ordinary differential equations
textbooks

ordinary differential equations textbooks are essential resources for
students and professionals seeking to deepen their understanding of the
mathematical principles governing dynamic systems. These textbooks cover a
wide range of topics, from basic concepts to advanced theories, making them
invaluable for courses in mathematics, engineering, physics, and other
fields. This article will guide you through the best ordinary differential
equations textbooks available, their key features, and what to look for when
selecting a textbook that meets your learning needs. We will also explore
popular authors and their contributions to the field, as well as additional
resources to enhance your study experience.
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Understanding Ordinary Differential Equations

Ordinary differential equations (ODEs) are equations that involve functions
of one independent variable and their derivatives. They are used to model a
variety of phenomena in engineering, physics, biology, and other fields.
Understanding ODEs is crucial for analyzing systems that change over time,
such as population growth, electrical circuits, and mechanical systems. The
study of ODEs involves various techniques, including analytical methods,
numerical solutions, and qualitative analysis.

When diving into the subject, students often encounter different types of
ordinary differential equations, such as first-order, second-order, linear,
and nonlinear equations. Each category requires specific methods for finding
solutions. For example, separable equations can be solved by separating
variables, while linear equations can be tackled using integrating factors.
Therefore, a comprehensive understanding of these techniques is foundational
for anyone studying ODEs.



Top Textbooks for Ordinary Differential
Equations

Choosing the right textbook can significantly impact a student's learning
process. Here are some of the most acclaimed ordinary differential equations
textbooks available today:

1. “Ordinary Differential Equations” by Morris Tenenbaum and Harry Pollard
- This classic textbook is well-known for its clear explanations and
numerous examples, making it ideal for beginners.

2. “Differential Equations and Their Applications” by Martin Braun -
Braun's textbook focuses on applications, providing a practical approach
to learning ODEs.

3. “Elementary Differential Equations” by William E. Boyce and Richard C.
DiPrima - A widely used textbook that combines theoretical concepts with
practical applications, making it suitable for both undergraduate and
graduate courses.

4. “Differential Equations” by Shepley L. Ross - This book is appreciated
for its straightforward approach and extensive problem sets that enhance
problem-solving skills.

5. “Nonlinear Dynamics And Chaos” by Steven H. Strogatz - While focusing on
nonlinear differential equations, this book provides deep insights into
the behavior of dynamic systems.

Each of these textbooks offers unique features that cater to different
learning styles and academic needs. Students should consider their level of
expertise and the specific topics they wish to explore when selecting a
textbook.

Key Features to Consider in a Textbook

When selecting an ordinary differential equations textbook, certain key
features should be considered to ensure effective learning. These include:

e Clarity of Explanations: The textbook should provide clear and concise
explanations of concepts. Complex ideas should be broken down into
understandable segments.



e Examples and Problem Sets: A good textbook should include numerous
examples and practice problems. These help reinforce learning and
develop problem-solving skills.

e Applications: Textbooks that integrate real-world applications of ODEs
can enhance understanding and interest in the subject matter.

e Supplementary Materials: Access to additional resources, such as
solution manuals, online tutorials, or companion websites, can be
beneficial for students.

* Mathematical Rigor: The level of mathematical rigor should be
appropriate for the intended audience, ensuring that foundational
concepts are well-explained.

By evaluating these features, students can make informed decisions about
which textbook will best support their learning journey in ordinary
differential equations.

Notable Authors and Their Contributions

Several authors have made significant contributions to the field of ordinary
differential equations through their textbooks and research. Here are a few
notable figures:

Morris Tenenbaum

Morris Tenenbaum, along with Harry Pollard, authored one of the most popular
textbooks on ODEs, which is praised for its accessibility and thoroughness.
Their approach emphasizes understanding through problem-solving, making it a
favorite among students.

William E. Boyce

William E. Boyce, in collaboration with Richard C. DiPrima, has produced
several editions of "Elementary Differential Equations." Their work is
recognized for its balance between theory and application, which has shaped
how differential equations are taught at the undergraduate level.



Steven H. Strogatz

Steven H. Strogatz’s "Nonlinear Dynamics And Chaos" introduces students to
more advanced concepts in differential equations, especially in nonlinear
dynamics, making it an essential read for those pursuing higher studies in
mathematics and engineering.

