whose
major contribution to his field was a system
of ‘‘visible speech’’ whereby he taught the
deaf to talk. When Alexander began study-
ing at the University of London, it was
natural that he would follow his father’s
profession. Tuberculosis struck the Bell
family in the late 1860s, forcing them to
Canada. There, Alexander Graham Bell
himself had the opportunity to teach, and he
became a respected practitioner of visible
speech. He set up his own school for the deaf
in Boston and was later appointed professor
of vocal psychology at Boston University.



Bell had become captivated by the study
of electricity while studying vocal resonance
in London. He had read about experiments
by von Helmholtz and the use of tuning
forks to produce sounds. But Bell couldn’t
read German very well, and concluded
mistakenly that the German scientist was
transmitting sounds from one tuning fork to
another by using a wire. That wasn’t at all
what von Helmholtz was doing, but the idea
lit an experimenter’s spark in Bell, and in
Canada and America he began experiments
on sound transfer. Bell envisioned a system
whereby a transmitter would send different
tones over a single wire to a ‘‘tuning fork”’
receiver. Bell therefore concentrated on
designing a sending and receiving device
based on a principle of vibrating metal
reeds. The device would vibrate the way the
human eardrum does in response to sound
waves. Bell’s idea was toinvent a ‘‘harmonic
telegraph’ that would have direct and im-
mediate application to the telegraph in-
dustry. Little did Bell know that that in-
dustry would later become a thorn in his
side.

Bell's Association
with Hubbard
and Sanders

Bell’s teaching gave him two important con-
tacts that contributed both the financial and
legal expertise he needed in order to continue
his efforts. The first was Gardiner Greene
Hubbard, a Boston lawyer who was presi-
dent of the Clarke School for the Deaf. Hub-
bard provided Bell with money as well as
legal advice on securing patents for Bell’s in-
ventions. He also gave him his daughter,
Mable, in marriage. In her youth Mable had
been stricken deaf with scarlet fever, and
Bell used visible speech to teach her to speak.
Also providing Bell with financial backing
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was Thomas Sanders. Sanders had a deaf
son, and Bell taught him to speak as he had
Mable. On February 27, 1875, the three men
entered into an agreement to invent a har-
monic telegraph. Bell would provide the in-
ventive genius, Sanders the money, and
Hubbard the legal advice and money .}

BASIC PATENTS
OF THE TELEPHONE SYSTEM

One week later, Bell filed his first patent ap-
plication in Washington, D.C. The patent,
for ‘“‘Improvement in Transmitters and
Receivers for Electrical Telegraphs,’”’ was
granted on April 6, 1875.

Bell set to work with Thomas A. Watson,
an employee of a Boston electrical shop. The
device developed by Bell and Watson was
not the telephone, but it set the stage for the
machine that would ultimately transmit
speech over wires. What Bell and Watson
did construct was an instrument that used
the principle of variable resistance. 1t con-
sisted of a membrane stretched over a small
frame with a wire running from the center of
the membrane perpendicularly into a small
cup of acid water (Figure 2-5). When some-
one shouted at the membrane it would
vibrate and the wire, correspondingly,
would move up and down in the water,
thereby varying the resistance between the
wire and the liquid. The following year’s ex-
periments culminated in another patent
(Figure 2-6). Filed on February 14, 1876,
and granted on March 7, 1876, it was titled
‘“‘Improvement in Telegraphy.’’* Nothing in
the original agreement of the three men men-
tioned the telephone. For this reason, as the
device being perfected by Bell and Watson
turned more and more toward the tele-
phone, Hubbard offered to relinquish his
rights to that invention, since he saw the



42 The Telegraph and Telephone

FIGURE 2-5 Alexander Graham Bell's liquid
telephone used variable resistance. A mem-
brane was stretched over a small frame with a
wire running to the center of a small cup of acid
water. When words were shouted info the horn,
it vibrated the membrane and changed the
resistance. The concept can also be seen in
Bell's patent illustrated in Figure 2-6. (AT&T)

FIGURE 2-6 Bell's patent granted March 7,
1876 was applied for on February 14, 1876. It
was one of many patents credited to Bell, his
associates, and the various companies which
had their origin in Bell's work. (H.M. Boettinger,
The Telephone Book. New York: Riverwood
Publishers Ltd., 1977)
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potential for substantial profit in the

telegraph. Bell later wrote:

My understanding always was that the
speaking telephone was included in the in-
ventions that belonged to the Messrs. Hub-
bard and Sanders from the autumn of 1874,
but | found ot a later period that they had not
had this idea, which might account for the lit-
tle encouragement | received to spend time
on experiments relating to it. Even as late as
1876, when the telephone was an assured
success, Mr. Hubbard generously offered to
relinquish to me all right and title to that in-
vention, as he was inclined to think it was
outside our original understanding.®

Bell, however, consulted an attorney and
agreed to include the telephone as part of the
original agreement among the three men.

Experiments during the winter of 1875-
1876 resulted in a third patent, ““Telephonic
Telegraph Receivers,”” filed on April 8,
1876, and issued on June 6, 1876. Although
the second and third patents were also
originally issued in Bell’s name only, he later
assigned them to Hubbard and Sanders as
well on September 15, 1876. On January 15,
1877 a fourth patent was filed—*‘Improve-
ment in Electrical Telegraphy.’’” These four
patents—the foundation of the modern Bell
System—all referred to the ‘‘telegraph”’ in-
stead of the ‘‘telephone.’’8

HUBBARD AND THE BELL SYSTEM

The original agreement among Bell, Hub-
bard, and Sanders provided that if some-
thing of commercial value were to arise from
the work of Bell, a company should be
formed to develop the product. Conse-
quently, in 1877 Hubbard was put in charge
of what was officially called the Bell
Telephone Company, Gardiner G. Hub-
bard, Trustee.® Whereas it was Hubbard’s
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business sense that caused the company to
grow, the scientific drive fell upon the
shoulders of Watson.'? Bell, meanwhile, had
married Hubbard’s daughter and traveled to
England to help introduce the telephone
there. Watson, under a contract dated
September 1, 1876, received a beginning
wage of three dollars per day.!" Between
1877 and his resignation in 1881 he carried
on the research and development of the com-
pany. Without scientific training he im-
proved the device that Bell had left behind
and molded it into a product suitable for a
commercial enterprise. In 1877 Bell and
Sanders assigned all of their rights to the
telephone to Hubbard, who now became the
person guiding the developing firm.

The Decision to Lease

Hubbard had to make a decision—to sell
telephones or lease them. He decided on the
latter, partly because of the example of one
of his clients, the Gordon-McKay Shoe
Machinery Company.'? That company had
leased its equipment to shoemakers and
received a royalty for every pair of shoes
sewn on the machines. This seemed an ideal
arrangement to Hubbard, and was duly
reflected in the Bell Company’s declaration
of trust: “The business of manufacturing
telephones and licensing parties to use the
same for a royalty, shall be carried on and
managed by the Trustee, under the name of
the Bell Telephone Company, under and in
accordance with such general directions,
rules and regulations as may be made for
that purpose by the Board of Managers.’’!?
The declaration also provided for five thou-
sand shares of stock to be divided among
Hubbard, his wife, his brother, Watson,
Sanders, Bell, and Bell’s wife.

