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The emergence, in the early solar nebula, of solid bodies, such as 
meteors, comets, and planetesimals, is likely to depend on collisions of 
smaller, more primitive objects. An evolutionary model which postulates 
a regression, at earlier and earlier times, of ever smaller building blocks 
with densities similar to those of normal solids has a fundamental 
difficulty: pebbles in the nebular cloud colliding with any finite speed 
would have low probability of sticking. An alternative scenario 
emphasizes the role of dust grains (1). In this picture, dust grains are 
assumed to aggregate in the early nebular cloud at very low velocities (2) 
forming, as they do, highly filamentary, self-similar structures (3). The 
fractal-like nature of these putative objects provides two useful 
characteristics: anomalously large cross sections and high 
compressibilities. The former leads to low terminal velocities, while the 
latter makes completely inelastic collisions more favorable. 

Despite the elegant simplicity of the fractal dustball postulate, its 
plausibility requires physical support. Do fluffy, low density dust 
aggregates have sufficient mechanical integrity to stick together during 
collision? And what is the precise nature of the resistive forces 
generated during collision between such unusual objects? To answer these 
questions and, consequently, to subject the aforementioned hypothesis to 
a rigorous laboratory test we have measured the response of a series of 
low density powders under dynamic loading conditions. Performed in 
vacua, at different ambient temperatures, and with different chemical 
species, our measurements of the dynamic response of these laboratory 
analogs of the earliest large bodies in the solar system reveal some 
unexpected results. (i) The impact crater produced by a projectile hitting 
a low density powder in vacuum shows little damage beyond the projectile 
diameter. Ejecta crowns for such impacts are minimal and little crater 
collapse is observed. The bulk of the compactification occurs in the 
forward direction. (ii) Powders of greatly different packing fractions and 
chemical compositions respond to impact in a more-or-less universal way: 
the instantaneous resistive force developed under impact is (within 
experimental error) proportional to the instantaneous depth of the crater 
produced. The coefficient in this phenomenological law is governed largely 
by the packing fraction of the unperturbed powder. 
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Our measurements allow us to draw a few conclusions about the 
limiting behavior of dustball-dustball collisions. Since maximum 
compactification will occur in head-on collisions we concentrate on 
those. Each collision is characterized by two parameters: reduced mass 
and center-of-mass (CM) velocity. The results of our dynamic loading 
experiments can be combined with static pressure-density measurements 
(4) to assess the packing increase associated with collision. For a given 
reduced mass we can calculate the maximum CM velocity which the 
colliding bodies can have and still stick, that is, the highest CM velocity 
permitted by a head-on, totally inelastic collision resulting in maximal 
compression. We calculate that this limiting speed increases as reduced 
mass to the (roughly) 116 power. In addition, we can also estimate the 
rise in aggregate temperature due to collision in order to place bounds on 
the likelihood of local melting. Assuming that the colliding objects are 
low density silicate powders we conclude that collisional melting can 
occur for reduced masses exceeding 1013 kg and CM speeds exceeding 2.3 
kmls. On the other hand, we calculate that collisional compression to 
densities approaching those of solids (ignoring melting) occurs only for 
masses exceeding 10'7 kg. Similarly, we calculate that the 
compactification of low density dustballs via self-gravitation to solid- 
like central densities occurs only for masses exceeding 1018 kg. We are 
currently studying the thermal conductivity of low density powders in 
vacua in order to assess the extent of the thermal processing of early 
nebular bodies due to radioactive decay. 
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