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Preface

This book is based on lectures given by the first author at Cal Poly Pomona, Arizona State
University (ASU), and the Massachusetts Institute of Technology (MIT), the second author
at Western Kentucky University (WKU) and Cal Poly Pomona, and the third author at Cal
Poly Pomona. The first eight chapters and two appendices are identical to those in A Course
in Ordinary Differential Equations, 2nd Edition. The text can be used for a traditional one-
semester sophomore-level course in ordinary differential equations (such as WKU’s MATH
331), a one-semester sophomore-level course in differential equations in which partial differ-
ential equations replace Laplace transforms, or a two-semester sophomore- or junior-level
course in differential equations. There is ample material for a two-quarter sequence (such
as Cal Poly Pomona’s MAT 216-431 or MAT 431-432), as well as sufficient linear algebra in
the text so that it can be used for a one-quarter course that combines differential equations
and linear algebra (such as Cal Poly Pomona’s Math 224), or a one-semester course in dif-
ferential equations that brings in linear algebra in a significant way (such as ASU’s MAT
275 or MIT’s 18.03). Most significantly, computer labs are given in MATLAB®,! Maple™,
and Mathematica at the end of each chapter so the book may be used for a course to intro-
duce and equip the student with a knowledge of the given software (such as ASU’s MAT
275). Near the end of this Preface, we give some sample course outlines that will help show
the independence of various sections and chapters. The focus of the text is on applications
and methods of solution, both analytical and numerical, with emphasis on methods used
in the typical engineering, physics, or mathematics student’s field of study. We have tried
to provide sufficient problems of a mathematical nature at the end of each section so that
even the pure math major will be sufficiently challenged.

Key Features

This second edition of the book keeps many of the key features from the first edition:

e MATLAB, Maple, and Mathematica are incorporated at the end of each chapter, help-
ing students with pages of tedious algebra and many of the differential equations topics;
the goal of the software is still to show students how to make informed use of the rele-
vant software in the field; all three software packages have parallel code and exercises;

e There are numerous problems of varying difficulty for both the applied and pure math
major, as well as problems for the nonmathematician (engineers, etc.);

e An appendix that gives the reader a “crash course” in the three software packages; no
prior knowledge is assumed;

e Chapter reviews at the end of each chapter to help the students review;

e Projects at the end of each chapter that go into detail about certain topics and some-
times introduce new topics that the students are now ready to see;

e Answers to most of the odd problems in the back of the book;

IMATLAB is a registered trademark of The MathWorks, Inc, For product information, please contact:
The Mathworks, Inc.

3 Apple Hill Drive

Natick, MA, 01760-2098 USA

Tel: 508-647-7000

Fax: 508-647-7001

E-mail: info@mathworks.com

Web: www.mathworks.com
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e An appendix on linear algebra to supplement the treatment within the text, should it
be appropriate for the reader/course;

e A full solutions manual for the qualified instructor.

It also incorporates new features, many of which have been suggested by professors and
students who have taught/learned from the first edition:

e The computer codes are moved to the end of each chapter as Computer Labs to
facilitate reading of the book by students and professors who either choose not to use
the technology or who do not have access to it immediately;

e The latest software versions are used; significant changes have occurred in certain
aspects of MATLAB, Maple, and Mathematica since the first edition in 2006, and the
relevant changes are incorporated;

e Much of the linear algebra discussion has been moved to Chapter 5 (from Chapter 3),
which deals with linear systems;

e Sections have been added on complex variables (Chapter 3), the exponential response
formula for solving nonhomogeneous equations (Chapter 4), forced vibrations (Chapter
4) as well as a subsection on nondimensionalization (Chapter 2), and a combining of
the sections on Euler and Runge-Kutta methods (Chapter 2):

e Many rewritten sections highlight applications and modeling within many fields:

e Exercises flow from easiest to hardest;

e Color graphs to help the reader better understand crucial concepts in ordinary differ-
ential equations:

e Updated and extended projects at the end of each chapter to reflect changes within
the chapters.

Approaches to Teaching Differential Equations

The second edition of this book has evolved with our understanding of how to teach the
material in the best possible way. Some notable examples from the above list:

1. The structure of the course in covering linear systems in their entirety before covering
applications to nonlinear systems (phase plane, etc.) was a direct result of numerous
conversations with MIT’s Professor Haynes Miller (who frequently teaches MIT’s 18.03)
as was the incorporation of the new sections on essential topics from complex variables,
exponential response, and complex replacement (developed by Haynes) for solving non-
homogeneous differential equations, and the s-domain and poles as an important use
of Laplace transforms by engineers.

