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this textbook is aimed at newcomers to nonlinear dynamics and chaos especially
students taking a first course in the subject the presentation stresses analytical
methods concrete examples and geometric intuition the theory is developed
systematically starting with first order differential equations and their bifurcations
followed by phase plane analysis limit cycles and their bifurcations and culminating
with the lorenz equations chaos iterated maps period doubling renormalization fractals
and strange attractors a unique feature of the book is its emphasis on applications
these include mechanical vibrations lasers biological rhythms superconducting circuits
insect outbreaks chemical oscillators genetic control systems chaotic waterwheels and
even a technique for using chaos to send secret messages in each case the scientific
background is explained at an elementary level and closely integrated with
mathematical theory in the twenty years since the first edition of this book appeared
the ideas and techniques of nonlinear dynamics and chaos have found application to
such exciting new fields as systems biology evolutionary game theory and
sociophysics this second edition includes new exercises on these cutting edge
developments on topics as varied as the curiosities of visual perception and the

tumultuous love dynamics in gone with the wind

this essential handbook provides the theoretical and experimental tools necessary to
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begin researching the nonlinear behavior of mechanical electrical optical and other
systems the book describes several nonlinear systems which are realized by desktop
experiments such as an apparatus showing chaotic string vibrations an Irc circuit
displaying strange scrolling patterns and a bouncing ball machine illustrating the
period doubling route to chaos fractal measures periodic orbit extraction and symbolic
analysis are applied to unravel the chaotic motions of these systems the simplicity of
the examples makes this an excellent book for undergraduate and graduate level
physics and mathematics courses new courses in dynamical systems and

experimental laboratories

the field of nonlinear dynamics and chaos has grown very much over the last few
decades and is becoming more and more relevant in different disciplines this book
presents a clear and concise introduction to the field of nonlinear dynamics and chaos
suitable for graduate students in mathematics physics chemistry engineering and in
natural sciences in general it provides a thorough and modern introduction to the
concepts of hamiltonian dynamical systems theory combining in a comprehensive way
classical and quantum mechanical description it covers a wide range of topics usually
not found in similar books motivations of the respective subjects and a clear
presentation eases the understanding the book is based on lectures on classical and
quantum chaos held by the author at heidelberg university it contains exercises and
worked examples which makes it ideal for an introductory course for students as well

as for researchers starting to work in the field

mathematics is playing an ever more important role in the physical and biological
sciences provoking a blurring of boundaries between scientific disciplines and a
resurgence of interest in the modern as well as the classical techniques of applied
mathematics this renewal of interest both in research and teaching has led to the
establishment of the series texts in applied mathematics tam the development of new

courses is a natural consequence of a high level of excitement on the research
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frontier as newer techniques such as numerical and symbolic computer systems
dynamical systems and chaos mix with and reinforce the traditional methods of
applied mathematics thus the purpose of this textbook series is to meet the current
and future needs of these advances and encourage the teaching of new courses tam
will publish textbooks suitable for use in advanced undergraduate and beginning
graduate courses and will complement the applied mathematical sciences ams series
which will focus on advanced textbooks and research level monographs about the
authors daniel kaplan specializes in the analysis of data using techniques motivated by
nonlinear dynamics his primary interest is in the interpretation of irregular
physiological rhythms but the methods he has developed have been used in geo
physics economics marine ecology and other fields he joined mcgill in 1991 after
receiving his ph d from harvard university and working at mit his un dergraduate
studies were completed at swarthmore college he has worked with several

instrumentation companies to develop novel types of medical monitors

this book starts with a discussion of nonlinear ordinary differential equations
bifurcation theory and hamiltonian dynamics it then embarks on a systematic
discussion of the traditional topics of modern nonlinear dynamics integrable systems
poincard maps chaos fractals and strange attractors the baker s transformation the
logistic map and lorenz system are discussed in detail in view of their central place in
the subject there is a detailed discussion of solitons centered around the korteweg
devries equation in view of its central place in integrable systems then there is a
discussion of the painlevo property of nonlinear differential equations which seems to
provide a test of integrability finally there is a detailed discussion of the application of
fractals and multi fractals to fully developed turbulence a problem whose
understanding has been considerably enriched by the application of the concepts and
methods of modern nonlinear dynamics on the application side there is a special

