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Abstract

The purpose of this paper is to adopt the quasi-interpolating operators in multivariate
spline space S%(A%;‘n) to solve two-dimensional Fredholm Integral Equations of second
kind with the hypersingular kernels. The quasi-interpolating operators are put forward
in ([7]). Based on the approximation properties of the operators, we obtain the uniform
convergence of the approximate solution sequence on the Second Kind Fredholm intergral
equation with the Cauchy singular kernel function.
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1. Introduction

In recent years, the boundary element methods became a reliable and powerful numeri-
cal methods for solving the boundary value problems, such as elastoplasticity, etc. In these
methods, the original problem is reduced to a boundary integral equation. For the one dimen-
sional boundary, a lot of methods have been put forward recently. But for the two dimensional
boundary situation, it is not so easy to be done because the partition can be very complicated.
Since P. Zwart obtained an expression of bivariate B-spline [2], R-H Wang and C.K. Chui
obtained a quasi-interpolating operators of Si(A2 ) on uniform type-2 triangulation and its
approximation properties ([1]) which have widespread applications in Mechanics and Engineer-
ing. Furthermore, R-H Wang and C.K. Chui also obtained the function with minimum support
in S1(A2* ) on non-uniform type-2 triangulation and the basis of S3(AZ2* ) ([4]). In ([7]), we
introduced some quasi-interpolating operators of S3(AZ* ) on non-uniform type-2 trangulation
and show their approximation properties. By using the operators we constructed cubature for-
mulas which can be used to solve hypersingular integrals that arisen from many mechanics and
engineering problems.

In present paper, we give a method for solving the two-dimensional Fredholm Integral Equa-
tion with hypersingular kernel based on quasi-interpolating operators in S3(AZ2* ) and prove
the uniform convergence of the approximate solution sequence.

2. Quasi-Interpolating Operators of S(A%))
Let A2* be a non-uniform type-2 triangulation on the domain Q : [a,b] ® [c,d], and

T o<z 1<a=x9 < < Ty =b< Tpi1 < T2,
Y2 <y-1<c=yo < <Yp=d <Ynt1 < Ynt2-
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First we consider the linear operators

Vinn : C(2) = S3(AZ1,); CX)
Vinl£) = 32 1 (55, ) By(a (22

ij
It is similar to the result in ([1]), we have the following results.
Theorem 2.1. For f € P, and f = zy, we have Vi, (f) = f, (2.3)
Theorem 2.2. W,,,,(f) = f for any f € P,.
In terms of theory 2.1, 2.2, and [7], we have the following results.
Let

wk(f; 6) = sup{|f(a:,y) - f(uav” : (xay)a (U,’U) € K7 |(a:,y) - (u,v)| < 6} (24)
6mn = max[h,-,kj],

8% = max(v9h2 + k2,v/9k2 + h2), (2.5)
h = max(h ), k = max(k;);
j

and where K be a compact set and K C (.
Theorem 2.3. Let f € C(K) and m,n > Ny. we have

1f = Vi (Hlle < wi(f;670), (2.6)

if f € CHK) then
1f = Vinn(F)lle < 0mn max(wa (f1,0mn/2); (Wa(f2; 0mn/2), (2.7)

if f € C*(K) then
1f = Vinn(Hlle < 05, ID* £ (2.8)

Theorem 2.4. Let f € C*(Q) and m,n > Ny. If f € C*(K), then

If = Wi (f)lle < %572;111 maX[WQ(flla 6mn/2): 2wq( fi2, 5mn/2):wﬂ(f22, 5mn/2)] (2.9)

if f € C3(K) then

1f = Winn(Hlle < E5fnn||D3f||- (2.10)
Taking note of ||Wn|| = 3. it is easy to prove the theorem in term of Taylor expansion.

3. Cubature Formulas

Here we consider integrals of the form
/ Ky (vo;v)®(v)dv,vg € Q C R?, (3.1)

where the kernel K, admit the expansion

fo—1(vo; 0 .
»(Vo;v Z rl’“ — + K, (v, v). (3.2)



