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The project targets the scattering of time-harmonic electromagnetic waves at dielectric
objects. Low and medium frequencies are considered. The objects are composed of several
homogeneous linear materials with different electromagnetic properties. The goal is to
design fast numerical simulation methods based on direct boundary integral equation
formulations and Galerkin boundary element discretization.

For three-dimensional problems the use of matrix compression techniques (fast multipole
method) becomes mandatory. This enforces the iterative solution of the compressed
discrete boundary integral equations. To curb the number of iterations one may either
use inherently well condition boundary integral equations (of the second kind) or resort
to preconditioning. The latter approach can rely on either the operator preconditioning
technique or multilevel preconditioning based on wavelet bases.

Results.

e A novel so-called local multi-trace boundary integral equation formulation could be
established and analyzed rigorously. It is amenable to local preconditioning.

e Different variants of a new second-kind formulation was derived, which is intrinsi-
cally well-conditioned.

e From the classical single trace integral equations a new global multi-trace formula-
tion was obtained by means of a limiting procedure. Its rigorous theoretical justifi-
cation was carried out for both acoustic and electromagnetic scattering.
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