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ABSTRACT

The rapid development of the method of physical optics dictates the need for an adequate assessment of the lower limit
of applicability of this method. It is generally accepted that the method is adequately applicable to particles larger than
10 pm, but no detailed studies have been carried out so far due to the high computational complexity of the exact
numerical methods required to obtain reference solutions.

This paper presents the results of a comparison of solutions obtained by the method of physical optics with the
Discontinuous Galerkin Time Domain method. The incident radiation wavelength was taken to be 0.532 pm, the
refractive index was 1.3116, and the particle size was 20 um. A particle of a random polyhedral shape with a random
orientation in space was considered.
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1. INTRODUCTION

The rapid development of the method of physical optics over the past few decades has made it one of the main methods
for solving the problem of light scattering by particles of large atmospheric aerosol for the problems of interpreting data
from laser sounding of the atmosphere [1-16]. At the same time, the physical optics method is by its nature an
approximate numerical method, and its accuracy decreases with decreasing particle size [17-20]. It is generally accepted
that the method is adequately applicable to particles larger than 10 um. At the same time, proper studies on the lower
limit of the applicability of this method have not yet been carried out, since such a large non-spherical particle practically
cannot be calculated by well-known exact numerical methods, such as the method of discrete dipoles [21-23] or finite
differences [24-26].

This paper presents the results of a comparison of solutions obtained by the method of physical optics with the
Discontinuous Galerkin Time Domain method [27]. The incident radiation wavelength was taken to be 0.532 pm, the
refractive index was 1.3116, and the particle size was 20 um. A particle of a random polyhedral shape with a random
orientation in space was considered. The scattering cross section for the chosen spatial orientation was 669.2 pm®.

2. THE RESULT OF CALCULATIONS

The particle shape is shown in Figure 1. The calculation results are shown in Figures 2-5.
Scattering (Mueller) matrices were normalized according to the following normalization

27 [ F,\(0)sin0do =1, M
0

where F is the first element of scattering matrix, @ is the scattering angle.

The results of the numerical calculation showed that when light is scattered by particles of arbitrary shape in the
backscattering direction a peak of coherent backscattering is observed (Fig. 2-3). This peak is the result of the
interference of two reciprocal optical beams, which always have the same optical length. The appearance of a pair of
reciprocal beams is shown in Fig. 1.
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Figure 1. The particle shape. Here the cross sections of geometric-optical beams, which make the main contribution to
backscattering, are highlighted in color.
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Figure 2. The first element of the scattering matrix F; and the degree of linear polarization p calculated by the method of
physical optics (PO) and the Discontinuous Galerkin Time Domain method (DGTD).
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Figure 3. The same as Fig. 2a, but in the vicinity of the forward and backward scattering directions.

The calculation results also showed that the angular width and intensity of this coherent peak are the same for both
used methods, which confirms the possibility of using the physical optics method for such particles.

Figures 2 and 4 also show the degree of linear polarization. It can be seen from the figures that in the range of

scattering angles of 177-180°, a distinct peak of negative polarization is observed. The angular width and absolute value
of this peak also agree well when calculated by both methods.
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Figure 4. Dependence of the degree of linear polarization on the scattering angle.
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Figure 5. Comparison of the solutions in the vicinity of the backscattering direction for a fixed spatial orientation.
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Figure 5 shows the interference pattern calculated by both methods in the vicinity of 30 degrees from the
backscattering direction for the case of a single fixed spatial orientation, in which a strong coherent peak is observed.
The comparison results show adequate agreement between both numerical methods.

3. CONCLUSIONS

The obtained results show good agreement between the methods. It is worth noting that the coincidence of the results for
a single spatial orientation does not have to be absolutely perfect. When the solution is averaged over all possible spatial
orientations, the coincidence should improve significantly. However, it is not possible to obtain such a solution by the
Discontinuous Galerkin Time Domain method due to its high computational complexity.

It is also worth noting that the coincidence of solutions is noted not only in the vicinity of the forward and backward
scattering directions (Fig. 3), but also at scattering angles of 40, 90 and 130 degrees (Fig. 2). The degree of linear
polarization also shows good agreement (Fig. 4). It is important to note that the diffraction patterns also coincide well in
the vicinity of backscattering (Fig. 5).

Thus, the results of the study showed that the method of physical optics can be reliably applied to solve the problem
of light scattering by particles with a characteristic size of more than x =2nL /A =271-20/0.532 ~230.
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