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We are interested in the scattering of time-harmonic waves in infinite complex media.
The complexity of the media comes from the nature of the equations (Maxwell’s or elasticity
equations), its physical characteristics (periodic or anisotropic coefficients) and/or even
its geometry (infinite 2D or 3D media or 3D plates). Solving time harmonic scalar waves
equations in infinite homogeneous media is an old topic [1] and there exist several methods.
They are all based on the natural idea of reducing the pure numerical computations to a
bounded domain containing the perturbations (achieved using for instance Finite Element
methods), coupled with, for example, integral equation techniques, transparent boundary
conditions involving Dirichlet-to-Neumann operators or the PML techniques. However it
seems that all these methods either do not extend to complex media or do extend but with a
tremendous computational cost.

By contrast, our method is based on a simple and quite general idea: the solution of
halfspace problems can be expressed thanks to its trace on the edge of the half-space,
via the Fourier transform in the transverse direction in the homogeneous case or via the
Floquet-Bloch Transform in the periodic case. The idea in 2D is then to split the whole
domain into five parts:

• a square that includes the defect (and all the inhomogeneities) in which we will use a
Finite Elements representation of the solution,

• and 4 half-spaces, parallel to the four edges of the square in which the medium is ”not-
perturbed”, i.e. homogeneous or periodic.

We have then to couple the several integral representations of the solution in the half-spaces
with a Finite Element (FE) computation of the solution in the square. By ensuring that
all these representations match in the intersections, we end up with a system of equations
coupling the traces of the solution on the edges of the half-spaces with the restriction of
the solution in the square. In the case of a dissipative medium, the continuous formulation
is proved to be coercive plus compact, and the convergence of the discretization is ensured [2, 3].

In this presentation, we present the method and its analysis on a toy problem and we
will explain how it extends to more complex situations.
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