Supplementary Resources for Learning

In addition to textbooks, various supplementary resources can enhance the
learning experience for students studying ordinary differential equations.
These resources include:

e Online Courses: Platforms such as Coursera, edX, and Khan Academy offer
courses in differential equations that can supplement textbook learning.

e Lecture Notes: Many universities provide free access to lecture notes
and materials, which can serve as excellent study aids.

e Problem-Solving Workshops: Participating in study groups or workshops
can help reinforce concepts through collaborative problem-solving.

e Mathematical Software: Tools like MATLAB and Mathematica can be used to
visualize differential equations and explore solutions computationally.

e YouTube Channels: Educational channels frequently offer video tutorials
on specific topics related to ODEs, providing visual and auditory
learning opportunities.

These resources can significantly enhance a student’s understanding and
application of ordinary differential equations, leading to a more
comprehensive grasp of the subject.

Conclusion

Ordinary differential equations textbooks are vital for anyone looking to
master the mathematical techniques crucial for modeling dynamic systems. With
a plethora of options available, students should carefully consider their
learning needs, the clarity of explanations, and the availability of
supplementary resources when selecting a textbook. The contributions of
notable authors in the field further enrich the study material, providing a
solid foundation for understanding both the theory and application of ODEs.



By utilizing these resources and engaging with the material, students can
develop a robust understanding of ordinary differential equations and their
significance in various scientific and engineering disciplines.

Q: What are ordinary differential equations?

A: Ordinary differential equations (ODEs) are equations involving functions
of a single variable and their derivatives. They describe how a quantity
changes over time and are essential for modeling various physical phenomena.

Q: Why are textbooks important for learning ODEs?

A: Textbooks provide structured content, clear explanations, and numerous
examples and practice problems that facilitate understanding of complex
concepts in ordinary differential equations.

Q: What should I look for in a good ODE textbook?

A: Look for clarity of explanations, a variety of examples, problem sets,
applications of ODEs, and supplementary materials such as solution manuals or
online resources.

Q: Who are some notable authors of ODE textbooks?

A: Notable authors include Morris Tenenbaum, William E. Boyce, and Steven H.
Strogatz, each of whom has contributed significantly to the field through
their highly regarded textbooks.

Q: Can I learn ODEs through online resources?

A: Yes, there are many online courses, lecture notes, and educational videos
available that can supplement traditional textbook learning and provide
additional insights into ordinary differential equations.

Q: How do I choose the right ODE textbook for my
level?

A: Consider your current understanding of mathematics, the depth of content
you wish to explore, and the learning style that suits you best. Reading
reviews and checking the table of contents can also help make an informed
choice.



Q: Are there applications of ODEs in real life?

A: Yes, ODEs are used in various fields, including physics for modeling
motion, engineering for analyzing systems, and biology for studying
population dynamics and the spread of diseases.

Q: What are some common methods for solving ODEs?

A: Common methods include separation of variables, integrating factors, and
the use of characteristic equations for linear differential equations.
Numerical methods such as Euler's method and Runge-Kutta methods are also
widely used.

Q: How can I improve my problem-solving skills in
ODEs?

A: Regular practice through solving various problems, participating in study
groups, and utilizing supplementary resources like online tutorials can
significantly enhance your problem-solving skills in ordinary differential
equations.

Q: Is it necessary to have a strong math background
to study ODEs?

A: While a solid understanding of calculus is essential, students with a
basic grasp of differential calculus can learn ODEs. Textbooks often start
with fundamental concepts to aid understanding.
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Tenenbaum, Harry Pollard, 1985-10-01 Skillfully organized introductory text examines origin of
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linear systems, asymptotic behavior and stability. Using novel approaches to many subjects, the
book emphasizes differential inequalities and treats more advanced topics such as Caratheodory
theory, nonlinear boundary value problems and radially symmetric elliptic problems. New proofs are
given which use concepts and methods from functional analysis. Applications from mechanics,
physics, and biology are included, and exercises, which range from routine to demanding, are
dispersed throughout the text. Solutions for selected exercises are included at the end of the book.
All required material from functional analysis is developed in the book and is accessible to students
with a sound knowledge of calculus and familiarity with notions from linear algebra. This text would
be an excellent choice for a course for beginning graduate or advanced undergraduate students.

