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Recent atomistic simulations of irreversible macroscopic hydrodynamic flows are §illustrated. An
extension of Nosé's reversible atomistic mechanics makes it possible to simulate such non-
equilibrium systems with completely reversible equations of motion. The new techniques show that
macroscopic irreversibility is a natural inevitable consequence of time-reversible Lyapunov—

unstable microscopic equations of motion.

1. ATOMISTIC SIMULATIONS OF MACROSCOPIC FLOWS

FAR FROM EQUILIBRIUM

Atomistic simulations have been appliied to
a host of macroscopic problems--fracture,
fragmentation, and penetration mechanics!»2,
shockwave compression3, turbulence?, and
thermally-driven gravitational instability3.
See Figure 1. Such work can lead to modified
macroscopic descriptions which include size-
and time-dependent constitutive information
(surface tension, viscosity, thermal

diffusivity, and the like) for the same

atomistic model. Besides the size dependence,
the main discrepancy between the atomistic
simulations -and their macroscopic analogs is
the relatively large fiuctuation size, of
order N-1/2. The number of particles N is
typically somewhat less than a million.

2. REVERSIBILITY AND LYAPUNOV INSTABILITY OF

MICROSCOPIC EQUATIONS OF MOTION

The meaning of reversibility in atomistic
equations of motion is clear. If we consider
snapshot values of particle coordinates q at
times ndt, obtained by integrating the
equations of motion, then any set n = 0, %1,
+2, +3, ..., satisfying the equations of
motion with a positive timestep dt is also a
solution with dt negative. It is fascinating
that motion equations with this.reversibility
property underlie the macroscopic irreversi-
bility described by the Second Law of
Thermodynamics.

The observed irreversibility of macroscopic
flows is a consequence of the microscopic
Lyapunov instability inherent in the
underlying reversible equations of motion.
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