2. Combining the computer codes into Computer Labs at the end of each section rather
than having snippets of code embedded throughout the text was a direct result of a
switch in ASU’s method of teaching this course. Setting aside six class periods for such
labs is the way differential equations is now taught at ASU.

3. The presentation of essential linear algebra topics to aid in the understanding of dif-
ferential equations was helped by discussions with MIT’s Professor Gil Strang as well
as seeing some of his lectures firsthand.

Most differential equations we have encountered in practice have needed analytical approxi-
mations or numerical approximations to gain insight into their behavior. We don’t feel that
students use technology wisely if they simply ask the computer to solve a given problem. We
thus focus on what we consider to be the basics necessary for adequately preparing a student
for study in her or his respective fields, including mathematics. We present the syntax from
MATLAB, Maple, and Mathematica in Computer Labs at the end of each chapter. We feel



Preface xvii
that this provides the readers a better understanding of the theory and allows them to gain
more insight into real-world problems they are likely to encounter. The vast majority of our
students also have no previous experience with MATLAB, Maple, or Mathematica and we
start from the basics and teach informed use of the relevant mathematical software. The
student whom we “typically encounter” has had one year of calculus and is usually a major
in a field other than pure mathematics.

Our book is traditional in its approach and coverage of basic topics in ordinary differential
equations. However, we cover a number of “modern” topics such as direction fields, phase
lines, the Runge-Kutta method, and nondimensionalization in Chapter 2 and epidemiolog-
ical and ecological models in Chapter 6. As mentioned earlier, we also bring elements from
linear algebra, such as eigenvectors, bases, and transformations, in order to best equip the
reader of the book with a solid understanding of the material. Besides the Computer Labs
there are also Projects at the end of each chapter that give useful insight into past and
future topics covered in the book. The topics covered in these projects include a mix of
traditional, modeling, numerical, and linear algebra aspects of ordinary differential equa-
tions. It is the intent that students who study this book and work most of the problems
contained in these pages will be very prepared to continue their studies in engineering and
mathematics.

Some Sample Course Outlines

While we could not begin to prescribe how this book may best be used for each school, we
include some possible sections covered for various course outlines. There is sufficient material
for a two-quarter or two-semester course sequence involving ordinary differential equations
and partial differential equations with or without an emphasis on linear algebra that would
utilize most of the book. We stress that if you intend to incorporate MATLAB, Maple, or
Mathematica into your course, it is crucial to assign Exercises 1-4 (plus a few others) from
Appendix A and the Chapter 1 Computer Lab early in the course. Appendix A requires
only a knowledge of college algebra and some calculus (Taylor series), while Chapter 1
Computer Lab requires knowledge of calculus as it is applied to differential equations. Thus
both can be assigned within the first 2 weeks of the course (and likely together).

Traditional semester ODE course:

Chap. 1 | Chap. 2 | Chap. 3 | Chap. 4 | Chap. 5 | Chap. 7 | Chap. 8
1.1-1.6 | 2.1-2.2 | 3.1-3.3 | 4.1, 4.3 5.1 7.1-7.4 | 8.1-8.5
3.5-3.6 | 4.5-4.6 | 5.4-5.8

Semester ODE co

urse with modeling or application emphasis:

Chap. 1 | Chap. 2 | Chap. 3 | Chap. 4 | Chap. 5 | Chap. 6 | Chap. 7
11-1.4 | 21-26 | 3.1-3.2 | 41-42 | 5.1, 54 | 6.1-6.5 | 7.1-7.5
3.4-3.7 | 4.4-4.7 | 5.5, 5.7

Semester DE course with PDEs instead of Laplace Transforms:

Chap. 1 | Chap. 2 | Chap. 3 | Chap. 4 | Chap. 5 | Chap. 6 | Chap. 10
1.1-1.6 | 2.1-2.2 | 3.1-3.3 | 4.1,4.3 5.1 6.1 | 10.1-10.6
3.5-3.6 | 4546 | 54-5.8

Semester ODE course with linear algebra emphasis and no separate computer
labs:

