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the study of nonlinear dynamical systems has exploded in the past 25 years
and robert | devaney has made these advanced research developments
accessible to undergraduate and graduate mathematics students as well as
researchers in other disciplines with the introduction of this widely praised
book in this second edition of his best selling text devaney includes new
material on the orbit diagram fro maps of the interval and the mandelbrot set
as well as striking color photos illustrating both julia and mandelbrot sets this
book assumes no prior acquaintance with advanced mathematical topics
such as measure theory topology and differential geometry assuming only a
knowledge of calculus devaney introduces many of the basic concepts of
modern dynamical systems theory and leads the reader to the point of
current research in several areas

this collection of review articles is devoted to new developments in the study
of chaotic dynamical systems with some open problems and challenges the
papers written by many of the leading experts in the field cover both the
experimental and theoretical aspects of the subject this edited volume
presents a variety of fascinating topics of current interest and problems
arising in the study of both discrete and continuous time chaotic dynamical
systems exciting new techniques stemming from the area of nonlinear
dynamical systems theory are currently being developed to meet these
challenges presenting the state of the art of the more advanced studies of
chaotic dynamical systems frontiers in the study of chaotic dynamical
systems with open problems is devoted to setting an agenda for future
research in this exciting and challenging field

over the past two decades scientists mathematicians and engineers have
come to understand that a large variety of systems exhibit complicated
evolution with time this complicated behavior is known as chaos in the new
edition of this classic textbook edward ott has added much new material and
has significantly increased the number of homework problems the most
important change is the addition of a completely new chapter on control and
synchronization of chaos other changes include new material on riddled
basins of attraction phase locking of globally coupled oscillators fractal
aspects of fluid advection by lagrangian chaotic flows magnetic dynamos and
strange nonchaotic attractors this new edition will be of interest to advanced
undergraduates and graduate students in science engineering and
mathematics taking courses in chaotic dynamics as well as to researchers in
the subject

a first course in chaotic dynamical systems theory and experiment is the first
book to introduce modern topics in dynamical systems at the undergraduate
level accessible to readers with only a background in calculus the book
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integrates both theory and computer experiments into its coverage of
contemporary ideas in dynamics it is designed as a gradual introduction to
the basic mathematical ideas behind such topics as chaos fractals newton s
method symbolic dynamics the julia set and the mandelbrot set and includes
biographies of some of the leading researchers in the field of dynamical
systems mathematical and computer experiments are integrated throughout
the text to help illustrate the meaning of the theorems presented chaotic
dynamical systems software labs 16 is a supplementary laboratory software
package available separately that allows a more intuitive understanding of
the mathematics behind dynamical systems theory combined with a first
course in chaotic dynamical systems it leads to a rich understanding of this
emerging field

there is an explosion of interest in dynamical systems in the mathematical
community as well as in many areas of science the results have been truly
exciting systems which once seemed completely intractable from an analytic
point of view can now be understood in a geometric or qualitative sense
rather easily scientists and engineers realize the power and the beauty of the
geometric and qualitative techniques these techniques apply to a number of
important nonlinear problems ranging from physics and chemistry to ecology
and economics computer graphics have allowed us to view the dynamical
behavior geometrically the appearance of incredibly beautiful and intricate
objects such as the mandelbrot set the julia set and other fractals have really
piqued interest in the field this is text is aimed primarily at advanced
undergraduate and beginning graduate students throughout the author
emphasizes the mathematical aspects of the theory of discrete dynamical
systems not the many and diverse applications of this theory the field of
dynamical systems and especially the study of chaotic systems has been
hailed as one of the important breakthroughs in science in the past century
and its importance continues to expand there is no question that the field is
becoming more and more important in a variety of scientific disciplines new
to this edition greatly expanded coverage complex dynamics now in chapter
2 the third chapter is now devoted to higher dimensional dynamical systems
chapters 2 and 3 are independent of one another new exercises have been
added throughout

basic concepts zero dimensional dynamics one dimensional dynamics two
dimensional dynamics systems with 1 5 degrees of freedom systems
generated by three dimensional vector fields lyapunov exponents appendix
bibliography index

