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On isogeometric boundary element methods based on the PMCHWT and Muller formulation for

Maxwell’s equations and their discretisation using collocation
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This paper discusses boundary element methods using the isogeometric analysis for elec-

tromagnetic wave scattering problems and its discretisation based on collocation.

In

our previous research we proposed that the EFIE (Electric Field Integral Equation) and

MFIE (Magnetic Field Integral Equation), which are formulations of boundary integral

equations for electromagnetic wave scattering problems with PECs (Perfectly Electric

Conductors), can be discretised with collocation by interpolating unknown functions with

the B-spline functions. In this paper we extend this numerical method to wave scatter-

ing problems with dielectric materials and show that a similar discretisation method is
available for the PMCHWT (Poggio-Miller-Chang-Harrington-Wu-Tsai) and Muller for-

mulation, which are formulations of boundary integral equations for scattering problems

with dielectric materials.
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Fig. 1 A basis function directing s; direction. Six squares

are support of the basis function. Circular dot indicates the
collocation point. Red arrow shows the direction in which
the boundary integral equations are evaluated at the collo-

cation point.
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Fig.2 A basis function directing s2 direction. Six squares

are support of the basis function. Circular dot indicates the
collocation point. Red arrow shows the direction in which
the boundary integral equations are evaluated at the collo-

cation point.
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Fig.3 Surface magnetic current Re ms. Comparison of so-
lutions of the proposed methods with the analytical solution
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Fig.4 Surface magnetic current Rems. Comparison of so-
lutions of the proposed methods with the analytical solution
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Table 1 Relative I? error of the proposed numerical method.

k=1,ef =1, n1 =ns = 30.

Relative error | PMCHWT Muller
m 2.99 x 1073 | 1.44 x 107°
j 2.99 x 1073 | 1.44 x 107°
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Fig.5 Surface magnetic current Rems. Comparison of so-
lutions of the proposed methods with that of the PMCHWT
formulation with the roof top basis function and Galerkin

method. k=1,e" =1,¢” =4 and n1 = ny = 75.
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Fig.6 Surface magnetic current Rems. Comparison of so-
lutions of the proposed methods with that of the PMCHWT
formulation with the roof top basis function and Galerkin

method. k=1,¢" =1,¢~ =4 and n; = ns = 75.
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Table 2 Iteration numbers of the GMRES with £ = 1 and
+
=1.

€
(n1,n2) | PMCHWT | Muller
(30, 30) 660 17
(75,75) | 4712 17




Table 3 Iteration numbers of the GMRES with k =1, e =
land e™ =4.
(n1,n2) | PMCHWT | Muller

(30, 30) 564 37

(75,75) 5253 37
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