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ABSTRACT

The two - dimensional Fredholm Integral Equation of the first kind for the solution of Helmholtz
equation for an Open - Boundary in space is reduced to a system of one - dimensional Integral
Equations of the first kind. The obtained system is solved using finite elements. Furthermore the
singularities of the unknown function and the kernel are treated analytically.
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INTRODUCTION

- The author in [7] has proved that the solution of
. the Direchlet problem for Helmholtz Equation for
' an Open - Boundary in space is given by
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where (X,¥,Z)€R/S and S=5|J S and 8S is the
contour of the given surface §. The unknown

density function o(X,y,z) which is singular near

and at S is the solution of the two - dimensional
Integral Equation
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The purpose of the presented paper is to give a
numerical solution of the two-dimensional Integral
Equation (2). The given technique is based on the
reduction of the two-dimensional Integral Equation
(2) to one-dimensional integral equation by
considering the given surface § as a resulting surface
obtained by revolving a smooth - open curve (t);

t; < t <ty in space . Then we get a system of
one-dimensional Integral Equations of the first kind.
The obtained Integral Equations are solved using
finite elements with quadratic basic functions [1].
Thus, we get an algebraic linear system for the
solution of equation (2). The singularities of the
unknown functions are treated analytically [2,3].
Then we substitute in (1) to get the solution of the
Helmholtz Equation for an Open - Boundary in
Space.

Modeling Problem
Let the axis of revolution coincides with the axis of
symmetry of the given surface §. Parametriz § and

using cylindrical polar coordinate system, then

x = p(t)cos(); y = sin(f); z = z (t)
;":5(-{) cos( 6 );y= 5(?) (®©sin( 6 ); E=E(I)
Hence Equation (2) can be written in the form
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where
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and
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Now if we let
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and
ekH (1) _ co5(kH(t,0)) - isin(kH (t,0))

then Integral Equation (3) is reduced to the
following system of algebraic equation
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Itis easy to calculate the two integrals I;(t) & I,(¢t)
numerically [5].

Now, the interval [t,t,] perpetrated into n-partition
[L; , Ly s = 0.n ; L,=t; & L =t,. Then we
approximate the unknown functions of system (5
using quadratic shape functions with isoparametric
transformations [6,8]. The singularities of the
unknown functions [4], 74(t) and -rz(t) are treated by
using the functions ¥, (t) and’ \If (t) and then we

change the parameters [ 8 |. Then system (5) takes
the form
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where P is the number of all nodes of [t, t)] ; Sij
({) are linearly independent known functions [ 9].
Also,
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The solution of system (6) gives a;, b;, and hence we
get the unknown functions 7, and 7, and then the
function 7. Thus, the solution of Helmholtz Equation
for an Open boundary in space can be calculated by

(1.
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CONCLUSION

A technique is presented to find the numerical
solution of The Direchlet problem for Helmholtz
‘Equation for an Open-Boundary in space. The given
technique simplifies the problem by reducing the
two-dimensional Integral equation into
one-dimensional. The approximation of the
unknown function using finite elements gives the
possibility to treat its singularity by the change of
parameters. It is also necessary to mention that
approximating using Shape function does not require
any analyticity conditions of the Target function .
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