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Introduction:  Modeling light scattering allows 

development of remote sensing of planetary sur-

faces. There are many approaches in the description 

of scattering by single particles of irregular shapes 

[1]. When the size of a particle is much larger than 

the wavelength of incident light, the ray-tracing 

technique based on the geometrical optics approxi-

mation [e.g., 2,3] is applicable. Planetary regoliths 

contain large particles of different shapes, and there-

fore, the ray-tracing approach may be applied limit-

edly to their study. The great advantage of the ray-

tracing approach is that it has almost no restrictions 

on particle shape. We use a computer ray-tracing 

technique to obtain phase curves of Mueller matrix 

elements Mik (i, k = 1…4) at light scattering by sta-

tistical ensembles of N-focal ellipsoids that general-

ize the so-called Maxwell particles [4]. Using 3-

focal ellipsoids suggests very effective algorithms of 

ray-tracing. We here present phase curves of M11  

Model and Results: Our computer modeling is 

based on Monte Carlo ray tracing, when a particle of 

a given shape and orientation is generated in com-

puter memory, and illuminated with a very large 

number of rays, typically 10
9
. These rays can be 

multiply reflected and refracted on their pass, and 

these interactions are described with the Fresnel and 

Snell formulas. We characterize the particle material 

using the refractive index m n ik= − , considering 

here n = 1.52 and k = 0. The shapes of particles, de-

fined by their surfaces, obeys the following equa-

tion: 
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 is the i-th focus. We study here the case 

when N = 3, i.e. 3-foci ellipsoids. This requires four 

parameters to describe a particle: the size parameter 

D and three distances between foci. Applying the 

equation for 3-focal ellipsoids allows us to use: (a) a 

very simple description of the shape, (b) the 

smoothed shape, (c) very simple calculation of the 

surface/ray intersection, (d) simple calculation of the 

normal in each point of the surface.  

We here calculate optical characteristics of 3-

foci particles with different kinds of symmetry and 

degree of nonsphericity, which can be characterized 

with the average eccentricity e that is defined as 
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. Ray-tracing allows us to 

analyze separately the phase dependences of differ-

ent orders of scattering. We designate single external 

reflection as “R”, transition through a particle as 

“TT”, entrance-reflectance-outgoing as “TRT”, etc.  

In Fig. 1 we plot phase curves of intensity, the 

element M11, for particles with different symmetry 

and level of nonsphericity. It is easy to see the rela-

tive role of each calculated scattering component 

and the evolution of phase functions with changing 

particle shape. For all particles, the backscattering 

surge is due to the TRT component. For particle 

with e=0.667 (Fig. 1) the TRT and TRRT compo-

nents are equal at small phase angles. In the middle 

angles the phase curve is formed by the TRT com-

ponent. With an increase of nonsphericity the maxi-

mum caused by the TRT rays is shifted to larger 

phase angles. The level of nonsphericity affects the 

contribution of the high scattered components to the 

resulting phase curve. At large phase angles, the 

total phase curve coincides with the transmission 

component. The phase curve of the asymmetric par-

ticle is prodused by TRT and TT components. The 

higher-order components contribute to small features 

at 30° and 60°.  

 
Figure 1. Phase curves of intensity and its scattering 

components (R, TRT, TR
2
T, and TR

3
T) for particles 

shown in the panels.  

Conclusion:  Our modeling shows that at small 

phase angles, scattering properties of irregularly 

shaped particles are significantly controlled by the 

component TRT. At large phase angles, the TT 

component dominates the others, as can be antici-

pated.   
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