emphasis on some aspects of fluid dynamics and plasma physics reflecting the author
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s involvement in these areas of physics a few exercises have been provided that
range from simple applications to occasional considerable extension of the theory
finally the list of references given at the end of the book contains primarily books and
papers used in developing the lecture material this volume is based on this book has
grown out of the author s lecture notes for an interdisciplinary graduate level course
on nonlinear dynamics the basic concepts language and results of nonlinear dynamical
systems are described in a clear and coherent way in order to allow for an
interdisciplinary readership an informal style has been adopted and the mathematical
formalism has been kept to a minimum this book is addressed to first year graduate
students in applied mathematics physics and engineering and is useful also to any
theoreticallyinclined researcher in the physical sciences and engineering this second
edition constitutes an extensive rewrite of the text involving refinement and
enhancement of the clarity and precision updating and amplification of several
sections addition of new material like theory of nonlinear differential equations solitons
lagrangian chaos in fluids and critical phenomena perspectives on the fluid turbulence

problem and many new exercises

this book focuses on modelling and simulation control and optimization signal
processing and forecasting in selected nonlinear dynamical systems presenting both
literature reviews and novel concepts it develops analytical or numerical approaches
which are simple to use robust stable flexible and universally applicable to the
analysis of complex nonlinear dynamical systems as such it addresses key challenges
are addressed e g efficient handling of time varying dynamics efficient design faster
numerical computations robustness stability and convergence of algorithms the book
provides a series of contributions discussing either the design or analysis of complex
systems in sciences and engineering and the concepts developed involve nonlinear
dynamics synchronization optimization machine learning and forecasting both

theoretical and practical aspects of diverse areas are investigated specifically
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neurocomputing transportation engineering theoretical electrical engineering signal
processing communications engineering and computational intelligence it is a valuable
resource for students and researchers interested in nonlinear dynamics and

synchronization with applications in selected areas

this important collection presents recent advances in nonlinear dynamics including
analytical solutions chaos in hamiltonian systems time delay uncertainty and bio
network dynamics nonlinear dynamics and complexity equips readers to appreciate
this increasingly main stream approach to understanding complex phenomena in
nonlinear systems as they are examined in a broad array of disciplines the book
facilitates a better understanding of the mechanisms and phenomena in nonlinear
dynamics and develops the corresponding mathematical theory to apply nonlinear

design to practical engineering

this textbook is aimed at newcomers to nonlinear dynamics and chaos especially
students taking a first course in the subject the presentation stresses analytical
methods concrete examples and geometric intuition the theory is developed
systematically starting with first order differential equations and their bifurcations
followed by phase plane analysis limit cycles and their bifurcations and culminating
with the lorenz equations chaos iterated maps period doubling renormalization fractals

and strange attractors

foljowing the formulation of the laws of mechanics by newton lagrange sought to
clarify and emphasize their geometrical character poincare and liapunov successfuijy
developed analytical mechanics further along these lines in this approach one
represents the evolution of all possible states positions and momenta by the flow in
phase space or more efficiently by mappings on manifolds with a symplectic
geometry and tries to understand qualitative features of this problem rather than

solving it explicitly one important outcome of this line of inquiry is the discovery that
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vastly different physical systems can actually be abstracted to a few universal forms
like mandelbrot s fractal and smale s horse shoe map even though the underlying
processes are not completely understood this of course implies that much of the
observed diversity is only apparent and arises from different ways of looking at the
same system thus modern nonlinear dynamics 1 is very much akin to classical
thermodynamics in that the ideas and results appear to be applicable to vastly
different physical systems chaos theory which occupies a central place in modem
nonlinear dynamics refers to a deterministic development with chaotic outcome
computers have contributed considerably to progress in chaos theory via impressive
complex graphics however this approach lacks organization and therefore does not
afford complete insight into the underlying complex dynamical behavior this dynamical
behavior mandates concepts and methods from such areas of mathematics and
physics as nonlinear differential equations bifurcation theory hamiltonian dynamics

number theory topology fractals and others

this book is intended to give a survey of the whole field of nonlinear dynamics or
chaos theory in compressed form it covers quite a range of topics besides the
standard ones for example pde dynamics and galerkin approximations critical
phenomena and renormalization group approach to critical exponents the many
meanings or measures of chaos in the literature are summarized a precise definition
of chaos based on a carefully limited sensitive dependence is offered an application to
quantum chaos is made the treatment does not emphasize mathematical rigor but
insists that the crucial concepts and theorems be mathematically well defined thus
topology plays a basic role this alone makes this book unique among short surveys
where the inquisitive reader must usually be satisfied with colorful similes analogies
and hand waving arguments richard ingraham graduated with b s summa cum laude
in mathematics from harvard college and with m a and ph d in physics from harvard

graduate school he was granted the sheldon prize traveling fellowship by harvard
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college and was a member of the institute for advanced study at princeton for two

