
Chapter 1

Introduction: First Ideas and
Some History

JL his book is about the transmission of information through space and time. We
call the first communication. We call the second storage. How are these done,
and what resources do they take?

These days, most information transmission is digital, meaning that information
is represented by a set of symbols, such as 1 and 0. How many symbols are
needed? Why has this conversion to digital form occurred? How is it related to
another great change in our culture, the computer?

Information transmission today is a major human activity, attracting
investment and infrastructure on a par with health care and transport, and exceeding
investment in food production. How did this come about? Why are people so
interested in communicating?

Our aim in this book is to answer these questions, as much as time and space
permit. In this chapter we will start by introducing some first ideas about
information, how it occurs, and how to think about it. We will also look at the
history of communication. Here lie examples of the kinds of information we live
with, and some ideas about why communication is so important. The later chapters
will then go into detail about communication systems and the tools we use in
working with them. Some of these chapters are about engineering and invention.
Some are about scientific ideas and mathematics. Others are about social events and
large-scale systems. All of these play important roles in information technology.
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1.1 WHAT IS COMMUNICATION?

Communication is the transfer of information.

Information occurs in many ways. It can take the form of postal letters, email, bank
statements, parking tickets, voice, music, pictures, moving video. It is easy to name
many more. The medium that carries information can be electromagnetic waves,
electricity through wires, writing on paper, or smoke signals in the air. The delay
of transfer can vary. A short letter can be delivered in tenths of a second in an
online chat room, seconds or minutes by email, a day or two by postal priority
mail, and perhaps months by low-priority mail. The quality of transfer can also
vary. Voice and music can be compact disk quality, ordinary radio quality, telephone
quality, or something worse, like a military or taxi radio. The form of information,
and the medium, delay, and quality of its transmission, are all things with which
engineers must deal, and quantify.

Sometimes information appears in forms that are hard to quantify. A letter is
just words, but a voice speaking the same words can be happy, sad, threatening,
and so on, and carry more information. Information of this sort can be abstract
and almost impossible to describe in words; examples are the feelings and
impressions that are present in music or art. Philosophers and mathematicians
alike have posed the question, "What is information?" We can give at least three
answers. Information can be data, in the sense of a bank statement, a computer
file, or a telephone number. Data in the narrowest sense can be just a string of
binary symbols. Information can also be meaning. The meaning of the bank state-
ment might be that your account is overdrawn and will now be closed, and the
meaning of the symbols in the computer file may be that you have won the
lottery and should quit your job. Another idea was proposed by the mathematicians
Hartley and Shannon in the middle of the last century. They said that information
was the degree that uncertainty was reduced by knowing symbols, and they gave
a formula to measure it. Shannon's ideas lie at the heart of the modern engineering
idea of information, and we will look at them in detail in Chapter 5. Until then, we
will measure information of the symbolic kind by simply counting the symbols.

Many forms of information, such as text and data, are inherently symbolic.
Others, such as voice and video, are originally analog waveforms, and can be trans-
mitted or stored in this form or converted to a symbolic form. There are many engin-
eering reasons to do this, and in theory there is no loss in doing so. We will call this
process source conversion. It is often called by more technical names, such as source
coding, data compression, change of format, or analog-to-digital (A to D) conver-
sion; what these are is only a change in form. There are laws that govern it, and
state, for example, how many symbols are needed for voice or video. We will
look at that in Chapters 2 and 5. Sometimes information is converted from one sym-
bolic form to another. Emails, for example, are converted from the text symbols
A,B,C, . . . to the binary symbols 1 and 0. When information is converted to a
simple, standard form such as these binary symbols, both the public and engineers
alike say that it is in digital form.
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A conversion to a form intended for transmission or storage is called modu-
lation. In this process, analog or digital forms are converted to electromagnetic
waves as in radio, magnetized regions as in a hard disk, or pits in a film as in a
compact disk (CD), to name a few. Within radio and wire modulation many ways
exist. These include modulating the amplitude, frequency or phase of a radio or elec-
trical waveform. As an example of the proper use of language, we might say that
"voice was converted to digital form and the resulting bits are phase modulated
for transmission." Waveform information such as voice and video may be modu-
lated directly in its analog form or converted to digital form. We will take a close
look at modulation in Chapter 4.