Hubbard’s decision to lease and not sell
telephones put one constraint on the com-
pany—a serious lack of funds. It was clear
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that even though Hubbard and Sanders had
committed considerable money to the ven-
ture, still more resources were needed.

Expansion in New England

Sanders, who had ties with the New England
financial world, interested a group of
Massachusetts and Rhode Island business-
peoplein investing in the development of the
telephone in New England. The result was
the incorporation of the New England
Telephone Company on February 12, 1878.
Headquartered in Boston, the new investors
controlled a considerable share of the com-
pany. The articles of incorporation stated
that the company was formed ‘‘for the pur-
pose of carrying on the business of manufac-
turing and renting telephones and construct-
ing lines of telegraph therefore in the New
England States.’’** Hubbard assigned to the
new company the rights of the four original
patents. In return, Hubbard, Watson, and
Sanders received half the stock in the New
England Telephone Company and an agree-
ment that the company would buy all of its
equipment from the original Bell Telephone
Company. The New England Company
would in turn lease the equipment to in-
dividuals wanting telephone service.
Moreover, the two companies agreed to
cooperate in the event that it became advan-
tageous to expand their telephone system
beyond New England. This agreement al-
luded to what is today the ‘‘long lines’’ con-
cept of telephone interconnection. Specifi-
cally, the cooperative provision stated that

insomuch as said parties and their suc-
cessors and assigns may have a common in-
terest in the working of continuous and con-
necting lines extending outside of New
England, the said parties agree that they will
endeavor to cooperate in the establishing of
connecting lines and in the joint working of
the same, and the division of the expense

and the profits thereof pro rata upon some
equally fair and equitable basis.™

Five days before the agreement was signed,
the first commercial telephone exchange
opened in New Haven, Connecticut.'¢

THE BELL TELEPHONE COMPANY

Prosperity came quickly (Figure 2-7). The
projections for the development of a tele-
phone system beyond New England caused a
new company to be formed on June 29,

FIGURE 2-7 The early prosperity of the
telephone industry is graphically illustrated
in this picture of telephone wires strung in
New York City in the 1880s. By the late 1880s,
the Bell Telephone Company had been
formed, lines were into New Englond, and
substantial progress had been made linking
telephone companies in the Midwest. (Photo
Courtesy Western Electric Company)




1878, called simply the Bell Telephone Com-
pany. Hubbard, Sanders, Watson, and Bell
(through his attorney) were all involved, as
were principals from the New England Com-
pany. Hubbard received three thousand
shares of stock and in turn awarded his in-
terests, including patent rights, to the new
company. Theodore N. Vail, a former West-
ern Union employee, became the company’s
general manager, and the control and
guidance of the company were invested in an
Executive Committee of the Bell Telephone
Company. The Bell Telephone Company,
Gardiner G. Hubbard, Trustee, had come to
an end.

WILLIAM H. FORBES
AND THE NATIONAL
BELL TELEPHONE COMPANY

On December 31, 1878, William H. Forbes
was elected director of the Bell Telephone
Company. Forbes immediately saw the ad-
vantage of consolidation. On March 20,
1879, the New England Telephone Company
and the Bell Telephone Company assigned
their rights under the first and third of the
original Bell patents to the National Bell
Telephone Company. The decision came
none too soon. Thomas Edison had devel-
oped an improved carbon ‘‘transmitter”
and patent litigation and challenges to the
original Bell patents were filling the air.

The Era of Patent Challenge

One challenge came from Elisha Gray,'” who
had filed a caveat for a patent on a variable-
resistance telephone just a few hours after
Bell did. Although a caveat does not have
the legal weight of a patent application,
Gray went to court claiming credit for the
concept of variable resistance and accusing
Bell of looking first at the caveat and then
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altering his patent application. The court
was sympathetic to Bell.

Another challenge came from a country
tinkerer named Daniel Drawbaugh. His
lawyers managed to persuade a contingent
of farm folk to testify that they had used a
device invented by Drawbaugh to talk to
each other before Bell received his patent.
The U.S. Supreme Court ruled in favor of
Bell by a one-vote margin. A victory in either
case might have resulted in fleets of
telephone-company trucks roving the coun-
try today with the name of Gray or Draw-
baugh printed on their cabs instead of the
familiar Bell symbol.

We should remember that the harmonic
telegraph was not the only device that Bell
patented. He also developed a machine
whereby the voice could be transmitted over
light waves. Called the photophone (Figure
2-8), it was patented in 1880. Although it
had no practical applications then, it was the
forerunner of today’s fiber-optics light-
wave communication, which promises to
revolutionize not only telephone com-
munication but also data transmission and
cable television.

The Battle with Western Union

Even with patents and public acceptance,
the National Bell Telephone Company was
not an instant commercial success. Western
Union managed a nationwide system of
telegraph lines and, with Gray’s receiving
device, the transmitter invented by Edison,
and a handset created by Robert Brown it
had made considerable inroads into the
telephone industry.!® Missing the chance a
few years earlier to buy the Bell patents,
Western Union was now pouring millions
into its own telephone system. A showdown
was inevitable. To let Western Union con-
tinue would be disastrous for the National
Bell Telephone Company. Western Union
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FIGURE 2-8 The photophone did not materialize as a commercial prod-
uct the way Bell's telephone did. The device, which used light beams as a
way of communicating between the sender and receiver, was based on
the same idea that today is used for fiber optics, which are small strands
of glass which carry light waves and thousands of channels of com-
munication. (AT&T)

had the background, capital, expertise, and
ambition to challenge its much smaller rival.
What it did not have was the rights to the
Bell equipment. After a long, involved court
proceeding the two companies reached an
agreement whereby Western Union would
stay out of the telephone business if Bell
would stay out of the telegraph business.

THE AMERICAN BELL
TELEPHONE COMPANY

The implementation of the settlement re-
quired a special session of the Massachusetts

Legislature and the passage of an act that
gave the telephone company the following
rights: ‘‘manufacturing, owning, selling, us-
ing and licensing others to use electrical
speaking telephones and other apparatus
and appliances pertaining to the transmis-
sion of intelligence by electricity, and for
that licenses purpose constructing and main-
taining by itself and its public and private
lines and district exchanges.’"'® The act also
resulted in the formation of the American
Bell Telephone Company on March 20,
1880. The new company formally purchased
the stock of the National Bell Telephone
Company.



National Bell had served an important
purpose beyond merely expanding telephone
service: it had developed a system of tele-
phone exchanges that permitted localized
switching. The next hurdle in the develop-
ment of the telephone system was to connect
the various exchanges, and this became the
hallmark of American Bell Telephone Com-
pany. The new company created the Long
Lines System, which began with the con-
struction of a telephone line between
Boston and New York. Opened on March
27, 1884, it was soon followed by lines
linking Boston, New York, Philadelphia,
and Washington and also New York and
Albany. To finance long-lines development,
the company issued $2 million in bonds.?!

