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Twist in the tale
Clint McCrory

A Topological Picturebook. By George K.
Francis. Springer-Verlag: 1987. Pp.194.
DM78, §33.

AFTER three decades of preoccupation
with high dimensions, topologists have
returned to the vivid world of surfaces and
knots. An important factor contributing
to the renaissance of visual topology has
been the discovery by Bill Thurston of
Princeton University of unexpectedly rich
relations between non-Euclidean
geometries and the topology of three
dimensions.

But topologists are not very good at
communicating their visions to others.
Popular scientific writers still talk about
turning coffee cups into doughnuts,
leaving the fortunate impression that
topologists merely belabour the visually
obvious. What is needed is a modern
version of the 1932 classic Anschauliche
Geometrie, by Hilbert and Cohn-Vossen,
with its emphasis on physical intuition
rather than on abstract symbolism.
George Francis’s book is a step in the right
direction. It is a manual on how to draw
surfaces so that their topological complex-
ity can be seen and understood.

Francis encourages the reader to learn
to see by learning to draw. Many of his
examples are entertaining visual brain
teasers. Can you imagine a Moebius band
whose border (edge) lies in a plane, or a
two-sided surface whose border is a figure-
eight knot? The book can be enjoyed
simply as a picture book: each of its 87
illustrations tells a story using a number of
related figures, and understanding these
little picture stories is a pleasant and often
challenging exercise. The last three
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3-dimensional shadow, right, of a Kleinbottle in
4-space from 3-dimensional sections.

AUTUMN BOOKS

> (D

A

@ '\%
George Francis

4

5

The plate trick — illustrating a geometrical prin-
ciple popularized by Dirac, explained by
Newman with the theory of braid groups.
chapters are much longer, and contain
more intricate picture stories about
important characters of modern topology:
sphere eversions, mapping class groups
and fibred knots (including some of
Thurston’s work). Through anecdotes,
careful descriptions and references to

the literature, Francis skilfully unfolds
the beauty of these subjects.

The foundation of the art of ‘descriptive
topology’ is Hassler Whitney’s theory of
stable mappings of surfaces. The singular-
ities (folds and cusps) of these mappings
give visual clues to a surface’s shape. (A
corresponding theory of vision has been
developed by the Dutch biological
physicists Koenderink and van Doorn.)
The topology of these singularities plays
a fundamental role in René Thom’s
dynamical theory of catastrophes.

Computer graphics, the author con-
tends, cannot yet compete with pen and
paper in producing inexpensive, easily
constructed images, and it is only in a
postscript that Francis describes his initial
forays into interactive animated computer
graphics. I hope that he’ll write a sequel
on how to use a home computer to compose
topological picture stories, for some of the
most striking computer graphics of the
past 15 years have been the result of
mathematicians’ attempts to see the
objects they study. O

Clint McCrory is a Professor in !ljz; b;]_mrrmem
of Mathematics, University of Georgia, Athens,
Georgia 30602, USA.

Disorderly conduct
Michael Berry

Chaos: Making a New Science. By James
Gleick. Viking, New York: 1987. Pp.352.
$19.95.

It 1s now more than a decade since it
began to be widely appreciated that sys-
tems may behave randomly in spite of
being governed by causal laws whose
mathematical formulation is simple. Since
then, the concepts and methods of chaol-
ogy have penetrated into virtually all
branches of science. It is therefore surpris-
ing that we should have had to wait so long
for a book-length elementary account of
these developments, to complement the
more philosophical and historical exposi-
tion by Prigogine and Stengers (Order Out
of Chaos). And it is not a little shaming
that the book should come from a jour-
nalist rather than one who is actively con-
tributing to the subject.

The author has evidently taken a great
deal of trouble to isolate the key ideas and
explain them in simple terms. His tech-
nique is biographical: each concept is
associated with one of the principal prota-
gonists, whose character and personal his-
tory is interwoven with the science. The
order thus imposed on the subject is not
what would seem natural in a more didac-
tic presentation — indeed the chapters
could be arbitrarily permuted without
losing clarity — but the immediacy and
vividness provide some compensation.
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Thus we are introduced to the mysteries
of strange attractors through Edward
Lorenz’s early simulations of weather,
Stephen Smale’s mathematization of the
stretching and folding of dough, David
Ruelle’s and Floris Takens’s speculations
on how fluids become turbulent, and the
analogue computations of the ‘Santa Cruz
dynamical systems collective’.

Inevitably, the description of the
central conception of fractals — geometric
objects so wild that their dimensionality
hovers between the integers — is en-
hanced by the larger-than-life personality
of their creator, Benoit Mandelbrot. And
the lonely, romantic genius of Mitchell
Feigenbaum is pressed into service to
emphasize his discovery that one of the
ways in which chaos can develop is
universal — that is, independent of
the details of the system within wide
limits.

Nobody should mistake this biogra-
phical approach for a serious history of the
subject, It is a distortion to describe Lap-
lace’s determinism as “almost buffoon-
like” just because that view has been
superseded by the discovery of chaos.
And the fact that Newton’s theory of light
eclipsed Goethe’s theory of colour is no
justification for calling the latter’s obscur-
ity “merciful”.

