
Mathematics 
of Computation 

_ 

@ EDITED BY 

James H. Bramble 
Bille C. Carison 
Walter Gautsch i, Managing Editor 
Donald Goldfarb 
Eugene Isaacson 
Heinz-Otto Kreiss 
James N. Lyness 
Morris Newman 
Frank W. J. Olver 
John E. Osborn 
Stanley Osher 
Beresford Parlett 
Philip Rabinowitz 
Ridgway Scott 
Daniel Shanks 
Frank Stenger 
Hans J. Stetter 
G. W. Stewart 
Vidar C. Thomde 
Lars B. Wahlbin 
Hugh C. Williams 
John W. Wrench, Jr. 

April 1985 

Volume 44, Number 170, Pages 283-578 

Published by the American Mathematical Society 
Providence, Rhode Island USA 
ISSN 0025-5718 



Editorial Committee 

WALTER GAUTSCHI, Chairman. Dept. of Computer Sciences, Purdue Univ., West Lafayette, IN 47907 

DONALD GOLDFARB, Dept. of Industrial Engineering and Operations Research, Seely W. Mudd Building, 

Columbia Univ. in the City of New York, New York, NY 10027 

JOHN E. OSBORN, Dept. of Mathematics, Univ. of Maryland, College Park, MD 20742 

HUGH C. WILLIAMS, Dept. of Computer Science, Univ. of Manitoba, Winnipeg, Manitoba, Canada R3T 2N2 

Technical Editor 

MIRIAM E. PORILE, Dept. of Computer Sciences, Purdue Univ., West Lafayette, IN 47907 

Board of Associate Editors 

JAMES H. BRAMBLE, Dept. of Mathematics, Cornell Univ., Ithaca, NY 14853 

BILLE C. CARLSON, Dept. of Mathematics, Iowa State Univ., Ames, IA 50011 

EUGENE ISAACSON, Courant Institute of Mathematical Sciences, New York Univ., 251 Mercer Street, New 

York, NY 10012 
HEINZ-OTTO KREISS, Dept. of Applied Mathematics, California Institute of Technology, Pasadena, CA 

91125 

JAMES N. LYNESS, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439 

MORRIS NEWMAN, Dept. of Mathematics, Univ. of California, Santa Barbara, CA 93106 

FRANK W. J. OLVER, Inst. for Physical Science and Technology, Univ. of Maryland, College Park, MD 20742 

STANLEY OSHER, Dept. of Mathematics, Univ. of California, Los Angeles, CA 90024 

BERESFORD PARLETT, Dept. of Mathematics, Univ. of California, Berkeley, CA 94720 

PHILIP RABINOWITZ, Dept. of Applied Mathematics, The Weizmann Institute of Science, Rehovot, Israel 

RIDGWAY SCOTT, Dept. of Mathematics, Univ. of Michigan, Ann Arbor, MI 48109 

DANIEL SHANKS, Dept. of Mathematics, Univ. of Maryland, College Park, MD 20742 

FRANK STENGER, Dept. of Mathematics, Univ. of Utah, Salt Lake City, UT 84112 

HANS J. STETTER, Institut fur Numerische Mathematik, Technische Universitat Wien, Weidner Haupstrasse 

6-10, A-1040, Wien, Austria 
G. W. STEWART, Dept. of Computer Science, Univ. of Maryland, College Park, MD 20742 

VIDAR C. THOMEE, Mathematics Dept., Chalmers Univ. of Technology, Goteborg, Sweden 

LARS B. WAHLBIN, Dept. of Mathematics, Cornell Univ., Ithaca, NY 14853 

JOHN W WRENCH, JR., 6310 Jefferson Blvd., Frederick, MD 21701 

SUBSCRIPTION INFORMATION: MATHEMATICS OF COMPUTATION is published quarterly, with 

issues numbered serially since Volume 1, Number 1. Subscription prices for Volumes 44 and 45 (1985) are 

$150.00 list; $120.00 institutional member; $98.00. member of CBMS organizations; $90.00 individual AMS 

member. A late charge of 10% of the subscription price will be imposed upon orders received from nonmembers 

after January I of the subscription year. Subscribers outside the United States and India must pay a postage 

surcharge of $5.00; subscribers in India must pay a postage surcharge of $10.00. Combination paper and 

microfiche subscription prices are $200.00 list; $160.00 institutional member. Microfiche of each issue will be 

mailed the fastest way before the issue is mailed by the printer. 

