Applied
Mathematical
Sciences

EDITORS

Fritz John J.E. Marsden Lawrence Sirovich
Courant Institute of Department of Division of

Mathematical Sciences Mathematics Applied Mathematics

New York University University of California Brown University

New York, NY 10012 Berkeley, CA 94720 Providence, Rl 02912
ADVISORS

H. Cabannes University of Paris-VI J. Keller Stanford University

M. Ghil New York University G.B. Whitham Califomia Inst. of Technology

J.K. Hale Brown University

EDITORIAL STATEMENT

The mathematization of all sciences, the fading of traditional scientific bounda-
ries, the impact of computer technology, the growing importance of mathematical-
computer modelling and the necessity of scientific planning all create the need both
in education and research for books that are introductory to and abreast of these
developments.

The purpose of this series is to provide such books, suitable for the user of
mathematics, the mathematician interested in applications, and the student scientist.
In particular, this series will provide an outlet for material less formally presented and
more anticipatory of needs than finished texts or monographs, yet of immediate in-
terest because of the novelty of its treatment of an application or of mathematics
being applied or lying close to applications.

The aim of the series is, through rapid publication in an attractive but inexpen-
sive format, to make material of current interest widely accessible. This implies the
absence of excessive generality and abstraction, and unrealistic idealization, but with
quality of exposition as a goal.

Many of the books will originate out of and will stimulate the development of
new undergraduate and graduate courses in the applications of mathematics. Some
of the books will present introductions to new areas of research, new applications
and act as signposts for new directions in the mathematical sciences. This series will
often serve as an intermediate stage of the publication of material which, through
exposure here, will be further developed and refined. These will appear in conven-
tional format and in hard cover.

MANUSCRIPTS

The Editors welcome all inquiries regarding the submission of manuscripts for
the series. Final preparation of all manuscripts will take place in the editorial offices
of the series in the Division of Applied Mathematics, Brown University, Providence,
Rhode Island.

SPRINGER-VERLAG NEW YORK INC., 175 Fifth Avenue, New York, N.Y. 10010



Applied Mathematical Sciences | Volume 56



Applied Mathematical Sciences

_.
SCoPNOU AWM

-
HON =

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.
28.
29.
30.
31.
32.
33.
34.
35.

. John: Partial Differential Equations, 4th ed.

Sirovich: Techniques of Asymptotic Analysis.

Hale: Theory of Functional Differential Equations, 2nd ed.

Percus: Combinatorial Methods.

von Mises/Friedrichs: Fluid Dynamics.

Freiberger/Grenander: A Short Course in Computational Probability and Statistics.
Pipkin: Lectures on Viscoelasticity Theory.

Giacaglia: Perturbation Methods in Non-Linear Systems.

Friedrichs: Spectral Theory of Operators in Hilbert Space.

Stroud: Numerical Quadrature and Solution of Ordinary Differential Equations.

. Wolovich: Linear Multivariable Systems.

. Berkovitz: Optimal Control Theory.

. Bluman/Cole: Similarity Methods for Differential Equations.

. Yoshizawa: Stability Theory and the Existence of Periodic Solutions and Almost

Periodic Solutions.

Braun: Differential Equations and Their Applications, 3rd ed.
Lefschetz: Applications of Algebraic Topology.

Collatz/Wetterling: Optimization Problems.

Grenander: Pattern Synthesis: Lectures in Pattern Theory, Vol I.
Marsden/McCracken: The Hopf Bifurcation and its Applications.
Driver: Ordinary and Delay Differential Equations.
Courant/Friedrichs: Supersonic Flow and Shock Waves.
Rouche/Habets/Laloy: Stability Theory by Liapunov’s Direct Method.
Lamperti: Stochastic Processes: A Survey of the Mathematical Theory.
Grenander: Pattern Analysis: Lectures in Pattern Theory, Vol. II.
Davies: Integral Transforms and Their Applications.

Kushner/Clark: Stochastic Approximation Methods for Constrained and
Unconstrained Systems.

de Boor: A Practical Guide to Splines.

Keilson: Markov Chain Models—Rarity and Exponentiality.

de Veubeke: A Course in Elasticity.

Sniatycki: Geometric Quantization and Quantum Mechanics.

Reid: Sturmian Theory for Ordinary Differential Equations.
Meis/Markowitz: Numerical Solution of Partial Differential Equations.
Grenander: Regular Structures: Lectures in Pattern Theory, Vol. IlI.
Kevorkian/Cole: Perturbation Methods in Applied Mathematics.
Carr: Applications of Centre Manifold Theory.

(continued on inside back cover)



K.W. Chang
F.A. Howes

Nonlinear Singular
Perturbation Phenomena:
Theory and Applications

r

Springer Science+Business Media, LLC




K.W. Chang F.A. Howes

Department of Mathematics Department of Mathematics
University of Calgary University of California
Calgary, Alberta Davis, California 95616
Canada T2N 1N4 U.S.A.

AMS Classification: 34D15, 34D20, 34EXX, 35B20, 35B25, 35F99, 35G99

Library of Congress Cataloging in Publication Data
Chang, K.W.

Nonlinear singular perturbation phenomena.

(Applied mathematical sciences ; v. 56)

Bibliography: p.

Includes indexes.

1. Boundary value problems—Numerical solutions.
2. Singular perturbations (Mathematics) I. Howes,
Frederick A. II. Title. III. Series:
Applied mathematical sciences (Springer-Verlag New York
Inc.); v. 56.
QA1.A647 vol. 56 [QA379] 510s [515.3'5] 84-14014

With 12 Iustrations

© 1984 by Springer Science+Business Media New York
Originally published by Springer-Verlag New York Inc. in 1984

All rights reserved. No part of this book may be translated or reproduced in any form
without written permission from Springer Science+Business Media, LLC.

987654321

ISBN 978-0-387-96066-1 ISBN 978-1-4612-1114-3 (eBook)
DOI 10.1007/978-1-4612-1114-3



Preface

Our purpose in writing this monograph is twofold. On the one hand,
we want to collect in one place many of the recent results on the exist-
ence and asymptotic behavior of solutions of certain classes of singularly
perturbed nonlinear boundary value problems. On the other, we hope to
raise along the way a number of questions for further study, mostly ques-
tions we ourselves are unable to answer. The presentation involves a
study of both scalar and vector boundary value problems for ordinary dif-
ferential equations, by means of the consistent use of differential in-
equality techniques. Our results for scalar boundary value problems
obeying some type of maximum principle are fairly complete; however, we
have been unable to treat, under any circumstances, problems involving
"resonant" behavior. The linear theory for such problems is incredibly
complicated already, and at the present time there appears to be little
hope for any kind of general nonlinear theory. Our results for vector
boundary value problems, even those admitting higher dimensional maximum
principles in the form of invariant regions, are also far from complete.
We offer them with some trepidation, in the hope that they may stimulate
further work in this challenging and important area of differential equa-
tions.

The research summarized here has been made possible by the support
over the years of the National Science Foundation and the National Science
and Engineering Research Council. We offer each agency our sincerest
thanks for their generosity and consideration. We also wish to thank our
colleagues and students who have shared their knowledge of and curiosity

about singular perturbation theory with us, especially Bob O'Malley,
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Adelaida Vasil'eva and Wolfgang Wasow. This monograph is but a small

token of our appreciation of their friendship and support.

K. W. Chang F. A. Howes
Calgary Davis
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