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There are several insights that can be drawn
from analyzing the relative forces of gravity,
friction and electrostatics on particles that
constitute small rubble-pile asteroids. First, the
acceleration of gravity on particles increases
linearly with the distance from the center and the
force of gravity is, of course, proportional to the
mass of the particle. Larger pieces have
stronger gravitational forces. The frictional
forces preventing a piece of rubble from falling
downward, on the other hand, follow an inverse
square law, increasing with the square of the
depth into the body, and are essentially are
independent of the mass of the piece being held
in place. Frictional forces thus are weakest near
the surface of an object but increase rapidly with
depth. The relative effect of friction in retarding
the “infilling” from small pieces is stronger the
deeper a particle is in the asteroid. Frictional
force also increases with the square of the total
size of the body while the gravitational force
increase is linear so the effects of friction relative
to gravity are stronger at any given depth, the
larger the asteroid.
Smaller particles have the smallest gravitational
force but a higher surface area to volume ratio
than the larger particles so they have
proportionally the largest ratio of frictional to
gravitational force. The smallest particles at any
level thus are the ones most likely to be held up
by friction. The result is that on asteroids
frictional and not gravitational forces would
dominate the movement of the finer particles.
Friction will prevent the fine fractions from
moving downward from the surface zone and
infilling fractures and voids near the center of the
body. It is assumed that the rubble pile asteroid
accreted from a shattered and disrupted parent
with the largest pieces reaccreting first, followed
by layers of successively smaller fractions. In
this model fine material generated/accreted at
the surface tends to stay in the regolith zone
while major voids from the original accretion of
large particles remain unfilled.
The low gravitational acceleration on asteroids
would also make it difficult for any particle to
move a significant distance during the jolting and
jostling that result from impact events. For brief
periods where inter-particle contact is reduced
or eliminated, this low acceleration would not

allow much movement. From a structural point
of view, having the largest pieces sit at the
center of an asteroid is an orientation that
minimizes gravitational potential energy. The
larger pieces, with their greater gravitational
force, will be relatively easier move during a
jostling episode because of their much larger
size and lower surface area to volume ratio
relative to retarding frictional forces. If any
pieces move within an asteroid in response to
jostling episodes it is more likely to be the
relatively large pieces that will tend to move
closer to the center over time.
Internal jostling of rubble particles should also
tend to differentiate the particles by grain
density. The gravitational force is affected by
particle density. Metal-rich, higher density
particles will have an advantage, because of
their higher density and relative density contrast
to silicate fragments, in moving toward centers
of asteroids. This probably does not meant that
the fine fractions of metal particles accumulate
at the centers of asteroids, but that regolithgenerated metallic particles are more likely to
accumulate deeper in the regolith zone that
similarly-sized silicate particles.
Static charge buildup is another possible force
between particles with would complement
frictional force in restricting particle movement.
It is unknown what the magnitude of this force
would be on small particles. The rotation of the
asteroid, in some cases, produces significant
centrifugal accelerations on the surface material
that can partially or fully offset the gravitational
accelerations at the surface (Greenberg et al.,
1996). The non-spheroid nature of most
asteroids
along
with
depth
dependent
inhomogeneities in porosity and density will
produce bizarre variations in the object’s
gravitational field
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