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Preface

This book is divided into nine chapters. In the first
<hapter, mathematical models of physical phenomena are
constructed. Tho basic methods for the solutions of linear
partial differential equations are introduced in the following
five chapters. Special functions and their asympiotic expan-
sions 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 stu-
-died in Chapter 9,

Much emphasis is placed on basic methods for the solu-
tions 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 mathe-
matical idea is the orthogonal expansion, in particular,
the eigenfunciion expansion. In this book,the method of sepa-
ration of variables and the method of integral transforms are
combined into one method as the method of spectral decom-
position. Temporal impulses, spatial impulses, space-time
impulses,initial impulses and boundary impulses are treated in
a unified way in the method of impulse decomposition inclu-
ding the Duhamel and the Riemann methods. Generalized
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functions get a chapter to themselves because they are indis-
pensable to methods of continuous spectral decomposition
and impulse decomposition and involved greatly in the mo-
dern physics education and research.

This book gives the quintessence of the hypergeometric
theory in only two sections. The method of traveling waves
is also an useful one, especially the picture of traveling
waves involved. The inverse problem and the nonlinear
problem are two newly emerged and fascinating subjects
for equations of mathematical physics. Chapter 9 covers the
inverse scattering perturbation theory and Gel’fand-Levitan-
Marehonko method on the inverse problem, and Hirota
transformations, Bicklund transformations and inverse scat—
tering transformations on nonlinear problems.

Here the differential method is adopted in deriving
mathematical models, even though the more general integral
method is often useful, particularly, when dealing with
deformed bodies.

Equations of mathematical physics have very wide sub-
jects. As far as the linear system is concerned, what we have
focussed here on are second-order linear scalar partial
differential equations of hyperbolic, parabolic or elliptic type,
Little or no atteation is given to vector differential equations,
higher than second-order, mixed-type, integral or integral
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 student. Also no attention is given to the
Wiener~Hopf method and other important methods related to
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the theory of functions of a complex variable, and many
important approximate methods.

In comparison with existing test books on equations
of mathematical physics, some changes in contents, viewpo-
ints and order have been made in this book. Any sugges-
tions, comments and criticisms are welcome for further
improvement of this book.

T would like to express my thanks to Ms. Dong Xing-
yuan for making a clean copy of most of the first draft;
to the Department of physics of Nankai University and
Shanghai Scientific and Techniecal Publishers for their help
with the present publication.

I owe a lot to my wife Xia-E Zhang, who continuously
gave me her encouragement and support throught out the
preparation of this book.

In addtion, I am grateful to the State Education
‘Commission and the National Natural Science Foundation of
China for their financial support of this project.

Nankai University
Tianjin
People’s Republic of China
Zhen—Qiu Lu
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