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The previous edition of this text was the first to provide a quantitative introduction to chaos and nonlinear dynamics at the
undergraduate level. It was widely praised for the clarity of writing and for the unique and effective way in which the
authors presented the basic ideas. These same qualities characterize this revised and expanded second edition. Interest
in chaotic dynamics has grown explosively in recent years. Applications to practically every scientific field have had a farreaching impact. As in the first edition, the authors present all the main features of chaotic dynamics using the damped,
driven pendulum as the primary model. This second edition includes additional material on the analysis and
characterization of chaotic data, and applications of chaos. This new edition of Chaotic Dynamics can be used as a text
for courses on chaos for physics and engineering students at the second- and third-year level.
This self-contained treatment covers all aspects of nonlinear dynamics, from fundamentals to recent developments, in a
unified and comprehensive way. Numerous examples and exercises will help the student to assimilate and apply the
techniques presented.
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, FitzhughNagumo 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
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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)
An inviting, intuitive, and visual exploration of differential geometry and forms Visual Differential Geometry and Forms
fulfills two principal goals. In the first four acts, Tristan Needham puts the geometry back into differential geometry. Using
235 hand-drawn diagrams, Needham deploys Newton’s geometrical methods to provide geometrical explanations of the
classical results. In the fifth act, he offers the first undergraduate introduction to differential forms that treats advanced
topics in an intuitive and geometrical manner. Unique features of the first four acts include: four distinct geometrical
proofs of the fundamentally important Global Gauss-Bonnet theorem, providing a stunning link between local geometry
and global topology; a simple, geometrical proof of Gauss’s famous Theorema Egregium; a complete geometrical
treatment of the Riemann curvature tensor of an n-manifold; and a detailed geometrical treatment of Einstein’s field
equation, describing gravity as curved spacetime (General Relativity), together with its implications for gravitational
waves, black holes, and cosmology. The final act elucidates such topics as the unification of all the integral theorems of
vector calculus; the elegant reformulation of Maxwell’s equations of electromagnetism in terms of 2-forms; de Rham
cohomology; differential geometry via Cartan’s method of moving frames; and the calculation of the Riemann tensor
using curvature 2-forms. Six of the seven chapters of Act V can be read completely independently from the rest of the
book. Requiring only basic calculus and geometry, Visual Differential Geometry and Forms provocatively rethinks the
way this important area of mathematics should be considered and taught.
Largely self-contained, this is an introduction to the mathematical structures underlying models of systems whose state
changes with time, and which therefore may exhibit "chaotic behavior." The first portion of the book is based on lectures
given at the University of London and covers the background to dynamical systems, the fundamental properties of such
systems, the local bifurcation theory of flows and diffeomorphisms and the logistic map and area-preserving planar maps.
The authors then go on to consider current research in this field such as the perturbation of area-preserving maps of the
plane and the cylinder. The text contains many worked examples and exercises, many with hints. It will be a valuable first
textbook for senior undergraduate and postgraduate students of mathematics, physics, and engineering.
This undergraduate text explores a variety of large-scale phenomena - global warming, ice ages, water, poverty - and
uses these case studies as a motivation to explore nonlinear dynamics, power-law statistics, and complex systems.
Although the detailed mathematical descriptions of these topics can be challenging, the consequences of a system being
nonlinear, power-law, or complex are in fact quite accessible. This book blends a tutorial approach to the mathematical
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aspects of complex systems together with a complementary narrative on the global/ecological/societal implications of
such systems. Nearly all engineering undergraduate courses focus on mathematics and systems which are small scale,
linear, and Gaussian. Unfortunately there is not a single large-scale ecological or social phenomenon that is scalar,
linear, and Gaussian. This book offers students insights to better understand the large-scale problems facing the world
and to realize that these cannot be solved by a single, narrow academic field or perspective. Instead, the book seeks to
emphasize understanding, concepts, and ideas, in a way that is mathematically rigorous, so that the concepts do not feel
vague, but not so technical that the mathematics get in the way. The book is intended for undergraduate students in a
technical domain such as engineering, computer science, physics, mathematics, and environmental studies.