BACK NUMBER INFORMATION: B~ack number prices per volume are -for Volumes 1-21, $80.00 list, $64.00 

member; for Volumes 22 33, $120.00 list, $96.00 member; for Volumes 34-43, $80.00 list, $64.00 member. Back 

volumes may be purchased on microfilm or microfiche from University Microfilms International, 300 North 

Zeeb Road, Ann Arbor, MI 48106. 

UNPUBLISHED MATHEMATICAL TABLES: The editorial office of the journal maintains a repository of 

Unpublished Mathematical Tables (UMT). When a table is deposited in the UMT repository a brief summary of 

its contents is published in the section Reviews and Descriptions of Tables and Books. Upon request, the chairman 

of the editorial committee will supply copies of any table for a nominal cost per page. All tables and 

correspondence concerning the UMT should be sent to Walter Gautschi, Chairman, Editorial Committee, 

Mathematics of Computation, Department of Computer Sciences, Purdue University, West Lafayette, IN 47907. 

Orders for subscriptions and publications of the American Mathematical Society should be addressed to the 

AMS, P.O. Box 1571, Annex Station, Providence, RI 02901-1571. All orders must be accompanied by payment. 

Other correspondence should be addressed to P.O. Box 6248, Providence, RI 02940. 

MATHEMATICS OF COMPUTATION is published quarterly by the American Mathematical Society, 201 
Charles Street, Providence, RI 02904. Second-class postage is paid at Providence, Rhode Island, and additional 

mailing offices. Postmaster: Send address changes to Mathematics of Computation, Amencan Mathematical 

Society, P 0. Box 6248, Providence, RI 02940. 

Copyright C 1985, American Mathematical Society 

Printed in the United States of America 

The paper used in this Joumnal is acid-free and falls within the guidelines 



MATHEMATICS OF COMPUTATION 
TABLE OF CONTENTS 

April 1985 

R. E. Bank and A. Weiser, Some A Posteriori Estimators for Elliptic Partial 
Differential Equations ............................................................ 283 

F. A. Milner, Mixed Finite Element Methods for Quasilinear Second-Order 

Elliptic Problems ............................................................ 303 

Kenneth Eriksson, Improved Accuracy By Adapted Mesh-Refinements in the 
Finite Element Method ............................................................ 321 

Kenneth Eriksson, Finite Element Methods of Optimal Order for Problems 
with Singular Data ............................................................ 345 

Moshe Goldberg and Eitan Tadmor, Convenient Stability Criteria for Difference 

Approximations of Hyperbolic Initial-Boundary Value Problems ........... 361 

Barbara Kok and Tune Geveci, The Convergence of Galerkin Approximation 
Schemes for Second-Order Hyperbolic Equations With Dissipation ....... 379 

H. M. Jones and S. McKee, Variable Step Size Predictor-Corrector Schemes 
for Second Kind Volterra Integral Equations ......................................... 391 

J. Bigge and E. Bohl, On the Steady States of Finitely Many Chemical Cells 405 

Youcef Saad and Martin H. Schultz, Conjugate Gradient-Like Algorithms for 

Solving Nonsymmetric Linear Systems .................................................. 417 

Lothar Reichel, On Polynomial Approximation in the Complex Plane with 

Application to Conformal Mapping ....................................................... 425 

S. Lewanowicz, On the Differential-Difference Properties of the Extended 
Jacobi Polynomials ............................................................ 435 

M. S. Milgram, The Generalized Integro-Exponential Function . ............... 443 

Mark A. Heald, Rational Approximations for the Fresnel Integrals ............. 459 

U. Fincke and M. Pohst, Improved Methods for Calculating Vectors of Short 

Length in a Lattice, Including a Complexity Analysis ........................... 463 

