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ABSTRACT

We present a cursory review of the new developments of the finite temperature
molecular dynamics approach along with some selected applications.

ISOTHERMAL MOLECULAR DYNAMICS

In recent years molecular dynamics (MD) techniques have been improved and
applied to a wide range of physical systems: fluids, gases, molecular systems,
atomic clusters and in some cases lattice gauge calculations. The extension
of these methods to non-equilibrium phenomena is an unbeatable advantage of
molecular dynamics methods over other existing approaches. One can safely
say that MD techniques are on the rise and their potential has not yet been
fully exploited and explored. We shall not try to present a review of what was
already done in this field, but instead we shall concentrate on presenting our
recent developments in isothermal MD.

In 1984 No&  presented a very elegant method of simulating the coupling of
a classical system with N degrees of freedom to a thermal bath. He showed that,
by adding only one additional degree of freedom to the system under study, one
can emulate the action of an infinite number of degrees of freedom of the thermo-
stat. Subsequently, Hoover2 simplified the approach by replacing the additional
coordinate and momentum introduced by No&  with a single pseudofriction co-
efficient, thus and eliminating a rather unintuitive method of time sampling of
the phase space. Jellinek3  pointed to some other potentially interesting ways
to generalize NO&  initial scheme. However, in all these formulations of the
isothermal MD scheme it was assumed that the resulting equations of motion
generate an ergodic trajectory in the enlarged phase space, not merely a chaotic
one. Ergodicity implies that the integral over the phase space, with the appro-
priate Boltzmann  factor in the measure, is identical to a time average over the
trajectory followed by the system. This is just the opposite of what the forefs
thers of statistical mechanics told us to do. The absence of ergodicity in some
relatively simple cases was observed almost right away2,  but ways to cure this
undesireable  feature were only found recently4t5.

In Refs.  4,5 we propbsed the following equations of motion in order to study
























