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Abstract
We simulate numerically light scattering by random

irregular particles of two classes of shape: Gaussian
random field particles and agglomerated debri particles.
Comparison of the angular dependencies of the scattering
matrix elements for the case of non-absorbing material
shows qualitative similarity of optical properties of both
types despite different morphology of scatterers.
Absorbing particles result in the difference in linear
polarization. However, a strong similarty remains for the
intensity curves.

1 Introduction
Numerical simulation of light scattering by realistic particles

is a problem that has many scientific and industrial applications.
In practice one has to deal with isolated grains or powders
consisting of particles that have random irregular shape.
Examples are natural and artificial aerosols, soils, planetary
regoliths and cosmic dust.

Very often spheres, ellipsoids and other regularly shaped and
symmetric forms are used in numerical simulations to
approximate more complicated shapes (e.g., [1]). This may,
however, introduce unacceptable errors. Random irregular
model shapes that are much closer to reality can also be
considered. Usually they require larger computational resources
but their obvious advantage is their realistic geometry and,
either for grains or agglomerated clusters, one can avoid shape
approximations.

There exist different classes of random shapes that can be
generated numerically, e. g. prisms with random lengths of the
diagonals, roughly faceted ellipsoids or random spheres with
fluctuations of their radius and so on (e.g., [2,3]). The key
problems here are generation algorithms and numerical
description of particles.

In this work we study scattering properties of particles of two
classes of random shapes using  numerical simulations. First
class is the so-called agglomerated debris particles (ADP) [4,5]
(Fig. 1a) that have porous structure. Second class is Gaussian
random field particles (GRF) [2,]. This type of shapes represents
solid shapes (Fig. 1b) that are very similar to compact grains of

different minerals that can be found in nature. We studied light
scattering properties of GRF particles in the geometrical optics
approximation [2,6,7] and recently with wave optics using
Discontinuous Galerkin Time Domain method (DGTD) [8].
Here we also use DGTD for this class.

Figure 1 Examples of particle geometries: a) agglomerated debri
particles, b) Gaussian random field particles.

2 Model desription
The algorithm for generation of agglomerated debris

particles is discussed in [4,5]. The key features of ADPs are
their irregular morphology and fluffy structure. Examples
of such particles are shown in Fig. 1a and they also can be
found in [4,5].

We use the discrete dipole approximation (DDA)
method to calculate light scattering by the ADP particles
(e.g., [9]). In the DDA, the scatterer is discretized on a cubic
lattice. Each point is assigned the optical properties of the
particle, and the spacing between lattice points is
sufficiently small that each element of the lattice can be
considered as an electric dipole. The total scattered field is
the superposition of the scattered fields from all the
dipoles in the system. Using the DDA algorithm, the light
scattering from an arbitrarily shaped particle may be
found.
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To generate model GRF particles we use a method based on
the utilization of a 3-D random field with Gaussian probability
density and correlation functions. It is discussed in [2,7,8].
Tuning the algorith parameters one can obtain compact shapes
that are similar to solid mineral grains (Fig. 1b). For the
application of the DGTD method the interfaces on particles are
represented by sets of trianglar facets (200-300 facets per particle)
that can be easily placed in the unstructured mesh of the
computational domain. DGTD is a relatively new numerical
method [10,11] that has proved its efficiency in different optical
applications where Maxwell equations are solved for large-scale
structures [8]. It is based on unstructured meshing that perfectly
suits for arbitrary shapes and allows local mesh refinement for
flexible control of the mesh resolution.

We take also a fixed size parameter for particles
X = πd/λ where d is the particle size (measured along the
largest dimension of a particle) and λ is the wavelength.
For all results it equals 50 which is a relatively large size
for numerical simulations in terms of computer resources.

3 Results and discussion
Below we present and discuss the results of our simulations

for two types of shapes of particles. We consider two materials
expressed through two complex refractive indices, m = 1.313 + 0i
which corresponds to water ice and and an absorbing material
with m = 1.313 + 0.1i. The results are averaged over many
samples, N = 500 for ADP and N = 300 for GRF. For each sample
the curves are averaged also over 180 scattering planes along the
incidence direction.

Fig. 2 shows angular dependencies of six non-zero matrix
elements calculated for an ‘icy’ material with complex refractive
index m = 1.313 + 0i. We note surprisingly good agreement
between such morphologically different particle sets for all
matrix elements. One can assume that in a non-absorbing

material the process of random electromagnetic scattering does
not „feel“ the shape of the scatterer. It is just strongly stochastic
and averaging over samples of two kinds results in similar
solutions. In the intensity (F11 the curves are normalized at 0°) we
see, however, an expected difference at scattering angles < 90°.
The curve corresponding to porous ADP particles is more
smooth in this range which indicates diffraction and scattering
on the constituent elements of such particles which broaden the
curve. At the same time compact GRF particles act at this size
parameter more like a lens and simply refract the incident ligth
in forward direction.

In the polarization (-F12/F11) all typical features are
reproduced for both types of shapes. First of all, this regards the
positive polarization maxima. We expected them to be sensitive
to the morphology of particles. However, their levels and
positions almost coincide.

Again we see the evidence of forward refraction by GRF
particles expressed in the stronger negative polarization at the
angles smaller than 60. We note also a stronger depolarization
ability for ADPs (F22/F11) which can also be attributed to their
cluster-like morphology.

The other curves in Fig. 2 (F33/F11, F34/F11, F44/F11) are also very
close to each other and do not show any significant difference
between the shape classes.

The situation significantly changes if we introduce
absorption in the material (Fig. 3) The complex refractive index
m = 1.313 + 0.1i at the size X = 50 makes a compact GRF particle
opaque so that the light interacts mostly with the external
surface and gets reflected. The fraction that penetrates the
particle is almost totally absorbed. This is seen very well in the
polarization panel (-F12/F11) where polarization curve looks like
the one corresponding to simple Fresnelian reflection with
maximum at Brewster angle. This is an indication of external
reflection that dominates all other mechanisms. The positive
maximum for ADPs is noticably lower than 100% and is shifted
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Figure 2 Non-zero elements of scattering matrix calculated for GRF (solid lines) and ADP (dashed lines)  particles (all
averaged over samples) at X = 50, m = 1.313 + 0.0i.
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towards larger scattering angles. This is an evidence of scattering
by smaller building blocks of theADP particles.

The intensity curves are very close for both classes. They are
not influenced by the scattering component correponding to the
internal wave propagation that must be different for each kind
of shape as we see this in the non-absorbing case.

The depolarization power (F22/F11) for absrbing particles of
both types is insignificant. There is, however, a difference in
F33/F11and F44/F11.

Following our results we can conclude the following. Non-
absorbing material obviously leads to a stochastic field
distribution in particles. As a consequence, we observe very
similar angular profiles of the scattering matrxi elements. This
means that in practice, measuring scattering matrix elements at
single wavelength one can hardly distinguish the morphology
of transparent particles if they have similar refractive indices,
whether the particles are compact (GRF) or they are porous
agglomerates (ADP). Therefore multiwavelength
photopolarimetry must be used if morpohology of particles is of
interested.

For highly absorbing compact particles with X = 50
external scattering becomes dominant that results in
almost 100% positive polarization whereas porous ADPs
show results of scattering by structures of smaller scales.
However, intensity curves remain similar in this case.
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Figure 3 Non-zero elements of scattering matrix calculated for GRF (solid lines) and ADP (dashed lines)  particles (all averaged
over samples) at X = 50, m = 1.313 + 0.1i.
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