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While there are many remotely detectable chemical signatures which are indicative of differentiation, 
making measurements which constrain the amount of density stratification within a planet or asteroid is 
much more challenging. One of the few ways to directly test the state of physical differentiation of a 
planetary body is to measure its mean moment of inertia. The mean density and mean moment of 
inertia are both radial integrals of the spherically averaged density profile. Lower values for the moment 
of inertia mean that higher density material is concentrated toward the center of the body, as would be 
expected for a differentiated body.  
Any discrete body will have 3 principal moments of inertia, conventionally denoted A<B<C. The mean 
moment, I = (A+B+C)/3  is independent of tidal or rotational deformation. For a uniform density sphere,  
I =(2/5) M R2, where M is mass and R is mean radius. The degree two gravity field yields two constraints 
on those moments, and the rate of spin pole precession, in response to gravitational torques, provides a 
third constraint.  
Mean moments of inertia have been determined for Earth, Moon, Mars, and Mercury. The values are 
listed in Table 1.  
          Table 1. geodetic parameters of silicate bodies 

body radius mass density moment 
 km 1022 kg kg/m3 I/( M R2) 

Earth 6371 597 5511 0.330 
Mars 3389 64.2 3937 0.365 

Mercury 2440 33.0 5430 0.346 
Moon 1738 7.35 3342 0.393 

 
The Dawn mission, during its visit to Vesta did not achieve sufficient accuracy in tracking spin pole 
precession, to make a useful determination of Vesta’s moment of inertia. An asteroid like 16 Psyche, 
which is likely to be the stripped core of a larger differentiated body, may have only small radial density 
variations, but they could be indicative of the mode of cooling of the body, after differentiation. In that 
case, a mean moment determination would likely need 1% accuracy, or better, to be informative. 
The objective of this presentation is to discuss measurement accuracy requirements for future missions 
to asteroids. A perfectly spherical body is the worst possible case, as there would be no way to measure 
its moments of inertia. The ideal case, of course, is one in which the body is sufficiently non-spherical as 
to have large differences in the principal moments, and thus easily measured degree two gravity, and 
spin pole precession rates.  
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