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CAN COHERENT BACKSCATI'ERING PRINCIPLES FORM THE BASIS OF A 
NEW REMOTE SENSING TECHNIQUE FOR MEASURING PARTICLE SIZE IN A 
PLANETARY REGOLITH?; Robert M.  els son', Bruce W. ~ a ~ k e ~ ,  William D. smythel, 
Linda J. ~ o r n ' ,  ' ~ e t  Propulsion Laboratory, Pasadena, CA 91109, 2 ~ e p t .  of Geology and 
Planetary Science, Univ. of Pittsburgh, Pittsburgh, PA 15260. 

Coherent backscattering has been suggested as a contributor to the opposition effect 
observed in planetary regoliths and in particulate materials studied in the laboratory (Hapke, 1990 
[I] and Muinonen, 1990 121). Hapke discusses specific behavior for the reflected component of 
polarized monochromatic light incident on a particulate surface [I]. We performed goniometer 
measurements of the angular scattering properties of particulate materials under illumination by 
monochromatic light. We found behavior that is consistent with the hypothesis that coherent 
backscattering is the principal contributor to the opposition effect (Hapke et al., 1993 [3], Nelson 
et al., (1995) [4]). We have observed this in chemically homogeneous powders as well as natural 
substances including lunar samples. 

We have measured the phase cures from 0.2" to 5" of 12 samples of A203 powder (0.05 pm 
< D < 30.09 pm) and 11 samples of industrial diamond (0.1 pm < D < 54 pm). Each sample was 
presented with both senses of linear and both senses of circular polarization. The reflected light 
was analyzed in both senses of linear and both senses of polarization. In all cases the source was 
a HeNe laser of wavelength 0.633 pm. We find that the bi-directional reflectance of both 
materials reaches a maximum when WD =l.  In addition we find that the difference between the 
circular polarization ratio measured at 0.3' and 5" reaches a maximum when WD=l. Theoretical 
studies of the properties of both sparse and densely packed media predict a half widthlhalf 
maximum of the phase curve to be greatest when UD=l (Nelson et al. 1995 [5]). Our 
experiment does not permit us to make measurements at zero degrees phase and therefore we are 
unable to compare our results directly with theory. However, our experimental results for the 
circular polarization ratio and the bi-directional reflectance show a similar maximum as a fbnction 
of Dlh (Fig. 1 and 2). 

If fbrther experimental studies confirm that this behavior is a general property of particulate 
surfaces then it is possible to conceive of a new type of remote sensing instrument which could 
measure the particle size distribution of a planetary regolith. The instrument might utilize a 
tunable laser and necessary optical components such that the reflected circular polarization ratio 
could be measured from a distance. 
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Figure 1: Change in the bi-directional reflectance at 5" as a fbnction of particle size for two 
materials A1 2 0 3  (+) and diamond (0) .  In both materials the maximum in bi-directional reflectance 
is at the wavelength of the monochromatic light source (h = 0.633 pm. 
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Figure 2. Change in the difference (0.3" - 5.0") of the circular polarization ratio as a fbnction of 
particle size for two materials. A1203 (+) and diamond (m). In both materials the maximum 
difference is at the wavelength of the monochromatic light source (h = 0.633 pm). 
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