D-A124 673 NUMERICAL SOLUTION OF SINGULRR INTEGRAL EQUATIONS )
ARISING IN MIXED BOUNDAR. . (U) STATE UNIV OF NEW YORK AT
STONY BROOK R P SRIYASTAY OCT 83 ARD-16887. 12-MA [

UNCLASSIFIED DRRG29-88-C-00836 F/G 12/1 NL




e
"
s
ey .
S .
.
‘Q ..
4.‘\,:
Y
I‘..
4,.\.‘ ’- -
Q..ﬂ t-o.
f_{._j S
nas e
- L
R

o

i
; !
I

I

treeEFE B E E

(14

EEEE

EEE

I

B

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

LSt

§
y
5

‘. ¥ M .
- L
R S

. ..

> - » .

!...-".l ’..! st e e - : .
" 3 o .\"q'_.; JCER «..-.-~..c.-_-..--
- N ~ ~ -
YN LS Pl % [ A TUENER, KX, SR AT L N Nl R '
e LR U AT SRR Tl 2
JUPUINEIRE SR Y PO S A A e )




..........

" PP T, T, .‘.-.\- -;"v" A Ivj..-,_v—__- ‘.'.—‘_‘, ._‘h—_‘v\.\v-__\r .-'\: . ‘__- - R R T LI T ot
- Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) msnumo"s
READ
REPORT DOCUMENTATION PAGE er EAD INSTRUCTIONS u
3. RlCIPI!NT‘S CATALOG NUMBER

T. REPORT NUMBEN 2. GOVT ACCESSION NO.

16807.12-MA
S. TYPE OF REPORT & PERIOD COVERED

m 4. TITLE (and Subtitle) Final:
“ 1 Nov 79 - 30 Jun 83

Numerical Solution of Singular Integral Equations
Arising in Mixed Boundary Value Problems of 5. PERFORMING ORG. REPORT NUMBER

Elasticity
e ]
®. CONTRACY OR GRANT NUMBER(s)

< AUTHOR(s)
Ram P. Srivastav DAAG29 80 C 0030

—————————
A
®. PERFORWING ORGANIZATION NAME AND ADDRESS 10. ::32";‘%‘4&‘35“%%&%’:::' TASK

State University of New York
Stony Brook, HY 11794

11. CONTROLLING OFFICE NAME AND ADORESS .
U. S. Army Research Office Oct 83
Post Office Box 12211 13. NUMBER OF PAGES

Research Triangle Park, NC 27709 b

. MONITORING AGENCY NAME & ADORESS(I! ditferent from Controlling Ollice) 15. SECURITY CLASS. (of this report)
1Se. DEC Al’lFICA"‘IONJDO'NGRADING

o SESEAOLE ,

6. OISTRIBUTION STATEMENT (of this Report) . .
Approved for publiczrelease; distribution unlimited. C>f//¢/,[::3

DI
it |
17. DISTRIBUTION STATEMENT (of the abetrect entered in Block 20, il difterent from Report) ?’ | NOV 3 B 083 #

12. REPORT DATE

18. SUPPLEMENTARY NOTES .

The view, opinions, and/or findings contained in this repoft are those of the
autvor(s) and should not be construed as an official Department of the Army
position, policy, or decision, unless so designated by other documentation

19. KEY WORDS (Continue on reverse aide il necessary and identify by dlock number)

BTIC FILE copy

numerical analysis
boundary value problems
elasticity

-

20. ABSTRACT (Ceutinue en reverse oside If neseesary and identify by block number)

L) The central theme of this project was the development and analysis of direct
methods based on collocation for the solution of singular integral equations with
a principal value integral. These equations arise In such diverse fields as linea
elasti- fracture mechanics, neutron transport, long water waves, image reconstructfon
and radiative transfer. |In the classical approach, the singular integral equation
is regularized to yield a Fredholm integral equation of the second kind. The
numerical implementation of the regularization is usually quite cumbersome. Whilgi- )
e

\

o) , . .
m VA 73 £01TION OF ! NOV 68 1S OBSOLETE UNCLASS IF 1ED
ECUMTY CLASSIFICATION OF THIS PAGE (Wien Dola Bntered)

PR e R . el e
PO Y S DV Y WAL AP P SN Qo - ool

L




SECURITY CLASSIFICATION OF THIS PAGE(When Dote Entered)

PR A=A i Sap i o

g Jiue Ao Rinte Jhabd Sinte Shus. Jiit St Sntt ettt

[ABSTRACT (cont.)

;hlrect methods proposed by Erdogan (1969)x Erdogan and ﬁupt; £;97f)ﬁ an: ‘
’E ) re Mechanics, their
The work at Stony

Theocaris and loakimidis”(1977) have been used in fFrac
convergence and stablility has received scant attention.
Brook has made important strides In both directions.

behavior of approximate solutions enhancing our understanding of the convergence

and stability of the methods based on Gaussian quadrature.

methods which can be employed in the situations where the Ga
collocation schemes fail.

\

s

analysed the

-have also proposed

slan quadrature-

\\\\\\\\ fj. e :
rI N -
Accession For
TNTIS  GRAXI g
DTI~ TAB
Unas— - need -0
Justivizotion
By . -
Distr:- i
Availot
A
Dist Sy

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

LY Wyt o "
AR

.......

4_*. P 9 .
YA DA VRN I R RO SR At Aty

............................
....................



