
Mathematics

of

Computation

Coden M CM PA F Pages 809— 1063

Volume 31, Number 140 October 1977

Published by the American Mathematical Society

Providence, Rhode Island



Editorial Committee

JAMES  H. BRAMBLE, Chairman.   Center for Applied Mathematics, 275 Olin Hall, Cornell Univ.,

Ithaca, NY 14853

CARL-WILHELM R. DE BOOR, Mathematics Research Center, Univ. of Wisconsin, Madison, Wl

53706

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

JOHN W. WRENCH, JR., Route 5, Box 237, Frederick, MD 21701

Technical Editor

CAROL A. HOLLAND, Center for Applied Mathematics, 275 Olin Hall, Cornell Univ., Ithaca, NY

14853

Board of Associate Editors

JAMES W. DANIEL, Dept. of Mathematics, Univ. of Texas at Austin, Austin, TX 78712

TODD DUPONT, Dept. of Mathematics, Univ. of Chicago, Chicago, IL 69637
DONALD GOLDFARB, Dept. of Computer Sciences, School of Engineering, The City College of the

City Univ. of New York, 139th Street & Convent Avenue, New York, NY 10031

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

New York, NY 10012

HEINZ-OTTO KREISS, Computer Science Dept., Univ. of Uppsala, Uppsala, Sturegaten 4, Sweden

YUDELL L.LUKE, Dept. of Mathematics, Univ. of Missouri at Kansas City, Kansas City, MO 64110

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

BERESFORD PARLETT, Dept. of Computer Science, Univ. of California, Berkeley, CA 94720

LAWRENCE E. PAYNE, Dept. of Mathematics, Cornell Univ., Ithaca, NY 14853

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

Israel

JOHN R. RICE, Division of Mathematical Sciences, Purdue Univ., Lafayette, IN 47907

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

HANS J. STETTER, Institut für Numerische Mathematik, Technische Universität Wien, Karlsplatz 13,

A-1040, Wien, Austria

VIDAR C. THOMÉE, Mathematics Dept., Chalmers Univ. of Technology, Göteborg, Sweden

Information for Subscribers

The journal is published quarterly in one volume per year, with issues numbered serially since Vol-

ume 1, Number 1. Subscription prices for Volume 31 (1977) are list $55.00, institutional member

$39.00, individual AMS member $20.00, member of CBMS organizations $27.00. Back number prices

per volume for Volumes 1-27 (1943-1973) are list $36.00, AMS member $27.00; Volumes 28-29

(1974-1975) are list $54.00, AMS member $40.50; Volume 30 (1976) are list $72.00, AMS mem-

ber $54.00.

Volumes 1—30 (1943—1976) are available on 16 mm microfilm either as negatives or positives and

may be mounted either on spools or in Eastman or 3M cartridges. Prices are $385.00 for spools and

$403.00 for cartridges. Only current subscribers will be eligible to purchase back volumes on micro-

film.

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 ed-

itorial committee will supply copies of any table for a nominal cost per page.

Subscriptions and orders for publications of the American Mathematical Society should be addressed

to American Mathematical Society, P.O. Box 1571, Annex Station, Providence, R.I. 02901. All orders

must be accompanied by payment. Other correspondence should be addressed to P.O. Box 6248, Prov-

idence, R. I. 02940.

Copyright © 1977, American Mathematical Society

Second-class postage paid at Providence, Rhode Island, and at additional mailing offices

U.S. Postal Service Publication No. 333980



MATHEMATICS OF COMPUTATION

TABLE OF CONTENTS

OCTOBER 1977

Analysis of a Mixed Finite Element Method for Elasto-Plastic Plates

F Brezzi, C.Johnson &B. Mercier     809

Single Step Galerkin Approximations for Parabolic Problems

Garth A Baker, James H. Bramble & Vidar Thomée 818

A Numerical Conception of Entropy for Quasi-Linear Equations... A. Y. Le Roux 848

A Least Squares Decomposition Method for Solving Elliptic Equations

Dennis C. Jespersen      873

Chebyshev Polynomials in the Numerical Solution of Differential Equations

A. G. Morris &T. S. Horner      881

On the I2 Convergence of an Algorithm for Solving Finite Element Equations

R A. Nicolaides      892

An Extension of the Applicability of Iterated Deferred Corrections

Reinhard Frank, Joerg Hertling & Christoph W. Ueberhuber     907

Comments on the Comparison of Global Methods for Linear Two-Point Bound-

ary Value Problems .  Carl de Boor & Blair Swartz      916

Correction in the Dominant Space: A Numerical Technique for a Certain Class

of Stiff Initial Value Problems .   P. Alfeld&J.D Lambert        922

Error Estimates for a Stiff Differential Equation Procedure  ...   R Sacks-Davis       939