this collection of review articles is devoted to new developments in the study
of chaotic dynamical systems with some open problems and challenges the
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papers written by many of the leading experts in the field cover both the
experimental and theoretical aspects of the subject this edited volume
presents a variety of fascinating topics of current interest and problems
arising in the study of both discrete and continuous time chaotic dynamical
systems exciting new techniques stemming from the area of nonlinear
dynamical systems theory are currently being developed to meet these
challenges presenting the state of the art of the more advanced studies of
chaotic dynamical systems frontiers in the study of chaotic dynamical
systems with open problems is devoted to setting an agenda for future
research in this exciting and challenging field

the study of dynamical systems is a well established field this book provides a
panorama of several aspects of interest to mathematicians and physicists it
collects the material of several courses at the graduate level given by the
authors avoiding detailed proofs in exchange for numerous illustrations and
examples apart from common subjects in this field a lot of attention is given
to questions of physical measurement and stochastic properties of chaotic
dynamical systems

this book describes systematic design techniques for chaotic and
hyperchaotic systems the transition from one to the other and their
implementation in electronic circuits it also discusses the collective
phenomena manifested by these systems when connected by a physical
coupling scheme readers will be introduced to collective behaviours such as
synchronization and oscillation suppression and will learn how to implement
nonlinear differential equations in electronic circuits further the book shows
how the choice of nonlinearity can lead to chaos and hyperchaos even in a
first order time delayed system the occurrence of these phenomena together
with the efficiency of the design techniques described is presented with
theoretical studies numerical characterization and experimental
demonstrations with the corresponding electronic circuits helping readers
grasp the design aspects of dynamical systems as a whole in electronic
circuits the authors then discuss the usefulness of an active all pass filter as
the delay element supported by their own experimental observations as well
as theoretical and numerical results including detailed analysis as well as
computations with suitable dedicated software packages the book will be of
interest to all academics and researchers who wish to expand their
knowledge of the subtlety of nonlinear time delayed systems it also offers a
valuable source of information for engineers linking the design techniques of
chaotic time delayed systems with their collective phenomena

the book is concerned with the concepts of chaos and fractals which are
within the scopes of dynamical systems geometry measure theory topology
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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

chaos theory is a synonym for dynamical systems theory a branch of
mathematics dynamical systems come in three flavors flows continuous
dynamical systems cascades discrete reversible dynamical systems and semi
cascades discrete irreversible dynamical systems flows and semi cascades are
the classical systems iuntroduced by poincare a centry ago and are the
subject of the extensively illustrated book dynamics the geometry of behavior
addison wesley 1992 authored by ralph abraham and shaw semi cascades also
know as iterated function systems are a recent innovation and have been well
studied only in one dimension the simplest case since about 1950 the two
dimensional case is the current frontier of research and from the computer
graphcis of the leading researcher come astonishing views of the new
landscape such as the julia and mandelbrot sets in the beautiful books by
heinz otto peigen and his co workers now the new theory of critical curves
developed by mira and his students and toulouse provide a unique
opportunity to explain the basic concepts of the theory of chaos and
bifurcations for discete dynamical systems in two dimensions the materials in
the book and on the accompanying disc are not solely developed only with
the researcher and professional in mind but also with consideration for the
student the book is replete with some 100 computer graphics to illustrate the
material and the cd rom contains full color animations that are tied directly
into the subject matter of the book itself in addition much of this material has
also been class tested by the authors the cross platform cd also contains a
software program called endo which enables users to create their own 2 d
imagery with x windows maple scripts are provided which give the reader the
option of working directly with the code from which the graphcs in the book
were

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
accelerations of position his greatest single success was his discovery that
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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

until the authors recent research the practical implementation of the
mathematical theory of chaos on finite machines raised several issues this self
contained book shows how to make finite machines such as computers
neural networks and wireless sensor networks work chaotically as defined in a
rigorous mathematical framework taking into account that these machines
must interact in the real world the authors share their research results on the
behaviors of discrete dynamical systems and their use in computer science

discoveries of chaotic unpredictable behaviour in physical deterministic
systems has brought about new analytic and experimental techniques in
dynamics the modern study of the new phenomena requires the analyst to
become familiar with experiments at least with numerical ones since chaotic
solutions cannot be written down and it requires the experimenter to master
the new concepts of the theory of nonlinear dynamical systems this book is
unique in that it presents both viewpoints the viewpoint of the analyst and of
the experimenter in the first part f moon outlines the new experimental
techniques which have emerged from the study of chaotic vibrations these
include poincaré sections fractial dimensions and lapunov exponents in the
text by w szemplinska stupnicka the relation between the new chaotic
phenomena and classical perturbation techniques is explored for the first
time in the third part g iooss presents methods of analysis for the calculations
of bifurcations in nonlinear systems based on modern geometric
mathematical concepts

