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From Here to Infinity
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Foreword

Mathematics is not a book confined within a cover and bound be-
tween brazen clasps, whose contents it needs only patience to ran-
sack; it is not a mine, whose treasures may take long to reduce into
possession, but which fill only a limited number of veins and lodes;
it is not a soil, whose fertility can be exhausted by the yield of
successive harvests; it is not a continent or an ocean, whose area can
be mapped out and its contour defined: it is as limitless as that space
which it finds too narrow for its aspirations; its possibilities are as
infinite as the worlds which are forever crowding in and multiplying
upon the astronomer’s gaze; it is as incapable of being restricted
within assigned boundaries or being reduced to definitions of perma-
nent validity, as the consciousness of life, which seems to slumber
in each monad, in every atom of matter, in each leaf and bud cell,
and is forever ready to burst forth into new forms of vegetable and
animal existence.

JAMES JOSEPH SYLVESTER



Preface

What is mathematics? What is it for? What are mathematicians doing
nowadays? Wasn’t it all finished long ago? How many new numbers
can you invent anyway? Is today’s mathematics just a matter of
huge calculations, with the mathematician as a kind of zookeeper,
making sure the precious computers are fed and watered? If it’s not,
what is it other than the incomprehensible outpourings of super-
powered brainboxes with their heads in the clouds and their feet
dangling from the lofty balconies of their ivory towers?

Mathematics is all of these, and none. Mostly, it’s just different.
It’s not what you expect it to be. Even when it looks as if it is what
you expect it to be, you turn your back for a moment and it’s changed.
It’s certainly not just a fixed body of knowledge, its growth is not
confined to inventing new numbers, and its hidden tendrils pervade
every aspect of modern life.

Mathematics is changing very rapidly indeed. You can tell that
just by following the career of this book, which first saw daylight in
1987 under the title The Problems of Mathematics. By 1992 several
fundamental new discoveries had made a second edition imperative.
The title remained the same, but the cover became more jazzy, with
a fancy computer graphic in place of a design made from coloured
pins. And now it has become necessary to produce a third edition,
with a user-friendly title and a distinct shift of emphasis. The new
title, by the way, is supposed to indicate that mathematics combines
relevance to everyday life (‘here’) with sweeping intellectual inven-
tion (‘infinity’). The new emphasis is more on the overall ebb and
flow of mathematics, and less on particular problems.

A lot happened during those eight years. The most dramatic was
Andrew Wiles’s proof of Fermat’s Last Theorem, announced in 1993
but not completed until 1995, and then only after some heart-
stopping glitches. Chaos and fractals outgrew their origins and
smeared themselves across the face of science like bread and jam in
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the hands of a toddler. The intellectual equivalent of egg smeared
itself over the faces of a few diehard scientists who had alleged that
chaos was just computer error and didn’t really exist. Oh, Chaos
Theory was hyped, no doubt about it—but it was hyped because it
was important. The classical understanding of knots took a totally
unexpected step sideways, matured overnight like a field of mush-
rooms, and transferred itself into the biochemistry of DNA and
Richard Feynman’s diagrammatic representations of the collisions
of quantum particles. These areas in turn fed new ideas back into
knot theory, and the dance still continues, swirling and whirling
across the mathematical landscape. The circle was squared, literally,
by chopping it into 10° pieces and reassembling them into a square
with not a single point out of place. Schrédinger’s cat proved it was
alive after all by letting itself out of the bag and revolutionizing
cryptography. One mathematician found a way to construct billions
upon billions of ‘Carmichael numbers’, and three others promptly
trumped him by using the same method to prove the existence of
infinitely many. You will find all these stories, and many others like
them, within these pages.

Progress does not always move in the forward direction; math-
ematics must occasionally mount a ‘strategic withdrawal’. A proof
of the Poincaré conjecture, the holy grail of topology, was announced
in the first edition of this book and deleted from the second edition
when one key step fell to bits. It may yet resurface in the fourth
edition, you can never tell in this subject. The second edition con-
tained an entire new chapter on the solution to the Kepler Problem,
which is to prove that the most efficient way to stack spheres is the
one known to every greengrocer. You won'’t find it in this edition,
because the proposed proof has become distinctly controversial. It
has not so much collapsed as disappeared behind an impenetrable
- veil of fog. Even though mathematical truth is much more clear-cut
than truth in any other area of science, controversy can still muddy
its waters. One of the current long-running debates focuses around
so-called ‘experimental mathematics’, which emphasizes the role of
computers in suggesting new truths. This would not be terribly con-
troversial, except that it has been interpreted by some people as a



Preface ix

downgrading of the traditional concept of proof. (Look, it isn’t, OK?)
So now we have a meta-controversy about whether the original con-
troversy was or was not aimed at a straw man. Heady stuff, and it
certainly makes you re-examine your prejudices. Some mathemat-
icians don’t like controversies, but they do serve to remind us that
mathematics is created by human beings who care about it, and I
think that’s an important message.