The need for modulation seems obvious, but it is a good idea to review why it is
needed. A good modulation method is one that fits the medium. For example, an effi-
cient means of modulating magnetic domains on a disk may not be the best one on a
CD or over a radio link. Radio channels are especially interesting because the
physics of antennas and transmission depend very much on frequency. For all
sorts of subtle reasons, microwaves are required in space; 20 MHz is suitable for
transcontinental transmission during the daytime, 6 MHz is suitable at night, and
20 kHz is needed for submarines at any time. Another reason for modulation is to
keep signals from interfering; if two signals are modulated to different radio fre-
quencies, they will not disturb each other.

An interesting philosophical point about all of this is that modulation is inher-
ently an analog process. The last circuit in radio transmitters and disk drives is
always an analog one. Symbols do not have length or weight or field intensity,
but magnetic domains and electromagnetic waves do. We need to measure this phys-
ical reality, and buy and sell and control it.

1.1.1 Noise

A proverb says "Death and taxes are always with us." The equivalent of these in
communication is noise. Except at absolute zero—not a very interesting tempera-
ture—noise is always with us.

Noise takes many forms. For two people having a conversation, traffic noise
may be the problem. For people sending smoke signals, it might be fog. A definition
of noise might be any unrelated signal in the same time or place or frequency band.
Because most communication is one way or another electrical, it is electrical noise
that is most interesting for us, and within this, thermal, or "white" noise. This noise
stems from the motions of molecules, something that is present in all materials and
at all temperatures above absolute zero. It is true that there is a cosmic background
noise in the universe, but most often the dominant source of white noise is the recei-
ver itself, in the front part where the signal is first applied. Sometimes it is this una-
voidable noise level that limits communication. Other times a nonthermal source
dominates. Everyday examples are interference from switched currents in neighbor-
ing wires, electrical activity in the radio medium, for example, the ionosphere, and
other signals in the same channel. It is also possible that a signal can interfere with
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itself in such a way that versions of the signal are hard to separate and act like noise
to each other. In video transmission, the interfering version is called a ghost, in
audio, it is an echo. If there are several interferes, and they lie close in time, the
result is a smear in video, a garble in audio.

There are several general rules about noise. First, signals decay as they propa-
gate, so that sooner or later a fixed noise level, however small, becomes significant.
Secondly, only the ratio of signal energy E to noise energy N matters, not the absol-
ute value of either. The important ratio is called the signal-to-noise ratio, abbreviated
SNR. In communication, this ratio E/N is expressed in decibels1 (abbreviated dB),
which by definition is computed as 10 loglo(£/A0- We can observe this rule in
everyday life. If two people are talking in a room and a party starts up, they must
now talk louder; the ratio of their speech to the background noise must stay the
same. Almost always, the same rule applies to electrical communication. The impli-
cations are that if signals are weak, as they are from outer space, the receiver must be
very good, with a low noise; conversely, if noise is high, it may be overcome, but
only by large signal power.

1.1.2 Measuring Communication

With symbols, we can simply count them. The situation is actually more subtle,
because some symbols can contribute more to the message than others. But more
on this must await Chapter 5. Here we want to gain an overall impression of how
to measure analog signals, both analog sources of information and the analog
signals that transmit digital information.

Important measures of a communication system are its energy, bandwidth, pro-
cessor requirement, distortion, and delay. In the real world, these all cost money. In
general, they all trade off against each other; that is, reducing the cost of one
increases the cost of the others. Distortion, for example, can be reduced by consum-
ing more energy or bandwidth, or by more expensive processing or longer trans-
mission delay. There are many other tradeoffs and some are less intuitive; for
example, choosing a transmission method with wider bandwidth can lead to a
lower signal energy requirement or a lower distortion.

We can look at energy and bandwidth in a little more detail now, saving the full
treatment for Chapters 2 and 4. For the moment, think of processing, distortion, and
delay as fixed at some convenient level. Energy is a familiar quantity. With digital
transmission, it is convenient to think of energy per bit, denoted Eb (in joules). If T
seconds are devoted to the transmission of each bit, then the power is Eb/T watts.
With analog waveforms, the power of the waveform is easy to think about. Band-
width is more difficult. To start, we should point out that there are two meanings
of the word. Often in engineering and almost always in the general public, band-
width refers to the bit rate of a service in bits/second. For example, one might
say a video system has higher bandwidth than a voice system, meaning that it

