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Abstract
While it is recognized that the Maxwell equations (MEs)

control the transport of electromagnetic energy in
particulate media (clouds, particulate surfaces, particle
suspensions), direct solutions of the MEs for such media
had been impracticable until quite recently. This has led to
the widespread use of the radiative transfer (RT) equation
in situations when its very applicability is questionable.
This situation has now changed owing to the development
of efficient computer solvers of the MEs applicable to
macroscopic multi-particle groups. In fact, a new branch of
statistical optics emerged several years ago wherein the
scattering of light (and other electromagnetic radiation) by
particulate media is modelled directly by using
numerically exact computer solutions of the MEs without
invoking any assumptions underlying the RT theory.

1 Introduction
By definition, a discrete random medium (DRM) is a

scattering object in the form of an imaginary volume V
populated by a large number N of particles in such a way
that the spatial distribution of the particles throughout the
volume is statistically uniform or quasi-uniform. Over
time, particle positions and states change randomly,
thereby resulting in random changes of the state of the
entire object. Typical examples of a DRM are clouds and
particle suspensions. In many cases a particulate surface
can also be modelled as a DRM, since even minute changes
of the source-of-light→ object→detector configuration
during the measurement are equivalent to multi-
wavelength shifts in particle positions and, in essence,
result in a stochastic scattering object. The volume packing
density of a DRM can vary from almost zero for a cloud to
more than 50% for a particulate surface.

Given their specific morphological traits and ubiquitous
presence, scattering objects in the form of a DRM deserve a
detailed theoretical study. Until recently, theoretical
computations of electromagnetic scattering by a DRM had
been based on ad hoc phenomenological approaches with
unknown accuracy and ranges of applicability. However,
recent advances in the development of direct computer
solvers of the macroscopic Maxwell equations (MMEs) and
the availability of powerful computers and computer
clusters have made possible first-principle modelling of
electromagnetic scattering by representative multi-particle
groups with arbitrary packing densities. This research has

brought the subject of electromagnetic energy transport in
densely packed DRMs into the realm of physical optics
and has unequivocally demonstrated the mesoscopic
origin of relevant optical effects [1].

2 Numerical solvers of the MMEs
The first studies of electromagnetic scattering by

densely packed, three-dimensional, random multi-particle
groups based on direct computer solutions of the MMEs
were based on the multi-sphere method (MSM) which is a
particular case of the superposition T-matrix method
(STMM) [2–5]. More recently, other techniques have been
used, such as the pseudospherical time-domain method
and its variations [6–9], the discrete-dipole approximation
[10–12], the finite-difference time-domain method [13,14],
and the hybrid finite element–boundary integral–
characteristic basis function method [15–17]. However, the
MSM and STMM remain the most frequently used
techniques [12,18–52]. Studies of two-dimensional DRMs
composed of parallel infinite cylinders have been based on
the multi-cylinder solution of the MMEs [53–57].

3 Specific applications
Among the most important results of the publications

referenced above are the following:
(i) Demonstration of the purely mathematical character of
frequency-domain electromagnetic scattering by multi-
particle groups [1,36];
(ii) Direct qualitative and quantitative validation of the
microphysical approach to radiative transfer and coherent
backscattering and its range of applicability [19, 20, 25, 28,
31, 33–36, 38, 41, 42, 44–46, 53–56];
(iii) Analysis of illumination by Bessel and Gaussian
beams [13, 15, 17, 34];
(iv) Quantitative analysis of packing density effects [2–4,
21, 27, 30, 38, 43, 46];
(v) First-principle interpretation of opposition phenomena
in planetary astrophysics [12, 27, 29, 39, 47, 49, 50, 52];
(vi) Biomedical applications [13, 14, 44].
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