Nonlinear Dynamics and ChaosWith Applications to Physics, Biology, Chemistry, and EngineeringCRC Press
This textbook provides a broad introduction to continuous and discrete dynamical systems. With its hands-on approach,
the text leads the reader from basic theory to recently published research material in nonlinear ordinary differential
equations, nonlinear optics, multifractals, neural networks, and binary oscillator computing. Dynamical Systems with
Applications Using Python takes advantage of Python’s extensive visualization, simulation, and algorithmic tools to study
those topics in nonlinear dynamical systems through numerical algorithms and generated diagrams. After a tutorial
introduction to Python, the first part of the book deals with continuous systems using differential equations, including both
ordinary and delay differential equations. The second part of the book deals with discrete dynamical systems and
progresses to the study of both continuous and discrete systems in contexts like chaos control and synchronization,
neural networks, and binary oscillator computing. These later sections are useful reference material for undergraduate
student projects. The book is rounded off with example coursework to challenge students’ programming abilities and
Python-based exam questions. This book will appeal to advanced undergraduate and graduate students, applied
mathematicians, engineers, and researchers in a range of disciplines, such as biology, chemistry, computing, economics,
and physics. Since it provides a survey of dynamical systems, a familiarity with linear algebra, real and complex analysis,
calculus, and ordinary differential equations is necessary, and knowledge of a programming language like C or Java is
beneficial but not essential.
From preeminent math personality and author of The Joy of x, a brilliant and endlessly appealing explanation of calculus
- how it works and why it makes our lives immeasurably better. Without calculus, we wouldn't have cell phones, TV, GPS,
or ultrasound. We wouldn't have unraveled DNA or discovered Neptune or figured out how to put 5,000 songs in your
pocket. Though many of us were scared away from this essential, engrossing subject in high school and college, Steven
Strogatz's brilliantly creative, down?to?earth history shows that calculus is not about complexity; it's about simplicity. It
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harnesses an unreal number--infinity--to tackle real?world problems, breaking them down into easier ones and then
reassembling the answers into solutions that feel miraculous. Infinite Powers recounts how calculus tantalized and thrilled
its inventors, starting with its first glimmers in ancient Greece and bringing us right up to the discovery of gravitational
waves (a phenomenon predicted by calculus). Strogatz reveals how this form of math rose to the challenges of each age:
how to determine the area of a circle with only sand and a stick; how to explain why Mars goes "backwards" sometimes;
how to make electricity with magnets; how to ensure your rocket doesn't miss the moon; how to turn the tide in the fight
against AIDS. As Strogatz proves, calculus is truly the language of the universe. By unveiling the principles of that
language, Infinite Powers makes us marvel at the world anew.
Symmetries in dynamical systems, "KAM theory and other perturbation theories", "Infinite dimensional systems", "Time
series analysis" and "Numerical continuation and bifurcation analysis" were the main topics of the December 1995
Dynamical Systems Conference held in Groningen in honour of Johann Bernoulli. They now form the core of this work
which seeks to present the state of the art in various branches of the theory of dynamical systems. A number of articles
have a survey character whereas others deal with recent results in current research. It contains interesting material for all
members of the dynamical systems community, ranging from geometric and analytic aspects from a mathematical point
of view to applications in various sciences.
In this book, some of the principal investigators of the phenomena have reviewed their successes. The contributions
include an overview of the field by H Suhl, followed by a detailed review of the high-power response of magnetic
materials. Following that chapter, a number of authors review the phenomena for a variety of magnetic materials and
pumping configurations.In the final chapter, evidence of another nonlinear effect is reviewed. Using a pulsed driving field,
it is possible to excite a travelling spin wave. The nonlinear contributions will give rise to a ?bunching? effect which
compensates for the dispersive effects to produce a shape-preserving traveling wave pulse known as solitons.Ordered
magnetic materials have provided a rich source for the investigation of nonlinear phenomena. These investigations have
contributed much to our knowledge of the behavior of chaotic systems, as well as to a better understanding of the highpower response of the magnetic materials themselves.
After World War II, most scientists in Germany maintained that they had been apolitical or actively resisted the Nazi
regime, but the true story is much more complicated. In Serving the Reich, Philip Ball takes a fresh look at that
controversial history, contrasting the career of Peter Debye, director of the Kaiser Wilhelm Institute for Physics in Berlin,
with those of two other leading physicists in Germany during the Third Reich: Max Planck, the elder statesman of physics
after whom Germany’s premier scientific society is now named, and Werner Heisenberg, who succeeded Debye as
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director of the institute when it became focused on the development of nuclear power and weapons. Mixing history,
science, and biography, Ball’s gripping exploration of the lives of scientists under Nazism offers a powerful portrait of
moral choice and personal responsibility, as scientists navigated “the grey zone between complicity and resistance.”