THE AMERICAN TELEPHONE
& TELEGRAPH COMPANY

To develop the long-line system, American
Bell formed a subsidiary called the Amer-
ican Telephone and Telegraph Company
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(AT&T). Incorporated in New York State
because of its favorable legal and financial
climate, the company was entrusted with
constructing lines throughout the North
American continent, including Mexico and
Canada, and ‘‘by cable and other ap-
propriate means with the rest of the known
world.”’22  (Figure 2-9) Theodore Vail
became AT&T’s first president and Edward
J. Hall its first general manager.

Partly because of New York’simportance
and size and partly because of its business
and legal climate, it became evident that
AT&T would become the central organiza-
tion of the telephone system. Although
economic incentives by the Massachusetts
Legislature attempted to favor American
Bell, the enacted increases in capitalization
were still not adequate. Thus, in 1900 the
American Bell Telephone Company trans-
ferred all of its assets to AT&T through a
somewhat involved trading procedure.
AT&T now became the parent company, a
coordinated federation that also included a
number of associated companies.

FIGURE 2-9 Expoansion of the trans-
continental telephone network pro-
gressed in the late 1800s. Scientific
publications were heralding new
achievements ot about the same time
that Marconi was beginning his ex-
periments with wireless. In 1892, Alex-
ander Graham Bell, pictured here, sits
at the New York end of the circuit to
Chicago. Looking down and standing
directly behind Bell is Edward J. Hall,
the first general manager of AT&T.
(AT&T)
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THE BREAKUP OF AT&T

AT&T’s structure remained essentially the
same until 1980, when the company entered
into a consent decree with the Department of
Justice.”» The agreement ended a seven-year
antitrust case against AT&T. The climate
for change was prevalent in both regulatory
circles and the marketplace (Figure 2-10).
Originally, AT&T had been regulated as a
monopoly, for the primary goal of the com-
pany and the government was to provide a
unified system of low-cost telephone service

throughout the United States. As that goal
was achieved, however, new forces gradu-
ally began to appear. Technology was not
confined to AT&T, and other companies
with the requisite know-how and financial
backing began to compete with it in long-
distance communication. The customer who
once was satisfied just with telephone service
began to see new uses for the telephone,
specifically the linking of the telephone with
home information systems such as personal
computers.

Under the consent decree, which was
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FIGURE 2-10 The breakup of AT&T
occurred with the settlement of a
long-standing antitrust suit brought
by the U.S. government. The Bell
companies were separated from
AT&T, and long-distance communi-
cation was opened up to more com-
petition. The 22 local operating com-
ponies regrouped into seven re:
gional holding companies. Two of
the companies, Southern New Eng-
land Tel and Cincinnati Bell, were
unaffected by the divestiture since
AT&T owned a minority interest in
them. The seven regional compan-
ies are Pacific Telesis Group which
covers California and the lower
Western states, US West which in-
cludes the Northwestern states as
well as much of the upper Midwest
and some of the lower South-
west, Southwestern Bell Corporation
which covers Texas and the lower
Midwest, BeliSouth which covers the
Southeastern states, Bell Atlantic
which includes the Middle Atlantic
States, and NYNEX which includes
New England. AT&T now operates
five principal subsidiaries: AT&T In-
formation Systems (formerly Amer-
ican Bell), AT&T Communications,
Western Electric, Bell Labs, and
AT&T International. (Ad reproduced
with permission of AT&T)




altered somewhat by the courts, AT&T
divested itself of the local operations as-
signed to the twenty-two Bell telephone
companies. The Bell companies could pro-
vide, but not manufacture, new equipment
for use in the home. Equipment already in-
stalled at the time of the decree remained
with AT&T, and AT&T could provide new
equipment. Bell Laboratories and Western
Electric—AT&T’s research and manufac-
turing arms, respectively—remained a part
of the parent company. AT&T shareholders
retained stock in the parent company and
were assigned a proportionate interest in the
local companies. The competitors of AT&T
were given access to the local exchanges.
AT&T in turn was free to offer consumers
equipment that could be rented or purchased
and used in connection with local or long-
distance telephone systems. In other words,
AT&T was now in a position to sell virtually
anything. But it concentrated on electronic
equipment such as home information ter-
minals—products that make the telephone
one of the information technologies of the
future.

The new subsidiary through which AT&T
could now sell electronic equipment to the
consumer was first called American Bell.
But in 1983 it was renamed AT&T Informa-
tion Systems as a result of further negotia-
tions in which AT&T agreed to cease using
the name Bell except for Bell Labs.

SUMMARY

In this chapter we traced the beginnings of
electronic communication back to the eight-
eenth century and the experiments of Luigi
Galvani. Subsequently, Alessandro Volta
stored electricity in a stack of zinc and silver
discs that came to be called the voltaic
pile—the first storage cell. Oersted estab-
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lished the link between electricity and
magnetism, and in doing so unified research
and scholarship in these two areas. Ampére
mathematically proved this relationship,
and Faraday and Henry observed the phe-
nomena. James Clerk Maxwell hypothesized
the presence of electromagnetic energy, and
Heinrich Hertz proved its existence by
observing the presence of electromagnetic
waves created by an electrical spark.

Our desire to communicate over long
distances sparked the invention of two
devices—the telegraph and telephone—
that whetted the appetites of those who
would later apply technology to wireless
communication. The telegraph found wide
acceptance in England and Europe and was
developed in the United States by Samuel F.
B. Morse. Morse conducted successful
telegraph experiments between Washington
and Baltimore in 1844, and through Western
Union’s efforts the telegraph later spanned
the United States.

Closely intertwined with the history and
development of the telegraph are those of
the telephone. The telephone traces back to
Alexander Graham Bell, who with the legal
and financial support of Gardiner Greene
Hubbard and Thomas Sanders developed a
‘‘telegraph’’ that became a wired system for
communicating over long distances by voice,
The telephone has its scientific and commer-
cial foundation in four key patents issued to
Bell between 1875 and 1877.

The association of Bell, Hubbard, and
Sanders, accompanied by the scientific work
of Thomas A. Watson, resulted in the first
telephone company—the Bell Telephone
Company, Gardiner G. Hubbard, Trustee.
Using a strategy of leasing instead of selling
telephone equipment, Hubbard sought to
expand the company, and with a group of
Massachusetts and Rhode Island investors
he formed the New England Telephone
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Company. Shortly thereafter the Bell
Telephone Company replaced the original
Bell Telephone Company, Gardiner G.
Hubbard, Trustee.

When William H. Forbes was named
director of the Bell Telephone Company he
saw the advantages of consolidation, and he
therefore joined with the New England
Telephone Company in forming the Na-
tional Bell Telephone Company. Through a
series of patent challenges, some by Western
Union, there resulted a settlement whereby
Western Union would be concerned with
telegraphic communication and National
Bell with telephone communication. To im-
plement the conditions of the settlement, the
Massachusetts Legislature enacted the for-
mation of the American Bell Telephone
Company. The new company was instru-
mental in developing a series of local
telephone exchanges and beginning a
long-lines division, which eventually be-
came American Telephone and Telegraph
(AT&T). In time AT&T became the parent
company of a coordinated federation that
also included several associated companies.