ordinary differential equations textbooks: An Introduction to Ordinary Differential Equations
Ravi P. Agarwal, Donal O'Regan, 2008-12-10 Ordinary differential equations serve as mathematical
models for many exciting real world problems. Rapid growth in the theory and applications of
differential equations has resulted in a continued interest in their study by students in many
disciplines. This textbook organizes material around theorems and proofs, comprising of 42
class-tested lectures that effectively convey the subject in easily manageable sections. The
presentation is driven by detailed examples that illustrate how the subject works. Numerous
exercise sets, with an answers and hints section, are included. The book further provides a
background and history of the subject.

ordinary differential equations textbooks: Ordinary Differential Equations Kenneth B.
Howell, 2015-12-02 Ordinary Differential Equations: An Introduction to the Fundamentals is a
rigorous yet remarkably accessible textbook ideal for an introductory course in ordinary differential
equations. Providing a useful resource both in and out of the classroom, the text: Employs a unique
expository style that explains the how and why of each topic covered Allows for a flexible
presentation based on instructor preference and student ability Supports all claims with clear and
solid proofs Includes material rarely found in introductory texts Ordinary Differential Equations: An
Introduction to the Fundamentals also includes access to an author-maintained website featuring
detailed solutions and a wealth of bonus material. Use of a math software package that can do
symbolic calculations, graphing, and so forth, such as MapleTM or Mathematica®, is highly
recommended, but not required.

ordinary differential equations textbooks: A Textbook on Ordinary Differential Equations
Shair Ahmad, Antonio Ambrosetti, 2015-06-05 This book offers readers a primer on the theory and
applications of Ordinary Differential Equations. The style used is simple, yet thorough and rigorous.
Each chapter ends with a broad set of exercises that range from the routine to the more challenging
and thought-provoking. Solutions to selected exercises can be found at the end of the book. The book
contains many interesting examples on topics such as electric circuits, the pendulum equation, the
logistic equation, the Lotka-Volterra system, the Laplace Transform, etc., which introduce students
to a number of interesting aspects of the theory and applications. The work is mainly intended for
students of Mathematics, Physics, Engineering, Computer Science and other areas of the natural
and social sciences that use ordinary differential equations, and who have a firm grasp of Calculus
and a minimal understanding of the basic concepts used in Linear Algebra. It also studies a few
more advanced topics, such as Stability Theory and Boundary Value Problems, which may be
suitable for more advanced undergraduate or first-year graduate students. The second edition has
been revised to correct minor errata, and features a number of carefully selected new exercises,
together with more detailed explanations of some of the topics. A complete Solutions Manual,
containing solutions to all the exercises published in the book, is available. Instructors who wish to
adopt the book may request the manual by writing directly to one of the authors.

ordinary differential equations textbooks: Ordinary Differential Equations D.
Somasundaram, 2001 Though ordinary differential equations is taught as a core course to students
in mathematics and applied mathematics, detailed coverage of the topics with sufficient examples is
unique. Written by a mathematics professor and intended as a textbook for third- and fourth-year
undergraduates, the five chapters of this publication give a precise account of higher order




differential equations, power series solutions, special functions, existence and uniqueness of
solutions, and systems of linear equations. Relevant motivation for different concepts in each
chapter and discussion of theory and problems-without the omission of steps-sets Ordinary
Differential Equations: A First Course apart from other texts on ODEs. Full of distinguishing
examples and containing exercises at the end of each chapter, this lucid course book will promote
self-study among students.

ordinary differential equations textbooks: Ordinary Differential Equations Virginia W.
Noonburg, 2015-08-20 Techniques for studying ordinary differential equations (ODEs) have become
part of the required toolkit for students in the applied sciences. This book presents a modern
treatment of the material found in a first undergraduate course in ODEs. Standard analytical
methods for first- and second-order equations are covered first, followed by numerical and graphical
methods, and bifurcation theory. Higher dimensional theory follows next via a study of linear
systems of first-order equations, including background material in matrix algebra. A phase plane
analysis of two-dimensional nonlinear systems is a highlight, while an introduction to dynamical
systems and an extension of bifurcation theory to cover systems of equations will be of particular
interest to biologists. With an emphasis on real-world problems, this book is an ideal basis for an
undergraduate course in engineering and applied sciences such as biology, or as a refresher for
beginning graduate students in these areas.

