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Introductory Differential Equations
Existence theorems; Linear systems; Autonomous systems; Stability; The lyapunov second method; Periodic solutions;
Bifurcation and branching of periodic solutions.

Modelling with Ordinary Differential Equations
This book is mainly intended as a textbook for students at the Sophomore-Junior level, majoring in mathematics,
engineering, or the sciences in general. The book includes the basic topics in Ordinary Differential Equations, normally
taught in an undergraduate class, as linear and nonlinear equations and systems, Bessel functions, Laplace transform,
stability, etc. It is written with ample exibility to make it appropriate either as a course stressing applications, or a course
stressing rigor and analytical thinking. This book also offers sufficient material for a one-semester graduate course,
covering topics such as phase plane analysis, oscillation, Sturm-Liouville equations, Euler-Lagrange equations in Calculus of
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Variations, first and second order linear PDE in 2D. There are substantial lists of exercises at the ends of chapters. A
solutions manual, containing complete and detailed solutions to all the exercises in the book, is available to instructors who
adopt the book for teaching their classes.

Introduction to Linear Algebra and Differential Equations
The series is devoted to the publication of monographs and high-level textbooks in mathematics, mathematical methods
and their applications. Apart from covering important areas of current interest, a major aim is to make topics of an
interdisciplinary nature accessible to the non-specialist. The works in this series are addressed to advanced students and
researchers in mathematics and theoretical physics. In addition, it can serve as a guide for lectures and seminars on a
graduate level. The series de Gruyter Studies in Mathematics was founded ca. 30 years ago by the late Professor Heinz
Bauer and Professor Peter Gabriel with the aim to establish a series of monographs and textbooks of high standard, written
by scholars with an international reputation presenting current fields of research in pure and applied mathematics. While
the editorial board of the Studies has changed with the years, the aspirations of the Studies are unchanged. In times of
rapid growth of mathematical knowledge carefully written monographs and textbooks written by experts are needed more
than ever, not least to pave the way for the next generation of mathematicians. In this sense the editorial board and the
publisher of the Studies are devoted to continue the Studies as a service to the mathematical community. Please submit
any book proposals to Niels Jacob.

Ordinary Differential Equations
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 SmaleBirkhoff theorem and the Melnikov method for homoclinic orbits. The text contains almost three hundred exercises.
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Additionally, the use of mathematical software systems is incorporated throughout, showing how they can help in the study
of differential equations.

Ordinary Differential Equations with Applications
Excellent introductory text focuses on complex numbers, determinants, orthonormal bases, symmetric and hermitian
matrices, first order non-linear equations, linear differential equations, Laplace transforms, Bessel functions, more. Includes
48 black-and-white illustrations. Exercises with solutions. Index.

Introduction to Ordinary Differential Equations
Superb, self-contained graduate-level text covers standard theorems concerning linear systems, existence and uniqueness
of solutions, and dependence on parameters. Focuses on stability theory and its applications to oscillation phenomena, selfexcited oscillations, more. Includes exercises.

Differential Equations
This text, now in its second edition, presents the basic theory of ordinary differential equations and relates the topological
theory used in differential equations to advanced applications in chemistry and biology. It provides new motivations for
studying extension theorems and existence theorems, supplies real-world examples, gives an early introduction to the use
of geometric methods and offers a novel treatment of the Sturm-Liouville theory.

Ordinary Differential Equations: Basics and Beyond
Introduction to Ordinary Differential Equations is a 12-chapter text that describes useful elementary methods of finding
solutions using ordinary differential equations. This book starts with an introduction to the properties and complex variable
of linear differential equations. Considerable chapters covered topics that are of particular interest in applications, including
Laplace transforms, eigenvalue problems, special functions, Fourier series, and boundary-value problems of mathematical
physics. Other chapters are devoted to some topics that are not directly concerned with finding solutions, and that should
be of interest to the mathematics major, such as the theorems about the existence and uniqueness of solutions. The final
chapters discuss the stability of critical points of plane autonomous systems and the results about the existence of periodic
solutions of nonlinear equations. This book is great use to mathematicians, physicists, and undergraduate students of
engineering and the science who are interested in applications of differential equation.
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Handbook of Differential Equations: Ordinary Differential Equations
A thorough, systematic first course in elementary differential equations for undergraduates in mathematics and science,
requiring only basic calculus for a background. Includes many exercises and problems, with answers. Index.

