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necessary to 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

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

the book is concerned with the concepts of chaos and fractals which are within
the scopes of dynamical systems geometry measure theory topology and
numerical analysis during the last several decades it is revealed that a special
kind of poisson stable point which we call an unpredictable point gives rise to
the existence of chaos in the quasi minimal set this is the first time in the
literature that the description of chaos is initiated from a single motion chaos is
now placed on the line of oscillations and therefore it is a subject of study in the
framework of the theories of dynamical systems and differential equations as in
this book the techniques introduced in the book make it possible to develop
continuous and discrete dynamics which admit fractals as points of trajectories
as well as orbits themselves to provide strong arguments for the genericity of
chaos in the real and abstract universe the concept of abstract similarity is

suggested

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
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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 college and was a member of the institute for advanced study at

princeton for two years

this book discusses continuous and discrete nonlinear systems in systematic
and sequential approaches the unique feature of the book is its mathematical
theories on flow bifurcations nonlinear oscillations lie symmetry analysis of
nonlinear systems chaos theory routes to chaos and multistable coexisting
attractors the logically structured content and sequential orientation provide
readers with a global overview of the topic a systematic mathematical
approach has been adopted featuring a multitude of detailed worked out
examples alongside comprehensive exercises the book is useful for courses in
dynamical systems and chaos and nonlinear dynamics for advanced
undergraduate graduate and research students in mathematics physics and
engineering the second edition of the book is thoroughly revised and includes
severdl new topics center manifold reduction quasi periodic oscillations
bogdanov takens periodbubbling and neimark sacker bifurcations and
dynamics on circle the organized structures in bi parameter plane for
transitional and chaotic regimes are new active research interest and explored
thoroughly the connections of complex chaotic attractors with fractals
cascades are explored in many physical systems chaotic attractors may attain
multiple scaling factors and show scale invariance property finally the ideas of
multifractals and global spectrum for quantifying inhomogeneous chaotic

attractors are discussed

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
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nonlinear dynamics has been successful in explaining complicated phenomena
in well defined low dimensional systems now it is time to focus on real life
problems that are high dimensional or ill defined for example due to delay
spatial extent stochasticity or the limited nature of available data how can one

understand the dynamics of such sys

integrability chaos and patterns are three of the most important concepts in
nonlinear dynamics these are covered in this book from fundamentals to recent
developments the book presents a self contained treatment of the subject to
suit the needs of students teachers and researchers in physics mathematics
engineering and applied sciences who wish to gain a broad knowledge of
nonlinear dynamics it describes fundamental concepts theoretical procedures
experimental and numerical techniques and technological applications of
nonlinear dynamics numerous examples and problems are included to
facilitate the understanding of the concepts and procedures described in
addition to 16 chapters of main material the book contains 10 appendices which
present in depth mathematical formulations involved in the analysis of various

nonlinear systems

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 college and was a member of the institute for advanced study at

princeton for two years

we present an improved and enlarged version of our book nonlinear namics of
chaotic and stochastic systems published by springer in 2002 basically the new
edition of the book corresponds to its rst version while
preparingthiseditionwemadesomeclari  cationsinseveralsectionsandalso

corrected the misprints noticed in some formulas besides three new sections
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have been added to chapter 2 they are statistical properties of dynamical
chaos e ects of synchronization in extended self sustained oscillatory systems
and synchronization in living systems the sections indicated re ect the most
interesting results obtained by the authors after publication of the rst edition we
hope that the new edition of the book will be of great interest for a
widesectionofreaderswhoarealreadyspecialistsorthosewhoarebeginning
research in the elds of nonlinear oscillation and wave theory dynamical chaos
synchronization and stochastic process theory saratov berlin and st louis v s
anishchenko november 2006 a b neiman t e vadiavasova v v astakhov |
schimansky geier preface to the first edition
thisbookisdevotedtotheclassicalbackgroundandtocontemporaryresults  on
nonlinear dynamics of deterministic and stochastic systems considerable
attentionisgiventothee ectsofnoiseonvariousregimesofdynamicsystems with
noise induced order on the one hand there exists a rich literature of excellent
books on n linear dynamics and chaos on the other hand there are many
marvelous monographs and textbooks on the statistical physics of far from
equilibrium andstochasticprocesses
thisbookisanattempttocombinetheapproachof nonlinear dynamics based on
the deterministic evolution equations with the approach of statistical physics
based on stochastic or kineticequations one of our main aims is to show the
important role of noise in the organization and properties of dynamic regimes of