ordinary differential equations textbooks: Handbook of Differential Equations Daniel
Zwillinger, 1998 This book compiles the most widely applicable methods for solving and
approximating differential equations. as well as numerous examples showing the methods use.
Topics include ordinary differential equations, symplectic integration of differential equations, and
the use of wavelets when numerically solving differential equations. For nearly every technique, the
book provides: The types of equations to which the method is applicable The idea behind the method
The procedure for carrying out the method At least one simple example of the method Any cautions
that should be exercised Notes for more advanced users References to the literature for more
discussion or more examples, including pointers to electronic resources, such as URLs

ordinary differential equations textbooks: Ordinary and Partial Differential Equations
Victor Henner, Tatyana Belozerova, Mikhail Khenner, 2013-01-29 Covers ODEs and PDEs-in One
TextbookUntil now, a comprehensive textbook covering both ordinary differential equations (ODEs)
and partial differential equations (PDEs) didn't exist. Fulfilling this need, Ordinary and Partial
Differential Equations provides a complete and accessible course on ODEs and PDEs using many
examples and exercises as well as

ordinary differential equations textbooks: Textbook on Ordinary Differential Equations
Ramakanta Meher, 2022-12-29 Many scientific and real-world problems that occur in science,
engineering, and medicine can be represented in differential equations. There is a vital role for
differential equations in studying the behavior of different types of real-world problems. Thus, it
becomes crucial to know the existence and uniqueness properties of differential equations and
various methods of finding differential equation solutions in explicit form. It is also essential to know
different kinds of differential equations in terms of eigenvalues, termed eigenvalue problems, and
some special functions used in finding the solution to differential equations. The study of nonlinear
problems also plays a significant role in different real-world situations. There is a necessity to know
the behavior of solutions of nonlinear differential equations. Still, there are very few forms of
differential equations whose solution can be found in explicit form. For the differential equations
whose solutions cannot be found in explicit form, one has to study the properties of solutions of the
given differential equation to guess an approximate solution of it. This book aims to introduce all the
necessary topics of differential equations in one book so that laymen can easily understand the
subject and apply it in their research areas. The novel approach used in this book is the introduction
of different analytical methods for finding the solution of differential equations with sufficient
theorems, corollaries, and examples, and the geometrical interpretations in each topic. This textbook
is intended to study the theory and methods of finding the explicit solutions to differential equations,



wherever possible, and in the absence of finding explicit solutions, it is intended to study the
properties of solutions to the given differential equations. This book is based on syllabi of the theory
of differential equations prescribed for postgraduate students of mathematics and applied
mathematics in different institutions and universities of India and abroad. This book will be helpful
for competitive examinations as well.

ordinary differential equations textbooks: Ordinary Differential Equations Vladimir I.
Arnold, 1992-05-08 Few books on Ordinary Differential Equations (ODEs) have the elegant
geometric insight of this one, which puts emphasis on the qualitative and geometric properties of
ODEs and their solutions, rather than on routine presentation of algorithms. From the reviews:
Professor Arnold has expanded his classic book to include new material on exponential growth,
predator-prey, the pendulum, impulse response, symmetry groups and group actions, perturbation
and bifurcation. --SIAM REVIEW

ordinary differential equations textbooks: Ordinary Differential Equations William A. Adkins,
Mark G. Davidson, 2012-07-01 Unlike most texts in differential equations, this textbook gives an
early presentation of the Laplace transform, which is then used to motivate and develop many of the
remaining differential equation concepts for which it is particularly well suited. For example, the
standard solution methods for constant coefficient linear differential equations are immediate and
simplified, and solution methods for constant coefficient systems are streamlined. By introducing the
Laplace transform early in the text, students become proficient in its use while at the same time
learning the standard topics in differential equations. The text also includes proofs of several
important theorems that are not usually given in introductory texts. These include a proof of the
injectivity of the Laplace transform and a proof of the existence and uniqueness theorem for linear
constant coefficient differential equations. Along with its unique traits, this text contains all the
topics needed for a standard three- or four-hour, sophomore-level differential equations course for
students majoring in science or engineering. These topics include: first order differential equations,
general linear differential equations with constant coefficients, second order linear differential
equations with variable coefficients, power series methods, and linear systems of differential
equations. It is assumed that the reader has had the equivalent of a one-year course in college
calculus.

