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physics. In recent years, however, a new theory has been
formulated which succeeds in making quantitative predic-
tions describing certain transitions to turbulence. Its
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concentrates on the universal aspects of chaotic motions:
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Preface to the Second Edition

The first edition of this reprint selection has origin in those dim times in
the past when there was no chaos in physics, or at least not in the minds of
most physicists. The people who did this kind of thing were meteorologists,
geometers, astronomers, biologists, plasma physicists, field theorists, ..., and
there was a clear need for a reprint selection, as the seminal references were
scattered far and wide. In those days it was still possible to get a fair overview
of the infant field by reading leisurely a few fundamental articles. Already
then I found it necessary to narrow the scope to the exciting new develop-
ment of that time, the universal aspects of chaotic motions. Since then the
chaos literature has turned into a veritable torrent, and no fair overview of the
field can be attempted within the confines of a single volume. The articles
added to the second edition (Part 8 in this selection) reflect to some extent
the status of the universality theory today. A particularly fruitful recent
development has been the reinjection of techniques of statistical mechanics
into the description of dynamically generated strange sets (here represented
by the article by Halsey et al). Though the methods are old and the original
mathematics literature deeper than the recent physics reworking, what once
seemed arcane mathematics has turned out to be a very useful tool for the
description of observed strange sets, and winged expressions like ‘f of «” have
by now become a part of our conceptual vocabulary.

P. Cvitanovic

Niels Bohr Institute
Copenhagen

May 1989






Preface to the First Edition

This reprint selection presents some of the recent developments in the study
of the chaotic behavior of deterministic systems. The problem, posed in its
most general form, is old and appears under many guises: Why are clouds the
way they are? Is the solar system stable? What determines the structure of
turbulence in liquids, the noise in electronic circuits, the stability of plasma in
atokomak? The subject, defined so broadly, could not possibly be coveredin a
single reprint selection. This selection concentrates on the universal aspects
of chaotic motions: those qualitative and quantitative predictions which
apply to large classes of (often very different) physical systems. The selection
can be divided into roughly four parts. The first part offers a general
introduction to deterministic chaos and universality. The second part
presents some of the experimental evidence for universality in transitions to
turbulence. The third part concentrates on the theoretical investigations of
the universality ideas, and the last part gives a glimpse of the further
developments stimulated by the success of the one-dimensional universality
theory.

This selection originates from a NORDITA reprint selection prepared
together with Mogens Hégh Jensen in the fall of 1981. I am grateful to Mogens
and to the NORDITA staff, in particular Nils Robert Nilsson, for their help
with this project. I thank Harry L Swinney, ] Doyne Farmer, David Ruelle,
Albert Libchaber, Yves Pomeau, Robert H G Helleman, David Rand, Robert
MacKay and Stellan Ostlund for their suggestions and criticisms. And last,
but not least, I thank Mitchell ] Feigenbaum for teaching me almost all that I
know about universality in chaos, and all that I know about Schubert.

P. Cvitanovic¢
NORDITA
August 1983

Note: The reference list for articles referred to in the introduction and the comments to reprint
selections is placed at the end of this volume.
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