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Dedication

The Editors of Mathematics of Computation are pleased to
dedicate this issue to Eugene Isaacson on the occasion of his 70th
birthday, June 14, 1989.

Professor Isaacson served as an Associate Editor from 1975 to
the present time and was Chairman of the Editorial Committee
from 1966 to 1975. His wise council has been invaluable to the
journal.

Gene Isaacson received his Ph.D. from New York University
in 1949 under the direction of Professor K. O. Friedrichs, having
previously been on the staff of the Mathematical Tables Project
and having worked for Professor Richard Courant as a research
assistant. Gene’s thesis grew out of scientific work connected with
World War II and involved the determination of water waves on a
beach as a function of the angle of inclination of the beach. His
solution generalized work of Friedrichs, Lewy, and Stoker and, in-
terestingly, led to a new proof of the law of quadratic reciprocity
in number theory. He continued working on problems of fluid flow
and gas dynamics, and in the process developed a strong interest
in the numerical solution of partial differential equations. His work
in this area involving parabolic equations, and his joint work with
Courant and Rees on hyperbolic equations, is still widely known
today. In 1949 Isaacson joined the Institute for Mathematics and
Mechanics—as the Courant Institute was known at that time—at
New York University and has been on the faculty at NYU since
that time. He played an important role in developing the Insti-
tute’s computational activities and computing facilities. He was
instrumental in the acquisition of the first computer by the Courant
Institute in 1952 and was in charge of the first large computational
project done on it—the prediction of the flood stage at the Han-
ford Nuclear Reactor that would result from a failure in the Grand
Coulee Dam. Over the years, Gene has had many excellent Ph.D.
students. With his former colleague, Dr. Herbert B. Keller, he
authored the influential text Analysis of Numerical Methods.

The papers in this issue are by a selection of well established
as well as younger numerical analysts, many of whom have been
associates of Professor Isaacson in some capacity. The Editors are
aware that there are others who would have liked to honor Gene
with their contributions. To those who could not be included, we
apologize. Finally, we want to thank the authors of the papers for
making this special issue possible. We are especially pleased that
Gene’s sons, David and Eli Isaacson, are among the contributors.

James H. Bramble, Walter Gautschi, and John E. Osborn
for the editors




EUGENE ISAACSON



MATHEMATICS OF COMPUTATION
TABLE OF CONTENTS
April 1989
A. K. Aziz and Peter Monk, Continuous Finite Elements in Space and Time
for the Heat Equation ........... ..ottt
1. Babuska and J. E. Osborn, Finite Element-Galerkin Approximation of the
Eigenvalues and Eigenvectors of Selfadjoint Problems...............
Laurence A. Bales and Vassilios A. Dougalis, Cosine Methods for Nonlinear
Second-Order Hyperbolic Equations ..............................
Alvin Bayliss, Yanyan Li, and Cathleen S. Morawetz, Scattering by a Potential
Using Hyperbolic Methods ............ ... ..o,
James H. Bramble, Joseph E. Pasciak, Peter H. Sammon, and Vidar Thomée,
Incomplete Iterations in Multistep Backward Difference Methods for
Parabolic Problems with Smooth and Nonsmooth Data .............
G. L. Browning and H.-O. Kreiss, Comparison of Numerical Methods for the
Calculation of Two-Dimensional Turbulence .......................
Wei Cai, David Gottlieb, and Chi-Wang Shu, Essentially Nonoscillatory
Spectral Fourier Methods for Shock Wave Calculations .............
Bernardo Cockburn and Chi-Wang Shu, TVB Runge-Kutta Local Projection
Discontinuous Galerkin Finite Element Method for Conservation Laws
II: General Framework. .. ... ...ttt
Michel Crouzeix and Richard S. Falk, Nonconforming Finite Elements for the
Stokes Problem . ...ttt
Vincenza Del Prete, Quadratic Convergence of Vortex Methods ...........
Randall L. Dougherty, Alan Edelman, and James M. Hyman, Nonnegativity-,
Monotonicity-, or Convexity-Preserving Cubic and Quintic Hermite
Interpolation ........ ... iiiiiiiiiii
Jim Douglas, Jr. and Junping Wang, An Absolutely Stabilized Finite Element
Method for the Stokes Problem .................... ... ool
Bjorn Engquist, Per Lotstedt, and Bjérn Sjogreen, Nonlinear Filters for
Efficient Shock Computation ................coviiiiiiiiiinnnn.
P. R. Garabedian, Design of a Large Helical System for Magnetic Fusion
Experiments. .........oooiiiiiiiiiiii
Alex Gelman and Werner C. Rheinboldt, On the Computation of Finite
Invariant Sets of Mappings ...........oovviiiiiii i
David Isaacson and Eli L. Isaacson, Comment on Calderén’s Paper: “On an
Inverse Boundary Value Problem”................................
Stephen L. Keeling, Galerkin/Runge-Kutta Discretizations for Parabolic
Equations with Time-Dependent Coefficients ......................
Marco Mosché Mostrel, On Some Numerical Schemes for Transonic Flow
Problems ...t

Elbridge Gerry Puckett, Convergence of a Random Particle Method to Solu-
tions of the Kolmogorov Equation us = vuzz +u(l—u).............