nonlinear dissipative systems

the treatment of chaotic dynamics in mathematics and physics during last two
decades has led to a number of new concepts for the investigation of complex
behavior in nonlinear dynamical processes the aim the cism course
engineering applications of dynamics of chaos of which this is the proceedings
volume was to make these concepts available to engineers and applied
scientists possessing only such modest knowledges in mathematics which are
usual for engineers for example graduating from a technical university the
contents of the articles contributed by leading experts in this field cover not only
theoretical foundations and algorithmic and computational aspects but also
applications to engineering problems in the first article an introduction into the
basic concepts for the investigation of chaotic behavior of dynamical systems
is given which is followed in the second article by an extensive treatment of
approximative analytical methods to determine the critical parameter values
describing the onset of chaos the important relation between chaotic dynamics
and the phenomenon of turbulence is treated in the third article by studying
instabilities various fluid flows in this contribution also an introduction into

interesting phenomenon of pattern formation is given the fourth and fifth
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articles present various applications to nonlinear oscillations including roll
motions of ships rattling oscillations in gear boxes tumbling oscillations of
satellites flutter motions of fluid carrying pipes and vibrations of robot arms in

the final article a short treatment of hyperchaos is given

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

several distinctive aspects make dynamical systems unique including treating
the subject from a mathematical perspective with the proofs of most of the
results included providing a careful review of background materials introducing
ideas through examples and at a level accessible to a beginning graduate
student focusing on multidimensional systems of real variables the book treats
the dynamics of both iteration of functions and solutions of ordinary differential
equations many concepts are first introduced for iteration of functions where
the geometry is simpler but results are interpreted for differential equations the
dynamical systems approach of the book concentrates on properties of the
whole system or subsets of the system rather than individual solutions the more
local theory discussed deals with characterizing types of solutions under various
hypothesis and later chapters address more global aspects what s new in the
second edition a revised discussion of the saddle node bifurcation a new
section on the horseshoe for a flow with a transverse homoclinic point material
on horseshoes for nontransverse homoclinic points indicating recent extensions
to the understanding of how horseshoes arise information proving the
ergodicity of a hyperbolic toral automorphism a new chapter on hamiltonian

systems

background sir isaac newton hrought to the world the idea of modeling the
motion of physical systems with equations it was necessary to invent calculus

along the way since fundamental equations of motion involve velocities and
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accelerations of position his greatest single success was his discovery that
which are derivatives the motion of the planets and moons of the solar system
resulted from a single fundamental source the gravitational attraction of the
hodies he demonstrated that the ohserved motion of the planets could he
explained hy assuming that there is a gravitational attraction he tween any two
ohjects a force that is proportional to the product of masses and inversely
proportional to the square of the distance between them the circular elliptical
and parabolic orhits of astronomy were v introduction no longer fundamental
determinants of motion but were approximations of laws specified with
differential equations his methods are now used in modeling motion and
change in all areas of science subsequent generations of scientists extended
the method of using differ ential equations to describe how physical systems
evolve but the method had a limitation while the differential equations were
sufficient to determine the behavior in the sense that solutions of the equations
did exist it was frequently difficult to figure out what that behavior would be it
was often impossible to write down solutions in relatively simple algebraic
expressions using a finite number of terms series solutions involving infinite

sums often would not converge beyond some finite time

the best parts of physics are the last topics that our students ever see these are
the exciting new frontiers of nonlinear and complex systems that are at the
forefront of university research and are the basis of many high tech businesses
topics such as traffic on the world wide the spread of epidemics through
globally mobile populations or the synchronization of global economies are
governed by universal principles just as profound as newton s laws nonetheless
the conventional university physics curriculum reserves most of these topics for
advanced graduate study two justifications are given for this situation first that
the mathematical tools needed to understand these topics are beyond the skill
set of undergraduate students and second that these are speciality topics with
no common theme and little overlap introduction to modern dynamics dispels
these myths the structure of this book combines the three main topics of
modern dynamics chaos theory dynamics on complex networks and general
relativity into a coherent framework by taking a geometric view of physics
concentrating on the time evolution of physical systems as trajectories through
abstract spaces these topics share a common and simple mathematical
language through which any student can gain a unified physical intuition given
the growing importance of complex dynamical systems in many areas of
science and technology this text provides students with an up to date

foundation for their future careers
this introduction to applied nonlinear dynamics and chaos places emphasis on
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teaching the techniques and ideas that will enable students to take specific

dynamical systems and obtain some quantitative information about their

behavior the new edition has been updated and extended throughout and

contains a detailed glossary of terms from the reviews will serve as one of the

most eminent introductions to the geometric theory of dynamical systems
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