In 1980 AT&T entered into a consent
decree with the Justice Department whereby
it was divested of its local companies but
enabled to compete with other companies by
providing electronic equipment to the con-
sumer under a new subsidiary called
AT&T Information Systems.
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THE BEGINNING
OF WIRELESS

The work of the theorists would not be con-
fined to the scientific curiosity of Morse and
Bell,' to the corporate empires of AT&T and
Western Union. It would not be confined to
land-based communication systems or to
cables running under oceans for thousands
of miles. The lines of force that James Clerk
Maxwell witnessed, the spark that Hertz
saw, would become steps upon which
another inventor would climb.

WIRELESS IS BORN:
MARCONI THE INVENTOR

The telegraph had captivated America and
Europe. On April 25, 1874, two years after
the death of Samuel Morse, the second son
of Giuseppe and Anna Marconi was born.

By late-nineteenth-century standards, Gug-
lielmo Marconi’s (Figure 3-1) parents were
quite well to do.? But the young, restless
Guglielmo was not like the rest of his family,
comfortable with gracious Italian living.
Often he irritated his father by interrupting
the quiet conversation at an evening meal
with persistent, unrelated questions. There
was no improvement when, after reading a
scientific magazine, Guglielmo developed a
keen interest in the work of Heinrich Hertz.
Finally, having experienced his father’s ran-
cor and his mother’s reinforcement, Gug-
lielmo Marconi began to experiment in the
top floor of the home. With crude tables,
boards, hanging wires, and other parapher-
nalia he set about duplicating the ex-
periments of Hertz.

51
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FIGURE 3-1 Guglielmo Marconi seated at his receiving set at St. Johns,
Newfoundland on December 12, 1901. {RCA)

Early Experiments in Italy

To the family, the work of the young son in
his upstairs laboratory was intriguing but of
questionable value. The boy’s father felt
that he was wasting the best years of his life,
but he became more interested when
Guglielmo asked him for money to advance
his work beyond the experimental stage.’ A
stern and practical businessman, his father
first wanted a demonstration. This was
followed by a long discussion as to how he
would get a return on his money. Little did
he realize that the boy’s corporate empire
would eventually gross billions. Finally the
two agreed to an initial investment, and
Guglielmo began building his first transmit-
ting device. Then, using a reflector sheet
strung between two poles (Figure 3-2) he
first managed to receive a signal across the
room. His receiver utilized a coherer—a

small glass tube filled with metal filings and
with wires in each end. The filings would col-
lect between the two wires whenever elec-
tricity was applied.

Marconi, already familiar with the work
of Samuel Morse, immediately realized the
potential of his own device for long-distance
communication.* He also had a sense of
urgency, because to him the principle of his
invention was extremely simple. Why had
someone not thought of it before or, more
important, applied it? His experiments
became more and more frequent and the
range of his signals more and more distant.
On top of a hill twenty minutes from home,
the experiments reached a threshold. Could
the signal go beyond the hilltop? If the in-
vention were to be a success, it would have to
be able to leap over hills, mountains,
buildings, and oceans. On the day of the



FIGURE 3-2 Marconi's first transmitter
used in his early experiments in 1895. The
large piece of tin suspended above the table
served as the antenna. (The Marconi Com-
pany Limited, Marconi House, Chelmsford,
Essex)

crucial test, his brother and two helpers car-
ried the receiver and antenna over the hilltop
out of sight of the family’s villa. Gugliel-
mo’s brother also carried a gun with instruc-
tions to shoot to confirm the signal. No
sooner had Guglielmo fed current to the
transmitter than the shot rang out. Now the
capital that his father had provided had to be
increased before the experiments could pro-
gress. A letter was sent to the Italian Post
Office Department in an attempt to obtain
government backing for Guglielmo. The
reply was negative. But if Italy were to say
no, perhaps the great naval power of the
day would say yes. Accompanied by his
mother’s encouragement, Marconi was off
to England.
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Experiments in England

The first stop was customs. Here the journey
hit one of its low points, as ignorant customs
inspectors ripped at the equipment until it
was all but destroyed. Marconi managed to
reconstruct the broken pieces, which had
been crated so carefully in Italy. The next
step was to be sure no one else captured the
idea. For four months Marconi and his
mother slaved over the papers that were to
be presented to the London Patent Office.’
The first specifications were filed on June 2,
1896. The complete diagrams and detailed
specifications were filed on March 2, 1897,
under the title ‘“‘Improvements in Transmit-
ting Electrical Impulses and Signals, and an
Apparatus Therefor.”” On July 2, 1897, pa-
tent number 12,039 was granted to the
twenty-three-year-old Italian inventor. The
experiments could now be resumed, but it
still was necessary to get from the govern-
ment the capital with which to develop the
invention to its full potential.

The help Marconi needed came first from
the chief engineer of the British Post Office,
William Henry Preece, who took a liking to
the young inventor. With Preece’s support
Marconi began his experiments in England,
first a transmission between two buildings
and then a major demonstration across the
Bristol Channel, a distance of about three
miles (Figure 3-3). The press noticed Mar-
coni’s wireless and published the news to the
world. More attention was bestowed on the
device than the young inventor had ever
dreamed of. Along with offers to buy the
rights to his invention came offers of mar-
riage from women who said Marconi’s
waves made their feet tickle.6 The distance of
his experiments increased from three to
thirty-four miles. Publicity abounded again
when Marconi was commissioned to install a
wireless on a tugboat to report the sailing
races at the Kingston regatta. He secured
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other patents. One of the most important,
patent 7,777 for a selective tuning device,
was granted in 1901.

Wireless Across the Atlantic

The year 1901 was also the year of the most
convincing experiment of the power of wire-
less communication. Still to be hurdled was
the vast expanse of the Atlantic Ocean. Mar-
coni left England for America in February
of that year and headed for Cape Cod, the
point he felt was best suited to the test of his
wireless. But as with any stretch of New
England coastline, harsh winter winds on
Cape Cod can play havoc with any structure
not built for permanency. The same is true
of the English coast. For Marconi, 1901 held
a double disaster. News arrived that storms
had toppled the antenna at his installation at
Poldhu, England. Within weeks, the same
fate befell the Cape Cod station. Marconi
now decided to transfer operations to New-

FIGURE 3-3 Three officiols of
the British Post Office Depart-
ment examine the equipment
Marconi used to test the first suc-
cessful wireless across the Bristol
Channel in 1897. The British Post
Office Department provided both
encouragement and financial
support for Marconi's early work.
(The Marconi Company Limited,
Marconi House, Chelmsford,
Essex)
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foundland, then a British colony. Using a bit
of intrigue, he told local officials he was at-
tempting to communicate with ships at sea;
he made no mention of the real purpose,
transatlantic communication. Instead of
antenna towers, he planned to use balloons,
and packed six kites as a backup.’

The experiments in Newfoundland
started on December 9, 1901. First, a
balloon was tested, but a line broke and the
balloon headed for open sea. The next deci-
sion was to try one of the large kites. Mar-
coni’s assistants, George Kemp and P. W.
Paget, sent the kite soaring hundreds of feet
up, stringing behind it the antenna wire con-
nected to the essential receiving equipment
on top of nearby Signal Hill. Serious
monitoring started on December 12. There
were no results in the morning; nothing was
heard from Poldhu. Spirits were low as the
men continued to listen for the tapping
signal that would indicate that England was
calling. At 12:30 p.M., Guglielmo Marconi



listened intently as the tapping sound of
three dots, signaling the letter S, crackled
through the earphone. Marconi handed the
earphone to Kemp, and the assistant verified
the signal.

