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Preface

This book is a revision of Introduction to Numerical Methods for Differ-
ential Equations by J. M. Ortega and W. G. Poole, Jr., published by Pitman
Publishing, Inc., in 1981.

As discussed in Chapter 1, a large part of scientific computing is concerned
with the solution of differential equations and, thus, differential equations is
an appropriate focus for an introduction to scientific computing. The need to
solve differential equations was one of the original and primary motivations
for the development of both analog and digital computers, and the numerical
solution of such problems still requires a substantial fraction of all available
computing time. It is our goal in this book to introduce numerical methods
for both ordinary and partial differential equations with concentration on or-
dinary differential equations, especially boundary-value problems. Although
there are many existing packages for such problems, or at least for the main
subproblems such as the solution of linear systems of equations, we believe
that it is important for users of such packages to understand the underlying
principles of the numerical methods. Moreover, it is even more important to
understand the limitation of numerical methods: “Black Boxes” can’t solve
all problems. Indeed, it may be that one has several excellent black boxes for
solving classes of problems, but the combination of such boxes may yield less
than optimal results.

We treat initial-value problems for ordinary differential equations in Chap-
ter 2 and introduce finite difference methods for linear boundary value prob-
lems in Chapter 3. The latter problems lead to the solution of systems of linear
algebraic equations; Chapter 4 is devoted to the general treatment of direct meth-
ods for this problem, independently of any connection to differential equations.
This chapter also considers the important problem of least-squares approxima-
tion. In Chapter 5 we return to boundary value problems, but now they are
nonlinear. This motivates the treatment of the solution of nonlinear algebraic
equations in the remainder of the chapter. The tool for discretizing differential
equations to this point has been finite difference methods; in Chapter 6 we
introduce Galerkin and collocation methods as alternatives. These methods
lead to the important subtopics of numerical integration and spline approx-
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imation. Chapter 7 treats eigenvalue problems, motivated only partially by
differential equations. Finally, in Chapters 8 and 9, we introduce some of the
simplest methods for partial differential equations, first initial-boundary-value
problems and then boundary-value problems.

As the previous paragraph indicates, the solution of differential equations
requires techniques from a variety of other areas of numerical analysis: solution
of linear and nonlinear algebraic equations, interpolation and approximation,
integration, and so on. Thus, most of the usual topics of a first course in
numerical methods are covered and the book can serve as text for such a
course. Indeed, we view the book to be basically for this purpose but oriented
toward students primarily interested in differential equations. We have found
the organization of the book, which may seem rather unorthodox for a first
course, to be more satisfactory and motivating than the usual one for a rather
large number of students. Thus, the book can be used for a variety of different
audiences, depending on the background of the students and the purposes of
the course.

As a minimum background, the reader is assumed to have had calculus,
first courses in computer programming and differential equations and at least
some linear algebra. Some basic facts from calculus, differential equations
and linear algebra are collected in two appendices and further background
material appears in the text itself. Students with a minimum background
and no prior numerical methods course will require a full year to cover the
book completely; one semester or two quarter courses can easily be taught by
eliminating some topics. On the other hand, the entire book is covered in a
first-semester graduate course at the University of Virginia; in this case, much
of the more elementary material is review and is covered quickly.

The style of the book is on the theoretical side, although rather few the-
orems are stated as such and many proofs are either omitted or partially
sketched. On the other hand, enough mathematical argumentation is usu-
ally given to clarify what the mathematical properties of the methods are. In
many cases, details of the proofs are left to exercises or to a supplementary
discussion section, which also contains references to the literature. We have
found this style quite satisfactory for most students, especially those outside
of mathematics.

The development of numerical methods for solving differential equations
has evolved to a state where accurate, efficient, and easy-to-use mathematical
software exists for solving many of the basic problems. For example, excellent
subroutine libraries are available for the initial-value problems of Chapter 2,
linear equations of Chapter 4, and eigenvalue problems of Chapter 7. The sup-
plementary discussions and references at the ends of sections give information
on available software. On the other hand, some of the exercises require the
reader to write programs to implement some of the basic algorithms for these
same problems. The purpose of these exercises is not to develop high-grade
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software but, rather, to have the reader experience what is involved in coding
the algorithms, thus leading to a deeper understanding of them.

We owe thanks to many colleagues and students for useful comments on
the original version of this book as well as drafts of the current one. We are
also indebted to Ms. Susanne Freund and Ms. Brenda Lynch for their expert
LaTeXing of the manuscript.

Stanford, California
Charlottesville, Virginia
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