On Sparse and Symmetric Matrix Updating Subject to a Linear Equation

Ph. L. Toint     954

Modifying Singular Values: Existence of Solutions to Systems of Nonlinear

Equations Having a Possibly Singular Jacobian Matrix. David Gay      962

Computing the Strict Chebyshev Solution of Overdetermined Linear Equations

Nabih N. Abdelmalek      974

Gauss Interpolation Formulas and Totally Positive Kernels... David L. Barrow      984

Anomalous Convergence of a Continued Fraction for Ratios of Kummer Func-

tions . Walter Gautschi       994

Roots of Two Transcendental Equations Determining the Frequency Spectra of

Standing Spherical Electromagnetic Waves

Robert L. Pexton & Arno D. Steiger     1000

Recurrence Formula of the Taylor Series Expansion Coefficients of the Jacobian

Elliptic Functions. Alois Schett     1003

Optimizing the Arrangement of Points on the Unit Sphere

Joel Berman & Kit Hanes      1006

Computer Methods for Sampling From Student's t Distribution

A. J. Kinderman, J. F. Monahan &J. G. Ramage    1009

Real Quadratic Fields With Class Numbers Divisible by Five

Charles J.Parry     1019

Seventeen Primes in Arithmetic Progression . Sol Weintraub     1030

Corrections to Dickson's Table of Three Dimensional Division Algebras Over F5

F.W.Long      1031



On the Imaginary Bicyclic Biquadratic Fields With Class-Number 2

D. A. Buell, H. C. Williams & K. S. Williams    1034

Reviews and Descriptions of Tables and Books.     1043

Cadete 13, Gass 16, Gosper 15, Todd 14

Table Errata.    1046

Abramowitz äStegun, Editors 544, British Association for the

Advancement of Science 545, Gray, Mathews &Macrobert 546,

Ljunggren 547

Corrigendum .     1051

Gillies

Indices to Volume XXXI.     1052

Microfiche Supplements

Roots of Two Transcendental Equations Determining the Frequency Spec-

tra of Standing Spherical Electromagnetic Waves

Robert L. Pexton & Arno D. Steiger

Information for Contributors

Manuscripts should be typewritten double-spaced in the format used by the journal. For

journal abbreviations, see the latest Mathematical Reviews volume index. An author

should submit the original and one copy of the manuscript and retain one copy. The

author may suggest an appropriate editor for his paper. It is recommended that the au-

thor 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

James H. Bramble, Chairman, Editorial Committee, Mathematics of Computation, Center

for Applied Mathematics, 275 Olin Hall, Cornell University, Ithaca, New York 14853.

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 AMS (MOS) 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 Index to Mathematical Reviews, Vol-

ume 39 (June 1970).

The research journals of the American Mathematical Society carry a page charge of

$40.00 per page to help defray the cost of publication. This amount is charged to the in-

stitution 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 Technol-

ogy (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 pay-

ing the page charge, nor is acceptance of the author's paper for publication dependent

upon payment of the page charge.



MATHEMATICAL DEVELOPMENTS

9 ARISING FROM S

jf 
HILBERT PROBLEMS ?

\ Edited by FELIX E. BROWDER JJ

Hubert's original article

Problems of present day mathematics  by the Editor

Hubert's 1st problem: the continuum hypothesis  by Donald A. Martin

What have we learnt from Hubert's 2nd problem?  by G. Kreisel

Problem 4: Desarguesian spaces  by Herbert Busemann

Hubert's 5th problem and related problems on transformation groups by C. T. Yang

Hubert's 6th problem: mathematical treatment of the axioms of physics  by A. S. Wightman

Hubert's 7th problem: on the Gel'fond-Baker method and its applications  by R. Tijdeman

Hubert's 8th problem: an analogue  by E. Bombiert

An overview of Deligne's proof of the Riemann hypothesis for varieties over finite fields (Problem 8)

by Nicholas M. Katz

Problems concerning prime numbers (Problem 8)  by Hugh L. Montgomery

Problem 9: the general reciprocity law  by J. Täte

Hubert's 10th problem. Diophantine equations: positive aspects of a negative solution  by Martin Davis,

Yuri Matijasevic and Julia Robinson

Hubert's 11th problem: the arithmetic theory of quadratic forms by O. T. O'Meara

Some contemporary problems with origins in the Jugendtraum (Problem 12) by R. P. Langlands

The 13th problem of Hubert  by G. G. Lorentz

Hubert's 14th problem—the finite generation of subrings such as rings of invariants  by David Mumford

Problem IS. Rigorous foundation of Schubert's enumerative calculus by Steven L. Kleiman

Hubert's 17th problem and related problems on definite forms by Albrecht Ffister

Hubert's problem 18: on crystalographic groups, fundamental domains, and on sphere packing
by J. Ml/nor

The solvability of boundary value problems (Problem 19)  by James Serrín

Variational problems and elliptic equations (Problem 20)  by Enrico Bombiert

An overview of Deligne's work on Hubert's 21st problem  by Nicholas M. Katz

On Hubert's 22nd problem   by Lipman Bers

Hubert's 23rd problem: extensions of the calculus of variations by Guido Stampacchia

TWO-VOLUME SET - 628pages

Originally sold for $37.60 in hard cover.

