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Preface to the Second Edition

“A teacher can never truly teach unless he is still learning himself.
A lamp can never light another lamp unless it continues to burn
its own flame. The teacher who has come to the end of his subject,
who has no living traffic with his knowledge but merely repeats
his lessons to his students, can only load their minds; he cannot
quicken them.”

Rabindranath Tagore

When the first edition of this book was published in 1995 under the sole
authorship of Lokenath Debnath, it was well received, and has been used as
a senior undergraduate or graduate level text and research reference in the
United States and abroad for the last ten years. We received many comments
and suggestions from many students and faculty around the world. These
comments and criticisms have been very helpful, beneficial, and encouraging.
This second edition is the result of that input.

Another reason for adding this second edition to the literature is the fact
that there have been major discoveries of several integral transforms including
the Radon transform, the Gabor transform, the inverse scattering transform,
and wavelet transforms in the twentieth century. It is becoming even more
desirable for mathematicians, scientists and engineers to pursue study and
research on these and related topics. So what has changed, and will continue
to change, is the nature of the topics that are of interest in mathematics,
science and engineering, the evolution of books such as this one is a history
of these shifting concerns.

This new and revised edition preserves the basic content and style of the
first edition. As with the previous edition, this book has been revised primar-
ily as a comprehensive text for senior undergraduates or beginning graduate
students and a research reference for professionals in mathematics, science,
and engineering, and other applied sciences. The main goal of this book is on
the development of the required analytical skills on the part of the reader,
rather than the importance of more abstract formulation with full mathe-
matical rigor. Indeed, our major emphasis is to provide an accessible working
knowledge of the analytical methods with proofs required in pure and applied
mathematics, physics, and engineering.



We have made many additions and changes in order to modernize the con-
tents and to improve the clarity of the previous edition. We have also taken
advantage of this new edition to update the bibliography and correct typo-
graphical errors, to include additional topics, examples of applications, exer-
cises, comments, and observations, and in some cases, to entirely rewrite whole
section. This edition contains a collection of over 600 challenging worked ex-
amples and exercises with answers and hints to selected exercises. There is
plenty of material in the book for a year-long course. Some of the material
need not be covered in a course work and can be left for the readers to study
on their own in order to prepare them for further study and research. Some
of the major changes, additions, and highlights in this edition and the most
significant difference from the first edition include the following:

1. Chapter 1 on Integral Transforms has been completely revised and some
new material on brief historical introduction was added to provide new
information about the historical developments of the subject. These
changes have been made to provide the reader to see the direction in
which the subject has developed and find those contributed to its devel-
opments.

2. Chapter 2 on Fourier Transforms has been completely revised and new
material added, including new sections on Fourier transforms of general-
ized functions, the Poisson summation formula, the Gibbs phenomenon,
and the Heisenberg uncertainty principle. Many sections have been com-
pletely rewritten with new examples of applications.

3. Four entirely new chapters on Radon Transforms, and Wavelets and
Wavelet Transforms, Fractional Calculus and its applications to ordinary
and partial differential equations have been added to modernize the
contents of the book. A new section on the transfer function and the
impulse response function with examples of applications was included
in Chapters 2 and 4.

4. The book offers a detailed and clear explanation of every concept and
method that is introduced, accompanied by carefully selected worked
examples, with special emphasis being given to those topics in which
students experience difficulty.

5. A wide variety of modern examples of applications has been selected
from areas of ordinary and partial differential equations, quantum me-
chanics, integral equations, fluid mechanics and elasticity, mathematical
statistics, fractional ordinary and partial differential equations, and spe-
cial functions.

6. The book is organized with sufficient flexibility to enable instructors
to select chapters appropriate to courses of differing lengths, emphases,
and levels of difficulty.



7. A wide spectrum of exercises has been carefully chosen and included at
the end of each chapter so the reader may further develop both analytical
skills in the theory and applications of transform methods and a deeper
insight into the subject.

8. Answers and hints to selected exercises are provided at the end of the
book to provide additional help to students. All figures have been re-
drawn and many new figures have been added for a clear understanding
of physical explanations.

9. All appendices, tables of integral transforms, and the bibliography have
been completely revised and updated. Many new research papers and
standard books have been added to the bibliography to stimulate new
interest in future study and research. Index of the book has also been
completely revised in order to include a wide variety of topics.