ordinary differential equations textbooks: Numerical Methods for Ordinary Differential
Equations J. C. Butcher, 2008-04-15 In recent years the study of numerical methods for solving
ordinary differential equations has seen many new developments. This second edition of the author's
pioneering text is fully revised and updated to acknowledge many of these developments. It includes
a complete treatment of linear multistep methods whilst maintaining its unique and comprehensive
emphasis on Runge-Kutta methods and general linear methods. Although the specialist topics are
taken to an advanced level, the entry point to the volume as a whole is not especially demanding.
Early chapters provide a wide-ranging introduction to differential equations and difference
equations together with a survey of numerical differential equation methods, based on the
fundamental Euler method with more sophisticated methods presented as generalizations of Euler.
Features of the book include Introductory work on differential and difference equations. A
comprehensive introduction to the theory and practice of solving ordinary differential equations
numerically. A detailed analysis of Runge-Kutta methods and of linear multistep methods. A
complete study of general linear methods from both theoretical and practical points of view. The
latest results on practical general linear methods and their implementation. A balance between
informal discussion and rigorous mathematical style. Examples and exercises integrated into each
chapter enhancing the suitability of the book as a course text or a self-study treatise. Written in a
lucid style by one of the worlds leading authorities on numerical methods for ordinary differential
equations and drawing upon his vast experience, this new edition provides an accessible and
self-contained introduction, ideal for researchers and students following courses on numerical
methods, engineering and other sciences.

ordinary differential equations textbooks: Ordinary Differential Equations Bindhyachal




Rai, D. P. Choudhury, 2005 This textbook primarily intended for Undergraduate, Honours and
Engineering courses as well as NET/GATE and other competitive examinations presupposes no
background other than elementary calculus. All the methods given in the book are explained with
the help of solved examples. A large number of unsolved exercises have also been provided on each
topic.--BOOK JACKET.

ordinary differential equations textbooks: Solving Ordinary Differential Equations I
Ernst Hairer, Syvert P. Ngrsett, Gerhard Wanner, 2008-04-16 This book deals with methods for
solving nonstiff ordinary differential equations. The first chapter describes the historical
development of the classical theory, and the second chapter includes a modern treatment of
Runge-Kutta and extrapolation methods. Chapter three begins with the classical theory of multistep
methods, and concludes with the theory of general linear methods. The reader will benefit from
many illustrations, a historical and didactic approach, and computer programs which help him/her
learn to solve all kinds of ordinary differential equations. This new edition has been rewritten and
new material has been included.

ordinary differential equations textbooks: Ordinary Differential Equations with Applications
Carmen Chicone, 2006-09-23 Mathematics is playing an ever more important role in the physical
and biological sciences, provoking a blurring of boundaries between scienti?c disciplines and a
resurgence of interest in the modern as well as the cl- sical 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). Thedevelopmentofnewcoursesisanaturalconsequenceofahighlevelof
excitement on the research 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 to 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 Ma- ematical Sciences (AMS) series, which will focus onadvanced textbooks and
research-level monographs. Pasadena, California J.E. Marsden New York, New York L. Sirovich
College Park, Maryland S.S. Antman Preface This book is based on a two-semester course in
ordinary di?erential eq- tions that I have taught to graduate students for two decades at the U-
versity of Missouri. The scope of the narrative evolved over time from an embryonic collection of
supplementary notes, through many classroom tested revisions, to a treatment of the subject that is
suitable for a year (or more) of graduate study.

ordinary differential equations textbooks: A Text Book of Differential Equations N. M.
Kapoor, 2006 An Integral Part Of College Mathematics, Finds Application In Diverse Areas Of
Science And Enginnering. This Book Covers The Subject Of Ordinary And Partial Differential
Equations In Detail. There Are Ninteeen Chapters And Eight Appendices Covering Diverse Topics
Including Numerical Solution Of First Order Equations, Existence Theorem, Solution In Series,
Detailed Study Of Partial Differential Equations Of Second Order Etc. This Book Fully Covers The
Latest Requirement Of Graduage And Postgraduate Courses.