One characteristic of science at the end of the twentieth century
is that traditional subject boundaries are dissolving. The same is true
in mathematics. No longer is it sensible to carve the subject up into
algebra, calculus, geometry, and so on. Every area impinges on every
other. Many areas of mathematical research are now enriched by
direct and active contact with applied science. Often the most inter-
esting areas are not those in which mathematics has traditionally
been used, and the most interesting applications involve mathemat-
ics that has not normally been considered useful.

I’ve found this in small ways in my own research. First, I genu-
inely find it hard to answer the question ‘what field do you do work
in?’ I work in several fields, or none, so I either mumble something
vague about ‘nonlinear dynamics’ or give the enquirer a twenty-
minute potted history. Second, my own creations keep turning round
and biting me. A few years ago a physiologist friend and I did some
very ‘blue skies” work on how to use group theory to classify pat-
terns of movement in animal locomotion. A few weeks ago I learned
that engineers were using our ideas to build and control a walking
robot. Four years ago an industrial engineer telephoned me with a
query about chaos; today we have a joint patent application for a
machine that performs quality control analysis in the springmaking
industry.

This is my own personal microcosm of the ever-broadening sweep
of science, and it has affected how I view mathematics and its role.
Partly for that reason, you will find an idiosyncratic selection of
topics here. This is not in any sense a comprehensive study of the
whole of today’s mathematical sciences; it’s just my personal picture
of some of the bits that have captured my interest. But I do believe
that I can justify my choices in terms of their wider significance. We
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are living in an increasingly mathematical world. Mathematics is
sometimes considered an art, but I think that mathematical thought
patterns lie much closer to science. Mathematics is one of the key-
stones of the scientific endeavour, and science and its technological
legacy affect every one of us in more ways than we know, or can
know. So it pays to understand the kinds of things that mathemat-
icians do; and my selection, idiosyncratic though it may be, is cer-
tainly a valid sample.

My aim in From Here to Infinity is to give you as much insight
as I can into the questions raised at the start of this preface—what
mathematics is, what it’s for, what mathematicians do when they
create new mathematics, and why that task wasn’t finished long
ago. At the very least, I guarantee that you won’t emerge from the
book thinking that mathematical research consists of inventing new
numbers.

Though sometimes, of course—

LN.S.
Coventry 1995
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A HISTORICAL INTRODUCTION TO THE
PHILOSOPHY OF SCIENCE

Jobn Losee

This challenging introduction, designed for readers
without an extensive knowledge of formal logic or
of the history of science, looks at the long-argued
questions raised by philosophers and scientists
about the proper evaluation of scientific interpreta-
tions. It offers an historical exposition of differing
views on issues such as the merits of competing
theories; the interdependence of observation and
theory; and the nature of scientific progress. The
author looks at explanations given by Plato, Aristo-
tle, and Pythagoras, and through to Bacon and
Descartes, to Nagel, Kuhn, and Laudan.

This edition incorporates an extended discussion of
contemporary developments and changes within
the history of science, and examines recent contro-
versies and the search for a non-prescriptive philo-
sophy of science.

‘a challenging interdisciplinary work’
New Scientist
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THE SELFISH GENE
Second Edition
Richard Dawkins

Our genes made us. We animals exist for their
preservation and are nothing more than their
throwaway survival machines. The world of the
selfish gene is one of savage competition, ruthless
exploitation, and deceit. But what of the acts of
apparent altruism found in nature—the bees who
commit suicide when they sting to protect the hive,
or the birds who risk their lives to warn the flock of
an approaching hawk? Do they contravene the fun-
damental law of gene selfishness? By no means:
Dawkins shows that the selfish gene is also the sub-
tle gene. And he holds out the hope that our
species—alone on earth—has the power to rebel
against the designs of the selfish gene. This book is a
call to arms. It is both manual and manifesto, and it
grips like a thriller.

The Selfish Gene, Richard Dawkins’s brilliant
first book and still his most famous, is an interna-
tional bestseller in thirteen languages. For this
greatly expanded edition, endnotes have been
added, giving fascinating reflections on the original
text, and there are two major new chapters.

