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Preface

This book was written as a textbook on applied mathematics for engineers and sci-
entist, with the expressed goal of merging both analytical and numerical methods
more tightly than other textbooks. The role of applied mathematics has continued to
grow increasingly important with advancement of science and technology, ranging
from modeling and analysis of natural phenomenon to simulation and optimization
of man-made systems. With the huge and rapid advances of computing technol-
ogy, larger and more complex problems can now be tackled and analyzed in a very
timely fashion. In several cases, what used to require supercomputers can now be
solved using personal computers. Nonetheless, as the technological tools continue
to progress, it has become even more imperative that the results can be understood
and interpreted clearly and correctly, as well as the need for a deeper knowledge
behind the strengths and limitations of the numerical methods used. This means
that we cannot forgo the analytical techniques because they continue to provide
indispensable insights on the veracity and meaning of the results. The analytical
tools continue to be of prime importance for basic understanding for building math-
ematical models and data analysis. Still, when it comes to solving large and complex
problems, numerical methods are needed.

The level of exposition in this book is aimed at graduate students, advanced
undergraduate students, and researchers in the engineering and science field. Thus
the topics were mostly chosen to continue several topics found in most undergradu-
ate textbooks in applied mathematics. We have focused on advanced concepts and
implementation of various mathematical tools to solve the problems that most grad-
uate students are likely to face in their research work and other advanced courses.

The contents of the book can be divided into four main parts: matrix theory,
vectors and tensors, ordinary differential equations, and partial differential equa-
tions. We begin the book with matrix theory because the tools developed in matrix
theory form the crucial foundations used in the rest of the book. The next part cen-
ters on the concepts used in vector and tensor theory, including the application of
tensor calculus and integral theorems to develop mathematical models of physical
systems, often resulting in several differential equations. The last two parts focus on
the solution of ordinary and partial differential equations. It can be argued that the
primary needs of applied mathematics in engineering and the physical sciences are
to obtain models for a system or phenomena in the form of differential equations

xi
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xii Preface

and then to be able to “solve” them to predict and understand the effects of changes
in model parameters, boundary conditions, or initial conditions.

Although the methods of applied mathematics are independent of computing
platform and programs, we have chosen to use MATLAB as a particular platform
under which we investigate the mathematical methods, techniques, and ideas so that
the approaches can be tested and the results can be visualized. The supplied MAT-
LAB codes are all included on the book’s website, and the reader can modify the
codes for their own use. There are several excellent MATLAB toolboxes supplied by
third-party software developers, and they have been optimized for speed, efficiency,
and user-friendliness. However, the unintended consequences of user-friendly tools
can sometimes render the users to be “button pushers.” We contend that students in
applied mathematics still need to discover the mechanism and ideas behind the full-
blown programs – at least to apply them to simple test problems and gain some basic
understanding of the various approaches. The links to the supplemental MATLAB
programs and files can be accessed through the link: www.cambridge.org/Co.

The appendices are collected as chapter fortifications. They include proofs,
advanced topics, additional tables, and examples. The reader should be able to
access these materials through the web via the link: www.cambridge.org/Co.
The index also contains topics that can be found in the appendices, and they are
given page numbers that continue the count from the main text.

Several colleagues and students have helped tremendously in the writing of this
textbook. Mostly, I want to thank my best friend and wife, Faith Morrison, for the
support and encouragement and the sacrifice she’s made so that I could finish this
extended and personally significant project. I hope the textbook will contain useful
information for the readers, enough for them to share in the continued exploration of
the methods and applications of mathematics to further improve the understanding
and conditions of our world.

Tomas B. Co
Houghton, MI
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