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Abstract

In many engineering applications the interaction between the electromagnetic field and moving bodies is of great
interest. It is natural to use a Lagrangian description, where the unknowns are defined on a mesh which moves
and deforms together with the considered objects. What is the correct form of Maxwell's equations and the mate-
rial laws under such circumstances? The aim of the present paper is to tackle this question by using the language
of differential forms.

We first provide a review of the formulations of electrodynamics in terms of vector fields, as well as differential
forms in the (1+3)- and four-dimensional setting. In order to keep both Maxwell's and the constitutive equations
as simple as possible, we set up two reference frames in addition to the laboratory frame. In the natural material
frame, the (1+3)-Maxwell's equations have their simple form, whereas in the co-moving inertial frame, the mate-
rial laws are canonical.

It remains to construct transformation laws connecting the considered frames. To achieve this, we use a (1+3)-
decomposition in terms of general projection operators which do primarily not depend on an underlying metric or
on the choice of a spatial coordinate system. The desired transformation laws are established by comparing the
different decompositions of an arbitrary p-form with respect to the considered frames. We provide an interpreta-
tion of these laws in terms of vector fields, and consider the low frequency limit, which is the most relevant case
for an implementation into numerical codes.