In soft cover, list price $20.00, individual price $10.00

ORDERS MUST BE PREPAID.  PLEASE SPECIFY CODE PSPUMS/28

AMERICAN MATHEMATICAL SOCIETY

P.O. Box 1571, Annex Station

PROVIDENCE, RHODE ISLAND 02901, U.S.A.



DIRICHLET DISTRIBUTION - TYPE 1

Milton Sobel, V. R. R. Uppuluri, K. Frankowski

This is the fourth volume in the series Selected Tables in Mathematical Statistics, edited by the

Institute of Mathematical Statistics.  The purpose of the series is to provide an outlet for tables of

high quality and utility which are too long to be published in a technical journal but too short for

separate publication.   Each table is carefully checked for accuracy before it is accepted.

In this volume, the incomplete Type 1-Dirichlet integral is tabulated in a variety of useful forms.

A rather long introductory section gives the essential properties that were used in the calculation

and illustrates various ways of using tables.   It also gives in Section 2 some mathematical results

that are related to problems of interpolation in the table.   In general, this Dirichlet integral can be

used with most multinomial problems, especially those concerned with the maximum or minimum

frequency in a homogeneous multinomial.   Combinatorial aspects and relations to Stirling numbers

of the second kind are also included; in fact these relations give rise to generalized Stirling numbers

(r > 1), which are listed in Table E along with the usual Stirling numbers (r = 1).   Table F gives

exact and approximate values of n needed for a multinomial selection problem described in Section

4.1, the calculation of which depended on the Type 1-Dirichlet integral.

Upon request, a brochure on the previous volumes will be sent.

309 pages, 1977, List Price $18.00; Members of AMS or IMS $13.50
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There has been a great deal of active research recently in the fields of symplectic

geometry and the theory of Fourier integral operators.   In symplectic geometry there has

been much progress in understanding the geometry of dynamical systems, and the process

of 
"quantization" 

as applied not only to the theory of dynamical systems, but also as a

key tool in the analysis of group representations.   Fourier integral operators have made

possible a much more systematic analysis of the singularities of solutions of linear partial

differential equations than existed heretofore, together with a good deal of geometric

information associated with the spectra of such operators.   These two subjects are modern

manifestations of themes that have occupied a central position in mathematical thought

for the past three hundred years—the relations between the wave and the corpuscular

theories of light.   The purpose of this book is to develop these themes, and present some

of the recent advances, using the language of differential geometry as a unifying influence.
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LECTURES ON SYMPLECTIC MANIFOLDS

by ALAN WEINSTEIN

The first six sections of these notes con-

tain a description of some of the basic con-

structions and results on symplectic manifolds

and lagrangian submanifolds. §7, on intersec-

tions of lagrangian submanifolds, is still mostly
internal to symplectic geometry, but it con-

tains some applications to mechanics and dy-

namical systems. §§8, 9, and 10 are devoted
to various aspects of the quantization prob-
lem. In §19 there is a feedback of ideas from

quantization theory into symplectic geometry
itself.

In addition to an introduction and refer-
ences, the following lectures are included in
these notes: Symplectic manifolds and lagran-

gian submanifolds, examples. Lagrangian

splittings, real and complex polarizations.
Kahler manifolds. Reduction, the calculus of

canonical relations, intermediate polarizations.
Hamiltonian systems and group actions on

symplectic manifolds. Normal forms. Lagran-

gian submanifolds, and families of functions.

Intersection Theory of lagrangian submani-

folds. Quantization on cotangent bundles.

Quantization and polarizations. Quantizing
lagrangian submanifolds and subspaces, con-

struction of the Maslov bundle.

50 pages; list $7.60; member price $5.70
ISBN 0-8218-1679-9; LC 77-3399
Publication date: May 31, 1977

To order, please specify CBMS/29

AMERICAN MATHEMATICAL SOCIETY

P.O. BOX 1571, ANNEX STATION

PROVIDENCE, RHODE ISLAND 02901
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THE QUANTITATIVE THEORY OF

FOLIATIONS

by H. BLAINE LAWSON, ) R.

The purpose of these notes is to intro-

duce the reader to the question of how

many geometrically distinct foliations, if any,

can be constructed on a given manifold.

