
Solving ODEs with MATLAB

This book is for people who need to solve ordinary differential equations (ODEs), both ini-
tial value problems (IVPs) and boundary value problems (BVPs) as well as delay differential
equations (DDEs). These topics are usually taught in separate courses of length one semes-
ter each, but Solving ODEs with MATLAB provides a sound treatment of all three in about 250
pages. The chapters on each of these topics begin with a discussion of “the facts of life” for
the problem, mainly by means of examples. Numerical methods for the problem are then de-
veloped – but only the methods most widely used. Although the treatment of each method is
brief and technical issues are minimized, the issues important in practice and for understand-
ing the codes are discussed. Often solving a real problem is much more than just learning how
to call a code. The last part of each chapter is a tutorial that shows how to solve problems by
means of small but realistic examples.
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Preface

This book is for people who want to solve ordinary differential equations (ODEs), both
initial value problems (IVPs) and boundary value problems (BVPs) as well as delay dif-
ferential equations (DDEs). Solving ODEs withMATLAB is a text for a one-semester course
for upper-level undergraduates and beginning graduate students in engineering, science,
andmathematics. Prerequisites are a first course in the theory of ODEs and a survey course
in numerical analysis. Implicit in these prerequisites is some programming experience,
preferably inMatlab, and some elementary matrix theory. Solving ODEs with MATLAB is
also a reference for professionals in engineering, science, and mathematics. With it they
can quickly obtain an understanding of the issues and see example problems solved in
detail. They can use the programs supplied with the book as templates.
It is usual to teach the three topics of this book at an advanced level in separate courses

of one semester each. Solving ODEs with MATLAB provides a sound treatment of all three
topics in about 250 pages. This is possible because of the focus and level of the treat-
ment. The book opens with a chapter called Getting Started. Next is a chapter on IVPs.
These two chapters must be studied in order, but the remaining two chapters (on BVPs
and DDEs) are independent of one another. It is easy to cover one of these chapters in a
one-semester course, but the preparation and sophistication of the students will determine
whether it is possible to do both. The chapter on DDEs can be covered more quickly than
the one on BVPs because only one approach is taken up and it is an extension of meth-
ods studied in the chapter on IVPs. Each chapter begins with a discussion of the “facts of
life” for the problem, mainly by means of examples. Numerical methods for the problem
are then developed – but only the methods most widely used. Although the treatment of
each method is brief and technical issues are minimized, the issues important in practice
are discussed. Often solving a real problem is much more than just learning how to call a
code. The last part of the chapter is a tutorial that shows how to solve problems by means
of small but realistic examples.
Although quality software in general scientific computing is discussed, all the examples

and exercises are solved in Matlab. This is most advantageous because Matlab (2000)
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viii Preface

has become an extremely important problem-solving environment (PSE) for both teach-
ing and research. The solvers of Matlab are unusually capable. Moreover, they have a
common design and “feel” that make it easy to learn how to use them. Matlab is such a
high-level language that programs are short. This makes it possible to provide complete
programs in the text for all the examples. The programs are also provided in electronic
form so that they can be used conveniently as templates for similar problems. In particu-
lar, the student is asked to modify some of these programs in exercises. Graphics are a part
of this PSE, so solutions are typically studied by plotting them. Matlab has some sym-
bolic algebra capabilities by virtue of a Maple kernel (Maple 1998). Solving ODEs with
MATLAB exploits these capabilities in the analysis and solution of some of the examples
and exercises. There is an Instructor’s Manual with solutions for all the exercises. Most
of these solutions involve a program, which is available to instructors in electronic form.
The first ODE solver of Matlab was based on a FORTRAN program written by Larry

Shampine and H.A. (Buddy)Watts. ForMatlab 5, Cleve Moler initiated a long and pro-
ductive relationship between Shampine and TheMathWorks. A research and development
effort by Shampine and Mark Reichelt (1997) resulted in the Matlab ODE Suite. The
ODE Suite has evolved considerably as a result of further work by Shampine, Reichelt,
and Jacek Kierzenka (1999) and the evolution of Matlab itself. In particular, some of
the IVP solvers were given the ability to solve differential algebraic equations (DAEs)
of index 1 arising from singular mass matrices. Subsequently, Kierzenka and Shampine
(2001) added a program for solving BVPs. Most recently, Skip Thompson, Shampine, and
Kierzenka added a program for solving DDEs with constant delays (Shampine & Thomp-
son 2001). We mention this history in part to express our gratitude to Cleve, Mark, and
Jacek for the opportunity to work with them on software for this premier PSE and also
to make clear that we have a unique understanding of the software that underlies Solving
ODEs with MATLAB.
Each of us has decades of experience solving ODEs in both academic and nonacademic

settings. In this we have contributed to the subject well over 200 papers and half a dozen
books, but we have long wanted to write a book that makes our experience in advising
people on how to solve ODEs available to a wider audience. Solving ODEs with MATLAB

is the fulfillment of that wish. We appreciate the help provided by many experts who have
commented on portions of the manuscript. Wayne Enright and Jacek Kierzenka have been
especially helpful.
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