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HARMONIC EXPANSION MODEL FOR T H E  PHOBOS FIGURE,  
T. Duxbury, Jet Propulsion Laboratory, California Institute of Technology, Pasadena, 
CA 91109. 

An ellipsoid has been used for many years to represent the figure of small, irregular 
bodies such as Phobos and Deimos. However, these models are inaccurate because of 
significant topography variations (10-20%) from ellipsoids. More accurate models of the 
surface figure are needed to compute rotational dynamics, volumes, densities, normals to 
the surface for photometry and gravity, registering imaging for mapping, etc. To these 
ends, a spherical harmonic expansion has been used to model the figure of Phobos. 

A global control network of about 100 control points was established on Phobos and 
measured in over 40 Viking Orbiter images. A stereo, photogrammetric data reduction 
was performed for this data set. The body-centered, body-fixed coordinates of latitude, 
longitude and radius of each control point were determined. These control point coor- 
dinates were fit with a spherical harmonic expansion up to 6th degree and order. The 
difference between the control point radii and the spherical harmonic expansion model 
was reduced to about 150 m ( l a )  as compared to 750 m ( l a )  when using an ellipsoidal 
model. 

In addition to the radii residual statistics to evalute the goodness of the spherical 
harmonic expansion model, computer-drawn limb and terminator overlays were super- 
imposed on Viking Orbiter images taken at a variety of viewing and lighting geometries. 
These also showed good agreement between the model and data to the few hundred- 
meter level. The major discrepancy was around the large crater Stickney where errors 
of over 500 m exist because the 6th degree and order were not sufficient to respond to 
such a large amplitude but local topographic feature. Also there were only a few control 
points in the vicinity of Stickney. 

Other than the discrepancy at Stickney, the spherical harmonic expansion model 
provides an accurate representation of the figure of Phobos which is a factor of 5 to 10 
more accurate than an ellipsoidal model. The harmonic expansion gave a slightly smaller 
volume by about 4 %. Of more importance, the difference between the two equatorial 
radii are smaller for the harmonic expansion, which significantly effects the Ca2 term 
of the expansion and the moments of inertia. These moments of inertia control the 
forced rotational libration amplitude, Of. O f ,  computed from the harmonic expansion, 
is 0.8 deg, which is the same as the observed value determined from the control network 
processing results. These results support Phobos being homogeneous. The use of the 
harmonic expansion has explained the discrepancy that exists when using the ellipsoid 
model, which predicts Of to be over 2 deg. 

Finally, the harmonic expansion model is being used as a reference surface to regis- 
ter and map project Viking Orbiter images to produce a controlled photomosaic of the 
entire surface. Registration errors are too large to produce any meaningful map product 
using the ellipsoid model. 
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In summary, significant success has been obtained using a spherical harmonic ex- 
pansion model for the figure of Phobos. Excellent agreement is now obtained between 
the geodetic analyses and rotational dynamics as well as giving the opportunity to pro- 
duce accurate photometry, gravity and mapping analyses. Significant improvement in 
the current analyses can be achieved by producing a global network of many hundreds 
(or thousands) of control points, especially increasing the control points in areas of large 
topographic relief. Also, a higher degree and order model can then be used with possibly 
some discrete function (similar to a mascon in gravity field analyses) to model the large 
topographic features in a small region such as Stickney. 

This work was carried out at the Jet Propulsion Laboratory, California Institute of 
Technology, Pasadena California for the National Aeronautics and Space Administration 
as part of the Planetary Geology and Geophysics Program. 
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