Joe P. Buhler, Benedict H. Gross and Don B. Zagier, On the Conjecture of 
Birch and Swinnerton-Dyer for an Elliptic Curve of Rank 3 ................. 473 

Rene Schoof, Elliptic Curves Over Finite Fields and the Computation of 

Square Roots mod p ............................................................ 483 

Veikko Ennola and Reino Turunen, On Totally Real Cubic Fields ............... 495 

Peter L. Montgomery, Modular Multiplication Without Trial Division ......... 519 

C. D. Patterson and H. C. Williams, Some Periodic Continued Fractions With 
Long Periods ............................................................ 523 

D. R. Stinson and H. Ferch, 2000000 Steiner Triple Systems of Order 19 ..... 533 

J. C. Lagarias, V. S. Miller and A. M. Odlyzko, Computing ir(x): The Meissel- 
Lehmer Method ............................................................. 37 



Richard H. Hudson, Averaging Effects on Irregularities in the Distribution of 
Primes in Arithmetic Progressions ......................................................... 561 

Reviews and Descriptions of Tables and Books .............................................. 573 

Prudnikov, Bryckov and Mari6ev 2, Pandolfi and Piva, Editors 3 

Author Index ........ 575 

Supplement to "The Convergence of Galerkin Approximation Schemes for 
Second-Order Hyperbolic Equations With Dissipation" by Barbara Kok 
and Tune Geveci ........................................................... S17 

Information for Contributors 

Manuscripts should be typewritten double-spaced in the format used by the journal. For journal 
abbreviations, see the latest Mathematical Rev,iew,s volume index. An author should submit the original 
and two copies of the manuscript and retain one copy. The author may suggest an appropriate editor for 
his paper. It is recommended that the author acquaint himself with the pertinent material contained in "A 
Manual for Authors of Mathematical Papers," which is available from the American Mathematical 
Society. All contributions intended for publication and all books for review should be addressed to Walter 
Gautschi, Chairman, Editorial Committee, Mathematics of Computation, Department of Computer 
Sciences, Purdue University, West Lafayette, Indiana 47907. The date received, which is published with 
the final version of an accepted paper, is the date received in the office of the Chairman of the Editorial 
Committee, and it is the responsibility of the author to submit manuscripts directly to this office. 
Institutions sponsoring research reported in the journal are assessed page and microfiche charges. 

Each article submitted for publication must be accompanied by a brief and reasonably self-contained 
abstract, and by 1980 Mathematics Subject Classification numbers. If a list of key words and phrases is 
included, it will be printed as a footnote on the first page. A list of the classification numbers may be 
found in the 1978 Subject Index to Mathematical Reviews. 

The research journals of the American Mathematical Society carry a page charge of $50.00 per page to 
help defray the cost of publication. This amount is charged to the institution or to a contract supporting 
the research reported in the published paper. The publication charge policy of the United States Federal 
Council for Science and Technology (FCST) is reported on page 112 of the February, 1975 issue of the 
NOTICES of the American Mathematical Society. In no case is the author personally responsible for 
paying the page charge, nor is acceptance of the author's paper for publication dependent upon payment 
of the page charge. 

Copying and Reprinting 

Individual readers of this publication, and nonprofit libraries acting for them, are permitted to make 
fair use of the material, such as to copy an article for use in teaching or research. Permission is granted to 
quote brief passages from this publication in reviews provided the customary acknowledgement of the 
source is given. 

Republication, systematic copying, or multiple reproduction of any material in this publication 
(including abstracts) is permitted only under license from the American Mathematical Society. Requests 
for such permission should be addressed to the Executive Director, American Mathematical Society, P. 0. 
Box 6248, Providence, Rhode Island 02940. 

The appearance of the code on the first page of an article in this journal indicates the copyright owner's 
consent for copying beyond that permitted by Sections 107 or 108 of the U. S. Copyright Law, provided 
that the fee of $1.00 plus $.25 per page for each copy be paid directly to Copyright Clearance Center, Inc., 
21 Congress Street, Salem, Massachusetts 01970. This consent does not extend to other kinds of copying, 
such as copying for general distribution, for advertising or promotion purposes, for creating new collective 
works, or for resale. 


