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OPPOSITION EFFECT AND NEGATIVE POLARIZATION: LABORATORY STUDIES 
B. Hapke, U. of Pittsburgh, and R. Nelson, W. Smythe, V. ~harakanian, L. 
Horn, A. Lane, Jet Proplusion Lab. 

The opposition effect and negative polarization in the sunlight 
scattered by planetary surfaces have been used as tools of remote sensing. 
The traditional explanations for both phenomena (1; 2) have involved 
selective, mutual blocking and shadowing of rays within a regolith. 
However, such explanations have recently been cast in doubt by the discovery 
of the coherent backscatter opposition effect (CBOE) (see (3) and references 
therein for a review). Shkuratov (4) and Muinonen (5) have independently 
pointed out that the CBOE is anisotropic and can produce negative 
polarization. 

It is clear that if we are to have any confidence in the 
interpretations of observations of these phenomena, it is important that we 
understand their nature. Therefore, we have begun a comprehensive 
laboratory study of the opposition effect in polarized light. Media of 
different particles sizes and albedos are illuminated with polarized light 
and the, scattered light measured in the same and the orthogonal sense of 
polarization. Both linearly and circularly polarized light are used. We 
report here our preliminary results and conclusions from this ongoing study. 

In the following, the terms "expectedu and "unexpected" refer to the 
senses of polarization that would be produced if polarized light (either 
linearly or circularly) is specularly reflected at small phase angle. The 
polarization ratio is defined as the ratio of light scattered in the 
unexpected to that in the expected sense. The shadow-hiding opposition 
effect (SHOE) model primarily involves singly scattered light, which tends 
to preserve the expected sense; hence, in the opposition peak the circular 
polarization ratio LLC < 1 and decreases as the phase angle decreases. By 
contrast the CBOE model involves only multiply scattered light, which tends 
to preserve the unexpected sense, so that in the opposition peak pc > 1 and 
increases with decreasing phase angle. Thus, a measurement of pc allows the 
determination of which phenomenon is causing or controlling the peak. 

To date, four powders have been studied consisting of particles both 
much larger than and comparable to the wavelength, and of both high and low 
albedo. Their circular polarization ratios are shown in the figures. A 
brief discussion of each material follows: 

(1) Elemental S, particle size - 50 pm, high albedo at wavelength 
measured (630 nm), small opposition effect, negligible negative 
polarization, LLC < 1. Conclusion: no CBOE at angles > lo, in spite of much 
multiple scattering. 

(2) C0203, particle size - 30 pm, low albedo, strong opposition effect, 
strong negative polarization branch, pc < 1 and decreases with decreasing 
phase angle. Conclusion: opposition peak and negative polarization are not 
caused by CBOE, but probably by SHOE. 

(3) BaS04, particle size -03-3 pm, strong opposition effect, 
well-developed negative polarization, PC > 1 and increases with decreasing 
phase angle. Conclusion: opposition effect and negative polarization due to 
CBOE . 

(4) Elemental C, particle size 0.5-10 pm, opposition effect but no 
negative polarization, c < 1 but increases as phase angle decreases. 
Conclusion: mixture of SHOE and CBOE; SHOE limited because of small particle 
size and CBOE limited because of low albedo. 

In summary, the limited experiments we have conducted to date indicate 
that both SHOE and CBOE are able to cause an opposition effect and negative 
polarization. If the particles are large compared to the wavelength then 
SHOE dominates; if the particles are comparable to or smaller than the 
wavlength then CBOE dominates. Which process dominates in the light 
scattered from solar system bodies remains to be determined. 
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