Ordinary Differential Equations
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
The mathematical formulations of problems in physics, economics, biology, and other sciences are usually embodied in
differential equations. The analysis of the resulting equations then provides new insight into the original problems. This
book describes the tools for performing that analysis. The first chapter treats single differential equations, emphasizing
linear and nonlinear first order equations, linear second order equations, and a class of nonlinear second order equations
arising from Newton's laws. The first order linear theory starts with a self-contained presentation of the exponential and
trigonometric functions, which plays a central role in the subsequent development of this chapter. Chapter 2 provides a
mini-course on linear algebra, giving detailed treatments of linear transformations, determinants and invertibility,
eigenvalues and eigenvectors, and generalized eigenvectors. This treatment is more detailed than that in most differential
equations texts, and provides a solid foundation for the next two chapters. Chapter 3 studies linear systems of differential
equations. It starts with the matrix exponential, melding material from Chapters 1 and 2, and uses this exponential as a key
tool in the linear theory. Chapter 4 deals with nonlinear systems of differential equations. This uses all the material
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developed in the first three chapters and moves it to a deeper level. The chapter includes theoretical studies, such as the
fundamental existence and uniqueness theorem, but also has numerous examples, arising from Newtonian physics,
mathematical biology, electrical circuits, and geometrical problems. These studies bring in variational methods, a fertile
source of nonlinear systems of differential equations. The reader who works through this book will be well prepared for
advanced studies in dynamical systems, mathematical physics, and partial differential equations.

INTRODUCTION TO THEORY OF ORDINARY DIFFERENTIAL EQUATION
This handbook is the fourth volume in a series of volumes devoted to self-contained and up-to-date surveys in the theory of
ordinary differential equations, with an additional effort to achieve readability for mathematicians and scientists from other
related fields so that the chapters have been made accessible to a wider audience. * Covers a variety of problems in
ordinary differential equations * Pure mathematical and real-world applications * Written for mathematicians and scientists
of many related fields

A Course in Ordinary Differential Equations
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/odebook). 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).

An Introduction to Linear Ordinary Differential Equations Using the Impulsive Response
Method and Factorization
The Fourth Edition of the best-selling text on the basic concepts, theory, methods, and applications of ordinary differential
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equations retains the clear, detailed style of the first three editions. Includes new material on matrix methods, numerical
methods, the Laplace transform, and an appendix on polynomial equations. Stresses fundamental methods, and features
traditional applications and brief introductions to the underlying theory.

Introduction to Ordinary Differential Equations with Mathematica
Modelling with Ordinary Differential Equations: A Comprehensive Approach aims to provide a broad and self-contained
introduction to the mathematical tools necessary to investigate and apply ODE models. The book starts by establishing the
existence of solutions in various settings and analysing their stability properties. The next step is to illustrate modelling
issues arising in the calculus of variation and optimal control theory that are of interest in many applications. This
discussion is continued with an introduction to inverse problems governed by ODE models and to differential games. The
book is completed with an illustration of stochastic differential equations and the development of neural networks to solve
ODE systems. Many numerical methods are presented to solve the classes of problems discussed in this book. Features:
Provides insight into rigorous mathematical issues concerning various topics, while discussing many different models of
interest in different disciplines (biology, chemistry, economics, medicine, physics, social sciences, etc.) Suitable for
undergraduate and graduate students and as an introduction for researchers in engineering and the sciences Accompanied
by codes which allow the reader to apply the numerical methods discussed in this book in those cases where analytical
solutions are not available

Numerical Solution of Ordinary Differential Equations
Designed for a rigorous first course in ordinary differential equations, Ordinary Differential Equations: Introduction and
Qualitative Theory, Third Edition includes basic material such as the existence and properties of solutions, linear equations,
autonomous equations, and stability as well as more advanced topics in periodic solutions of