Reaction to Transatlantic Wireless

The world would spend the rest of December
reading about it. The New York Times
called it ‘‘the most wonderful scientific
development of recent times’’ and headlined
the story WIRELESS SIGNALS ACROSS
THE ATLANTIC. Across the ocean, the
Times of London headlined WIRELESS
TELEGRAPHY ACROSS THE ATLAN-
TIC.* The London paper described how
Marconi had authorized Sir Cavendish
Boyle, the governor of Newfoundland, to
‘‘apprise the British Cabinet of the dis-
covery, the importance of which is impos-
sible to overvalue.”” Not forgetting his
beloved Italy, Marconi informed the Italian
government himself. Magazines were equally
enthusiastic about the feat. Century Maga-
zine called Newfoundland ‘‘the theatre of
this unequaled scientific development.”’
World’s Work labeled the transatlantic
transmission ‘‘a red letter day in electrical
history.”” McClure’s Magazine demanded,
““Think for a moment of sitting here on the
edge of North America and listening to com-
munications sent through space across
nearly 2,000 miles of ocean from the edge of
Europe!”’?

Not all, however, was as happy as in New-
foundland. The apparent threat of competi-
tion between wireless and the cable telegraph
surfaced immediately. Cable stocks declined
shortly after the announcement of the trans-
atlantic broadcast.'® The Anglo-American
Telegraph Company, which had a monopoly
on telegraph communication in Newfound-
land, was quick to threaten reprisals if Mar-
coni did not stop the experiments. A few
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days later, the inventor received a letter from
the company stating:

Unless we receive an intimation from you
during the day that you will not proceed any
further with the work you are engaged in
aond remove the appliances erected for the
purpose of telegraphic communication, legal
proceedings will be instituted to restrain you
from further prosecution of your work and
for any damages which our clients may sus-
tain or have sustained; and we further give
you notice that our clients will hold you
responsible for any loss or damage sustained
by reason of your trespass upon their
rights."

The Canadian government, however, ob-
viously seeing the chance to emulate its
neighbor, immediately offered Marconi its
full cooperation. Public sentiment toward
the action taken by the telegraph company
was unfavorable on both sides of the Atlan-
tic. The New York Times criticized the ac-
tion, and letters to the editor of the London
Times expressed similar sentiments. All of
this soon became history as the world began
to use the results of the December 1901 ex-
periments.

WIRELESS EXPANDS:
THE MARCONI COMPANIES

Marconi respected those who pursued pure
science, but he was much more interested in
applying results and harvesting financial
rewards. Thus, it was only a short time after
his patent had been issued in England that he
began formulating a world corporate empire
that would stretch over the seven continents
and involve millions of dollars in capital.!?
The company that had the most direct effect
on wireless development was the Marconi
Wireless Telegraph Company, Limited,
formed on July 20, 1897, as the Wireless
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Telegraph and Signal Company, Limited."
It was Marconi’s father who insisted that the
family name be attached to the venture. The
beginning capital amounted to 100,000
English pounds, of which 15,000 went to
Marconi for his patents. It was from this
15,000 pounds that he paid the cost of
organizing the company. He also received
60,000 of the 100,000 initial shares, valued
at 1 pound each. The remaining 40,000 went
on the open market.

England: The Marconi Wireless
Telegraph Company, Ltd.

A year after the company’s formation, its
operating capital increased by another
100,000 pounds. Although wireless had cap-
tured the imagination of the British, there
were warnings for unwary investors. In-
vestors World remarked in 1898 that ‘‘from
all we can gather, the public will be well ad-
vised to keep clear of this concern. . .. Mar-
coni’s ingenious ideas do not seem to have
made much headway, and it would be in-
teresting to learn what the government of-
ficials reported about them.’” '* The warning
had little effect, and although for years to
come investments did not show much suc-
cess in terms of dividends, the public was
always ready to buy up new shares whenever
they were placed on the market.

In March 1912 a contract between Mar-
coni’s company and the government became
tainted with rumors of corruption. One
rumor suggested that Marconi was treated
favorably because of his close friends in
Parliament. Some government officials had
made a huge profit by selling their Marconi
stock when it peaked after the news of the
contract was signed. The second set of
charges was of manipulation of stock by the
American Marconi Company. A committee
was appointed by Parliament to investigate

the matter. After due deliberation, they
came out strongly in favor of Marconi, but
the matter was not over. Another committee
investigated the role of middlemen and
stockbrokers, and still another the role of
the House of Lords. Libel actions were
taken and the company stock tumbled.
Because of the publicity from the scandal,
the company enjoyed only briefly the pros-
perity for which Marconi had long hoped.
The future development of Marconi in
England would have to wait until the end of
World War 1. In North America, the story
was much the same.

Marconi's Interests in Canada

Marconi’s corporate interest in Canada
dated from his experience with the cable-
telegraph authorities in Newfoundland. He
erected a station at Glace Bay, Nova Scotia,
and began major attempts to achieve reliable
transatlantic wireless communication. The
first transatlantic service opened on the
night of December 15, 1902, when the Lon-
don Times correspondent at Glace Bay ca-
bled a newspaper report across the Atlantic.
Two nights later it was arranged that the
American station at Cape Cod would send a
message from the United States to the King
of England. The signal would be relayed to
Glace Bay and from there to Poldhu. As it
turned out, the atmospheric conditions were
so good that the station in England picked
up the signal directly from America.

The Times was so infatuated with the
prospects of transatlantic service that it con-
vinced Marconi to open the station again so
that its correspondent could send news
flashes to England. But a little more than a
week later an ice storm sent the Glace Bay
antennas crashing to the ground. The station
was later reconstructed, this time with a
large umbrella antenna.



The American Marconi Wireless
Telegraph Company

When Marconi came to the United States in
1899 to report the America’s Cup races by
wireless, he also began an American sub-
sidiary of his English company so that he
could utilize his patents in America. The
American Marconi Wireless Telegraph
Company was incorporated in the state of
New Jersey in the fall of 1899. The first
equipment installed by the company was on
the Nantucket Light Ship and its shore sta-
tion on the eastern shore of Nantucket
Island, and was used to warn ships of bad
weather and coastal conditions.

That same year, the American company
ran into trouble over a proposed United
States Navy contract for the installation of
Marconi wireless on Navy ships. After a
series of tests, the Navy recommended buy-
ing the Marconi equipment. But when it
asked Marconi the cost, it received word that
the company would not sell the equipment;
the Navy would have to rent it. At that point
the Navy backed out. Captain L. S. Howeth,
writing later about the negotiations, said:
“In light of future events, the Marconi
leases and stipulations have proved a bless-
ing in disguise. The foresight of the authori-
ties in not permitting themselves to be
shackled with its restrictions, which would
have persisted for more than a decade,
allowed the Navy a free hand in guiding and
assisting in the development of radio in this
country.”'s

Despite the loss of the Navy contract,
American Marconi received a boost in its
assets in 1912 when it won a patent suit
against the United Wireless Company. Us-
ing a case in England as a legal precedent,
the American company charged United
Wireless with infringing upon patent 7,777,
the Marconi tuner that could select different
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signals from a single aerial. United Wireless
pleaded no defense, and Marconi assumed
control of the company and all of its assets
and contracts. It was an unusual way to ob-
tain a corporate merger. The U. S. Navy
ended up using Marconi equipment after all
when World War I began, since it had either
taken over or closed all commercial and
amateur wireless stations, many of which
used Marconi equipment.

