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Planets are considered to be formed through frequent 
collisions among numerous planetesimals. The collision must have 
caused fragmentation of planetesimals and cratering erosion as 
well as coagulation. Energy loss at collision reduces the total 
kinetic energy of the system. On the other hand, near-miss among 
planetesimals, ie. gravitational encounter, increases the 
velocity dispersion of planetesimals which in turn affects the, 
collisional outcome. Therefore a numerical simulation should 
solve the evolution of the size distribution and velocity 
distribution of planetesimals simultaneously. 

We developed a simulation algorithm similar to Greenberg et 
al.[l] with modification for the scaling law of collisional 
outcomes and size of the size bin. The scaling law used is based 
on Mizutani et a1. [ 2 ]  where the non-dimensional impact stress 
plays a key role in predicting the size distribution of 
and velocity distribution of fragments. Because it is difficult 
to treat the velocity distribution separately from the size 
distribution, only the mean velocity of each size bin was 
calculated. 

The calculation is made for the following initial condition: 
Number o f  the planetesimals = 8.05 Et09 
Diameter of the planeesimal = 8 Km 
Total mass  o f  the planetesimals = 1 Earth mass 
Inclination and eccentricity of the planetesimals = 3.5 E-04 
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Fig.1. Evolution of the size Fig.2. Evolution of the veloci- 
distribution. The dotted ty distribution. The closed 
line indicates the initial circle indicates the initial 
size distr~bution. velocity distribution. 
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The annular zone where planetesimals are distributed is 
assumed to be in the range of 0.85 to 1.5 A.U.. Physical 
properties of the planetesimals are assumed to be the same as 
those of basaltic rocks for which we have many relevant 
experimantal data. 

Figures 1 and 2 show the evolutions of size and velocity 
distributions of planetesimals respectively. The initial delta- 
function-like size distribution changes with time to a more or 
less smooth distribution by impact fragmentation and 
accumulation. After 10 E+7 years of evolution, the largest 
planetesimal reaches to the size of 5100 Km in diameter. At this 
staye, there are still several hundreds of planetesimals larger 
than 100 Km in diamter. But most of the remaining mass resides 
in the smallest size-bin covered in the present calculation: 
these small fragments will be eventually absorbed in the largest 
planetesimal. 

Figure 3 shows the mode of collision outcomes observed in 
the present simulation. The proto-planet is thought to grow 
through repeated catastrophic disruptions. Although we have not 
reached the formation of a full-size planet yet, a simple 
extrapolation of the evolution history presented here indicates 
the formation interval of the earth to be approximately 10 Et8 
years which is consistent with I-Xe age of the earth. 
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Fig.3 The schematic diagram of the collision outcome when two 
planetesimals collide with each other. 

References: [l] Greenberg et a1. (1978) Icarus 35, 1-26. [ 2 1  
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