‘learned, witty, and very well written . . . exhilarat-
ingly good.” Sir Peter Medawar, Spectator

“Who should read this book? Everyone interested in
the universe and their place in it.” Jeffrey R. Baylis,
Animal Bebaviour

‘the sort of popular science writing that makes the
reader feel like a genius’ New York Times
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THE AGES OF GAIA
A Biography of Our Living Earth
James Lovelock

In his first book, Gaia: A New Look at Life on
Earth, James Lovelock proposed a startling new
theory of life. Previously it was accepted that plants
and animals evolve on, but are distinct from, an
inanimate planet. Gaia maintained that the Earth,
its rocks, oceans, and atmosphere, and all
living things are part of one great organism, evolv-
ing over the vast span of geological time. Much
scientific work has since confirmed Lovelock’s
ideas.

In The Ages of Gaia, Lovelock elaborates the
basis of a new and unified view of the earth and life
sciences, discussing recent scientific developments
in detail: the greenhouse effect, acid rain, the deple-
tion of the ozone layer and the effects of ultraviolet
radiation, the emission of CFCs, and nuclear power.
He demonstrates the geophysical interaction of at-
mosphere, oceans, climate, and the Earth’s crust,
regulated comfortably for life by living organisms
using the energy of the sun.

‘Open the cover and bathe in great draughts of air
that excitingly argue the case that “the earth is
alive”.” David Bellamy, Observer

‘Lovelock deserves to be described as a genius.” New
Scientist
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‘SUBTLE IS THE LORD’
The Science and the Life of Albert Einstein
Abraham Pais

Abraham Pais, an award-winning physicist who
knew Einstein personally during the last nine years
of his life, presents a guide to the life and the thought
of the most famous scientist of our century. Using
previously unpublished papers and personal recol-
lections from their years of acquaintance, the narra-
tive illuminates the man through his work with both
liveliness and precision, making this the authorita-
tive scientific biography of Einstein.

‘The definitive life of Einstein.” Brian Pippard,
Times Literary Supplement

‘By far the most important study of both the man
and the scientist.” Paul Davies, New Scientist

‘An outstanding biography of Albert Einstein that
one finds oneself reading with sheer pleasure.’
Physics Today
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OXFORD PAPERBACK REFERENCE

From Art and Artists to Zoology, the Oxford Pa-
perback Reference series offers the very best subject
reference books at the most affordable prices.

Authoritative, accessible, and up to date, the series
features dictionaries in key student areas, as well as
a range of fascinating books for a general reader-
ship. Included are such well-established titles as
Fowler’s Modern English Usage, Margaret Drab-
ble’s Concise Companion to English Literature, and
the bestselling science and medical dictionaries.

The series has now been relaunched in handsome
new covers. Highlights include new editions of
some of the most popular titles, as well as brand
new paperback reference books on Politics, Philos-
ophy, and Twentieth-Century Poetry.

With new titles being constantly added, and existing
titles regularly updated, Oxford Paperback Refer-
ence is unrivalled in its breadth of coverage and
expansive publishing programme. New dictionaries
of Film, Economics, Linguistics, Architecture,
Archaeology, Astronomy, and The Bible are just a
few of those coming in the future.
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CONCISE SCIENCE DICTIONARY

New edition

Authoritative and up to date, this bestselling dictio-
nary is ideal reference for both students and non-
scientists. Fully revised for this third edition, with
over 1,000 new entries, it provides coverage of biol-
ogy (including human biology), chemistry, physics,
the earth sciences, astronomy, maths and comput-
ing.

* 8,500 clear and concise entries

*  Up-to-date coverage of areas such as molecular
biology, genetics, particle physics, cosmology,
and fullerene chemistry

*  Appendices include the periodic table, tables of
SI units, and classifications of the plant and
animal kingdoms

‘handy and readable . . . for scientists aged nine to
ninety’
Nature

“The book will appeal not just to scientists and sci-
ence students but also to the interested layperson.
And it passes the most difficult test of any dictio-
nary—it is well worth browsing through.’

New Scientist
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THE CONCISE OXFORD DICTIONARY
OF MATHEMATICS

New Edition
Edited by Christopher Clapham

Authoritative and reliable, this is the ideal reference
guide for students of mathematics at school or in the
first year at university. Nearly 1,000 entries have
been added for this new edition and the dictionary
provides clear definitions, with helpful examples, of
a wide range of mathematical terms and concepts.

* Covers both pure and applied mathematics as

well as statistics.
Entries on the great mathematicians

Coverage of mathematics of more general
interest, including fractals, game theory, and
chaos

‘the depth of information provided is admirable’
New Scientist

‘the style encourages browsing and a desire to find
out more about the topics discussed’
Mathematica



