
Michael E. Taylor 

Partial Differential Equations 111 
Nonlinear Equations 

With 65 Illustrations 

Springer 



Michael E. Taylor 
Department of Mathematics 
University of North Carolina 
Chapel Hill, NC 27599 
USA 

Editors 

Jerrold E. Marsden 
Control and Dynamical Systems, 104-44 
California Institute of Technology 
Pasadena, CA 91125 
USA 

L. Sirovich 
Division of Applied Mathematics 
Brown University 
Providence, RI 02912 
USA 

Mathematics Subject Classification (1991): 35160, 35K55, 35L 75, 35Q30, 83C05 

Library of Congress Cataloging-in-Publication Data 
Taylor, Michael Eugene, 1946-

Partial differential equations 1 Michael E. Taylor. 
p. cm. - (Applied mathematical sciences; v. 115-117) 

Includes bibliographical references and index. 
Contents: 1. Basic theory - 2. Qualitative studies of linear 

equations - 3. Nonlinear equations. 

ISBN 978-1-4757-4192-6 ISBN 978-1-4757-4190-2 (eBook) 
DOI 10.1007/978-1-4757-4190-2 

1. Differential equations, Partial. 1. Title. II. Series: 
Applied mathematical sciences (Springer-Verlag New York lnc.); v. 
115-117. 
QAI.A647 voi. 115-117 
[QA374] 
510 s-dc20 
[515 '.353] 95-54104 

Printed on acid-free paper. 

© 1996 Springer Science+Business Media New York 
Originally pub1ished by Springer-Verlag New York, Inc. in 1996 
Softcover reprint of the hardcover 1st edition 1996 

Ali rights reserved. This work may not be translated or copied in whole or in part without the 
written permission of the publisher Springer Science+Business Media, LLC 
except for brief excerpts in connection with reviews or scholarly 
analysis. Use in connection with any form of information storage and retrieval, electronic 
adaptation, computer software, or by similar or dissimilar methodology now known or hereaf-
ter developed is forbidden. · 
The use of general descriptive names, trade names, trademarks, etc., in this publication, even 
if the former are not especially identified, is not to be taken as a sign that such names, as 
understood by the Trade Marks and Merchandise Marks Act, may accordingly be used freely 
by anyone. 

Production coordinated by Chernow Editorial Services, Inc. and managed by Bill Imbornoni; 
manufacturing supervised by Jacqui Ashri. 
Camera-ready copy prepared from the author's A.MS-'IEX files. 

987654321 

SPIN 10524030 



Contents 

Contents of Volumes land 11 xi 

Introduction xiii 

13 Function Space and Operator Theory for Nonlinear Analysis 1 

Introduetion 
1 LP -Sobolev spaees 2 
2 Sobolev imbedding theorems 3 
3 Gagliardo-Nirenberg -Moser estimates 7 
4 Trudinger's inequalities 12 
5 Singular integral operators on LP 15 
6 The spaees HS'P 22 
7 LP-speetral theory ofthe Laplaeeoperator 28 
8 Hölder spaees and Zygmund spaees 37 
9 Pseudodifferential operators with nonregular symbols 45 

10 Paradifferential operators 54 
11 Young measures and fuzzy funetions 66 
12 Hardy spaees 77 

Referenees 85 

14 Nonlinear Elliptic Equations 89 

Introduetion 89 
1 A dass of semilinear equations 91 
2 Surfaees with negative eurvature 101 
3 Loeal solvability of nonlinear elliptie equations 108 
4 Elliptie regularity I (interior estimates) 115 
5 Isometrie imbedding of Riemannian manifolds 125 
6 Minimal surfaees 130 

6B Seeond variation of area 145 
7 The minimal surfaee equation 152 
8 Elliptic regularity II (boundary estimates) 159 
9 Elliptie regularity III (DeGiorgi-Nash-Moser theory) 169 

10 The Diriehlet problem for quasi-linear elliptic equations 180 



viii Contents 

11 Direet methods in the ealculus of variations 192 
12 Quasi-linear elliptie systems 198 

12B Further results on quasi-linear systems 211 
13 Elliptie regularity IV (Krylov-Safonov estimates) 223 
14 Regularity for a class of eompletely nonlinear equations 236 
15 Monge-Ampere equations 243 
16 Elliptie equations in two variables 254 
A Morrey spaees 258 
B Leray-Sehauder fixed-point theorems 261 

Referenees 263 

15 Nonlinear Parabolic Equations 271 

Introduetion 271 
1 Semilinear parabolie equations 272 
2 Applieations to harmonie maps 282 
3 Semilinear equations on regions with boundary 288 
4 Reaetion-diffusion equations 290 
5 A nonlinear Trotter produet formula 307 
6 The Stefan problem 315 
7 Quasi-linear parabolie equations I 327 
8 Quasi-linear parabolie equations TI (sharper estimates) 336 
9 Quasi-linear parabolie equations III (Nash-Moser estimates) 344 

Referenees 354 

16 Nonlinear Hyperbolic Equations 359 

Introduetion 359 
I Quasi-linear, symmetrie hyperbolie systems 360 
2 Symmetrizable hyperbolie systems 370 
3 Seeond-order and higher-order hyperbolie systems 376 
4 Equations in the eomplex domain and the Cauehy-Kowalewsky 

theorem 387 
5 Compressible fluid motion 390 
6 Weak solutions to sealar eonservation laws; the viseosity 

method 398 
7 Systems of eonservation laws in one spaee variable; Riemann 

problems 412 
8 Entropy-flux pairs and Riemann invariants 436 
9 Global weak solutions of some 2 x 2 systems 445 

10 Vibrating strings revisited 453 
Referenees 459 

17 Euler and Navier-Stokes Equations ror Incompressible Fluids 466 

Introduction 466 



Contents ix 

1 Euler's equations for ideal incompressible fluid flow 467 
2 Existence of solutions to the Euler equations 476 
3 Euler flows on bounded regions 485 
4 Navier-Stokes equations 493 
5 Viscous flows on bounded regions 505 
A Regularity for the Stokes system on bounded domains 515 

References 520 

18 Einstein's Equations 524 

Introduction 524 
1 The gravitational field equations 525 
2 Spherically symmetrie spacetimes and the Schwarzschild 

solution 533 
3 Stationary and static spacetimes 545 
4 Orbits in Schwarzschild spacetime 554 
5 Coupled Maxwell-Einstein equations 560 
6 Relativistic fluids 563 
7 Gravitational collapse 572 
8 The initial-value problem 578 
9 Geometry of initial surfaces 587 

10 Time slices and their evolution 597 
References 602 

Index 607 




