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Field equations in continuum are based on the concept of Representative Volume
Element (RVE), where material properties at each point of a continuum are based
on the homogenized response of material within the RVE. Many conditions are
stipulated on the existence and size of RVEs, including that its size must be
sufficiently larger than microstructural inhomogeneities and smaller than
macroscopic domain size. In many applications, however, using deterministic
values based on RVE homogenization is not reasonable. In such conditions,
constitutive equations take a stochastic form where material properties are random
fields. This result in stochastic partial differential equations (SPDEs) with
interesting physics in many wave propagation problems such as elastodynamics,
acoustics, and electromagnetics.

We present a Time Domain Discontinuous Galerkin (TDDG) approach for the
solution of SPDEs in electromagnetics that assume electric permittivity to be a
random variable. Instead of using microscale homogenization techniques, e.g.
homogenization based on statistical volume elements (SVEs), we assume a
statistical form for permittivity. In addition, by assuming permittivity to be
isotropic (an assumption appropriate in many applications), there is only one
random field, permittivity, for the problem. We use Karhunen-Loeve (KL)
approach to generate random fields consistent with the underlying statistics, first
and second statistical moments, of permittivity field. Subsequently, we simulate
the realized random fields by the asynchronous Spacetime Discontinuous
Galerkin (aSDG) method for scattering and propagation problems. By using a
non-intrusive approach, e.g. collocation or Monte Carlo finite element methods,
we propagate randomness from material properties to the signal measured at a
receiver from a source point and investigate the functional dependence of the
material statistics on the EM field statistics. Similarities and differences between
our results and those based on perturbation approach are pointed out and
discussed.