Ordinary Differential Equations
A concise introduction to numerical methodsand the mathematicalframework neededto understand their performance
Numerical Solution of Ordinary Differential Equationspresents a complete and easy-to-follow introduction to classicaltopics
in the numerical solution of ordinary differentialequations. The book's approach not only explains the
presentedmathematics, but also helps readers understand how these numericalmethods are used to solve real-world
problems. Unifying perspectives are provided throughout the text, bringingtogether and categorizing different types of
problems in order tohelp readers comprehend the applications of ordinary differentialequations. In addition, the authors'
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collective academic experienceensures a coherent and accessible discussion of key topics,including: Euler's method Taylor
and Runge-Kutta methods General error analysis for multi-step methods Stiff differential equations Differential algebraic
equations Two-point boundary value problems Volterra integral equations Each chapter features problem sets that enable
readers to testand build their knowledge of the presented methods, and a relatedWeb site features MATLAB® programs
that facilitate theexploration of numerical methods in greater depth. Detailedreferences outline additional literature on both
analytical andnumerical aspects of ordinary differential equations for furtherexploration of individual topics. Numerical
Solution of Ordinary Differential Equations isan excellent textbook for courses on the numerical solution ofdifferential
equations at the upper-undergraduate and beginninggraduate levels. It also serves as a valuable reference forresearchers
in the fields of mathematics and engineering.

Ordinary Differential Equations
Fundamental methods and applications; Fundamental theory and further methods;

An Introduction To Ordinary Differential Equations
Thoroughly updated and expanded 4th edition of the classic text, including numerous worked examples, diagrams and
exercises. An ideal resource for students and lecturers in engineering, mathematics and the sciences it is published
alongside a separate Problems and Solutions Sourcebook containing over 500 problems and fully-worked solutions.

Introduction to Differential Equations
A first course in ordinary differential equations for mathematicians, scientists and engineers. Solutions are provided.

Introduction to Ordinary Differential Equations
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
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recommended, but not required.

Differential Equations
Differential Equations
Based on a one-year course taught by the author to graduates at the University of Missouri, this book provides a studentfriendly account of some of the standard topics encountered in an introductory course of ordinary differential equations. In
a second semester, these ideas can be expanded by introducing more advanced concepts and applications. A central
theme in the book is the use of Implicit Function Theorem, while the latter sections of the book introduce the basic ideas of
perturbation theory as applications of this Theorem. The book also contains material differing from standard treatments, for
example, the Fiber Contraction Principle is used to prove the smoothness of functions that are obtained as fixed points of
contractions. The ideas introduced in this section can be extended to infinite dimensions.

Ordinary Differential Equations and Stability Theory
The first contemporary textbook on ordinary differential equations (ODEs) to include instructions on MATLAB, Mathematica,
and Maple A Course in Ordinary Differential Equations focuses on applications and methods of analytical and numerical
solutions, emphasizing approaches used in the typical engineering, physics, or mathematics student's field o

An Introduction to Ordinary Differential Equations
The Second Edition of Ordinary Differential Equations: An Introduction to the Fundamentals builds on the successful First
Edition. It is unique in its approach to motivation, precision, explanation and method. Its layered approach offers the
instructor opportunity for greater flexibility in coverage and depth. Students will appreciate the author’s approach and
engaging style. Reasoning behind concepts and computations motivates readers. New topics are introduced in an easily
accessible manner before being further developed later. The author emphasizes a basic understanding of the principles as
well as modeling, computation procedures and the use of technology. The students will further appreciate the guides for
carrying out the lengthier computational procedures with illustrative examples integrated into the discussion. Features of
the Second Edition: Emphasizes motivation, a basic understanding of the mathematics, modeling and use of technology A
layered approach that allows for a flexible presentation based on instructor's preferences and students’ abilities An
instructor’s guide suggesting how the text can be applied to different courses New chapters on more advanced numerical
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methods and systems (including the Runge-Kutta method and the numerical solution of second- and higher-order
equations) Many additional exercises, including two "chapters" of review exercises for first- and higher-order differential
equations An extensive on-line solution manual About the author: Kenneth B. Howell earned bachelor’s degrees in both
mathematics and physics from Rose-Hulman Institute of Technology, and master’s and doctoral degrees in mathematics
from Indiana University. For more than thirty years, he was a professor in the Department of Mathematical Sciences of the
University of Alabama in Huntsville. Dr. Howell published numerous research articles in applied and theoretical
mathematics in prestigious journals, served as a consulting research scientist for various companies and federal agencies in
the space and defense industries, and received awards from the College and University for outstanding teaching. He is also
the author of Principles of Fourier Analysis, Second Edition (Chapman & Hall/CRC, 2016).