Ball’s account of the different choices these three men and their colleagues made shows how there can be no clear-cut
answers or judgement of their conduct. Yet, despite these ambiguities, Ball makes it undeniable that the German
scientific establishment as a whole mounted no serious resistance to the Nazis, and in many ways acted as a willing
instrument of the state. Serving the Reich considers what this problematic history can tell us about the relationship of
science and politics today. Ultimately, Ball argues, a determination to present science as an abstract inquiry into nature
that is “above politics” can leave science and scientists dangerously compromised and vulnerable to political
manipulation.
This book treats stochastic motion in nonlinear oscillator systems. It describes a rapidly growing field of nonlinear
mechanics with applications to a number of areas in science and engineering, including astronomy, plasma physics,
statistical mechanics and hydrodynamics. The main em phasis is on intrinsic stochasticity in Hamiltonian systems, where
the stochastic motion is generated by the dynamics itself and not by external noise. However, the effects of noise in
modifying the intrinsic motion are also considered. A thorough introduction to chaotic motion in dissipative systems is
given in the final chapter. Although the roots of the field are old, dating back to the last century when Poincare and others
attempted to formulate a theory for nonlinear perturbations of planetary orbits, it was new mathematical results obtained
in the 1960's, together with computational results obtained using high speed computers, that facilitated our new treatment
of the subject. Since the new methods partly originated in mathematical advances, there have been two or three
mathematical monographs exposing these developments. However, these monographs employ methods and language
that are not readily accessible to scientists and engineers, and also do not give explicit tech niques for making practical
calculations. In our treatment of the material, we emphasize physical insight rather than mathematical rigor. We present
practical methods for describing the motion, for determining the transition from regular to stochastic behavior, and for
characterizing the stochasticity. We rely heavily on numerical computations to illustrate the methods and to validate them.
Introduces the mathematical topics of chaos, fractals, and dynamics using a combination of hands-on computer
experimentation and precalculas mathmetics. A series of experiments produce fascinating computer graphics images of
Julia sets, the Mandelbrot set, and fractals. The basic ideas of dynamics--chaos, iteration, and stability--are illustrated via
computer projects.
“Delightful . . . easily digestible chapters include plenty of helpful examples and illustrations. You'll never forget the
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Pythagorean theorem again!”—Scientific American Many people take math in high school and promptly forget much of it.
But math plays a part in all of our lives all of the time, whether we know it or not. In The Joy of x, Steven Strogatz
expands on his hit New York Times series to explain the big ideas of math gently and clearly, with wit, insight, and
brilliant illustrations. Whether he is illuminating how often you should flip your mattress to get the maximum lifespan from
it, explaining just how Google searches the internet, or determining how many people you should date before settling
down, Strogatz shows how math connects to every aspect of life. Discussing pop culture, medicine, law, philosophy, art,
and business, Strogatz is the math teacher you wish you’d had. Whether you aced integral calculus or aren’t sure what
an integer is, you’ll find profound wisdom and persistent delight in The Joy of x.
Nonlinear Dynamics: A Two-Way Trip from Physics to Math provides readers with the mathematical tools of nonlinear
dynamics to tackle problems in all areas of physics. The selection of topics emphasizes bifurcation theory and topological
analysis of dynamical systems. The book includes real-life problems and experiments as well as exercises and work
This introduction to applied nonlinear dynamics and chaos places emphasis on 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." --Monatshefte für Mathematik
For almost ten years chaos and fractals have been enveloping many areas of mathematics and the natural sciences in their
power, creativity and expanse. Reaching far beyond the traditional bounds of mathematics and science to the realms of popular
culture, they have captured the attention and enthusiasm of a worldwide audience. The fourteen chapters of the book cover the
central ideas and concepts, as well as many related topics including, the Mandelbrot Set, Julia Sets, Cellular Automata, LSystems, Percolation and Strange Attractors, and each closes with the computer code for a central experiment. In the two
appendices, Yuval Fisher discusses the details and ideas of fractal image compression, while Carl J.G. Evertsz and Benoit
Mandelbrot introduce the foundations and implications of multifractals.
