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Introduction: For three decades we have measured 
the reflectance and polarization properties of particu-
late materials that simulate planetary regoliths. We 
have emphasized Aluminum Oxide (Al2O3) powders 
because these simulate the regoliths of atmosphereless 
solar system bodies (ASSBs), particularly the outer so-
lar system icy satellites of the Jovian and Saturnian sys-
tems [1, 2]. The instruments used for this work are two 
goniometric photopoarimeters (GPPs) of unique design 
that are located at the Department of Earth Sciences and 
Astronomy at Mount San Antonio College in Walnut 
CA, USA. The goal of this research is test photometric 
theory, and how theory compares to the reflectance and 
polarization properties of remotely sensed ASSBs from 
the telescope or by spacecraft, and simulations of 
ASSB surface materials in our laboratory. Our recent 
work appears to have relevance to discussions of 
Earth’s changing climate [3, 4]. 

The Improved Goniometric Photopolarimeters: 
Our GPPs employ a new technique to measure the re-
flectance and polarization phase curves of candidate 
regolith materials. The polarization of the light pre-
sented to the sample is controlled and no analyzers lo-
cated between the sample and the detector. This use of 
the Helmholtz Reciprocity Principle produces results 
identical to those found in previous measurements. 
Fewer optical surfaces in the light path significantly im-
proves signal to noise [3]. 

Results: The Reflectance Phase Curves are char-
acterized by a very sharp, high reflectance, opposition 
peak with reflectance rapidly decreasing from 
0.05˚<θ~<3˚ transitioning to a gradual, linearly de-
creasing reflectance from ~5-10˚, and a non-linear de-
crease beyond ~10˚. For our 13 Al2O3 particulate sam-
ples that simulate a highly reflective water-ice ASSB 
regolith, the reflectance phase curves (normalized at 5˚) 
are shown in Fig. 1. These can easily be described by 
the expression (PSIMTSAC1): 

y = cos(α/2)(a · ebα + c · edα) 
where α is solar phase angle and a, b, c, and d are least-

squares fitting constants. 
   Results: The Polarization Phase Curves for the five 
smallest particle sizes are shown in Fig 2. Size fractions 
of radius less than or comparable to the wavelength of 
the incident light are characterized by a very strong de-
crease in polarization from θ=0.05˚ to ~1˚. A polariza-
tion minimum occurs between 1˚ and 2˚ (depending on 
particle size). After the minimum is reached, the polar-
ization increases, reaching a crossover point between 
12˚ and 20˚ (estimated), depending on particle size. The 
smallest particle sizes exhibit the lowest polarization 
minimum. The polarization phase curves can be de-
scribed as (PSIMTSAC2): 

/(1 exp( ))pc
p pP a bα α= − +  

where ap, bp, cp
 are fitting constants. 

The Interesting Applications: Al2O3 and H2O(s) both 
have hexagonal crystal structures. The curves in Fig 2 
are remarkably similar to astronomical observations of 
Europa [4], suggesting that Europa’s icy regolith may 
be fine-grained and highly porous. 
   This work suggests an interesting terrestrial applica-
tion perhaps relevant to geo-engineering efforts to mit-
igate Earth’s changing climate, particularly to the ap-
plication of atmospheric aerosols to accomplish solar 
radiation management (SRM) [5]. 
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Fig. 1. Reflectance phase curves for the 13 Al2O3 samples of this 
study normalized at 5˚. From the bottom to top 30.09, 22.75, 12.14, 
7.1, 5.75, 4.0, 3.2, 2.1, 1.5, 1.2, 1.0, 0.5, and 0.1 µm respectively.  
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Fig. 2 Polarization Phase Curves of the five smallest Al2O3 par-
ticle size fractions, displaced vertically by 1%. The solid line is 
a linear least square fit to the data of PSIMTSAC2 function. 
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