The book contains five chapters: basic

definitions and some examples; the concept

of holonomy; topological obstructions to

integrability and characteristic classes; class-

ification theory; H*{BYrq) and Gelfand-Fuks

cohomology, as well as two appendices:

linear connections: the frame bundle; linear

connections: covariant differentiation. Refer-

ences are also included.

The notes are based on lectures given in

a Regional Conference at Washington Univ-

ersity in January 1975.

65 pages, list price $6.40; member price $4.80
ISBN 0-8218-1677-2; LC 76-51339
Publication date: 2/28/77
To order, please specify CBMS/27

AMERICAN MATHEMATICAL SOCIETY
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Edited by

Richard W. Cottle and Carlton E. Lemke

Harold W. Kuhn, Nonlinear programming: A historical view

Garth P. McCormick, Optimality criteria in nonlinear programming

David G. Luenberger, Algorithmic analysis in constrained optimization

M. J. D. Powell, Some global convergence properties of a variable metric

algorithm for minimization without exact line searches

B. Curtis Eaves, A short course in solving equations with PL homotopies

R. Tyrrell Rockafellar, Lagrange multipliers in optimization

O. L. Mangasarian, Unconstrained methods in nonlinear programming

J. E. Dennis, Jr., A brief survey of convergence results for quasi-Newton methods

These Proceedings are based on lectures delivered at the symposium

on Nonlinear Programming held March 23 and 24, 1975, as part of the

American Mathematical Society's annual New York meeting.  This event

was the ninth in a series of Symposia in Applied Mathematics jointly spon-

sored by the Society for Industrial and Applied Mathematics and the

American Mathematical Society with financial support from the Energy

Research and Development Agency (formerly the Atomic Energy Com-

mission) and the National Science Foundation.

The organizing committee for the symposium consisted of R.W. Cottle

(chairman), CE. Lemke, S. M. Robinson, and J. B. Rosen.  The com-

mittee's intent was to help bring to the attention of a larger mathematical

audience some of the history, theory, applications and vigorous research

activity of the Nonlinear Programming field.   The editors feel that the

results included in these Proceedings can be recommended as well to the

worker in the field as to the interested initiate.

Volume 9, SIAM-AMS PROCEEDINGS

200 pages; list price $15.60, member price $11.70

Publication Date: May 30, 1976

To order specify SIAM/9.   Prepayment required.

AMERICAN MATHEMATICAL SOCIETY
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Numerical Methods for Partial
Differential Equations, second Ed¡t¡on
By WILLIAM F.AMES

A Volume in the COMPUTER SCIENCE AND APPLIED MATHEMATICS Seties
All-inclusive and essentially self-contained, this volume provides

an introduction to the concepts of modern numerical analysis as they
apply to partial differential equations. The book first discusses problem
classification and the underlying finite differences necessary to
determine the proper numerical method. It then covers asymptotic
concepts, convergence, stability, dimensional analysis, errors, and grid
determination. The problems are divided into three groups: initial
value (parabolic and hyperbolic); boundary value (elliptic); and
eigenvalue (elliptic). Each section progresses from an elementary
treatment of first principles through examples and the theoretical aspects
to the frontiers of current research. While the book emphasizes finite
difference methods, there are substantial sections on characteristics
and other methods.

The second edition includes expanded coverage of fluid mechanics,
explicit-implicit methods, the fast Fourier transform, Monte Carlo
techniques, and fractional steps methods, as well as a new chapter on
weighted residuals and finite element concepts. The number of
physical and engineering examples—both linear and nonlinear—has
been increased. New problems have been added, and the references
have, of course, been updated.
7977, 384 pp., $16.501£11.10    ISBN: 0-12-056760-1

Approximation Theory II
Edited by G. G. LORENTZ, C. K. CHUI and L. L SCHUMAKER

This book contains a collection of papers presented at an Inter-
national Symposium on Approximation Theory held at the University
of Texas, Austin, January 18-21, 1976. The papers describe recent
advances in approximation theory. There are 7 survey papers and 41
research papers. The survey papers deal with B-splines, nonlinear
approximation, degree of approximation, Padé approximation,
Lagrange interpolation, fitting surfaces and approximation of
functions in coding theory. The research papers deal with a wide
variety of topics, both abstract and applied. This book will be of value
to mathematicians, computer scientists, engineers and physicists.
7976, 604 pp., $23.50/£16.70    ISBN: 0-12-455760-0

Send payment with order and save postage plus 500 handling charge.

Prices are subject to change without notice.

U.S. customers please note: On prepaid orders—payment will be refunded
for titles on which shipment is not possible within 120 days.

ACADEMIC PRESS, INC.
A Subsidiary of Harcourt Brace Jovanovich, Publishers

111 FIFTH AVENUE, NEW YORK, N.Y. 10003
24-28 OVAL ROAD, LONDON NW1 7DX
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