chaos is a property of dynamical system which is completely unordered
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unpredictable uncontrolled and has a sensitive dependence on initial
condition as the main features of chaos this book presents some analyses on
chaotic dynamical systems we study on the findings of the critical value s
formula for the chaotic system by using the linearized system and
characteristic equations for chaotic dynamical flows some numerical
methods are used to solve the chaotic systems for maps and flows we also
investigate about the sensitivity to initial conditions which is measured by the
lyapunov exponents for both maps and flow systems lyapunov exponent
measures the rate of divergence or convergence of two nearby initial points
and is also used to detect the presence of chaos behavior in the last chapter of
this book we propose a new chaotic system that we discovered recently by
modifying the zhou s system 2008 we examine some of its basic dynamical
properties and this new system is proven to be chaotic within a certain range
of parameters

chaos and dynamical systems presents an accessible clear introduction to
dynamical systems and chaos theory important and exciting areas that have
shaped many scientific fields while the rules governing dynamical systems are
well specified and simple the behavior of many dynamical systems is
remarkably complex of particular note simple deterministic dynamical
systems produce output that appears random and for which long term
prediction is impossible using little math beyond basic algebra david feldman
gives readers a grounded concrete and concise overview in initial chapters
feldman introduces iterated functions and differential equations he then
surveys the key concepts and results to emerge from dynamical systems
chaos and the butterfly effect deterministic randomness bifurcations
universality phase space and strange attractors throughout feldman
examines possible scientific implications of these phenomena for the study of
complex systems highlighting the relationships between simplicity and
complexity order and disorder filling the gap between popular accounts of
dynamical systems and chaos and textbooks aimed at physicists and
mathematicians chaos and dynamical systems will be highly useful not only
to students at the undergraduate and advanced levels but also to researchers
in the natural social and biological sciences

chaos from simple models to complex systems aims to guide science and
engineering students through chaos and nonlinear dynamics from classical
examples to the most recent fields of research the first part intended for
undergraduate and graduate students is a gentle and self contained
introduction to the concepts and main tools for the characterization of
deterministic chaotic systems with emphasis to statistical approaches the
second part can be used as a reference by researchers as it focuses on more
advanced topics including the characterization of chaos with tools of
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information theory and applications encompassing fluid and celestial
mechanics chemistry and biology the book is novel in devoting attention to a
few topics often overlooked in introductory textbooks and which are usually
found only in advanced surveys such as information and algorithmic
complexity theory applied to chaos and generalization of lyapunov exponents
to account for spatiotemporal and non infinitesimal perturbations the
selection of topics numerous illustrations exercises and proposals for
computer experiments make the book ideal for both introductory and
advanced courses sample chapter s introduction 164 kb chapter 1 first
encounter with chaos 1 323 kb contents first encounter with chaos the
language of dynamical systems examples of chaotic behaviors probabilistic
approach to chaos characterization of chaotic dynamical systems from order
to chaos in dissipative systems chaos in hamiltonian systems chaos and
information theory coarse grained information and large scale predictability
chaos in numerical and laboratory experiments chaos in low dimensional
systems spatiotemporal chaos turbulence as a dynamical system problem
chaos and statistical mechanics fermi pasta ulam a case study readership
students and researchers in science physics chemistry mathematics biology
and engineering

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
several 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

chaos is the idea that a system will produce very different long term behaviors
when the initial conditions are perturbed only slightly chaos is used for novel
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time or energy critical interdisciplinary applications examples include high
performance circuits and devices liquid mixing chemical reactions biological
systems crisis management secure information processing and critical
decision making in politics economics as well as military applications etc this
book presents the latest investigations in the theory of chaotic systems and
their dynamics the book covers some theoretical aspects of the subject
arising in the study of both discrete and continuous time chaotic dynamical
systems this book presents the state of the art of the more advanced studies
of chaotic dynamical systems
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