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ABSTRACT
The physical optics approximation was used to
solve the light scattering problem of large dust
particles with irregular shape. The comparison
between the physical optics approximation and the
DDA method was made for particles with
volume-equivalent size parameters of 44.21. A
full light scattering matrix (Mueller matrix) was
calculated for particles with volume-equivalent
size parameters from 44 up to 220 for two
wavelengths: 0.532 and 1.064 μm. The
dependences of the lidar and depolarization ratio,
and extinction coefficient on the number of spatial
orientations of the particle were obtained. It was
shown that the elements of the light
backscattering matrix obey power laws.

larger than the wavelength, it suffices to show its
applicability for particles with smaller sizes and
thus define the lower limit of its applicability.
Further, for any larger size accuracy will not be
worse. In this report, the particle with the volumeequivalent size parameters x = 44.21 was chosen
as the minimum size. There

1. INTRODUCTION

Comparison of the solutions using the ADDA [2]
and the PO [3] is presented in Figs. 1 and 2. It can
be seen that the solutions agree well with each
other. However, in the exact backward scattering
direction, the solution essentially depends on the
number of orientations.

Since the interpretation of the lidar signal is the
inverse light scattering problem, it requires the
calculation of the light scattering properties of the
particles. In the case of large dust particles with
realistic irregular shapes, the calculation of the
scattering of light becomes a non-trivial task. This
is due to the fact that the requirement for
computational resources of numerical exact
methods (FDTD, DDA) increases significantly
with increasing the particle size. In this report,
dust scattering properties are obtained within the
framework of the physical optics approximation
(PO), which has worked well for the solution of
the light scattering of large atmospheric ice
particles. The computational complexity of the PO
does not increase with increasing the particle size,
on the contrary, the larger the particle, the more
accurate the approximation.
2. NUMERICAL RESULTS
Since the physical optics approximation provides
satisfactory results for particles with size much

x  2 rv /  , rv  3 3V / 4 ,
where rv is the volume equivalent radius of the
particle and V is volume of the particle. The PO
calculations are performed for two lidar
wavelengths of 0.532 and 1.064, and the refractive
index was chosen as m = 1.48+i0.0 and m =
1.6+i0.0, respectively. The particle shape was
taken from [1], shape F.

Due to the requirements for computing resources
of the ADDA code, it was possible to obtain a
solution only for 288 orientations. The physical
optics approximation is much faster, so we
analyzed the dependence of lidar characteristics
on the number of particle orientations using the
PO, see Fig. 3. Figure 3 shows that the lidar and
depolarization ratios essentially depend on the
number of orientations, and in this case there is no
convergence even at 4608 orientations, despite
this fact, 72 orientations are sufficient to correctly
calculate the extinction coefficient. Nevertheless,
based on the estimation of [4], we believe that
4608 orientations are quite enough. Here we mean
special averaging over only two Euler angles β
and γ, averaging over the third Euler angle α is
performed analytically.
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It should be noted that the PO is an iterative
method. At the first iteration, the solution is found
only for external specular reflection, then it is
refined at each iteration, see [5] for details. The
convergence of the method on the number of
iterations is presented in Fig. 4.

scattering direction on the particle size. We see
that the interference oscillations are not significant
and can be neglected (see Fig. 6), which allow us
to increase the step of the particle size
incrementation. Solution for particles with sizes
from 40 up to 220 is presented in Fig. 7.

Figure 1. Elements of the Mueller matrix for a
randomly oriented dust particle calculated within
the physical-optics approximation and discrete
dipole approximation for 0.532 μm.

Figure 2. The same as Fig. 1, but for 1.064 μm.
Generally speaking, with a doubling in size it is
necessary to increase the number of orientations
four times. Therefore, the calculation for size
x = 200 requires 115200 orientations.

For the calculations, we chose 7 iterations of the
PO and 4608 special orientations. Figure 5 shows
the dependence of the M11 element of the light
scattering matrix in the vicinity of the backward

However, Fig. 8 clearly shows that the solution in
the exact backscattering direction, that is
important for the lidar application, can be well
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in the exact backscattering direction obeys power
laws, as was shown for atmospheric ice crystals,
which significantly simplifies the solution of the
problem.

approximated by power functions similar to ice
particles, see [6] for details. Note that this is
shown only if we neglect the absorption effect.
When the absorption is taking into account the
approximation can change.

Figure 4. Element of the Mueller matrix
depending on the number of iteration.
Figure 3. The lidar and depolarization ratio, and
extinction coefficient vs. number orientations.
3. CONCLUSION
Thus, it is shown that the physical optics
approximation can be efficiently used to solve the
problem of light scattering of large dust particles
with arbitrary shape. The only condition is that the
particle has to be faceted. This solution does not
take the absorption effect into account for
simplicity. The physical optics approximation
significantly exceeds the exact numerical methods
in speed. The results presented in the report are
obtained on a desktop computer. It is also shown
that the interference oscillations are not significant
in case of dust aerosol particles; and the solution

Figure 5. The interference oscillation of the first
element of the Mueller matrix in the
backscattering direction.
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Figure 6. The interference oscillation

Figure 8. The elements of the Mueller matrix at
exact backscattering direction.
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Figure 7. The elements of the Mueller matrix for a
dust particle with size from 40 to 220.
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