10. The book provides information that puts the reader at the forefront of
current research.

With the improvements and many challenging worked problems and exer-
cises, we hope this edition will continue to be a useful textbook for students
as well as a research reference for professionals in mathematics, science and
engineering.

It is our pleasure to express our grateful thanks to many friends, colleagues,
and students around the world who offered their suggestions and help at
various stages of the preparation of the book. We express our sincere thanks
to Veronica Martinez and Maria Lisa Cisneros for typing the final manuscript
with constant changes. In spite of the best efforts of everyone involved, some
typographical errors doubtless remain. Finally, we wish to express our special
thanks to Bob Stern, Executive Editor, and the staff of CRC/Chapman Hall
for their help and cooperation.

Lokenath Debnath
Dambaru Bhatta
The University of Texas-Pan American



Preface to the First Edition

Historically, the concept of an integral transform originated from the cele-
brated Fourier integral formula. The importance of integral transforms is that
they provide powerful operational methods for solving initial value problems
and initial-boundary value problems for linear differential and integral equa-
tions. In fact, one of the main impulses for the development of the operational
calculus of integral transforms was the study of differential and integral equa-
tions arising in applied mathematics, mathematical physics, and engineering
science; it was in this setting that integral transforms arose and achieved
their early successes. With ever greater demand for mathematical methods
to provide both theory and applications for science and engineering, the u-
tility and interest of integral transforms seems more clearly established than
ever. In spite of the fact that integral transforms have many mathematical
and physical applications, their use is still predominant in advanced study
and research. Keeping these features in mind, our main goal in this book is
to provide a systematic exposition of the basic properties of various integral
transforms and their applications to the solution of boundary and initial value
problems in applied mathematics, mathematical physics, and engineering. In
addition, the operational calculus of integral transforms is applied to integral
equations, difference equations, fractional integrals and fractional derivatives,
summation of infinite series, evaluation of definite integrals, and problems of
probability and statistics.

There appear to be many books available for students studying integral
transforms with applications. Some are excellent but too advanced for the
beginner. Some are too elementary or have limited scope. Some are out of
print. While teaching transform methods, operational mathematics, and/or
mathematical physics with applications, the author has had difficulty choosing
textbooks to accompany the lectures. This book, which was developed as a
result of many years of experience teaching advanced undergraduates and
first-year graduate students in mathematics, physics, and engineering, is an
attempt to meet that need. It is based essentially on a set of mimeographed
lecture notes developed for courses given by the author at the University of
Central Florida, East Carolina University, and the University of Calcutta.

This book is designed as an introduction to theory and applications of inte-
gral transforms to problems in linear differential equations, and to boundary
and initial value problems in partial differential equations. It is appropriate



for a one-semester course. There are two basic prerequisites for the course: a
standard calculus sequence and ordinary differential equations. The book as-
sumes only a limited knowledge of complex variables and contour integration,
partial differential equations, and continuum mechanics. Many new examples
of applications dealing with problems in applied mathematics, physics, chem-
istry, biology, and engineering are included. It is not essential for the reader
to know everything about these topics, but limited knowledge of at least some
of them would be useful. Besides, the book is intended to serve as a reference
work for those seriously interested in advanced study and research in the sub-
ject, whether for its own sake or for its applications to other fields of applied
mathematics, mathematical physics, and engineering.

The first chapter gives a brief historical introduction and the basic ideas of
integral transforms. The second chapter deals with the theory and applications
of Fourier transforms, and of Fourier cosine and sine transforms. Important
examples of applications of interest in applied mathematics, physics statis-
tics, and engineering are included. The theory and applications of Laplace
transforms are discussed in Chapters 3 and 4 in considerable detail. The fifth
chapter is concerned with the operational calculus of Hankel transforms with
applications. Chapter 6 gives a detailed treatment of Mellin transforms and its
various applications. Included are Mellin transforms of the Weyl fractional in-
tegral, Weyl fractional derivatives, and generalized Mellin transforms. Hilbert
and Stieltjes transforms and their applications are discussed in Chapter 7.

Chapter 8 provides a short introduction to finite Fourier cosine and sine
transforms and their basic operational properties. Applications of these trans-
forms are also presented. The finite Laplace transform and its applications to
boundary value problems are included in Chapter 9. Chapter 10 deals with a
detailed theory and applications of Z transforms.

