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Spahn et al.reply: In their Comment on paper [1], We admit that (1) is a solution (provided ajl; are
Pdschel and Schwager [2] criticize the explicit formula-known) for the contact dynamics of ideal nonadhesive
tion of the dependency of the coefficient of restitutionspheres and, hence, should be applied when considering
on the relative impact velocitg(vimp). We have used granular gases at low granular temperature.
a power law fit-functione = (vim, + v+)? which is for When dealing with “realistic” materials, as, e.g., found
B = _% (all velocity units are in cm8') in fairly good  in planetary rings, however, another problem arises. In
agreement with the numerical solution of the equation othis context, Chokstet al. [6] have theoretically modeled
the collisional dynamics (Eq. (18) in [3]) as well as with the microphysics of the coagulation and collision pro-
results of laboratory measurements with icy spheres [4]. cesses and found that spherical grains stick completely
After our manuscript was in press, Schwager anddrovided the impact velocity drops below a certain critical
Poschel [5] solved this dynamical equation analyticallyvalue ve, & R~>/¢ (R—radius of the particles). For in-

resulting in stance, centimeter-sized grains (silicate) stickat, <
15 2/5 * s 0.01. For icy particles, which had been of interest in
l g . .
€Wimp) = 1 = Y1Vimp + ¥2Vimp + 2. (=D yivimy , [1], these critical values are considerably larger. In this
i=3

1 range, the collision dynamics must be extended by an at-
1) tractive force; i.e., neither our fit nor (1) describes physi-

which is certainly a commendable improvement of thecy) reality correctly. Those effects will be the subject of
knowledge about contact dynamics. The coefficiepts ongoing work.

in (1) are themselves given in the form of a series [5], and
it takes considerable effort to calculate them analyticallyFrank Spahn, Udo Schwarz, Jiirgen Kurths, and
However, in [5], onlyy; andvy, are given explicitly. Any Olaf Petzschmann
incomplete series, hence, has a limited range of validity. Institut fir Physik, Universitat Potsdam
Considering only the first three terms, as in Fig. 1 of the Am Neuen Palais, D-14469 Potsdam, Germany
Comment, leads to a quadratic expressionIf¥ which
obviously fails for largevin,. However, we agree with Received 12 September 1997 [S0031-9007(98)06487-4]
the statement in the Comment that our fit deviates fronPACS numbers: 83.50.—v, 05.20.Dd, 47.55.Kf, 96.35.Cp
the exact solution of the equation of collisional dynamics
for vimp — 0.

'Therefore, we discuss the consequ_ences(pfmp) as [1] F. Spahn, U. Schwarz, and J. Kurths, Phys. Rev. [7sdt.
given by (1) to our results: The basic relations for the 1596 (1997).

instability of Egs. (4) and (6) in [1] remain unchanged. [2] T. Pgschel and T. Schwager, preceding Comment, Phys.

The critical wave numbek.—given by Eq. (5) in [1]— Rev. Lett.80, 5708 (1998).
can be written more generally: [3] F. Spahn, J.-M. Hertzsch, and N.V. Brilliantov, Chaos,
1/2 Solitons Fractalss, 1945 (1995); N.V. Brilliantov, F.
ko — { —671’)0 |:i P +£ dlne i” ’ Spahn, J.-M. Hertzsch, and T. Pdschel, Phys. ReG3E
ro(5elo) Lo 0T lo ~ap lo a7 5382 (1996).

(2) [4] F.G. Bridges, A. Hatzes, and D.N.C. Lin, Nature (Lon-
don) 309, 333 (1984); A. Hatzes, F.G. Bridges, and

L . o
[with ¢ =1 — e(T)°] showing qualitatively the same D.N.C. Lin, Mon. Not. R. Astron. So@31 1091 (1988):

tendencies for any relation af(vim,). For 7o — 0, k. K.D. Supulver, F.G. Bridges, and D.N.C. Lin, Icarus

gets zero in any case, corresponding to vanishing clusters. 113 1gg (1995).

This fact does not depend on the collision law. [5] T. Schwager and T. Péschel, Fiction, Arching, Contact
As mentioned in the Comment, our fit fo(vimp) Dynamics, edited by D.E. Wolf and P. Grassberger

and the analytical solution (1) agree well for larger (World Scientific, Singapore, 1997), p. 293.
impact velocity. Therefore, the numerical results in [1] [6] A. Chokshi, A.G.G.M. Tielens, and D. Hollenbach,
concerning the driven case remain unaffected. Astrophys. J407, 806 (1993).
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