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Preface

Some understanding of difference equations and differential equations is be-
coming essential for students in the biological sciences. There are several recent
texts providing an introduction to mathematical biology through dynamical
systems, but most of these are accessible primarily to students of mathematics
with some interest in applications to biology rather than to biology students
who have not (yet) developed a disposition to describe real systems in mathe-
matical terms. Many of these texts present fully developed models of biological
systems ready for mathematical analysis. Such models provide students with
exercises in applying mathematical techniques but little experience in the
(often iterative) translation of biological concepts into mathematical terms
and vice versa, which is at the heart of modeling. It is our intention to try
to address both of these issues, to prepare students of biology as well as of
mathematics with the understanding and techniques necessary to undertake
basic modeling of biological systems through the development and analysis of
dynamical systems.

We propose to present an introduction to dynamical systems, covering both
discrete (difference equation) and continuous (differential equation) types, for
students who have had an introduction to calculus. While we assume that
students have learned basic material including differentiation, integration, and
exponential and logarithmic functions, we will recall topics which may not
have made sufficient impression to have been absorbed completely and will
describe some topics from a slightly different perspective. Our motivation will
come from biological topics, including but not confined to population biology
and epidemiology. Our approach will emphasize qualitative ideas rather than
explicit computations; we feel that this approach is both easier for students
whose primary interests are not in mathematics and more useful in many
applications. This material is not, however, intended to serve as a differential
equations course for students in the physical sciences as it does omit many
techniques and topics that are essential for such students.

In presenting mathematical topics, we will attempt to tell the truth and
nothing but the truth, but not necessarily the whole truth. We will try to
emphasize the basic truths but not to overwhelm the student with precise
technical detail. Some results will be stated without proof, while others will
be accompanied by outlines of the reasons why they are true. We will normally
avoid detailed, rigorous proofs.

Mathematics is not a spectator sport, and can be learned only by solving
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problems. We include examples of problems with solutions and some exercises
which follow the examples quite closely. However, a library of solved examples
used as templates will not be sufficient to meet the needs of a developing sci-
entist. For this reason, we also include problems that go beyond the examples,
both in mathematical analysis and in the development of mathematical mod-
els for biological problems, in order to encourage deeper understanding and
an eagerness to use mathematics in learning about biology. We also include
some problems, marked with an asterisk (*), which are more challenging.

We recommend the introduction to modeling in Chapter 1 as a beginning
of any course on biological modeling using this text. The contents of Chapters
2 through 4 overlap considerably with the material which would be covered in
a unified course (probably two semesters in length) which covers calculus and
some difference equations and elementary differential equations. For students
who have already taken such a course, a suitable course could review these
topics as needed (after starting with Chapter 1) and then continue with Chap-
ters 5, 6, and possibly 7. For students who have had a semester of calculus
without difference or differential equations, a suitable course could consist of
the first four chapters.

We provide some support for helping readers use software packages to
generate numerical solutions and graphs (as we ourselves have done to make
some of the figures in this book), primarily in the sections dealing with nu-
merical analysis and in the appendices. These packages and the companies
that produce them are listed below.

Maple is a registered trademark of Waterloo Maple, Inc., www.maplesoft.com.

Mathematica is a registered trademark of Wolfram Research, Inc., at
www.wolfram. com.

MATLAB is a registered trademark of The Mathworks, Inc. For prod-
uct 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, www.mathworks.com.

Trademarked names may be used in this book without the inclusion of a
trademark symbol. These names are used in an editorial context only: no
infringement of trademark is intended.
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