Ram P. Kanwal

Linear Integral Equations
Second Edition

Birkhauser
Boston



Ram P. Kanwal

Department of Mathematics
Pennsylvania State University
University Park, PA 16802
USA

Library of Congress Cataloging-in-Publication Data

Kanwal, Ram P., 1924
Linear integral equations : theory and technique / Ram P. Kanwal
-- 2nd ed.
p- cm.
Includes bibliographical references (p. 311- 313) and index
ISBN 0-8176-3940-3 (h, acid-free). -- ISBN 3-7643-3940-3 (Basel
: h. acid-free)

1. Integral equations. I. Title
QA431.K33 1996
515'.45--dc20 96-43283
CIP
Printed on acid-free paper B ®
© 1997 Birkhduser Boston

Softcover reprint of the hardcover 2nd edition 1997

Copyright is not claimed for works of U.S. Government employees.

Allrightsreserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording,
or otherwise, without prior permission of the copyright owner.

Permission to photocopy for internal or personal use of specific clients is granted by
Springer Science+Business Media, LLC for librarics and other users registered with the
Copyright Clearance Center (CCC), provided that the base fee of $6.00 per copy, plus
$0.20 per page is paid directly to CCC, 222 Rosewood Drive, Danvers, MA 01923, U.S.A.
Special requests should be addressed directly to Springer Science+Business Media, LLC-

ISBN 978-0-8176-3940-2 ISBN 978-1-4612-0765-8 (eBook)
DOI10.1007/978-1-4612-0765-8

987654321



CONTENTS

Preface ix
Chapter 1. Introduction 1
1.1 Definition 1

1.2 Regularity Condltlons 3

1.3 Special Kinds of Kernels . 4

1.4 Eigenvalues and Eigenfunctions 4

1.5 Convolution Integral 4

1.6 The Inner or Scalar Product of Two Functlons 5

1.7 Notation 6

Chapter 2. Integral Equations with Separable Kernels 7
2.1 Reduction to a System of Algebraic Equations 7

2.2 Examples . . 8

2.3 Fredholm Alternatlves . 12

2.4 Examples . 18

2.5 An Approximate Method . . 20

2.6 Fredholm Integral Equation of the F]I‘St Kmd . 22
Exercises 23

Chapter 3. Method Of Successive Approximations 25
3.1 Iterative Scheme 25

3.2 Examples . 29

3.3 Volterra Integral Equatlon 34

3.4 Examples . R 34

3.5 Some Results about the Resolvent Kernel 36
Exercises 39

Chapter 4. Classical Fredholm Theory 41
4.1 The Method of Solution of Fredholm 41

4.2 Fredholm’s First Theorem 43

4.3 Examples . . 49

4.4 Fredholm’s Second Theorem 51

4.5 Fredholm’s Third Theorem 57
Exercises 60



vi Contents

Chapter 5. Applications to Ordinary Differential Equations

5.1 Initial Value Problems .
5.2 Boundary Value Problems
5.3 Examples . .
5.4 Dirac Delta Function
5.5 Green’s Function Approach
5.6 Examples .
5.7 Green’s Function for N th Order Ordmary leferentral Equatron
5.8 Modified Green’s Function
Examples .
Exercises

Chapter 6. Applications to Partial Differential Equations

6.1 Introduction . . Coe . ..

6.2 Integral Representatron Formulas for the Solutron
of the Laplace and Poisson Equations . .

6.3 Examples .

6.4 Green’s Function Approach

6.5 Examples . .

6.6 The Helmbholtz Equatlon .

6.7 Examples .
Exercises

Chapter 7. Symmetric Kernels

7.1 Introduction . . . . . . .

7.2 Fundamental Properties of Ergenvalues and
Eigenfunctions for Symmetric Kernels

7.3 Expansion in Eigenfunctions and Bilinear Form

7.4 Hilbert-Schmidt Theorem and Some Immediate
Consequences .

7.5 Solution of a Symmetrrc Integral Equatron R

7.6 Examples .

7.7 Approximation of a General Cz Kemel (Not
Necessarily Symmetric) by a Separable Kernel

7.8 The Operator Method in the Theory of Integral
Equations . .

7.9 Rayleigh-Ritz Method for Flndmg the Frrst Ergenvalue
Exercises .

61

61
64
66
68
76
85

90
92
95

97
97

98

106
118
123
128
130
141

146
146

152
155

159
167
169

172
173

176
179



Contents

vii

Chapter 8. Singular Integral Equations

8.1
8.2
8.3
8.4
8.5

8.6

8.7

8.8
8.9

8.10

The Abel Integral Equation . .

Examples .

Cauchy Principal Value for Integrals

The Cauchy-Type Integrals . R
The Cauchy-Type Integral Equation on the
Real Line .

Solution of the Cauchy—Type Slngular Integral
Equation in a Complex Plane . .
Singular Integral Equations with Logarlthmlc
Kernel .

The Hilbert Kernel

Solution of the Hilbert-Type Slngular Integra]
Equation

Examples

Exercises .

Chapter 9. Integral Transformation Methods

9.1
9.2
9.3
9.4

9.5
9.6
9.7

Introduction .

Fourier Transform

Laplace Transform

Applications to Volterra Integral Equatlons
with Convolution-Type Kernels

Examples .

Hilbert Transform

Examples .

Exercises

Chapter 10. Applications to Mixed Boundary Value Problems

10.1 Two-Part Boundary Value Problems .

10.2 Three-Part Boundary Value Problems .
10.3 Generalized Two-Part Boundary Value Problems .
10.4 Generalized Three-Part Boundary Value Problems
10.5 Further Examples

Exercises

Chapter 11. Integral Equations Perturbation Methods

11.1 Basic Procedure . .
11.2 Applications to E]ectrostatlcs

181

181
184
188
192

195

201

204
210

212
216
216

219

219
220
221

222
224
229
232
234

237

237
240
248
253
260
270

272

272
275



viii Contents

11.3 Low-Reynolds-Number Hydrodynamics
11.4 Elasticity .
11.5 Theory of Scattering

Exercises

Appendix
Bibliography

Index

278
291
299
303

306

311

314