A young boy named David Sarnoff had
been hired by the American company in
September of 1906. Shortly after World War
I ended, American Marconi was purchased
by the newly formed Radio Corporation of
America (RCA). Sarnoff became part of
RCA management, and later headed the
company. We shall learn the reasons for the
sale and discuss RCA’s early development in
Chapter 4.

IMPROVEMENTS IN
WIRELESS RECEPTION

Marconi’s success in transmitting signals
across the Atlantic and developing a world
corporate empire was greatly aided by subse-
quent developments in wireless communica-
tion. One of the most important needs was
for a device that would more efficiently
detect and receive electromagnetic waves. As
it was, the receiving and sending antennas
were the size of football fields. Yet the cur-
rent that entered a radio antenna and re-
ceived an electromagnetic wave was minute.
The great challenge was how better to detect
these tiny, almost indistinguishable currents
of energy hitting the football-sized antenna
of a radio receiver. For radio to become a
household appliance, the huge receiving
antennas had to be eliminated.
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Edison's Contributions

Some of the first experiments leading to an
improved detector came during the study
not of radio but of electric light.'* Thomas
Edison, while in the process of inventing the
light bulb, had experimented with a two-
element bulb but had found it impractical.
The bulb consisted of two metallic ele-
ments—a plate and a filament—in a vac-
uum. If a battery were attached to the bulb
so that its positive connector attached to the
plate and its negative connector to the fila-
ment, current would flow through the bulb.
If the connectors were reversed, the current
would stop. What Edison had invented but
discarded was later to be called a valve, since
it could *‘shut off’’ current running in one
direction, much like a valve controls steam
or water.

The Fleming Valve

One of the keys to unlocking future
developments in wireless technology was to
find some way to measure electromagnetic
waves in order to understand better their
behavior and frequencies. J. Ambrose Flem-
ing, an employee of Marconi, determined
that the best way to do this would be to in-
vent a means of measuring the waves as they
flowed in only one direction. The secret lay
in Edison’s two-element light bulb. Fleming
went to work perfecting the device, which
became known as the oscillation valve, or
Fleming valve. He patented it in England in
1904 and, through the American Marconi
Company, in the United States in 1905. One
worked the device by attaching the plate to
the antenna, attaching a wire from the fila-
ment to the ground, and then hooking a
telephone receiver into this completed cir-
cuit. The receiver could then detect the
presence of the electromagnetic waves. It
was not long, however, before Fleming’s

device was greatly improved by the inventive
hand of Lee de Forest."

LEE DE FOREST AND THE AUDION

The work of de Forest ranks close in
significance to that of Marconi in the
development of radio. Born in Council
Bluffs, lowa, in 1873, de Forest was the son
of a Congregational minister who was later
to become president of Talladega College in
Alabama. After attending Mt. Hermon
School in Massachusetts, de Forest entered a
mechanical engineering program at the
Scheffield Scientific School at Yale Univer-
sity. Having completed a dissertation enti-
tled ‘‘Reflection of Hertzian Waves From
the Ends of Parallel Wires,”” he was granted
a Ph.D. in 1899. The research done and
knowledge gained at Yale and his desire to
apply pure science, first to inventions, next
to patents, and then to profits, led him to a
remarkable career that spanned much of his
more than eighty years. He died in 1961 in
Hollywood, where he was closest to one of
his most beloved works, talking motion pic-
tures. Our emphasis here, however, is on his
invention of the audion, a three-element
vacuum tube that revolutionized radio.

Adding the Grid to the Vacuum Tube

Lee de Forest discovered that a third
element—a tiny grid of iron wires—could be
added to Fleming’s two-element vacuum-
tube valve. The result was characterized as
follows in any early book on the radio:

This may not seem much to the uninitiated,
but that miniature gadget was the truest “lit-
tle giant” in all history . . . that the brain of
man ever created. It set unbelievable power-
ful currents in motion, magnifications of
those which flicked up and down the antenna



wire, and thus produced voice amplification
which made radio telephony a finished prod-
uct. By adding another tube and another, the
amplification was enormously increased.'®

The vacuum tube now had a filament,
plate, and grid. De Forest first announced
the tube—named the audion by his assistant,
C. D. Babcock—in a paper presented to the
October 26, 1906, meeting of the American
Institute of Electrical Engineers in New
York (Figure 3-4). After the paper was
reproduced in the November 3, 1906, issue
of Electrical World," it was not surprising
that one of the first reactions to his discovery
came from Fleming. In a letter to the editor
of Electrical World, Fleming attempted to
diminish some of the importance of de
Forest’s invention:

There is a remarkable similarity between the
appliance now christened by de Forest as an
“audion” and a wireless telegraphic receiver
I called an oscillation valve.... Dr. de
Forest's method of using this appliance as an
electric wave detector appears, so far as |
can judge from published accounts, to be a
little different from mine, but nevertheless
the actual construction of the apparatus is
the same.... Even if Dr. de Forest has
discovered some other way of employing the
same device as a receiver, | venture to think
that my introduction and use of it should not
be ignored, as | believe | was the first to ap-
ply this device ... as a means of detecting
electric oscillations and electric waves.?

De Forest did not let Fleming’s sugges-
tions go unchallenged. He replied with a let-
ter to the same magazine, which was pub-
lished two weeks later. In it de Forest
credited German scientists Johann Elster
and F. K. Geitel, not Fleming:

Prof. Fleming has done me the injustice of
expressing an opinion based on an extract
only of my paper regarding the “audion.” Ina
more complete abstract of that paper pub-
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FIGURE 3-4 Lee de Forest's audion tube.
Coming from a Yale engineering program,
he added the grid to Fleming's two-element
tube. The new vacuum tube was introduced
in a paper presented to the October 26, 1906
meeting of the American Institute of Elec-
trical Engineering in New York. Fleming
reacted strongly to the paper when it was
published in Electrical World, claiming the
audion had a remarkable similarity to his
own device. (AT&T)

lished in the Electrician of London, it is seen
that | mention not only the device described
by Prof. Fleming in 1904, but point out the
real genesis of this device by Elster and
Geitel in 1882, or eight years prior to its
rediscovery by Prof. Fleming in 1890. . . . The
difference which Prof. Fleming questions
may be tersely stated as that between a few
yards and a few hundreds of miles; between
a laboratory curiosity and an astonishingly
etticient wireless receiver employing the
same medium but operating on a principle
ditferent in kind.?!
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The Feud With Fleming

The rift between Fleming and de Forest did
not end in the pages of Electrical World. Lee
de Forest went on to patent his audion, but
as we have seen, the Fleming valve also had
been patented, in both England and the
United States. It was the United States pa-
tent that provoked a lawsuit by the
American Marconi Company. The case went
in favor of the company, which contended
that Lee de Forest had read the paper pre-
sented by Fleming to the Royal Society of
England in 1905 in which Fleming described
the oscillation valve, and that de Forest had
then used this knowledge to begin the experi-
ments that resulted in the audion.?? The case
was appealed, and again the court ruled in
favor of the Marconi Company and the
Fleming patent. Two years passed between
the lower court’s decision and the appeal. In
the meantime both de Forest and the Mar-
coni Company continued to manufacture
the tubes. To make matters more complex,
the court held that although de Forest had
infringed on the Fleming valve, the Marconi
Company had infringed on the audion. The
result was that neither company could
manufacture the devices without the other’s
consent.? The situation was chaotic until the
Fleming patent with Marconi expired in
1922. Incredibly, the United States Supreme
Court ruled in 1943 that the Fleming patent
had never been valid in the first place!

