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of miniaturization and ubiquity, and soon won the Nobel Prize for its
three chief inventors. For the laboratory it was the jewel in the crown.
But it was only the second most significant development of that year.
The transistor was only hardware.

An invention even more profound and more fundamental came in a
monograph spread across seventy-nine pages of The Bell System Techni-
cal Journal in July and October. No one bothered with a press release.

It carried a title both simple and grand—"A Mathematical Theory of

. Communication”—and the message was hard to summarize. But it was

a fulcrum around which the world began to turn. Like the transistor, this
development also involved a neologism: the word bz, chosen in this case
not by committee but by the lone author, a thirt;t—two-ycar-old named
Claude Shannon. The bit now joined the inch, the pound, the quart, and
the minute as a determinate quantity—a fundamental unit of measure.

But measuring what? “A unit for measuring information,” Shannon
wrote, as though there were such a thing, measurable and quantifiable,
as information.

Shannon supposedly belonged to the Bell Labs mathematical research
group, but he mostly kept to himself. When the group left the New York
headquarters for shiny new space in the New Jersey suburbs, he stayed
behind, haunting a cubbyhole in the old building, a twelve-story sandy
brick hulk on West Street, its industrial back to the Hudson River, its front
facing the edge of Greenwich Village. He disliked commuting, and he
liked the downtown neighborhood, where he could hear jazz clarinetists in
late-night clubs. He was flirting shyly with a young woman who worked
in Bell Labs’ microwave research group in the two-story former Nabisco
factory across the street. People considered him a smart young man. Fresh
from MIT he had plunged into the laboratory’s war work, first developing
an automatic fire-control director for antiaircraft guns, then focusing on
the theoretical underpinnings of secret communication—cryptography—
and working out a mathematical proof of the security of the so-called X
System, the telephone hotline between Winston Churchill and President

PROLOGUE
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studied in Gottingen and Vienna. He immediately confronted a crip-
pling problem of early telephone transmission. Signals were distorted as
they passed across the circuits; the greater the distance, the worse the dis-
tortion. Campbell’s solution was partly mathematics and partly electrical
engineering. His employers learned not to worry much about the distinc-
tion. Shannon himself, as a student, had never been quite able to decide
whether to become an engineer or a mathematician. For Bell Labs he was
both, willy-nilly, practical about circuits and relays but happiest in a realm
of symbolic abstraction. Most communications engineers focused their
expertise on physical problems, amplification and modulation, phase
distortion and signal-to-noise degradation. Shannon liked games and
puzzles. Secret codes entranced him, beginning when he was a boy read-
ing Edgar Allan Poe. He gathered threads like a magpie. As a first-year
research assistant at MIT, he worked on a hundred-ton proto-computer,
Vannevar Bush’s Differential Analyzer, which could solve equations with
great rotating gears, shafts, and wheels. At twenty-two he wrote a disser-
tation that applied a nineteenth-century idea, George Boole’s algebra of
logic, to the design of electrical circuits. (Logic and electricity—a pecu-
liar combination.) Later he worked with the mathematician and logician
Hermann Weyl, who taught him what a theory was: “Theories permit
consciousness to ‘jump over its own shadow,” to leave behind the given, to
represent the transcendent, yet, as is self-evident, only in symbols.”

In 1943 the English mathematician and code breaker Alan Turing
visited Bell Labs on a cryptographic mission and met Shannon some-
times over lunch, where they traded speculation on the future of artificial
thinking machines. (“Shannon wants to feed not just data to a Brain,
but cultural things!” Turing exclaimed. “He wants to play music to it!”)
Shannon also crossed paths with Norbert Wiener, who had taught him

at MIT and by 1948 was proposing a new dis&pline to be called “cyber-
netics,” the study of communication and control. Meanwhile Shannon
began paying special attention to television signals, from a peculiar point

of view: wondering whether their content could be somehow compacted

PROLOGUE
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aword meaning vigor or intensity. They mathematicized it, giving energy
its fundamental place in the physicists’ view of nature.

*7% It was the same with information. A rite of purification became necessary.

f And then, when it was made simple, distilled, counted in bits, informa-

" tion was found to be everywhere. Shannon’s theory made a bridge between

information and uncertainty; between information and entropy; and be-

tween information and chaos. It led to compact discs and fax machines,

computers and cyberspace, Moore’s law and all the world’s Silicon Alleys.

Information processing was born, along with information storage and

information retrieval. People began to name a successor to the Iron Age

and the Steam Age. “Man the food-gatherer reappears incongruously as

information-gatherer,” remarked Marshall McLuhan in 1967.* He wrote

»~ _ this an instant too soon, in the first dawn of computation and cyberspace.

We can see now that information is what our world runs on: the blood

and the fuel, the vital principle. It pervades the sciences from top to

bottom, transforming every branch of knowledge. Information theory

began as a bridge from mathematics to electrical engineering and from

there to computing. What English speakers call “computer science”

Europeans have known as informatique, informatica, and Informatik.

Now even biology has become an information science, a subject of mes-

sages, instructions, and code. Genes encapsulate information and enable

procedures for reading it in and writing it out. Life spreads by network-

ing. The body itself is an information processor. Memory resides not

just in brains but in every cell. No wonder genetics bloomed along with

information theory. DNA is the quintessential information molecule,

the most advanced message processor at the cellular level—an alphabet

and a code, 6 billion bits to form a human being. “What lies at the heart

of every living thing is not a fire, not warm breath, not a ‘spark of life,””

declares the evolutionary theorist Richard Dawkins. “It is information,

words, instructions. . . . If you want to understand life, don’t think about

* And added drily: “In this role, electronic man is no less a nomad than his Paleolithic ancestors.”
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