1 With a slight misspelling, this unit is named after the great communication pioneer Alexander
Graham Bell; a bel is a power ratio whose log base 10 is 1. Bell is discussed in Section 1.3.
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requires more bits/s. To communication engineers this is an abuse of notation; band-
width is the width of frequencies that is required to send the signal. The two mean-
ings are related, but in a complicated way that varies strongly with the modulation
method and the quality desired. The simplest digital modulation methods take, very
roughly, 1 Hz of bandwidth for each bit per second transmitted. As an example, stan-
dard low-tech digitized telephone speech runs at 64 kbits/s, and this therefore would
need roughly 64 kHz of bandwidth. As a second example, a short email might
convert to 1000 bits, and to send it in 20 s (certainly competitive with the post
office!) would imply 50 bits/s for 20 s, and a bandwidth consumption of 50 Hz.
The bandwidth of a brief letter is thus very much smaller than sending the same
spoken words. As the saying goes, a picture is worth a thousand words. In fact,
the engineering reality is that a picture costs the bandwidth of a thousand spoken
words, but more like 100,000 written words.

Communication engineers compute bandwidth by the Fourier transform, which
is described in Chapter 2. A view that gives some simple intuition is the following
water pipe analogy. Transmitting information is like transmitting water. Signal
energy E corresponds roughly to the initial pressure of the water. Signal bandwidth
W is the size of the pipe. Signal noise N is the friction of the pipe. The total water
carried per second is the product of pipe size and pressure, reduced by the effect of
friction. Actually, information transfer obeys a relation more like (bandwidth) x log
(signal-to-noise ratio), but the water analogy gives the right feel.

It can be seen from the email example above that there are tremendous vari-
ations in the parameters of different information sources. Before going further, it
would be useful to give rough measures for some of them. These will serve tempor-
arily before we study sources in more detail in Chapter 3.

Messages

These include short emails, paging calls, and orders for a taxi service, for example.
Length is perhaps 1000-10,000 bits (200-2000 ASCII characters). Delay of several
seconds to several minutes is acceptable. Error rate should be very low, less than
10~9. Transmission speed can be as low as 100s of bits/s.

Telephone Speech

As an analog signal, speech has a bandwidth of about 3500 Hz and requires an SNR
of 30-40 dB (this is the ratio of signal power to noise power; 30 dB is a factor of
1000). Transmission must be nearly real-time. As a digital signal converted from
analog, speech has a bit rate of 64 kbits/s if converted in a simple way, and
perhaps 5 kbits/s if converted in a complex way. Bit error rate needs to be in the
range 10~2 to 10"5.

CD-Quality Music

As a high-quality analog signal, music has a bandwidth of about 22 kHz and needs
an SNR of about 90 dB. Delays of up to several seconds can be tolerated in
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reproduction. As a digital signal converted from analog, standard stereo CD music
requires 1.41 Mbits/s. Error rate must be low, less than 10~9.

Television

As an analog signal, ordinary television has a bandwidth of about 4 MHz and
requires an SNR of 20-30 dB. As a digital signal converted from analog, video
requires about 40 Mbits/s if converted in a simple way, and perhaps 0.5-
2 Mbits/s if converted in a complex way. Delays of up to several seconds can be
tolerated in broadcasting and much more in tape playback. An error rate of 10"5

is tolerable. High-definition television (HDTV) requires 5-10 times the bandwidth
and bit rate.

1.2 WHY DIGITAL COMMUNICATION?

The last 30 years has seen a conversion of the entire communication business from
analog to digital transmission, that is, from waveforms to symbols. This revolution
has been so complete that most of our study in this book is devoted to digital trans-
mission. Why is this?

There are many compelling reasons. We will list them in approximate order of
importance.

1. Cheap hardware. Beyond all else, the collapse in the price of electronics has
propelled the digital revolution. An oft quoted empirical rule is Moore's
Law, which states that the price of signal processing drops by half every
18 months. It is hard to grasp how momentous this price fall really is. As
a small example, take the diode. In the 1950s, a diode was a vacuum tube
that cost more than US$5 in today's money; today its cost has dropped at
least 10 million fold. What would happen if the price of fuel or housing
dropped that much?

2. New sei-vices. A great many new services are inherently symbolic, and are
therefore digital. These include electronic banking, airline reservations,
the web, email, to name just a few. We choose to live and work in a
widely distributed way, which makes these services all the more necessary.
Voice, music, and video can be transmitted in either analog or digital form,
but these new services are only digital.

