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Time Evolution for Infinitely Many Hard Spheres

Roger Alexander*
University of Colorado, Boulder, CO 80309, USA

Abstract. We construct the time evolution for infinitely many particles in Rv

interacting by the hard-sphere potential

\ 0

Because there are abundant examples of hard-sphere configurations with
more than one solution to the Newtonian equations of motion, we introduce
the concept of a regular solution, in which the growth of velocities and
crowding of particles at infinity are limited. We prove that (1) regular solutions
exist with probability one in every equilibrium state, and (2) any configuration
of the infinite system is the initial point of at most one regular solution.
Equilibrium states are invariant under the time-evolution.

0. Introduction

0.1. Imagine infinitely many billiard balls of mass m and diameter a at positions
^e]Rv, ϊ=l,2, . . . (where \qi — q^ ^a if iΦj), with corresponding momenta pjeRv,
i = l,2, ... . The problem is to solve the Newtonian equations of motion when
these particles interact by the hard-sphere potential

The equations of motion take, roughly speaking, the form

a: = pJm
*' yι> (0.1.2)
p/ = 0+ elastic reflection at collisions .

Rigorous work on time-evolution of classical systems of infinitely many particles
was pioneered by Lanford [4-5]. Lanford's 1974 Battelle lectures [6] contain

* Part of this work forms part of the author's doctoral dissertation written at the University of
California, Berkeley, under the direction of O.E. Lanford III


