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This paper presents a numerical method for multiple scattering problems in two dimen-

sions using a scattering matrix and boundary element method (BEM). We give a new

formulation for the scattering matrix based on a plane-wave expansion and show that

the matrix can be computed using the BEM. The proposed scattering matrix yields an

efficient algorithm for the multiple scattering using the diagonalised representation for the

translation operator. Some numerical examples show that the proposed method can solve

the multiple scattering problem more efficiently than the conventional scattering matrix

without losing the accuracy of the BEM unless the underlying wavelength is not large.

Key Words : Scattering matrix, Multiple scattering, Translation operator, Helmholtz

equation, Boundary element method
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Table 1 Time complexity for the naive BEM
with LU factorisation (“BEM” in the
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Fig.5 Two star-shaped scatterers illuminated by

% Plane wave

a plane wave.
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Table 2 Relative ¢> error of v on the bound-
aries in the case of L = 1. The so-
lutions are computed by the low- and

high-frequency S-matrices.

Low-frequency S-matrix

High-freq.
w M =10 M =60 Rokhlin
10 47x107° 47x107° 47x107° 4.7x107°
20 23x107% 1.7x107* 1.7x107% 1.7x107%
30 63x1072 23x107%* 23x107* 23x1074
40 42x107Y 33x107* 33x107* 3.3x107*
50 6.1x1071 42x107* 42x107* 4.2x107*

Table 3 Relative £ error of u on the bound-
aries in the case of L = 10. The so-
lutions are computed by the low- and

high-frequency S-matrices.

Low-frequency S-matrix

High-freq.
w M =10 M =60 Rokhlin
10 99x107% 99x107% 99x107¢ 99x1076
20 23x107% 24x107° 24x107° 24x107°
30 6.5x1072 47x107° 47x107° 4.7x107°
40 41x107' 12x107* 12x107* 1.2x107*
50 58x 107" 83x107° 83x107° 83x107°
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