3. Control of quality. Even if all signals were voice, music, and video, digital
transmission would still offer special advantages. These are subtle to under-
stand, but they are nonetheless important. Digital transmission works in a
way that tends to set a desired distortion level initially and then keeps it
nearly fixed at that value. This will be discussed in Chapter 3. Analog trans-
mission tends to start at a high quality and get worse at each conversion or
retransmission step. Digital systems thus have the advantage when there are
many such steps. We can stop momentarily and look at two classic examples,
a recording/playback chain and a transmission system with repeaters.
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It is often thought that a high-quality music recording medium must be
digital, but this is not necessarily so. High-quality music is a matter of
finding a medium with the bandwidth, SNR, and dynamic range required
and this is possible with analog media.2 The problem in recording is more
that recording/playback is actually a chain of many processors. These
include microphones, their lines, mixing, recording, remixing and re-record-
ing several more times, storage in some medium, replay from the medium,
playback processing, amplification, speaker reproduction. Quality is lost at
every step. A digital system maintains its bits essentially unchanged from
end to end. Once a quality level is agreed upon, it never changes.

The second example is a long-distance transmission system that is based
on a chain of many short links with amplifiers (called repeaters) that boost
the signal after each link. The system could be a chain of 50 km line-of-
sight microwave links; a more modern example is an under-ocean light
fiber system, which would need a reforming of the bit-carrying light wave-
form every 100 km. As an analog signal is passed from link to link, it picks
up a certain quantity of noise each time, which cannot be removed. After,
say, 100 links, the noise has grown 100-fold. A way of looking at this is
that each link needs to have 100 times the quality that the whole system
will have. This may only be achieved by a 100-fold increase in the signal-
to-noise ratio in the links. A digital system that carries bits encounters
quite a different set of rules. The bits have a certain probability of error.
After 100 links the laws of probability say that the probability overall will
be about 100 times larger. To achieve a desired probability overall, then,
about 100 times lower probability is needed in each link. We will see in
Chapter 4 that this can be done with only a 60% increase in signal-to-
noise ratio in the links.

4. Flexibility of transport and switching. If all signals have a common format as
bits, the same system can cany them. Switching the bits and combining them
into streams of different speeds and sizes are much easier. The same line can
carry bits that control, for example, a telephone system as carries the voice
itself. In reality, the bits from different services can require very different
error rates, and so combining of services is not straightforward, but digital
transmission is nonetheless vastly simpler when many services must be
carried. Networking is the subject of Chapter 7.

5. Interference rejection. It is a fact that mobile systems, which tend to be
limited by interference from other users, can fight interference better if mess-
ages are carried in digital form. This raises the number of users that the
system can carry, and therefore lowers cost per user.

6. Security. Message security is inherently difficult with analog systems, since
another user need only listen in. Analog encryption methods exist, but they

2For example, a 33 rpm vinyl disk is much inferior to a compact disk, but when the same physical
disk is sped up to 45 rpm, its playback quality is almost that of a CD.
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are inherently weak. Digital encryption is performed by adding unknown bits
and can be made virtually impossible to decipher. New services, such as
electronic banking, tend to need more security than voice or video, and
this multiplies the digital advantage. Security will be studied in Chapter 6.

1.3 SOME HISTORY

AT&T stock is the greatest investment in the world. When times are good, all
stocks go up; when times are bad, people pick up the phone and complain to
each other...

Source: Heard in the halls of American Telephone Telegraph
Company, the giant company that ran tele-communications in the

United States from the 1880s to the 1980s.

This section recounts events in the long and fascinating history of telecommu-
nication. Thinking about history as a list of dates and inventors can be misleading,
since trends and individual inventions most often arise in confusion and in many
different places at once. Fields can have unquestioned leaders, to be sure, but
most of history happens in a rather muddy way. Information transmission evolved
in a series of dramatic subrevolutions, which will form the structure of this section,
and with most of them, the innovation arose in many places. Sometimes, as with
the telegraph, the advent was rather sudden; other times, as with computer software,
it was confused and drawn out. It is also important to realize that every major inno-
vation in technology is accompanied by major social and political change. It can
hardly be otherwise: a major shift in something as important as communication
cannot occur in isolation. And someone has to finance the revolution. Like the
people who gave their last dollar to AT&T in order to tell their friends how bad
things were, someone has to think communication is worth paying for. The act of
financing something as huge as information transmission is itself a major social
and political event.

We can gain insight into these changes in our culture by studying history.
However, the process of social change is subtle and not that easy to track. Historians
say that the effects of a major change, such as the invention of radio, do not make
themselves fully felt for as much as 50 years. This means, for example, that whatever
we feel the effect of the Internet has been on us, the real effect on our civilization
will not be known for something like 40 more years. In the meantime, we are the
experimental guinea pigs.