years

the book provides a concise and rigor introduction to the fundamentals of methods
for solving the principal problems of modern non linear dynamics this monograph
covers the basic issues of the theory of integrable systems and the theory of
dynamical chaos both in nonintegrable conservative and in dissipative systems a
distinguishing feature of the material exposition is to add some comments historical
information brief biographies and portraits of the researchers who made the most
significant contribution to science this allows one to present the material as accessible
and attractive to students to acquire indepth scientific knowledge of nonlinear
mechanics feel the atmosphere where those or other important discoveries were
made the book can be used as a textbook for advanced undergraduate and graduate
students majoring in high tech industries and high technology the science based on
high technology to help them to develop lateral thinking in early stages of training
contents nonlinear oscillations integrable systems stability of motion and structural
stability chaos in conservative systems chaos and fractal attractors in dissipative

systems conclusion references index

a comprehensive account of nonlinear dynamics and chaos one of the fastest growing
disciplines of applicable mathematics introduce concepts of instabilities bifurcations
and catastrophes and particular focuses on the vital new ideas of chaos and non

repeatability in deterministic systems

global analysis of nonlinear dynamics collects chapters on recent developments in
global analysis of non linear dynamical systems with a particular emphasis on cell
mapping methods developed by professor ¢ s hsu of the university of california
berkeley this collection of contributions prepared by a diverse group of internationally

recognized researchers is intended to stimulate interests in global analysis of complex
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and high dimensional nonlinear dynamical systems whose global properties are largely

unexplored at this time

nonlinear dynamics and chaos involves the study of apparent random happenings
within a system or process the subject has wide applications within mathematics
engineering physics and other physical sciences since the bestselling first edition was
published there has been a lot of new research conducted in the area of nonlinear
dynamics and chaos expands on the bestselling highly regarded first edition a new
chapter which will cover the new research in the area since first edition glossary of
terms and a bibliography have been added all figures and illustrations will be
modernised comprehensive and systematic account of nonlinear dynamics and chaos
still a fast growing area of applied mathematics highly illustrated excellent introductory

text can be used for an advanced undergraduate graduate course text

this book along with its companion volume nonlinear dynamics new directions models
and applications covers topics ranging from fractal analysis to very specific
applications of the theory of dynamical systems to biology this first volume is devoted
to fundamental aspects and includes a number of important new contributions as well
as some review articles that emphasize new development prospects the second
volume contains mostly new applications of the theory of dynamical systems to both
engineering and biology the topics addressed in the two volumes include a rigorous
treatment of fluctuations in dynamical systems topics in fractal analysis studies of the
transient dynamics in biological networks synchronization in lasers and control of
chaotic systems among others this book also presents a rigorous treatment of
fluctuations in dynamical systems and explores a range of topics in fractal analysis
among other fundamental topics features recent developments on large deviations for
higher dimensional maps a study of measures resisting multifractal analysis and a
overview of complex kleninan groups includes thorough review of recent findings that

emphasize new development prospects
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with many areas of science reaching across their boundaries and becoming more and
more interdisciplinary students and researchers in these fields are confronted with
techniques and tools not covered by their particular education especially in the life
and neurosciences quantitative models based on nonlinear dynamics and complex
systems are becoming as frequently implemented as traditional statistical analysis
unfamiliarity with the terminology and rigorous mathematics may discourage many
scientists to adopt these methods for their own work even though such reluctance in
most cases is not justified this book bridges this gap by introducing the procedures
and methods used for analyzing nonlinear dynamical systems in part i the concepts of
fixed points phase space stability and transitions among others are discussed in great
detail and implemented on the basis of example elementary systems part ii is devoted
to specific non trivial applications coordination of human limb movement haken kelso
bunz model self organization and pattern formation in complex systems synergetics
and models of dynamical properties of neurons hodgkin huxley fitzhugh nagumo and
hindmarsh rose part iii may serve as a refresher and companion of some
mathematical basics that have been forgotten or were not covered in basic math
courses finally the appendix contains an explicit derivation and basic numerical
methods together with some programming examples as well as solutions to the
exercises provided at the end of certain chapters throughout this book all derivations
are as detailed and explicit as possible and everybody with some knowledge of
calculus should be able to extract meaningful guidance follow and apply the methods
of nonlinear dynamics to their own work this book is a masterful treatment one might
even say a gift to the interdisciplinary scientist of the future with the authoritative
voice of a genuine practitioner fuchs is a master teacher of how to handle complex
dynamical systems what i find beautiful in this book is its clarity the clear definition of
terms every step explained simply and systematically j a scott kelso excerpts from

the foreword
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