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Because of the presence of strong molecular vibration bands, many common 
planetary surface materials, such as ices and silicates, are opaque in the 
thermal infrared (2-14 pm) region of the spectrum, even at relatively small 
particle sizes. Existing theories of radiative transfer in close packed media, 
typically derived for the transparent materials common in the visible and near 
infrared, assume that each particle scatters independently of its neighbors. For 
opaque particles, such as snow or quartz in the thermal infrared, this 
assumption is not valid, and these radiative transfer theories will not, in general, 
be accurate. A modification to standard radiative transfer theory, called 
diffraction subtraction, is proposed to account for the effect of close packing on 
the diffraction scattering cross section of large spheres. 

When particles are closely packed, the diffraction contribution to the scattering 
cross section is eliminated [I]. Therefore, the appropriate inputs for radiative 
transfer theory are not the Mie albedo and asymmetry parameter, but rather 
these quantities minus the diffraction contribution. In the large particle limit, this 
contribution is easily derived using Mie theory, geometrical optics and 
Fraunhofer diffraction theory. Mie theory is used for the single scattering portion 
of the calculation instead of Hapke theory because the index of refraction of 
quartz is generally not in the 1.2cnc2.2 window for which the Hapke theory is 
valid. With this diffraction subtraction modification, standard Mie theory-plus- 
radiative transfer accurately predicts the directional hemispherical reflectance 
(or directional emissivity) of large particulate samples (see figure 2). 

If Mie parameters are to be used in Hapke radiative transfer theory (which 
assumes isotropic scattering), then the diffraction subtraction approximation 
must be applied to account for diffraction scattering in the forward direction. 
This is especially true at Christiansen peaks, where almost all scattering results 
from diffraction and is in the forward direction(see figure 3). 
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Figure 1 Measured directional emissivity of 75-250 ym quartz grains. 
Emissivity always decreases with increasing exitance angle. 
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Figure 2 Calculated directional emissivity of large (75-250 ym diameter) 
quartz grains using Mie theory, diffraction subtraction, plus the doubling 
method. A Henyey-Greenstein phase function is used to approximate the actual 
phase function, and both sets of optical constants are included. 
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Figure 3 Calculated directional emissivity of 75-250 pm quartz grains using 
Hapke emittance theory with and without diffraction subtraction. 
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