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An adequate theory of thermal emission from planetary 
regoliths presently does not exist. However, such a theory 
is important both for the interpretation of spectral 
emissivity measurements in the thermal IR and for assessing 
the effects of thermal radiation on near IR spectral data, 
such as will be obtained from NIMS and VIMS types of 
spacecrdft instruments. In this work the analytic theory of 
reflectance developed previously by the author (1) is 
extended to include the effects of thermal emission from a 
particulate medium, using the same assumptions and analytical 
methods. 

In the equation of radiative transfer, each regolith 
particle is assumed to scatter light according to a phase 
function p ( g )  and also to emit thermal radiation according to 
GS(A,T), where ~ ( h )  is the emissivity, S is the Planck 

blackbody function P = 2hcjA ( e  k'hT-l), h is PlanckTs 
constant, c is the speed of light, A is the wavelength and 
T(z) is the temperature. It may be shown that ~ ( h )  = Qa(A), 

the spectral absorption efficiency of the grain. The thermal 
emission function is allowed to vary exponentially with 

depth, B ( z )  = B +23 e 
0 1 -'It, where t is the thermal scale 

height. 
Using a modified two-stream technique with collimated 

source (11, and correcting for shadow-hiding (21, the 
radiance (power per unit area per unit solid angle) emerging 
from the surface of the regolith is given by: 

In this equation, i is the angle of incident light with 
respect to the normal to the surface, e is the angle of the 
emergent radiation, g is the phase angle, J ( h )  is the 
incident illuminance, w(h) is the average single scattering 
albedo of the regolith particles, po = cosi, p = cose, B is 

the opposition effect (2), B(g) = ltBo/llttan(g/2)/hl, Elo is 

the amplitude of the opposition effect and h is its angular 
width (related to the porosity and particle size distribution 
in the regolith), H ( y , x )  = (1+2x)/(lt2yx), y = J(l-w), and 4 
= nCQ,t is the ratio of the thermal scale height to the 

extinction length in the medium, where n is the number of 
particles per unit volume, C is their mean cross-sectional 
area and Qe is their extinction efficiency. 
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Equation (1) is the radiance that would be measured by 
an orbiting or flyby spacecraft close to a planet. 

In equation (1) the first term on the right is the 
diffusely reflected radiance (1). The secvrld and third terrrls 
are the thermal radiance. If the temperature is constant 
then B1 = 0 and Bo is the Planck function corresponding to 

- 
that temperature; thus, the directional emissivity is 
6 
d i ~  = YH(Y,c.'). (2) 

Integrating equation (1) over all upward-going 
directions gives the hemispher i ca l ly - in t eq ra t ec j  flux (power 
per unit area) : 

where ro(h) = (1-y)/(l+y) is the bihemispherical reflectance 

(1). 
Equation (3) is the quantity that would be measured 

experimentally in an integrating sphere type of 
configuration. The quantities of this equation are the ones 
that should be used in calculations of local radiative 
equilibrium on the surface of a regolith-covered body of the 
solar system. 

In equation (3) the first tern1 on the right is the 
directional-hemispherical reflectance, while the second and 
and third terms describe the hemispherically-emitted thermal 
radiation. If the temperature is constant, S1 = 0; since the 

hemispherically integrated radiation from a black body is 
nB(h,T) = n 8  the hemispherical emissivity is seen to be 

0 ' 
6 = 1-1 . 
hemi o ( 4 )  

The radiative equilibrium temperature of a planetary 
regolith is given by 

where S is the solar constant at 1 AU, D is the distance to 
the sun in AU, 0 is the Stefan-Boltzmann constant, yvis is 

the average bolometric albedo parameter of the soil 
integrated over the solar spectrum, and yIR is the average 

soil albedo parameter integrated over the blackbody thermal 
spectrum. 
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