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Preface

The discovery of chaos and the first contributions to the field date back to the
late 19th century with Poincaré’s pioneering studies. Even though several impor-
tant results were already obtained in the first half of the 20th century, it was not
until the ’60s that the modern theory of chaos and dynamical systems started to
be formalized, thanks to the works of E. Lorenz, M. Hénon and B. Chirikov. In
the following 20–25 years, chaotic dynamics gathered growing attention, which led
to important developments, particularly in the field of dynamical systems with
few degrees of freedom. During the mid ’80s and the beginning of the ’90s, the
scientific community started considering systems with a larger number of degrees
of freedom, trying to extend the accumulated body of knowledge to increasingly
complex systems. Nowadays, it is fair to say that low dimensional chaotic systems
constitute a rather mature field of interest for the wide community of physicists,
mathematicians and engineers. However, notwithstanding the progresses, the tools
and concepts developed in the low dimensional context often become inadequate to
explain more complex systems, as dimensionality dramatically increases the com-
plexity of the emerging phenomena. To date, various books have been written on
the topic. Texts for undergraduate or graduate courses often restrict the subject to
systems with few degrees of freedom, while discussions on high dimensional systems
are usually found in advanced books written for experts. This book is the result of
an effort to introduce dynamical systems accounting for applications and systems
with different levels of complexity. The first part (Chapters 1 to 7) is based on
our experience in undergraduate and graduate courses on dynamical systems and
provides a general introduction to the basic concepts and methods of dynamical
systems. The second part (Chapters 8 to 14) encompasses more advanced topics,
such as information theory approaches and a selection of applications, from celestial
and fluid mechanics to spatiotemporal chaos. The main body of the text is then
supplemented by 32 additional call-out boxes, where we either recall some basic
notions, provide specific examples or discuss some technical aspects. The topics
selected in the second part mainly reflect our research interests in the last few
years. Obviously, the selection process forced us to omit or just briefly mention a
few interesting topics, such as random dynamical systems, control, transient chaos,
non-attracting chaotic sets, cellular automata and chaos in quantum physics.
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The intended audience of this book is the wide and heterogeneous group of
science students and working scientists dealing with simulations, modeling and
data analysis of complex systems. In particular, the first part provides a self-
consistent undergraduate/graduate physics or engineering course in dynamical
systems. Chapters from 2 to 9 are also supplemented with exercises (whose solutions
can be found at: http://denali.phys.uniroma1.it/∼ chaosbookCCV09) and sugges-
tions for numerical experiments. A selection of the advanced topics may be used to
either focus on some specific aspects or to develop PhD courses. As the coverage is
rather broad, the book can also serve as a reference for researchers.

We are particularly indebted to Massimo Falcioni, who, in many respects, con-
tributed to this book with numerous discussions, comments and suggestions. We
are very grateful to Alessandro Morbidelli for the careful and critical reading of
the part of the book devoted to celestial mechanics. We wish to thank Alessandra
Lanotte, Stefano Lepri, Simone Pigolotti, Lamberto Rondoni, Alessandro Torcini
and Davide Vergni for providing us with useful remarks and criticisms, and for sug-
gesting relevant references. We also thank Marco Cencini, who gave us language
support in some parts of the book.

We are grateful to A. Baldassarri, J. Bec, G. Benettin, E. Bodenschatz, G. Bof-
fetta, E. Calzavarini, H. Hernandez-Garcia, H. Kantz, C. Lopez, E. Olbrich and A.
Torcini for providing us with some of the figures. We would also like to thank several
collaborators and colleagues who, during the past years, have helped us in develop-
ing our ideas on the matter presented in this book, in particular M. Abel, R. Artuso,
E. Aurell, J. Bec, R. Benzi, L. Biferale, G. Boffetta, M. Casartelli, P. Castiglione,
A. Celani, A. Crisanti, D. del-Castillo-Negrete, M. Falcioni, G. Falkovich, U. Frisch,
F. Ginelli, P. Grassberger, S. Isola, M. H. Jensen, K. Kaneko, H. Kantz, G. Lacorata,
A. Lanotte, R. Livi, C. Lopez, U. Marini Bettolo Marconi, G. Mantica, A. Mazzino,
P. Muratore-Ginanneschi, E. Olbrich, L. Palatella, G. Parisi, R. Pasmanter, M.
Pettini, S. Pigolotti, A. Pikovsky, O. Piro, A. Politi, I. Procaccia, A. Provenzale, A.
Puglisi, L. Rondoni, S. Ruffo, A. Torcini, F. Toschi, M. Vergassola, D. Vergni and
G. Zaslavsky. We wish to thank the students of the course of Physics of Dynami-
cal Systems at the Department of Physics of the University of Rome La Sapienza,
who, during last year, used a draft of the first part of this book and provided us
with useful comments and highlighted several misprints; in particular, we thank
M. Figliuzzi, S. Iannaccone, L. Rovigatti and F. Tani. Finally, it was a pleasure
to thank the staff of World Scientific and, in particular, the scientific editor Prof.
Davide Cassi for his assistance and encouragement, and the production specialist
Rajesh Babu, who helped us with some aspects of LATEX.

We dedicate this book to Giovanni Paladin, who had a long collaboration with
A.V. and assisted M.C. and F.C. at the beginning of the their career.

M. Cencini, F. Cecconi and A. Vulpiani
Rome, Spring 2009