De Forest’s account of the conclusion of
his dispute with Fleming is worth reading,
partly because of its humor. Most impor-
tant, it captures a rivalry between two men
that was typical in its intensity of feuds be-
tween companies and inventors during the
early development of the radio:

[Shortly after the Supreme Court decision,]
Sir John Fleming, still unregenerate at
ninety-two, published an amazing article in

which he ignored all the earlier work . ..
claiming even the discovery of the so-called
“Edison effect,” but never mentioning
Edison’s name! For this omission | wrote him
in righteous reproach, incidentally calling to
his attention the recent Supreme Court deci-
sion. Fleming's reply evinced profound dis-
dain for what a mere Yankee court might
think of his best-loved child. Having married
a young opera singer at 84, he lived to the
ripe old age of 95, dying in 1945. He never
yielded in his firm conviction that he was
radio’s true inventor! 2

De Forest’s modesty is not convincing
when we remember that he entitled his
autobiography The Father of Radio. He also
had some choice words for a group of radio
executives about what radio had become:
“The radio was conceived as a potent in-
strumentality for culture, fine music, the
uplifting of America’s mass intelligence.
You have debased this child, you have sent
him out in the streets in rags of ragtime, tat-
ters of jive and boogie-woogie, to collect
money from all and sundry.”

BREAKING THE VOICE BARRIER:
RADIO TELEPHONY

The second great development in the early
history of the radio was the advance from
the ‘‘dit-dahs’’ of Morse code and the
“What hath God wrought’’ of the telegraph
to the “O Holy Night”’ of Reginald Fes-
senden’s Christmas Eve radio broadcast in
1906. The story of voice transmission starts
long before 1906, back when early ex-
perimenters examined the capacity of the
ground and water to act as a conductor for
“‘wireless telephone’’ conversations.

The system had been used by telegraph
operators in 1838.%6 It applied a process
known as conduction, in which the ground
or water provided the ‘‘second wire’’ in a
telegraph hookup. Morse used it in his New



York experiments. It was not long before in-
ventors discovered that they did not need
any wire at all to communicate between the
transmitter and receiver over short dis-
tances. Because a current in one antenna
would produce a current in another one
nearby, a process called induction, two
antennas close to each other would make the
system work. This was a different principle
from that of electromagnetic waves traveling
through space, which Marconi and others
used. Induction created an electrical distur-
bance in the atmosphere that was detectable
only in the immediate vicinity of the trans-
mitter.
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NATHAN B. STUBBLEFIELD
AND HIS WIRELESS TELEPHONE

Before Marconi mastered the Atlantic and
while de Forest was studying at Yale, a
farmer and experimenter named Nathan B.
Stubblefield developed a way to transmit the
voice as much as three miles by means of in-
duction.? Near his home in Murray, Ken-
tucky (Figure 3-5), and later on the Potomac
River in Washington, D.C., he successfully
transmitted the voice without using wires. It
was in Murray that he received his first
publicity. Dr. Rainey T. Wells witnessed
Stubblefield’s experiments:

FIGURE 3-5 NathanB. Stubblefield (left) and his wireless telephone. As
early as 1B92, Stubblefield is reported to have sent voice by wireless over
short distances at his farm in Murray, Kentucky. His son, Bernard (right),
later became an employee of Westinghouse. Stubblefield used a Bell-
type transmitting device and formed his own Wireless Telephone Com-
pany of America. Although receiving a patent for his device, commercial
development never materialized. (Murray, Kentucky Chamber of Com-

merce)
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He [Stubblefield] had a shack about four feet
square near his house from which he took an
ordinary telephone receiver, but entirely
without wires. Handing me these, he asked
me to walk some distance away and listen. |
had hardly reached my post, which hap-
pened to be an apple orchard, when I heard
“Hello, Rainey” come booming out of the
receiver. | jumped a foot and said to myself,
“This fellow is fooling me. He has wires
somewhere.” So | moved to the side some 20
feet but all the while he kept talking to me. |
talked back and he answered me as plainly
as you please. | asked him to patent the thing
but he refused, saying he wanted to continue
his research and perfect it.2

The demonstration was reported to have
taken place in 1892. A modified Bell-type
transmitting device provided the signal,
which emanated from a large, circular metal
antenna. Other residents of the small town
of Murray witnessed a similar demonstra-
tion in 1898. Claims of Stubblefield’s ac-
complishments published in the Sr. Louis
Post Dispatch generated so much interest
that he was brought to Washington, D.C.,
for a public demonstration on March 20,
1902. Following the demonstration Stub-
blefield said, ‘‘As to the practicality of my
invention—all I can claim for it now is that it
is capable of sending simultaneous messages
from a central distributing station over a
wide territory. . . . Eventually, it will be used
for the general transmission of news of every
description.””?

Commercial Exploitation

Commercial exploitation of the invention
was not far behind, and in 1903 Stubblefield
became director of the Wireless Telephone
Company of America. Demonstrations in
Philadelphia and Washington, D.C,,
created more interest in the device. Yet it is
here that the rest of Stubblefield’s life
becomes somewhat obscure. There are vari-

ous reports of what happened to him. One
suggests that he became disillusioned with
how the stock for the company was being
handled and on one occasion even charged it
with fraud.® Stubblefield returned to Ken-
tucky and with the help of local citizens ob-
tained a patent for the device on May 12,
1908. Obviously disenchanted with the com-
mercial aspects of his wireless telephone, he
went into seclusion and continued research
in his workshop shack near Murray.

If you travel through the Kentucky coun-
tryside near Murray today you may pass the
place where Stubblefield was found dead on
March 30, 1928; the cause of death was listed
as starvation. Or you might drive by Murray
State College, where students perform a
dramatization of Stubblefield’s life, The
Stubblefield Story. Then as you go down-
town you can tune your car radio to 1340
kHz and hear a blend of rock, easy listening,
and country, and the news ‘‘centrally dis-
tributed’’ from WNBS radio. At a certain
time the announcer will tell you ‘“You are
tuned to WNBS 1340 on your radio dial in
Murray, Kentucky, the birthplace of radio.”’

