
Abstract. This article provides a discussion of the title
paper by Aneesur Rahman. Here, the use of numerical
integration of Newtonian equations of motion to sim-
ulate the classical dynamics of a liquid system with
arbitrary continuous interatomic potentials was ®rst
introduced. Emphasis is placed on the author's motiva-
tions, the depth of his investigation, and the legacy that
both the methodology and the style of investigation has
left us.
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The terminology ``molecular dynamics simulation'' is no
doubt a familiar one to essentially all graduate students
in science. It is recognized as a description of a
computational procedure for studying molecular motion
at an atomic level, based (most frequently) on a de®ned
model for the molecular-level potential energy. The
dynamics is simulated via numerical integration of
(typically) classical equations of motion. It has now
become as common a term as ``quantum chemistry'', the
latter term describing the use of approximate numerical
solutions of the SchroÈ dinger equation to describe
molecular electronic structure. There is no question
that the use of these dynamical methods to study the
molecular dynamics of condensed matter systems,
ranging from pure liquids to solutions to solids to
biological assemblies, has exploded in the last 20 years.
The technique has evolved to the point where imple-
mentations can be practically routine, allowing wide
access outside the theoretical community. In addition,
the use of molecular dynamics simulation, when explic-
itly coupled with supplemental, experimentally derived,
structural constraints, has become a critical tool in the
re®nement of the structural content of X-ray crystallog-
raphy and multidimensional NMR data on large
systems.

The inauspicious ®rst sentence of the abstract of the
title paper summarizes the content of the paper suc-

cinctly: ``A system of 864 particles interacting with a
Lennard±Jones potential and obeying classical equations
of motion has been studied on a digital computer ... to
simulate molecular dynamics in liquid argon ...'' Monte
Carlo simulation methods [1] had already been imple-
mented in similar contexts, and the classical dynamical
simulation of hard-sphere liquids had been implemented
in the classic work of Alder and Wainwright [2, 3];
however, the methods used in Monte Carlo approaches
did not generalize to Hamiltonian molecular dynamics,
and the algorithms for hard-sphere ¯uids did not gen-
eralize to more realistic potentials. This generalization,
in the use of a ®nite-di�erence numerical integrator, was
a key step.

What cannot be seen in the abstract are the several
themes of this short (seven-page) paper. These themes
set standards both for the quality of simulation and the
style of attack on complex systems. The paper discusses
the methodology of numerical ®nite-di�erence integra-
tion of the dynamical equations of motion in detail in an
appendix, with proper attention to numerical accuracy.
The limitations of the simple pair-additive interatomic
potential, of the cuto� range of the interaction, and of
the periodic boundary conditions are also all noted.
Validation of the underlying potential model is seriously
considered via direct comparison with available experi-
mental data for the atomic di�usion constant and for
the interatomic-pair distribution function, from X-ray
scattering.

Nevertheless, the paper is clearly focused not on the
novel methodology, but rather on the physics of the liq-
uid and, more importantly, on the connection of the
physics to experimental observables. (In fact, according
to one personal account by the author, the signi®cance
of the methodological step was not apparent to him at
the time of publication.) The methodology was a tool,
and the author's goal was to evaluate the physical con-
tent of inelastic neutron scattering (which addresses
relative interatomic dynamics) and to evaluate the ve-
racity of available analytical models of these dynamics.

In the words of the paper, ``If neutron scattering data
of unlimited accuracy and completeness was available,
then the kind of work presented here would serve the

Perspective

Perspective on ``Correlations in the motion of atoms in liquid argon''

Rahman A (1964) