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Preface

This book is one of the key textbooks for high education, which was approved by the
State Education Commission of China and the course: Methods of Mathematical Physics
has been approved as a famous course by the State Education Commission of*China since
1998,

This book is divided into three parts, Function Theory of One Complex Variable,
Equations of Mathematical Physics and Wavelets and Their Applications.

The first part has four chapters. The first three chapters are devoted to the extension
of real analysis to complex analysis. Any extension is feasible if and only if it is subjected
to the three principles of extension. The fourth chapter introduces Residue Theorem and
its applications to evaluation of definite integrals and series.

The second part has nine chapters. In the first chapter, mathematical models of
physical phenomena are constructed. The basic methods for the solutions of linear partial
differential equations are introduced in the following five chapters. Special functions and
their asymptotic expansions and their applications to equations of mathematical physics are
dealt with in Chapters 7 and 8. And finally, inverse scattering problems and nonlinear
problems are studied in Chapter 9.

Much emphasis is placed on basic methods for the solutions of linear systems—
methods of linear decomposition and synthesis, especially methods of spectral
decomposition and impulse decomposition. The physical idea on which these two methods
are based is very simple, that is the law of independence of disturbances, and the
corresponding mathematical idea is the orthogonal expansion, in particular, the
eigenfunction expansion, In this part, the method of separation of variables and the
method of integral transforms are combined into one method as the method of spectral
decomposition. Temporal impulses, spatial impulses, spatio-temporal impulses, initial
impulses and boundary impulses are treated in a unified way in the method of impulse
decomposition, including the Duhamel and the Riemann methods. Generalized functions
get a chapter to themselves because they are indispensable to methods of continuous
spectral decomposition and impulse decomposition and are greatly involved in the modern
physics education and research. Generalized functions are also introduced based on the
three principles of extension.

The second part also gives the quintessence of the hypergeometric theory in only two
sections. The method of traveling waves is also a useful one, especially the picture of

traveling waves involved. The inverse problem and the nonlinear problem were two
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recently emerged and fascinating subjects for equations of mathematical physics. Chapter 9
covers the inverse scattering perturbation theory, the method of formal parameter
expansion and Gel'fand-Levitan-Marchenko method on the inverse problem, and Hirota
transformations, Biacklund transformations and inverse scattering transformations on
nonlinear problems.

Both differential and integral methods can be used to derive mathematical models, but
here only the differential method is adopted.

Equations of mathematical physics have very wide subjects. As far as the linear
system is concerned, what we have focused here on are second-order linear scalar partial
differential equations of hyperbolic, parabolic and elliptic types. Little or no attention is
given to vector differential equations, higher than second-order, mixed-type, integral and
integro-differential equations. Vector partial differential equations play an increasingly
important role in the theories of electro-magnetic waves and elastic waves with the
deepening of scientific research, but they are too advanced for the undergraduate. Also no
attention is given to the Wiener-Hopf method and other important methods related to the
function theory of one complex variable, and many important approximate methods.

The third part has six chapters. Wavelet transforms are intermediate ones between
Fourier and Impulse transforms. Wavelets are a class of representations of very special
importance. Considering their special applications, many restraints must be imposed on
the function series of expansion. But the issues follow: Do there exist such function series
of expansion that meet these restraints? If so, how can they (1. e., wavelets) be
constructed? And do they also have a fast algorithm, which is analogous to FFT? ‘

In the first chapter of the third part, wavelets’ definitions are given and whys for
putting so many restraints on wavelets are expounded. The subsequent four chapters are
devoted to the above-mentioned three issues and the last chapter discuses wavelets’
applications to approximate solution for equations of mathematical physics besides
mentioning briefly some other applications.

Wavelets’ rapid development just occurred after 1988. Now their use has almost
become ubiquitous in every domain in natural sciences, including every branch of physics.

The knowledge of wavelet transforms is urgent to be spread among undergraduates,
graduates and researchers of natural sciences. But up to now, wavelets are still mysterious
to many physical workers and engineers. In the author’s point of view, there are three
reasons for such a mystery. Two of them are objective: First, functional analysis is
involved, and second, there are many classes of wavelets, almost each of which has also
many members, and those wavelets meeting required constraints have only numerical and /
or geometrical representations, and no analytical representation, The third is subjective;
Many problems-formulation are very long and it is sure to result in confusion of idea and
approach for someone to seek a solution to a problem in haste without knowing it clearly

and completely. The author tries to address these problems in simple terms.



P 0 A D (U WGt A S T

Preface 3

The parts asterisked are not required, but recommended for undergraduates majoring
in physics.

Methods of Study

In tackling a problem, you must know what the problem is, i. e. , problem-formation,
it means that you must gain a clear idea of the problem: which are known, measurable or
required to be given and which are unknown and to be sought, on that the subsequent
proceedings are centered. But you can find out that problem-formation is often hazy and
incomplete somewhere else. One example is, some known conditions are not presented at
the very start and they are picked up now and then when they are needed in solving the
problem. Such a practice is unavoidable in scientific research but it is surely not good for
students’ studying and should be given up in any textbook. The other is, sometimes in
solving a problem, one is unaware of what he wants to reach after and hence he does not
understand what will happen afterwards. After clear and complete problem-formation, it
is most important to grasp the basic ideas of solving the problem, which are only
mathematical (especially geometrical) or physical thoughts, simple and clear, and in which
not a great amount of mathematical calculations are involved. To grasp the basic ideas is
the key to solving a problem that must be paid great attention to. And then it is followed
by the implementation of the basic ideas, in which generally a great amount of
mathematical calculations are involved. You will never get boggled down in any tedious
calculations if you know the basic ideas well. The final step is to use some tricks to
simplify and reduce calculations.

In brief, in our studying, we must pay attention to complete problem-formation, the
basic ideas of solving the problem, the implementation of such basic ideas and the tricks in
the implementation. We must under no circumstances concentrate on mathematical
calculations pnly, must devote great attention to complete problem-formation and the basic
ideas of solving the problem and but we do not confuse principles with tricks. The author
suggests that readers make a summary on some problems or some chapters and sections,
even a whole part, which they feel difficult to understand, according to the four-point
method of study.

What a student studies is existing knowledge that was discovered and created by
somebody else. But if you have a good command of it you must study as if you were an
inventor and creator, that is the core of a good method of study.

In comparison with existing textbooks on methods of mathematical physics, some big
changes in contents, viewpoints and order have been made in this book. Any suggestions,
comments and criticisms are welcome for further improvement to this book.

The manuscript of this book, especially, of the first two parts, was reviewed by
Professor Ni Guangjioing in Fudan University and Professor Wu Chongshi in Beijing
University, and the manuscript of the third part was reviewed by Professor Yang Wenchai

in the Institute of Geology, the Ministry of Land and Resources of People’s Republic of
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China and Professor Li Shixiong in Anhui University. I would like to express my thanks to

them for their valuable suggestions.

1 would also like to express my thanks to Shanghai Scientific and Technical Publishers
for its help with the present publication.

1 owe a lot to my wife Xiae Zhang, who continuously gave me her encouragement and
support throughout the preparation of this book.

In addition, I am grateful to the National Natural Science Foundation of China for
their financial support of the inverse scattering research projects.

The book is dedicated to my mother.
NanKai University
Tianjin

People’s Republic of China

Zhengiu Lu
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