Chapter 12 is devoted to the operational calculus of Legendre transforms
and their applications to boundary value problems in potential theory. Jacobi
and Gegenbauer transforms and their applications are included in Chapter 13.
Chapter 14 deals with the theory and applications of Laguerre transforms. The
final chapter is concerned with the Hermite transform and its basic operational
properties including the Convolution Theorem. Most of the material of these
chapters has been developed since the early sixties and appears here in book
form for the first time.

The book includes two important appendices. The first one deals with sev-
eral special functions and their basic properties. The second appendix includes
thirteen short tables of integral transforms. Many standard texts and reference
books and a set of selected classic and recent research papers are included in
the Bibliography that will be very useful for the reader interested in learning
more about the subject.

The book contains 750 worked examples, applications, and exercises which
include some that have been chosen from many standard books as well as
recent papers. It is hoped that they will serve as helpful self-tests for under-
standing of the theory and mastery of the transform methods. These exam-



ples of applications and exercises were chosen from the areas of differential
and difference equations, electric circuits and networks, vibration and wave
propagation, heat conduction in solids, quantum mechanics, fractional calcu-
lus and fractional differential equations, dynamical systems, signal processing,
integral equations, physical chemistry, mathematical biology, probability and
statistics, and solid and fluid mechanics. This varied number of examples and
exercises should provide something of interest for everyone. The exercises tru-
ly complement the text and range from the elementary to the challenging.
Answers and hints to many selected exercises are provided at the end of the
book.

This is a text and a reference book designed for use by the student and the
reader of mathematics, science, and engineering. A serious attempt has been
made to present almost all the standard material, and some new material
as well. Those interested in more advanced rigorous treatment of the topic-
s covered may consult standard books and treatises by Churchill, Doetsch,
Sneddon, Titchmarsh, and Widder listed in the Bibliography. Many ideas,
results, theorems, methods, problems, and exercises presented in this book
are either motivated by or borrowed from the works cited in the Bibliography.
The author wishes to acknowledge his gratitude to the authors of these works.

This book is designed as a new source for both classical and modern topics
dealing with integral transforms and their applications for the future devel-
opment of this useful subject. Its main features are:

1. A systematic mathematical treatment of the theory and method of integral
transforms that gives the reader a clear understanding of the subject and
its varied applications. -

2. A detailed and clear explanation of every concept and method that is in-
troduced, accompanied by carefully selected worked examples, with special
emphasis being given to those topics in which students experience difficulty.

3. A wide variety of diverse examples of applications carefully selected from
areas of applied mathematics, mathematical physics, and engineering sci-
ence to provide motivation, and to illustrate how operational methods can
be applied effectively to solve them.

4. A broad coverage of the essential standard material on integral transforms
and their applications together with some new material that is not usually
covered in familiar texts or reference books.

5. Most of the recent developments in the subject since the early sixties appear
here in book form for the first time.

6. A wide spectrum of exercises has been carefully selected and included at
the end of each chapter so that the reader may further develop both manip-
ulative skills in the applications of integral transforms and a deeper insight
into the subject.



7. Two appendices have been included in order to make the book self-contained.

8. Answers and hints to selected exercises are provided at the end of the book
for additional help to students.

9. An updated Bibliography is included to stimulate new interest in future
study and research.

In preparing the book, the author has been encouraged by and has benefit-
ed from the helpful comments and criticism of a number of graduate students
and faculty of several universities in the United States, Canada, and India.
The author expresses his grateful thanks to all these individuals for their in-
terest in the book. My special thanks to Jackie Callahan and Ronee Trantham
who typed the manuscript and cheerfully put up with constant changes and
revisions. In spite of the best efforts of everyone involved, some typographical
errors doubtlessly remain. I do hope that these are both few and obvious, and
will cause minimal confusion. The author also wishes to thank his friends and
colleagues including Drs. Sudipto Roy Choudhury and Carroll A. Webber for
their interest and help during the preparation of the book. Finally, the author
wishes to express his special thanks to Dr. Wayne Yuhasz, Executive Editor,
and the staff of CRC Press for their help and cooperation. I am also deeply
indebted to my wife, Sadhana, for all her understanding and tolerance while
the book was being written.

Lokenath Debnath
University of Central Florida
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