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Introduction: The local collisional and rotational evolution of disk- 
shaped particle systems around a central body is studied both analytically 
and numerically, in terms of computer simulations of 200 particles. In each 
impact the changes of velocities and spins are assumed to depend on three 
factors: elasticity, friction, and irregularity. 

Impact model: Inelasticity, described with the restitution coefficient 
d ,  reduces the relative velocity of the colliding bodies in the perpendicular 
direction, while friction diminishes the tangential component. Hence, 

v = - dCtCt.V + (1-p) C * (v*ct) 1 
where v and v stand for pre-tand post-collisional relative velocities of the 
impact pointY1c for the unit vector in the direction perpendicular to the 
tangent-plane o! impact, and F for the coefficient of friction. In the case 
of spherical particles c would be identical to the unit vector c joining the 

t particle centres at the lmpact moment. Irregularity has been accounted for by 
allowing c to be tilted with respect to c by small, symmetrically distributed 
amounts.  fie adopted model function d (v)=l/(l+lc-vl/vo) is qualitatively 
rather similar to the measured behaviour of ice at low temperatures (1). 
Between impacts particles move along Kepler-ellipses. 

Results: Earlier theoretical investigations ( 2 , 3 )  as well as numerical 
simulations ( 4 )  have shown that the local equilibrium state of collisional 
systems is determined by the balance between the loss of energy in partially 
inelastic impacts, and the gain of energy from the systematic motion of 
particles. Ifdis a suitable decreasing function of impact velocity this equi- 
librium is attained with finite, non-zero velocity dispersion. The inclusion 
of rotation does not qualitatively change this result, but since friction cor- 
responds to an additional sink of energy, the equilibrium is established with 

Typical evolution of root-mean-square inclination,F , and the ratio 
w5/5 , where cultstands for the z-component of the rotational velocities. ?- 
Dashed lines correspond to theoretically predicted evolution ( 5 ) ,  while 
squares refer to simulation values ( 6 ) .  The units used are such that the 
particle radius 7 = 0.001. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



COLLISIONS OF ROTATING PARTICLES 
H. Salo 

smaller velocity dispersion (Fig.1). The time-scale is quite short, about a 
few tens of impacts per particle. At the same time some of the energy of 
random motions is transferred to rotation. The ratio of rotational energy to 
random kinetic energy, E ot/Ekin attains a nearly constant value already after 
a few impacts per Irregularity typically enchances the effects of 
friction, and is especially efficient in inducing rotation. For identical 
spherical particles E =~/(14-5~1, while for frictionless particles 
this ratio becomes (1f~~::~f~ there is any irregularity. 

The above results for identical particles are also valid for systems with 
a dispersion of sizes. As demonstrated by earlier simulations of non-rotating 
particles (71, smaller particles acquire larger equilibrium velocities. 
Now friction and irregularity affect the velocity dispersions of all particle 
sizes in a roughly similar manner, so that differences are maintained. Also - .  

the ratio Erot /Ekin is almost constant. 
Local thickness of Saturn's rings: Due to the good agreement between the 

theoretical expressions and numerical simulations, the former can quite 
confidently be applied to the local dyn s of Saturn's rings. Fig.2. shows 
the calculated geometric thickness, h = r m  for the layers of different sized 
particles. The size distribution is assumed to follow the power-law d~/d2-&-~, 
1 cm<245 meters, and thed(v) relation of Bridges et al. (1984) has been used. 
Friction affects rather strongly the smallest particles, while irregularity 
has only a small influence. However, even with maximal friction (pl), there 
is still a clear difference (about 3-fold) in the equilibrium states of the 
smallest and largest particles. Typical rotational periods are of the order 
of 30 sec for cm-sized and about 10 hours for m-sized particles. Since 
rotational velocities are also constant within factor 3, rotation periods are 
roughly Proportional to particle radius. 

L O C A L  T H I C K N E L S  A S  A F U N C T I O N  O F  P A R T I C L E  S I Z E  I Fig.2. Calculated model for the 
equilibrium thickness of rare- 
fied regions ('C=0.01) at the 
Saturnocentric distance of 
100 000 km. Solid curves refer 
to no irregularity, while in 
the case of dashed curves the 
maximum deviation between ct 
and c is 35'. 
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