Such inaccuracies are however unim-
portant by comparison with the unforgiv-
able flaw in this book, namely its
concentration on how the subject devel-
oped in North America, to the virtual
exclusion of contributions by Soviet scien-
tists. The seminal works of Kolmogorov



294

NEW BOOKS

Their Reproductive Biology and

Population Ecology

J.R. Flowerdew

Mammals display a wide variation in their
reproductive biology and life histories as well
as in size, shape and behaviour though
united by many cornmon characteristics. The
differences observed between the various
species indicate adaptation to particular
evoluticnary pressures.

This book offers the facts and considers
the theories in the light of experimental
evidence, illustrating, with examples of
physiclogical and behavioural adaptations,
the links between mammalian reproduction
and population ecology.
£13.50net paper
240 pages 107 line and 3 half-tones
Publication October 1987
ISBN 0713128968

Plankton and
Fisheries

John Grahame

The organisms of the plankton are
responsible for the production and transfer of
most of the food energy available in the sea.
Effective utilisation of fish as a food resource
for man demands an appreciation of plankton
ecology and a variety of biological factors -
both physiological and ecological.

The author has drawn together the
pertinent aspects of these diverse subjects,
relating the fields of oceanography, plankton
biology and fisheries biology, and making
useful reference to ecological literature
outside marine biology.
£7.95net paper l44pages
67 line drawings and 3 half tones
Publication October 1987
ISBNO0 713129417

Subtidal Ecology

New Studies in Biology

Elizabeth Wood

This book provides a ‘modern’ approach to
sublittoral marine ecology, an area of great
interest to pollution and oil field
developments. The author covers
geomorphology and hydrography, the
distribution of the flora and fauna and their
adaptations to various substrata, the
interrelationships of the communities, food
webs, and discusses the qualitative and
quantitative techniques and methods of
studies.

£4.95net paper

224 pages illustrated

Publication October 1987

ISBN 0713128573
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and Arnold {(and also of Moser in the
West) on the stability of the Solar System,
of Sinai, Alexeev and Pesin on fully
chaotic motion, and of Chirikov on cri-
teria for chaos in accelerators and plasmas,
barely rate a mention. This amounts to a
reconstruction of history worthy of the
Kremlin in the days before glasnost. It is
hard to fathom the reason, especially as a
reading between the lines makes it appear
that many of those whom the author inter-
viewed must have fully and generously
acknowledged their indebtedness to col-
leagues from the East. I can only guess
that the width of the Atlantic, the height
of the Iron Curtain and the terseness of
some Soviet scientific writing combined to
hide the fact that Russians have personali-
ties too— and in this style of writing a lack
of ‘human interest’ seems to mean no
interest at all.

Apart from this unpleasant chauvinism
there are a few minor errors. Friction is
confused with nonlinearity, and there is
the curious assertion that “Physicists had
theorems, mathematicians had conjec-
tures”. In the main, however, the explana-
tions are clear and accurate, and the
intensely visual appeal of the subject is
reflected in diagrams and colour plates.
There is a useful bibliography to guide
those who wish to dig deeper.

On balance T recommend this book as a
lively introduction, conveying to non-
specialists the intellectual excitement
accompanying these new insights into the
relation between the simplicity of the laws
of nature and the complexity of the world
asitis. &

Michael Berry is a Professor in the H.H. Wills
Physics Laboratory, University of Bristol, Tyn-
dall Aveniue, Bristol BS8 ITL, UK.

A massive problem
Robert H. Sanders

The Omega Point: The Search for the
Missing Mass and the Ultimate Fate of the
Universe. By John Gribbin. Heinemann:
1987. Pp. 245. £12.95. To be published in
the US in January by Bantam, pbk $9.95.

Tuere are a number of compelling
reasons for believing that the Universe
can be described by the flat space Fried-
man solution to Einstein’s field equations.
This requires that the average density of
matter in the Universe should be very
nearly equal to a critical value; in other
words, that the density in terms of this
critical density, designated “omega”,
should be unity to high precision.

In this highly readable book, John
Gribbin reviews theoretical and phil-
osophical arguments in favour of =1 for
the non-specialist, and the efforts by
astronomers, cosmologists and particie
physicists to solve the omega problem —
the question of whether the Universe is
open and will expand forever or is closed
and will eventually recollapse.

Gribbin argues convincingly that the
only natural value of Q in the standard
cosmological models is unity; the work on
quantum gravity by Stephen Hawking
provides a theoretical basis for expecting
Q to be very nearly unity as an initial
condition, and modern theories of the uni-
fication of forces provide a mechanism,
“inflation”, for smoothing and flattening
the Universe. He goes on to stress that if
we accept that € is unity, then astro-
nomical observations are telling us that

SOUTH POLE

Map-makers must
resort to trickery to
depictaround Earth
on a flat sheet of
paper. Johann
Werner’s heart-
shaped map, popular
in the 16th century,
represents most of the
main land masses
accurately with lirtie
distortion in shape.
The illustration is
reproduced from the
chapter “Curious
Maps” in the
inimitable Martin
Gardner’s latest
collection of puzzles.
The book is entitled
Time Travel and
Other Mathematical
Bewilderments, and
is published by W.H.
Freeman. Prices are
hbk 817.95, £16.50;
pbk$12.95, £11.50.
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