ordinary differential equations textbooks: Essential Ordinary Differential Equations
Robert Magnus, 2022-11-26 This textbook offers an engaging account of the theory of ordinary
differential equations intended for advanced undergraduate students of mathematics. Informed by
the author’s extensive teaching experience, the book presents a series of carefully selected topics
that, taken together, cover an essential body of knowledge in the field. Each topic is treated
rigorously and in depth. The book begins with a thorough treatment of linear differential equations,
including general boundary conditions and Green'’s functions. The next chapters cover separable
equations and other problems solvable by quadratures, series solutions of linear equations and
matrix exponentials, culminating in Sturm-Liouville theory, an indispensable tool for partial
differential equations and mathematical physics. The theoretical underpinnings of the material,
namely, the existence and uniqueness of solutions and dependence on initial values, are treated at
length. A noteworthy feature of this book is the inclusion of project sections, which go beyond the



main text by introducing important further topics, guiding the student by alternating exercises and
explanations. Designed to serve as the basis for a course for upper undergraduate students, the
prerequisites for this book are a rigorous grounding in analysis (real and complex), multivariate
calculus and linear algebra. Some familiarity with metric spaces is also helpful. The numerous
exercises of the text provide ample opportunities for practice, and the aforementioned projects can
be used for guided study. Some exercises have hints to help make the book suitable for independent
study.fsfsfsscs

ordinary differential equations textbooks: Ordinary Differential Equations: Basics and
Beyond David G. Schaeffer, John W. Cain, 2016-11-10 This book develops the theory of ordinary
differential equations (ODEs), starting from an introductory level (with no prior experience in ODEs
assumed) through to a graduate-level treatment of the qualitative theory, including bifurcation
theory (but not chaos). While proofs are rigorous, the exposition is reader-friendly, aiming for the
informality of face-to-face interactions. A unique feature of this book is the integration of rigorous
theory with numerous applications of scientific interest. Besides providing motivation, this synthesis
clarifies the theory and enhances scientific literacy. Other features include: (i) a wealth of exercises
at various levels, along with commentary that explains why they matter; (ii) figures with consistent
color conventions to identify nullclines, periodic orbits, stable and unstable manifolds; and (iii) a
dedicated website with software templates, problem solutions, and other resources supporting the
text (www.math.duke.edu/ode-book). Given its many applications, the book may be used comfortably
in science and engineering courses as well as in mathematics courses. Its level is accessible to
upper-level undergraduates but still appropriate for graduate students. The thoughtful presentation,
which anticipates many confusions of beginning students, makes the book suitable for a teaching
environment that emphasizes self-directed, active learning (including the so-called inverted
classroom).

ordinary differential equations textbooks: Ordinary Differential Equations and
Dynamical Systems Gerald Teschl, 2012-08-30 This book provides a self-contained introduction to
ordinary differential equations and dynamical systems suitable for beginning graduate students. The
first part begins with some simple examples of explicitly solvable equations and a first glance at
qualitative methods. Then the fundamental results concerning the initial value problem are proved:
existence, uniqueness, extensibility, dependence on initial conditions. Furthermore, linear equations
are considered, including the Floquet theorem, and some perturbation results. As somewhat
independent topics, the Frobenius method for linear equations in the complex domain is established
and Sturm-Liouville boundary value problems, including oscillation theory, are investigated. The
second part introduces the concept of a dynamical system. The Poincare-Bendixson theorem is
proved, and several examples of planar systems from classical mechanics, ecology, and electrical
engineering are investigated. Moreover, attractors, Hamiltonian systems, the KAM theorem, and
periodic solutions are discussed. Finally, stability is studied, including the stable manifold and the
Hartman-Grobman theorem for both continuous and discrete systems. The third part introduces
chaos, beginning with the basics for iterated interval maps and ending with the Smale-Birkhoff
theorem and the Melnikov method for homoclinic orbits. The text contains almost three hundred
exercises. Additionally, the use of mathematical software systems is incorporated throughout,
showing how they can help in the study of differential equations.
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