»
¥

2 i
Q. " .l‘

v
o
0,

LA

&

[4

e

M ]

.,
SR e
2t e s

)
[RY)

.....
AR IAL
AT

) %5018y Ay,

fl
20520270,

-:';.'-':. i

} WAW b

'ﬁ"‘u‘ " h

%
A MY

3

1fﬁ

. - - . L4 - - - . .
A A i I N IR A A A AR AR

EINAL REPORT -
I. ARO Proposal Number : 16807 - M )
I1.Contract Number : DAAG 29 - 80-C-0030 .
III. Title of the proposal : Numerical Solution of Singular Integral

Equations arising in Mixed Boundary Value
Problems of Elasticity

IV.Contract Period : November 1, 1979 - June 30, 1983
V. Name of the Institution : State University of New York at Stony Brook
VI.Scientific Personnel supported by the contract:

1. Ram P. Srivastav : Principal Investigator and Project Director
2. Chen, Kim-Joan : Graduate Research Assistant (awarded Ph.D. )
3. Don, Eugene : Graduate Research Assistant

4. Driscoll,Michael : Graduate Research Assistant (awarded M.S.)
5. Jen, Erica : Graduate Research Assistant (awarded Ph.D.)
6. Ong, Michael K. : Graduate Research Assistant

7. Osorio, Luis : Graduate Research Assistant (awarded M.S.)
8. Suresh, Ambadi : Graduate Research Assistant

9. Svirsky, Vladimir: Graduate Research Assistant (awarded M.S.)
10.Venturino,Ezio : Graduate Research Assistant (awarded M.S.)

'VII. A statement of the problem studied and a summary of the most important resul
(The numbers refer to the list of publications in Section VIII of this report.
Other references are included in the last part of this section.)

The central theme of this project was the development and analysis of
direct methods based on collocation for the solution of singular integral
equations with a principal value integral. These equations arise in such diverse
fields as linear elastic fracture mechanics, neutron transport, long water waves,
image reconstruction and radiative transfer. In the classical approach, the
singular integral equation is regularized to yield a Fredholm integral equation
of the second kind. The numerical implementation of the regularization is usually
quite cumbersome. While direct methods proposed by Erdogan(1969), Erdogan
and Gupta(1972) , and Theocaris and loakimidis(1977) have been used in Fracture
Mechanics, their convergence and stability has received scant attention. The
work at Stony Brook has made important strides in both directions.
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We have analysed the behavior of approximate solutions enhancing our under-
standing of the convergence and stability of the methods based on Gaussian
quadrature. We have also proposed methods which can be employed in the situations
where the Gaussian quadrature-collocation schemes fail.

The key to successful analysis of the aforesaid direct methods was the
discovery that the coefficient matrix of both Gauss-Chebyshev and Lobatto-
‘Chebyshev techniques have a closed form inverse, which is the transpose of the
coefficient matrix multiplied by a diagonal matrix [1], [2]. Using Jackson's
theorem on "best approximation", the convergence of interpolatory polynomials
can be easily established. By refining the techniques we are able to prove [3]
the convergence uader weaker condition. [4] contains an extension of the analysis
of [1] to the complete singular integral equation. The nodes of quadrature and
collocation now are the zeros of Jacobi polynomials. To cover the general case
of a Fredholm kernel added to a Cauchy kernel, the theory of collectively compact
operators is used. [5] 1is addressed to the problem of computing bounded solutions.
In this case a compatibility condition has to be satisfied. Often the discrete
system representing the continuous is overdetermined and has one equation more
than the number of unknowns. We find that the solutions vary'with the equation
ignored (the usual engineering practice) and the error peaks in the vicinity of
the collocation point whichis discarded to obtain a compatible system. Use of
general collocation points in conjunction with Gaussian quadrature is examined °
in [6]. The question of an optimal selection of nodes is still open.

While both Gauss-Chebyshev and Lobatto-Chebyshev methods are easy to code,
they are not suitable for functions which are highly oscillatory in some small
neighborhood. Since the collocation points are the zeros of Chebyshev polynomials,
the only way their concentration can be increased is by increasing the degree of
the polynomial. Since the largest distance between the zeros of Chebyshev polynomialg
is approximately =/n, for a resolution of the order .001 a polynomial of order
3000 has to be considered.

In [7] we propose a method based on the use of piecewise linear functions.
[8] develops the procedure further employing cubic splines. The order of singularity
is explicitly built into the solution. Newet-Nasser and Horii (1982) found that
the results obtained through piecewise polynomial approximation indistinguishable
from the corresponding results obtained by the Erdogan-Gupta method for the problem



of kinked crack extension under tension. [9] contains a review of the Gaussian
integration methods for the numerical solution of singular integral equations.

Some of the results of our investigation are yet to be published. Ta reduce
an integral equation to an algebraic system whose solution leads to a polynomial
approximation to the solution usually one of the two approaches is adopted:1. The

weighted norm of the difference between the left hand side and the right hand side

is minimized by choosing the coefficients of the polynomial (The Galerkin Method)
2. The equation is satisfied only over a finite set of points and the integral
is replaced by a Quadrature formula (The collocation method). We have been able
to show that the two solutions are related by means of a Gaussian quadrature
formula [10] . [11] contains a comparison of the accuracy of stress intensity
factors for a Griffith crack problem using Gauss-Chebyshev and Lobatto-Chebyshev
quadrature formulas. [12] contains a proof that the coefficient matrix obtained
through the "tanh rule" and collocation is nonsingular. Finally, [13] treats

the problem of a cruciform crack opened by internal pressure varying with time.
For time dependent problems it brings into focus the need for methods which are
both fast and accurate.

We are in the process of writing the final versions of the papers [10,11,12]

and U.S. Army Research Office will be furnished copies when they are ready.
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