Present-day telecommunication arose over the last two centuries because of
four great trends. These were the invention of electric signaling technology (tele-
graph, telephone, radio, and so on), scientific and mathematical understanding of
these (otherwise how could we work with them?), the advent of microcircuits—
chips (which made the equipment small, fast, reliable, and very cheap), and the soft-
ware concept (which makes possible complex algorithms). It is interesting to
observe that telecommunication from the telegraph up to television was based on
science known in the 1800s. We will see the details of this presently. Only with
data networking and the Internet did communication make use of the technology
of the mid 1900s, namely computer software and microcircuitry.
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We will now take a look at the revolutions of information transmission in the
order they occurred. They are the telegraph, telephone, radio, television, cable
TV, mobility, and the Internet. Some of the important events are given in
Table 1.1. We want particularly to find out the following:

• What technology supported each innovation?

• What caused the social and political sectors to take an interest in the inno-
vation? Why did they invest in it?

• In turn, what were the social and political effects of the innovation?

1.3.1 The Telegraph

The first demonstration of an electric telegraph was between Washington, D.C., and
Baltimore in 1844; the inventor and promoter were both Samuel F. B. Morse (1791 -
1872) (Box 1-1). Morse was actually a portrait artist, but he had an active intellect,
and some 15 years before, had been struck by the thought that electricity might pro-
pagate down a wire and carry a message for some distance. Morse was aware of and
capitalized on the discoveries of Henry, Faraday, and Ampere, who were American,
British, and French scientists, respectively, who worked during the period 1800-
1840. Joseph Henry in particular had discovered electromagnetic induction: He
strung a loop of wire around his school classroom and discovered that passing a
current through it would create a current in a similar but disconnected loop in the
room. A moment's thought shows that Henry had in a sense demonstrated a tele-
graph and in fact even radio. But it is difficult today for us to imagine how little
was known in the 1800s about electricity. Both the telephone and the telegraph
were devised without any concept of atoms or moving charges. Morse worked
from the simple fact that connecting a battery at one end of his wire caused a mag-
netic response at the other end. For their part, the public identified electricity only
with lightning; they called the telegraph the lightning line.

It was not enough for Morse to recognize that electricity—whatever that was—
would cause magnetism at a distance. How could this electricity carry text infor-
mation? He invented the Morse code for that purpose, and for that matter, he
invented the key with which to send it. Here we see an important factor in producing
a real innovation. One must capitalize not only on a scientific discovery, but devise
an entire system that puts it to convenient and economic use. With minor changes,
the Morse code is still in use today, and it is shown in Table 1.2. Morse devised a
code based on sequences of long and short pulses called dots and dashes that rep-
resented different text letters.3 He also conceived the idea of using short words to
represent common letters such as "e" and "i" and long words to represent uncommon
letters such as "z." These principles are still used today in coding information.

3 There is also a certain rhythm between dots and dashes and between letters that serves to distinguish
letters and words. The modem name for signaling by pulses of different lengths is pulse-width
modulation.
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Table 1.1 Major events in telecommunication history. Note that many of these did not occur
at a specific time, or have a single person associated with them.

Year Event

ca. 1820 Oersted shows electric currents create magnetic fields
1830-1840 Henry discovers induction; Faraday shows magnetic fields produce

electric fields
1834-1842 Various telegraphs demonstrated
1844 Morse commercial telegraph, Baltimore to Washington
1864 Maxwell publishes his theory of electromagnetism
1866 First permanent transatlantic telegraph
1860-1876 Various telephone demonstrations by Bell and others
1878 First telephone exchange installed by Bell, at Hamilton, Canada
1887 Experiments by Hertz verify Maxwell
1895-1898 Marconi and others demonstrate radio over significant distances
1901 First transatlantic radio message by Marconi, UK to Canada
1904; 1906 Fleming announces diode; DeForest announces triode
1906 Fessenden transmits speech 320 km
ca. 1918 Armstrong devises superheterodyne receiver
1920 First modern radio broadcast by KDKA, Pittsburgh
ca. 1925 Mechanical TV system demonstrations by Baird, London
1924 Pulse and noise theories of Nyquist
1928 Gaussian thermal noise papers of Johnson and Nyquist
1929 Zworykin demonstrates electronic TV system
ca. 1933 Armstrong devises FM
1936 TV broadcasting begins, by BBC London
ca. 1940 First use of radar
1945-1950 Early computers constructed
1947 Transistor demonstrated by Brattain, Bardeen, and Shockley, Bell Labs.
1949 First error-correcting code, by Hamming
1948-1949 Shannon publishes his theory of information
1947-1949 Shannon and others devise signal space and sampling theory
1950-1955 Beginnings of computer software and microwave transmission
1953 First transatlantic telephone cable
ca. 1958 First chips demonstrated by Kilby and others
ca. 1960 Error-correcting codes begin rapid development
1960 Laser announced by Schawlow and Townes, Bell Labs.
ca. 1965 Communication satellites using active transponders