'SYNC' IS A STORY OF A DAZZLING KIND OF ORDER IN THE UNIVERSE, THE HARMONY THAT COMES FROM CYCLES IN
SYNC. THE TENDENCY TO SYCHRONIZE IS ONE OF THE MOST FAR- REACHING DRIVES IN ALL OF NATURE. IT
EXTENDS FROM PEOPLE TO PLANETS, FROM ANIMALS TO ATOMS. IN 'SYNC' PROFESSOR STEVEN STROGATZ
CONSIDERS A RANGE OF APPLICATIONS - HUMAN SLEEP AND CIRCADIAN RHYTHMS, MENSTRUAL SYNCHRONY,
INSECT OUTBREAKS, SUPERCONDUCTORS, LASERS, SECRET CODES, HEART ARRHYTHMIAS AND FADS CONNECTING ALL TRHOUGH AN EXPLORATION OF THE SAME MATHEMATICAL THEME: SELF- ORGANISATION, OR
THE SPONTANEOUS EMERGENCE OF ORDER OUT OF CHAOS. FOCUSED ENOUGH TO PRESENT A COHERENT WORLD
UNTO THEMSELVES, STROGATZ'S CHOSEN TOPICS TOUCH ON SEVERAL OF THE HOTTEST DIRECTIONS IN
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CONTEMPORARY SCIENCE.
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 systems? Written by international experts,
Nonlinear Dynamics and Chaos: Where Do We Go from Here? assesses what the future holds for dynamics and chaos. The
chapters address one or more of the broad and interconnected main themes: neural and biological systems, spatially extended
systems, and experimentation in the physical sciences. The contributors offer suggestions as to what they see as the way forward,
often in the form of open questions for future research.
This book introduces the mathematical properties of nonlinear systems, mostly difference and differential equations, as an
integrated theory, rather than presenting isolated fashionable topics.
At the heart of the universe is a steady, insistent beat, the sound of cycles in sync. Along the tidal rivers of Malaysia, thousands of
fireflies congregate and flash in unison; the moon spins in perfect resonance with its orbit around the earth; our hearts depend on
the synchronous firing of ten thousand pacemaker cells. While the forces that synchronize the flashing of fireflies may seem to
have nothing to do with our heart cells, there is in fact a deep connection. Synchrony is a science in its infancy, and Strogatz is a
pioneer in this new frontier in which mathematicians and physicists attempt to pinpoint just how spontaneous order emerges from
chaos. From underground caves in Texas where a French scientist spent six months alone tracking his sleep-wake cycle, to the
home of a Dutch physicist who in 1665 discovered two of his pendulum clocks swinging in perfect time, this fascinating book spans
disciplines, continents, and centuries. Engagingly written for readers of books such as Chaos and The Elegant Universe, Sync is a
tour-de-force of nonfiction writing.
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 pioneer in the field of dynamical systems discusses one-dimensional dynamics, differential equations, random walks, iterated
function systems, symbolic dynamics, and Markov chains. Supplementary materials include PowerPoint slides and MATLAB
exercises. 2010 edition.
Humans engage in a seemingly endless variety of different behaviors, of which some are found across species, while others are
conceived of as typically human. Most generally, behavior comes about through the interplay of various constraints – informational,
mechanical, neural, metabolic, and so on – operating at multiple scales in space and time. Over the years, consensus has grown
in the research community that, rather than investigating behavior only from bottom up, it may be also well understood in terms of
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concepts and laws on the phenomenological level. Such top down approach is rooted in theories of synergetics and selforganization using tools from nonlinear dynamics. The present compendium brings together scientists from all over the world that
have contributed to the development of their respective fields departing from this background. It provides an introduction to
deterministic as well as stochastic dynamical systems and contains applications to motor control and coordination, visual
perception and illusion, as well as auditory perception in the context of speech and music.
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.
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 book presents elements of the theory of chaos in dynamical systems in a framework of theoretical understanding coupled with
numerical and graphical experimentation. It describes the theory of fractals, focusing on the importance of scaling and ordinary
differential equations.
Chaos and Nonlinear Dynamics is a comprehensive introduction to the exciting scientific field of nonlinear dynamics for students,
scientists, and engineers, and requires only minimal prerequisites in physics and mathematics. The book treats all the important
areas in the field and provides an extensive and up-to-date bibliography of applications in all fields of science, social science,
economics, and even the arts.