Essentials of Ordinary Differential Equations
Skillfully organized introductory text examines origin of differential equations, then defines basic terms and outlines the
general solution of a differential equation. Subsequent sections deal with integrating factors; dilution and accretion
problems; linearization of first order systems; Laplace Transforms; Newton's Interpolation Formulas, more.

Ordinary Differential Equations
Beginning with a general discussion of the linear equation, topics developed include stability theory for autonomous and
nonautonomous systems. Two appendices are also provided, and there are problems at the end of each chapter — 55 in all.
Unabridged republication of the original (1968) edition. Appendices. Bibliography. Index. 55 problems.

Introduction to Ordinary Differential Equations
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 LotkaVolterra 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
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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.

An Introduction to Ordinary Differential Equations
These materials - developed and thoroughly class tested over many years by the authors -are for use in courses at the
sophomore/junior level. A prerequisite is the calculus of one variable, although calculus of several variables, and linear
algebra are recommended. The text covers the standard topics in first and second order equations, power series solutions,
first order systems, Laplace transforms, numerical methods and stability of non-linear systems. Liberal use is made of
programs in Mathematica, both for symbolic computations and graphical displays. The programs are described in separate
sections, as well as in the accompanying Mathematica notebooks. However, the book has been designed so that it can be
read with or without Mathematica and no previous knowledge of Mathematica is required. The CD-ROM contains the
Mathematica solution of worked examples, a selection of various Mathematica notebooks, Mathematica movies and sample
labs for students. Mathematica programs and additional problem/example files will be available online through the TELOS
Web site and the authors dedicated web site.

Introduction to Ordinary Differential Equations and Some Applications
This systematically-organized text on the theory of differential equations deals with the basic concepts and the methods of
solving ordinary differential equations. Various existence theorems, properties of uniqueness, oscillation and stability
theories, have all been explained with suitable examples to enhance students’ understanding of the subject. The book also
discusses in sufficient detail the qualitative, the quantitative, and the approximation techniques, linear equations with
variable and constants coefficients, regular singular points, and homogeneous equations with analytic coefficients. Finally, it
explains Riccati equation, boundary value problems, the Sturm–Liouville problem, Green’s function, the Picard’s theorem,
and the Sturm–Picone theorem. The text is supported by a number of worked-out examples to make the concepts clear, and
it also provides a number of exercises help students test their knowledge and improve their skills in solving differential
equations. The book is intended to serve as a text for the postgraduate students of mathematics and applied mathematics.
It will also be useful to the candidates preparing to sit for the competitive examinations such as NET and GATE.

The Qualitative Theory of Ordinary Differential Equations
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A textbook that is suitable for Undergraduate, Honours and Engineering courses that presupposes no background other
than elementary calculus.

Ordinary Differential Equations
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.

An Introduction to Ordinary Differential Equations
This textbook provides a comprehensive introduction to the qualitative theory of ordinary differential equations. It includes
a discussion of the existence and uniqueness of solutions, phase portraits, linear equations, stability theory, hyperbolicity
and equations in the plane. The emphasis is primarily on results and methods that allow one to analyze qualitative
properties of the solutions without solving the equations explicitly. The text includes numerous examples that illustrate in
detail the new concepts and results as well as exercises at the end of each chapter. The book is also intended to serve as a
bridge to important topics that are often left out of a course on ordinary differential equations. In particular, it provides brief
introductions to bifurcation theory, center manifolds, normal forms and Hamiltonian systems.

