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Introduction:  Small-scale topography is key to 

characterizing surface morphology and geological 
processes on asteroids and comets as well as on pla-
nets. Such small bodies are often irregular in shape, 
and numerical calculations of surface gravitational and 
centrifugal potential as well as surface effective gravity 
are essential for studying the sedimentation and mass 
motion of surface materials. Evidence of such 
processes is found on all small bodies observed to date 
at sufficient resolution. For the two asteroids Eros and 
Itokawa, studied from rendezvous, the measured gravi-
ty field is consistent with a body of constant density.  

Werner and Scheeres [1] introduced an exact me-
thod for calculating the gravitational potential of con-
stant-density, polyhedral bodies as a sum over surface 
polygon faces and another sum over polygon edges. 
While this potential calculation is exact for polyhedral 
bodies, the polyhedral shape model is itself an approx-
imation, as is the constant density assumption. For 
application to Eros and Itokawa, we have used a simp-
ler, approximate method for calculating the effective 
potential and effective gravity of a small body, sum-
ming over faces of shape models in which the surface 
is tessellated into triangular plates [2,3].. Here we use 
various high-resolution, polyhedral shape models of a 
spheroid, Eros, and Itokawa to make quantitative com-
parisons of the accuracy of the effective potential and 
gravity calculated from the exact polyhedral method 
[1], the approximate method [2], and a spherical har-
monic method applied outside the body. We also com-
pare the computational burdens for these methods. 

Calculation Method: The plate models are poly-
hedral shape models with triangular faces whose ver-
tices are control points on the surface. The vertex vec-
tors are , with m 1, … , vertex number.  

The plate centroids, where plate n is made from 
vertices i, j, k, are defined by the vectors 

  
3 , 1, … , plate number 

Outward normal vectors are defined for each plate, 
such that each has length equal to twice the plate area, 

  
where again n is the plate number index. 

The gravitational potential is a sum over plates [2] 
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The gravity acceleration is also a sum over plates 
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If the field point is at a plate centroid, , then 
the contribution of that plate to the potential U is va-
nishing, but the contribution to the gravity is  
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Conclusion:  The error of our plate model calcula-
tions, when compared with exact analytic solutions, 
decreases as the number of faces increases and also 
decreases rapidly above the surface. Similar behavior 
is found for the Werner and Scheeres polyhedral mod-
el,  which is more complex and requires several times 
more computation time at the same resolution. The 
plate model calculation yields a comparably accurate 
approximation to the actual potential of a small body.  

 
Figure 1 . Comparison of the gravitational potential Up 
for a sphereical shape model to the exact potential Ur  
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