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Trefftz Method, Image Method and Method of Fundamental Solutions for Green's Functions with Circular Boundaries
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Abstract

Green's functions of Laplace problems with circular boundaries are solved by using three approaches, the Trefftz method, the image method and the method of fundamental solutions. Analytical as well as semi-analytical and numerical solutions are obtained. For the analytical solution, we derive the Green's function by using the image method and Trefftz method for annular Laplace problems subject to various boundary conditions. The mathematical equivalence between the two solutions derived by using the Trefftz method and MFS are proved for the annular case. For the eccentric annulus, a half plane with a circular hole and an infinite plane with two circular holes, the Green's functions are derived by using the image method. Two final frozen points are found to locate on the focuses in the bipolar coordinates. Also, the semi-analytical solutions obtained by using the image method are compared with the analytical solutions derived by using the bipolar coordinates. Besides, numerical results are also compared with those of BIEM and MFS. An image method can be seen as the special case of MFS with optimal location and given strength of sources. Only at most four strengths of singularities are required to be determined. Besides, the optimal location of MFS sources are found to be dependent on the given source location and the geometry of circular boundaries. Three examples including the eccentric annulus, the half-plane problem with a hole and infinite plane

with two unequal holes were demonstrated to verify the proposed points. Agreement among all the results is made.
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