255

275

299

321

339

369

389

411

437

457

471

495

509

539

545

553

561

587




Stephen Roberts, Convergence of a Random Walk Method for the Burgers

Equation...........ooiiiiiiii e 647
Blair Swartz, The Second-Order Sharpening of Blurred Smooth Borders ... 675
Reviews and Descriptions of Tables and Books.......................... 715

Ciarlet 9, Greengard 10, Gladwell 11, Kowalik and Kitzmiller,

Editors 12
Author Index .......... ... i i 719
Supplement to “Cosine Methods for Nonlinear Second-Order Hyperbolic

Equations” by Laurence A. Bales and Vassilios A. Dougalis ......... S15
Supplement to “The Second-Order Sharpening of Blurred Smooth Borders”

by Blair Swartz...............ooiiiiiiiiiii S35

Information for Contributors

Authors are encouraged to prepare articles electronically with the AMS-TEX software package
in the AMS pre-print style and to provide the article in this electronic form for typesetting.
While this procedure may not reduce the interval between submission and publication of an
article, generally much more accurate copy will be returned for proofreading. Production time for
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Copying and Reprinting
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acknowledgement of the source is given.

Republication, systematic copying, or multiple reproduction of any material in this publication
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______ MathSci®onCD-ROM |

Now you can access Mathematical Reviews (MR) and Current Mathematical Publications (CMP) on
CD-ROM (Compact Disc-Read Only Memory). The CD, called MathSci Disc, will combine the search-
ing features of online MathSci with the browsing ease of printed MR. For a fixed annual fee, MathSci
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Mathematical Surveys and Monographs

The Mathematical Surveys and Monographs series is one you're already familiar with. It's been
around since 1943, when The Problem of Moments by J. A. Shohat and J. D. Tamarkin was pub-
lished. The series has grown over the years and includes important mathematical monographs that
cover a broad spectrum of areas such as function theory, analysis, approximation theory, algebra, and
topology. Each of the books is designed to give a survey of the subject and a brief introduction to its
recent developments and unsolved problems.

The editorial committee...

Victor W. Guillemin M. Susan Montgomery (Chairman)
David Kinderlehrer
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¢ consulting them as reference books ¢ using books in this series in your courses
¢ recommending them to your library ¢ submitting manuscripts for publication
to begin a standing order to the Director of Publication at the AMS
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ISBN 0-8218-1521-0). List $46, Inst. mem. $37, Indiv
Q Operator theory and arithmetic in H by Hari Bercovici, mem. $28, Code SURV/21MC
1988, 275 pp. (LC 88-10344; ISBN 0-8218-1528-8). List
$67, Inst. mem. $54, Indtv. mem. $40, Code SURV/26MC Q Partially ordered abelian groups with interpolation
by Kenneth R Goodearl, 1986, 358 pp. (LC 86-7876;
O Asymptotic behavior of dissipative systems by ISBN 0-8218-1520-2). List $70, Inst. mem. $56, Indiv.
Jack K. Hale, 1988, 198 pp. (LC 87-33495; ISBN 0-8218- mem. $42, Code SURV/20MC
1527-X). List $54, Inst. mem. $43, Indiv. mem. $32,
Code SURV/25MC

O Noetherian rings and their applications, edited by For information on numbers 1-19, please see the AMS
Lance W. Small, 1987, 118 pp. (LC 87-14997; ISBN Catalogue of Publications.

0-8218-1525-3). List $38, Inst. mem. $30, Indiv. mem.

$23, Code SURV/24MC

Standing orders are accepted for this and any other series published by the Society. Proforma invoices are sent to standing
order customers prior to the publication of each new volume. Shipment 18 made upon receipt of payment and publication. To
begin a standing order, please contact the Member Services Department of the AMS.

PREPAYMENT REQUIRED. Order from the American Mathematical Society, P. O. Box 1571, Annex Station, Providence, RI
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first book $5, each additional $3, $100 maximum.
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Introducing...

A New Translation Journal in Mathematics

SUGAKU
EXPOSITIONS

Sugaku Expositions is a new translation
journal now available from the American
Mathematical Society. The journal is
published biannually, and began with the
1988 issues. Volume 1 is the 1988 volume;
Volume 2 will be published in 1989. Each
issue of Sugaku Expositions contains
several expository articles, translated from
the Japanese journal Sizgaku, which pro-
vide highly informative accounts of a
variety of current areas of research.

As with all AMS publications, Sugaku
Expositions is printed on acid-free paper to
ensure long life for your mathematical
collection.

ISSN 0898-9583

List price $60*, Institutional member $48%,

Individual member $36*

To order, please specify 88SUGA/MC
(Vol. 1) or 89SUGA/MC (Vol. 2)

Add for postage: for destinati ide US. and India $8,
to India $13; air delivery to North America $12, elsewhere $17.

* Price applies to Volume 1 (1988) and Volume 2 (1989).

Selected Papers from Volume 1

¢ Finiteness theorems/Riemannian manifolds
of negative curvature by K. Fukaya

* Self-similar process and limited theorem by
M. Maejima

¢ Hartshorne conjecture and extremal ray by
S. Mori

* Solvable lattice models of dim. 2 and
modular functions by M. Okado,
M. Jimbo, and T. Miwa

* Theory of computable quantities and proof
theory by G. Takeuti

¢ Irreducibility of Painlevé transcendental
functions by J. Umemura

 Schwarz program by M. Yoshida

Prepayment required. Mail to: American Mathematical Society, P. O. Box 1571, Annex
Station, Providence, RI 02901-1571 or call 800-556-7774 to use VISA or MasterCard.

Sample Copies: To request a sample copy, use order code SUGAEXAM/MC. Mail to AMS, ATTN: Member Services, P. O. Box
02940

6248, Providence, RI
Note: Subscrip to AMS
subscription orders will not be accepted.
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