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It has recently been pointed out (1) that grains accretinq 
in the primordial solar nebula will produce low density, 
compressible aggregates. For small sizes, less than about a cm 
or so, they will have fractal structures ( 2 ) .  At larger sizes 
collisions will destroy the more extreme filamentary features 
and begin to compress the very low density aggregates. Objects 
with cm dimensions and larger will still be compressible with 
low densities but no 1onqer.fractals. 

The accumulation of larger solid bodies in the solar system 
involves collisions among these aggregates ( 3 ) .  Because of the 
compressible nature of these objects, such collisions are very 
different from impacts of the commonly assumed compact, non- 
compressible planetesimals or cometesimals. An approximate 
theory of collisions between low density, compressible 
aggregates is presented here. Several assumptions are made to 
simplify the analysis. 

1. Aggregates are uniform density, spherical objects. 

2. Collisions occur with small impact parameters 

3. Results for the static compression of snow ( 4 )  and dust ( 5 )  
are applicable to collisions. Compression occurs in a 
cylindrical interaction volume of length AS and cross-section 
equal to that of the small object. S is the penetration 
distance and A an adjustable parameter. The shape of the volume 
is supported by oljservations of impacts on fresh snow with 
density 0.1 g cm- . Crude experiments on snow compression by-a 
6 1/2 cm wide board indicated that X initially was 2-5 for S < 5 
cm then becomes about unity for S between 5 and about 10 cm. 
Beyond this penetration the snow piled up in front of the board 
and the distortion boundary advanced very slowly. More refined 
experiments of this nature are planned for snow and for fine 
silicate powders. 

For the 5ollision, conservation of energy yields 
S = A p r V / @ ( p  X) where A is a constant of ordgr unity, rl 
= radiui 04 s#alle$'object, V = relative velocity, P = average 
pressurelto comaress the lar&r object to a mean density 
p (l+X- 1.  ~r is the force required for the smaller 
a?jgregaate to pehetrate a distance S. Some sample results are 
shown in Table I. 
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One constraint on the collision parayeters is that p 
cannot exceed the bulk density, 0.9 gm cm for ice and 2.3-3 for 
silicates. The primary factor affecting the penetration is VR 
which cannot be too41argelor no accumulation will occur. A 
maximum value of 10 cm s- which is consistent with nebular 
models ( 6 )  alloys accumulation by large aggregates with radii 
greater than 10 cm. 

A more general calculation allowing for large impact 
parameters and random angles of incidence is being developed. 
This is being sought by the inclusion of the physics of 
collisions into the cluster-cluster accretion calculations ( 7 ) .  
We hope to extend the simple theory presented here to yield 
results on the shape and internal density distribution of 
aggregates up to the point where self-gravitation becomes 
important. 
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