THE WORK OF FESSENDEN

Although Nathan Stubblefield had created a
working wireless telephone, no one had yet
mastered the ability to transmit the voice
beyond very short distances. Some of the
most productive experiments toward this
goal were carried out in 1899 by Reginald A.
Fessenden at Allegheny, Pennsylvania, at
the Western University of Pennsylvania,
later to become the University of Pittsburgh.
Fessenden (Figure 3-6), a Canadian by birth
and a professor at the University of Pitts-
burgh, worked to improve both the detec-
tion of electromagnetic waves and a means
by which a human voice could be placed



‘“‘piggyback’’ on electrical oscillations and
sent into the atmosphere. Later he devel-
oped an improved detector, which would
subsequently be called the heterodyne cir-
cuit. Fessenden applied for patent papers for
the improved circuit in 1905. Simultane-
ously, he continued to improve the transmit-
ting and antenna systems for wireless.

Experiments at Cobb Island,
Maryland

Fessenden’s early work was completed
under government contracts, and was aimed
more at improving wireless communication
than at seeking out a new method of radio-
telephony. An experimental “‘station’’ was
established by Fessenden on Cobb Island,
sixty miles south of Washington, D.C., in
the Maryland section of the Potomac River.
In aletter dated January 4, 1900, from Willis
J. Moore, Chief of the U.S. Weather
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FIGURE 3-6 Canadian Reginald Fessenden
made advancements in voice broadcasting
with experiments which started at what is
now the University of Pittsburgh. Other work
was accomplished at Cobb Island, Maryland;
Roanoke Island, North Carolina; and Brant
Rock, Massachusetts. (Archives of the Uni-
versity of Pittsburgh)

Bureau, Fessenden was informed of the
terms of his agreement:

You will be employed for one year in the
Weather Bureau at a salary of $3,000 per an-
num. The Bureau will pay your actual ex-:
penses while on the road to an amount not
exceeding $4.00 per day. You will be allowed
to remain in Allegheny and continue your
local connections for not longer than 3
months. Two active young men of the
Weather Bureau will be assigned to duty as
your assistants, and if you are especially
desirous of retaining the one you at present
employ, he will also be employed in the
Weather Bureau for one year, at a salary of
$1200. Such apparatus as described in your
letter of the 29th ultimo will be purchased at
the expense of the Government, one of our
own men making the purchases and auditing
the accounts: the property to belong to the
Government. At the end of the year, if your
work is successful, your services may be con-
tinued at a salary not less than that paid the
first year.!
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Fessenden accepted the offer and, travel-
ing partway by river steamer, transported
his equipment to Cobb Island. There, Fes-
senden’s emphasis was not on distance but
on the exact measurement of signals, which
could verify and expand on some of the
theoretical applications of the work that
Fessenden had first tested in the 1899 ex-
periments.’? Two fifty-foot masts were
erected for antennas. In a report of the ex-
periments published in Popular Radio,
Fessenden described the Cobb Island
system:

The exact method of transmission of the
waves was experimentally determined by
means of ladders placed at varying distances
from the antennas. The course of the waves
in the air was fully mapped out up to
distances of several hundred yards from and
to the antennas, and by burying the receiv-
ers at different depths in the ground and im-
mersing them in ditferent depths in sea
water, the rate of decay below the surface
and the strength of the currents flowing in
the surface were accurately determined.®

Although poor in quality, intelligible speech
was transmitted between the two antennas.

Experiments at Roanoke Island,
North Carolina

At the end of the year, both parties were
satisfied with the arrangement and decided
to renew the contract. This time Fessenden
was to erect experimental stations in North
Carolina at Roanoke Island, Cape Hatteras,
and Cape Henry. These three stations
formed a large triangle which enabled
Fessenden to test the system over longer
distances than were possible at Cobb Island.
The new round of experiments were directed
not as much toward perfecting speech as
toward improving telegraphic communica-
tion, and especially the receiving circuit, the
key for long-distance communication by
voice or telegraph. Fessenden’s letters to his

patent attorney reveal his early success with
the improved circuitry. After overcoming
the considerable frustration of equipment
parts that did not meet specifications,
Fessenden wrote from Roanoke Island:

| could hear every click of the key at Hat-
teras, and got every dot and dash as plainly
as could be and as fast as they could send.

To do a little figuring. The resonator
should increase the effect 10 times. The pro-
longed oscillations about 5 times. The
vacuum about 20 times. Longer waves about
5 times. Salt water instead of insulating
water about 5 times. Good coils about 4
times, i.e., the sensitiveness can be in-
creased about 1,000,000 times over this
crude apparatus. This would give about 1,000
times the distance or 50,000 miles.

As it is perfectly selective, perfectly
positive, i.e., can give no false dots and can-
not omit dots or dashes, | think we are at the
end of all our troubles.™

Later in a letter of April 3, 1902, from
Roanoke Island he wrote:

| have more good news for you. You
remember | telephoned about a mile in
1900—but thought it would take too much
power fo telephone across the Atlantic. Well
| can now telephone as far as | can telegraph,
which is across the Pacific Ocean if desired. |
have sent varying musical notes from Hat-
teras and received them here with but 3
watts of energy, and they were very loud and
plain, i.e., as loud as in an ordinary
telephone.—!1 enclose telegram which was
received with less than 1/500 of the energy
which it took to work the coherer. The new
receiver is a wonder!!!3%

Experiments at Brant Rock,
Massachusetts

Despite the success of the experiments,
Fessenden’s relationship with the Weather
Bureau began to deteriorate and he left
Roanoke in 1902 after beginning a series of
business arrangements. First, Fessenden
licensed Queen & Company, Instrument



Makers, of Philadelphia to fulfill contracts
for his communication system.3 Then,
through an arrangement with his patent at-
torney two Pittsburgh financiers, Thomas
H. Givens and Hay Walker, Jr., put $2
million behind Fessenden’s work and the
four of them formed the National Electric
Signalling Company.?” Besides $300 a month
in salary, Fessenden also received stock in
the new venture.

After conducting experiments on the
Chesapeake Bay, Fessenden moved in 1905
to Brant Rock, Massachusetts. Here the next
chapter in wireless history would be written.
Trying continually to improve Marconi’s in-
vention, Fessenden constructed a high-
power station at Brant Rock and radically
altered his antenna design. Instead of the
series of umbrella-like wires wused in
Marconi’s experiments, Fessenden con-
structed an ‘‘antenna tower.”’ It stood 420
feet high and consisted of a series of
telescopic metal tubes 3 feet in diameter at
the bottom, held in place by guy wires and
insulated at all points from the ground. The
result was a signal that penetrated the at-
mosphere, which Marconi’s station could
not reach. Signals were received in Puerto
Rico and at a station in Scotland even during
the summer months, when static normally
interferes with transatlantic broadcasts.
These first achievements at Brant Rock were
shadowed by excitement as voice broad-
casting moved out of the laboratory.

Alexanderson’s Alternator

The problem that plagued Fessenden was
how to increase the number of transmitted
oscillations so that the human voice would
be audible. A telephone-type receiving ap-
paratus had already proved successful. Mar-
coni had used it to hear the signals from
England in his famous Newfoundland ex-
periment, and wireless operators on ships
used headphones to listen to messages in
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Morse code. The problem was to generate
enough cycles so that the voice would travel
with the signal and not be drowned out by
the sound of the current passing through the
headphones. To accomplish this, Fessenden
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