Long-distance communication to space probes begins
ca. 1970 Low-loss optical fibers demonstrated

Large-scale integrated circuits appear
1971 First microprocessor chip, Intel 4004
ca. 1977 Digital telephone trunks first installed
1979 Images received from Jupiter
ca. 1980 Digital optical fiber telephone trunks begin
1985-1990 Cellular mobile telephones become widespread in Europe
1992 First digital mobile telephone system, GSM, begins in Europe
ca. 1996 Use of the Internet accelerates
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BOX 1-1

Samuel Morse financed his first demonstration through a grant from the U.S. Congress.
This first example of government support in communication was no more trouble free

Samuel Morse (1791-1872)
(Photo Courtesy of Noel Collection, www.noelcollection.org)

than it is today. It required five years for approval, and many congressmen thought the
idea was dishonest or mystical. Opponents equated the telegraph with hypnotism and
a sect that predicted the Second Coming of Christ for that year (see ref. [1], p. 10).
Before we judge the congressmen too harshly, we should remember that in the public
mind, electricity was lightning and nothing else. Despite these problems, Morse's dem-
onstration on May 24, 1844 was a great success. Three days later, Morse played an
important role in a political party convention by relaying critical information from a
meeting in Baltimore to a candidate in Washington. This settled his difficulties with dis-
believing politicians. By 1846, Morse had constructed a telegraph between New York
and Washington, and the telegraph had been used to report on a war that had broken
out that year. By 1861, a telegraph line had crossed the North American continent.

The idea of signaling by some symbolic means over distances was not new in
1844. For some 50 years, and especially in Britain, entrepreneurs and governments
had experimented with lights, semaphore (a system with two flags), and even smoke
signals over short distances. The systems were not successful because they took too
much time, they needed relays to go even moderate distances, and they were too
subject to error. The telegraph solved all these problems in an economic way.
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Table 1.2 The Morse code, in its present-day international version, with some punctuation
and non-English symbols

A - K — T~ 0
B —. L — U — 1
C - - • M — \J • — 2

D -•• N - V •••- 3
E . 0 W • — 4 •••—

F •— O X — - 5
G - - • P Y 6 - —
H ... e — z -— 7 —
/ .. /? ._. A 8
J . ^ . . . / \ • • y •

7

Morse was successful with politicians at first, but this was not to continue. He
himself felt that the telegraph should be operated by the government for the public
good, but the Congress took no further interest, feeling that government should not
control such things, and the exploitation of the invention in the United States passed
to private industry. The telegraph grew like wildfire, much as the Internet has done
in our time, and within 20 years was dominated in the United States by the giant
Western Union Company. By 1880, Western Union was the largest company in
the United States, the first of the giant media companies that we know so well
today. The telegraph also grew rapidly in Europe and everywhere else, but in all
these cases it was financed and run by the governments, who felt just as strongly
that governments should control the telegraph. The system came to be called the
PTT (Posts-Telegraph-Telephone) method. Only recently have both the American
and the European models been overturned. More about this will follow.

Why did the telegraph catch on so rapidly? It is said that the greatest single
cause was the advent of cheap, daily newspapers, the so-called "penny papers" of
the era. The public liked them, the papers needed news with immediacy, and the
public therefore liked the telegraph. More slowly, the public came to see that the tel-
egraph was relatively cheap and that they could use it themselves. The telegraph
required huge investment that stretched over a wide geography, but it had a high
bandwidth for its day; that is, it could divide its cost by many, many messages. A
secondary cause of the telegraph's success was the rapid industrial expansion at
the time, which needed a method to manage finance and production data. Govern-
ments were interested because countries and empires were growing in size, and
the managing of these and of various military adventures needed better
communication.

We have seen now the scientific basis of the telegraph (electricity) and how the
inventor made it practical (wires, a code, the telegraph key). We have seen how it