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Over the last four decades there has been extensive development in the theory of dynamical systems. This book aims at a wide
audience where the first four chapters have been used for an undergraduate course in Dynamical Systems. Material from the last
two chapters and from the appendices has been used quite a lot for master and PhD courses. All chapters are concluded by an
exercise section. The book is also directed towards researchers, where one of the challenges is to help applied researchers
acquire background for a better understanding of the data that computer simulation or experiment may provide them with the
development of the theory.
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 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.
This text is a rigorous treatment of the basic qualitative theory of ordinary differential equations, at the beginning graduate level.
Designed as a flexible one-semester course but offering enough material for two semesters, A Short Course covers core topics
such as initial value problems, linear differential equations, Lyapunov stability, dynamical systems and the Poincaré—Bendixson
theorem, and bifurcation theory, and second-order topics including oscillation theory, boundary value problems, and
Sturm—Liouville problems. The presentation is clear and easy-to-understand, with figures and copious examples illustrating the
meaning of and motivation behind definitions, hypotheses, and general theorems. A thoughtfully conceived selection of exercises
together with answers and hints reinforce the reader's understanding of the material. Prerequisites are limited to advanced
calculus and the elementary theory of differential equations and linear algebra, making the text suitable for senior undergraduates
as well.

An introduction to nonlinear differential equations which equips undergraduate students with the know-how to appreciate
stability theory and bifurcation.
Nonlinear dynamics and chaos involves the study of apparent random happenings within a system or process. The
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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
The Calculus of Friendship is the story of an extraordinary connection between a teacher and a student, as chronicled
through more than thirty years of letters between them. What makes their relationship unique is that it is based almost
entirely on a shared love of calculus. For them, calculus is more than a branch of mathematics; it is a game they love
playing together, a constant when all else is in flux. The teacher goes from the prime of his career to retirement,
competes in whitewater kayaking at the international level, and loses a son. The student matures from high school math
whiz to Ivy League professor, suffers the sudden death of a parent, and blunders into a marriage destined to fail. Yet
through it all they take refuge in the haven of calculus--until a day comes when calculus is no longer enough. Like
calculus itself, The Calculus of Friendship is an exploration of change. It's about the transformation that takes place in a
student's heart, as he and his teacher reverse roles, as they age, as they are buffeted by life itself. Written by a renowned
teacher and communicator of mathematics, The Calculus of Friendship is warm, intimate, and deeply moving. The most
inspiring ideas of calculus, differential equations, and chaos theory are explained through metaphors, images, and
anecdotes in a way that all readers will find beautiful, and even poignant. Math enthusiasts, from high school students to
professionals, will delight in the offbeat problems and lucid explanations in the letters. For anyone whose life has been
changed by a mentor, The Calculus of Friendship will be an unforgettable journey.
This official Student Solutions Manual includes solutions to the odd-numbered exercises featured in the second edition of
Steven Strogatz's classic text Nonlinear Dynamics and Chaos: With Applications to Physics, Biology, Chemistry, and
Engineering. The textbook and accompanying Student Solutions Manual are aimed at newcomers to nonlinear dynamics
and chaos, especially students taking a first course in the subject. Complete with graphs and worked-out solutions, this
manual demonstrates techniques for students to analyze differential equations, bifurcations, chaos, fractals, and other
subjects Strogatz explores in his popular book.
All the matter and light we can see in the universe makes up a trivial 5 per cent of everything. The rest is hidden. This
could be the biggest puzzle that science has ever faced. Since the 1970s, astronomers have been aware that galaxies
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have far too little matter in them to account for the way they spin around: they should fly apart, but something concealed
holds them together. That ’something' is dark matter – invisible material in five times the quantity of the familiar stuff of
stars and planets. By the 1990s we also knew that the expansion of the universe was accelerating. Something, named
dark energy, is pushing it to expand faster and faster. Across the universe, this requires enough energy that the
equivalent mass would be nearly fourteen times greater than all the visible material in existence. Brian Clegg explains
this major conundrum in modern science and looks at how scientists are beginning to find solutions to it.
In recent years, due primarily to the proliferation of computers, dynamical systems has again returned to its roots in
applications. It is the aim of this book to provide undergraduate and beginning graduate students in mathematics or
science and engineering with a modest foundation of knowledge. Equations in dimensions one and two constitute the
majority of the text, and in particular it is demonstrated that the basic notion of stability and bifurcations of vector fields
are easily explained for scalar autonomous equations. Further, the authors investigate the dynamics of planar
autonomous equations where new dynamical behavior, such as periodic and homoclinic orbits appears.
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