Ch.1 | Ch.2 | Ch.3 | Ch.4 | Ch.5 | Ch.6| Ch.7 | App.B
11-14 [21-22[31-32[ 4142|5155 6.1 |[7.1-7.7[B.1-B4
25 | 3.4-3.7|4.4,4.7|57-5.8
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Semester DE course with linear algebra emphasis and no separate computer
labs:
Ch.1 | Ch.2 | Ch.3 | Ch.4 | Ch.5 |Ch.6| Ch.10 | App.B
1.1-1.4 | 2.1-2.2 [ 3.1-3.2 | 41-4.2 | 5.1-55 | 6.1 |10.1-10.6 | B.1-B.4
2.5 3.4-3.7 | 44, 4.7 | 5.7-5.8

Semester ODE course with linear algebra emphasis and 6 computer labs:

Ch. 1 Ch.2 | Ch.3 Ch. 4 Ch.5 | Ch. 7 | Comp. Labs |
1.1-1.4 | 2.1-2.2 | 3.1-3.2 | 41-4.2 | 5.1-5.5 | 7.1-7.6 A&, 2,
2.5 3.4-3.7 | 4.4, 4.7 3,4,5& B, 7

Quarter ODE course with linear algebra emphasis:

Ch.1 | Ch.2 | Ch.3 | Ch.4 | Ch.5 | App. B |
1.1-14 [ 2122 31-32 [ 41-42 | 5.1-55 | B1-B.A4 |
2.5 [34-3.7| 47
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We owe a very special thanks to Erika Camacho (Arizona State University) for her help
in writing the MATLAB and Maple code for this book and for detailed suggestions on nu-
merous sections. John Fay and Gary Etgen reviewed earlier drafts of this text and provided
helpful feedback. Scott Wilde provided valuable assistance in writing and preparing the
solutions manual for the book. We owe a big thanks to our former students David Monar-
res, for help in preparing portions of this book, and Walter Sosa and Moore Chung, for
their help in preparing solutions. We would also like to acknowledge our Cal Poly Pomona
colleagues Michael Green, Jack Hofer, Tracy McDonald, Jim McKinney, Siew-Ching Pye,
Dick Robertson, Paul Salomaa, Jenny Switkes, Karen Vaughn, and Mason Porter (Cal-
tech/Oxford) for their willingness to use draft versions of this text in their courses and
their important suggestions, which improved the overall readability of the text. The faculty
and students of AMSSI and MTBI also deserve a special thanks for comments on early
drafts of the computer code. Mary Jane Hill assisted us with certain aspects of the text
and helped in typesetting some of the chapters of the initial drafts of the book; her effort
is greatly appreciated. The production and support staff at Chapman & Hall/CRC Press
have been very helpful. We particularly wish to thank our project coordinator, Theresa Del
Forn and project editor, Prudence Board. Our editor Bob Stern deserves a special thanks
for believing in this project and for his guidance, advice, and patience. We sincerely thank
all these individuals; without their assistance this text would not have succeeded.

A few remarks for students and professors:

This book will succeed if any fears and reservations about learning one of the three com-
puter algebra systems used in this book are put aside. Computers are not here to supplant
us, but rather they are here to help illustrate and illuminate concepts and insights that
we have. Nothing is foolproof and we stress the importance of informed use of the rele-
vant mathematical software. Numerical answers, although quite accurate most of the time,
should always be examined carefully because computers are as smart as the programmer
allows them to be. There should never be a blind trust in an answer.

It is essential that the technology that you choose—MATLAB, Maple, or Mathematica—
be introduced early in the class, just as it is introduced early in the book. While certain
mathematical software packages may be better suited for studying differential equations,
none have the versatility that the above three programs have to give insight into other areas
of mathematics. The two keys to learning the programs are (1) learning the syntax and
(2) learning to use the help menus to figure out some of the commands. Setting aside one
class, for example, to give a brief tutorial on one of these software packages in the computer
lab is a very worthwhile investment. It is by no means necessary and the typical student
will be able to learn the material on his/her own by carefully following Appendix A. For
reinforcement, it is crucial to include at least one or two technology problems with each
homework assignment. The conscientious student will be well prepared to use the same
software package in any upper division course in any branch of the mathematical sciences
and its applications.

It is not necessary to bring computer demonstrations into the classroom. Both authors
have taught their courses successfully without classroom demonstrations; handouts some-
times are useful, especially from the appendices. The students, for better or worse, are
generally far less afraid of technology than one might expect. If students are sent to the
computer lab with an assignment to do and aided with Appendix A, the vast majority will
come back with satisfactory answers. Yes, you may bang your head against your desk in
frustration at times, but just ask the person next to you for help and also seek the help
menus and you will be able to learn MATLAB, Maple, and Mathematica quite well.
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