Ordinary Differential Equations and Dynamical Systems
A Modern Introduction to Differential Equations
A Modern Introduction to Differential Equations, Third Edition, provides an introduction to the basic concepts of differential
equations. The book begins by introducing the basic concepts of differential equations, focusing on the analytical, graphical
and numerical aspects of first-order equations, including slope fields and phase lines. The comprehensive resource then
covers methods of solving second-order homogeneous and nonhomogeneous linear equations with constant coefficients,
systems of linear differential equations, the Laplace transform and its applications to the solution of differential equations
and systems of differential equations, and systems of nonlinear equations. Throughout the text, valuable pedagogical
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features support learning and teaching. Each chapter concludes with a summary of important concepts, and figures and
tables are provided to help students visualize or summarize concepts. The book also includes examples and updated
exercises drawn from biology, chemistry, and economics, as well as from traditional pure mathematics, physics, and
engineering. Offers an accessible and highly readable resource to engage students Introduces qualitative and numerical
methods early to build understanding Includes a large number of exercises from biology, chemistry, economics, physics and
engineering Provides exercises that are labeled based on difficulty/sophistication and end-of-chapter summaries

Ordinary Differential Equations
Introduction to Ordinary Differential Equations, Second Edition provides an introduction to differential equations. This book
presents the application and includes problems in chemistry, biology, economics, mechanics, and electric circuits.
Organized into 12 chapters, this edition begins with an overview of the methods for solving single differential equations.
This text then describes the important basic properties of solutions of linear differential equations and explains higher-order
linear equations. Other chapters consider the possibility of representing the solutions of certain linear differential equations
in terms of power series. This book discusses as well the important properties of the gamma function and explains the
stability of solutions and the existence of periodic solutions. The final chapter deals with the method for the construction of
a solution of the integral equation and explains how to establish the existence of a solution of the initial value system. This
book is a valuable resource for mathematicians, students, and research workers.

A Textbook on Ordinary Differential Equations
This book presents a method for solving linear ordinary differential equations based on the factorization of the differential
operator. The approach for the case of constant coefficients is elementary, and only requires a basic knowledge of calculus
and linear algebra. In particular, the book avoids the use of distribution theory, as well as the other more advanced
approaches: Laplace transform, linear systems, the general theory of linear equations with variable coefficients and
variation of parameters. The case of variable coefficients is addressed using Mammana’s result for the factorization of a real
linear ordinary differential operator into a product of first-order (complex) factors, as well as a recent generalization of this
result to the case of complex-valued coefficients.

An Introduction to Ordinary Differential Equations
Nonlinear Ordinary Differential Equations
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Introductory Differential Equations, Fourth Edition, offers both narrative explanations and robust sample problems for a first
semester course in introductory ordinary differential equations (including Laplace transforms) and a second course in
Fourier series and boundary value problems. The book provides the foundations to assist students in learning not only how
to read and understand differential equations, but also how to read technical material in more advanced texts as they
progress through their studies. This text is for courses that are typically called (Introductory) Differential Equations,
(Introductory) Partial Differential Equations, Applied Mathematics, and Fourier Series. It follows a traditional approach and
includes ancillaries like Differential Equations with Mathematica and/or Differential Equations with Maple. Because many
students need a lot of pencil-and-paper practice to master the essential concepts, the exercise sets are particularly
comprehensive with a wide array of exercises ranging from straightforward to challenging. There are also new applications
and extended projects made relevant to everyday life through the use of examples in a broad range of contexts. This book
will be of interest to undergraduates in math, biology, chemistry, economics, environmental sciences, physics, computer
science and engineering. Provides the foundations to assist students in learning how to read and understand the subject,
but also helps students in learning how to read technical material in more advanced texts as they progress through their
studies Exercise sets are particularly comprehensive with a wide range of exercises ranging from straightforward to
challenging Includes new applications and extended projects made relevant to "everyday life" through the use of examples
in a broad range of contexts Accessible approach with applied examples and will be good for non-math students, as well as
for undergrad classes

Ordinary Differential Equations
Introduction to Ordinary Differential Equations and some ApplicationsBy Edward Burkard
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