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Abstract. We will present our last results on the theoretical and computational solutions of
a certain Maxwell’s equation that arises in physics of plasmas.

Reflectometry is an electromagnetic probing process for fusion plasmas, see [1]. For ITER
project [5], numerical simulations are required before performing any experiment. Since the
volume of ITER reactor is expected to be 840 cubic meters, physicists need efficient numerical
methods to be developed instead of the current finite different schemes they are currently
using. Reflectometry is modelled by Maxwell’s equation with a specific dielectric tensor. This
equation split into two different propagation modes, namely ordinary (O) and extraordinary
(X). The O-mode equation is Helmholtz equation with a smooth vanishing coefficient. The
X-mode equation is much more tricky, and known in the physics community to have a singular
solution. We theoretically studied this equation in [3] We were able to define a singular solution,
obtained via a limit absorption principle.

The numerical methods we developed in [4] for reflectometry, based on an ultra-weak vari-
ational formulation [2], are adapted to the main unusual feature of these equations : the coef-
ficients vanish smoothly at some points, called a cut-off. This makes any standard plane wave
method irrelevant since the local wave number vanishes at the cut-off. We designed generalized
plane wave basis functions to overcome this problem and achieve high order convergence, the
order being linked to order of approximation of the coefficient. They are in fact exponential of
polynomials, and the polynomials coefficients are fitted to ensure that the function approxi-
mates a solution of the homogeneous equation, which is required by the ultra-weak variational
formulation.

We will explain precisely the design process for these basis functions and the main interest
of such basis functions, including approximation properties.
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