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SKIN EFFECT IN ELECTROMAGNETISM AND ASYMPTOTIC
BEHAVIOR OF SKIN DEPTH FOR HIGH CONDUCTIVITY

G. CALOZ, M. DAUGE, E. FAOU, AND V. PERON

ABSTRACT. We study a three-dimensional model for the skin effect in electromagnetism, [1,
3, 4]. The 3-D case of the Maxwell equations in harmonic regime on a domain composed of a
dielectric and of a highly conducting material is considered. We derive an asymptotic expansion
with respect to a small parameter related to high conductivity. This expansion is theoretically
justified at any order. The asymptotic expansion and numerical simulations in axisymmetric
geometry exhibit the influence of the geometry of the interface on the skin effect.

We first prove uniform a priori estimates for a scalar transmission problem with constant
coefficients on two subdomains, when the ratio between these coefficients is large. Then, we
prove uniform a priori estimates for Maxwell transmission problem, [1, 4]. The technique is
based on an appropriate decomposition of the electric field, which gradient part is estimated
thanks to the first part. Next, we derive a multiscale asymptotic expansion for the solution of
the harmonic Maxwell equations, with a regular interface between them. With the help of the
uniform estimates, we prove the convergence of the asymptotic expansion as the conductivity
tends to infinity. To measure the skin effect, we introduce a suitable function defined on the
interface and generalizing the classical skin depth. We prove an asymptotic expansion at high
conductivity for this function, which demonstrates the influence of the geometry of the interface
on the skin depth, see [2].
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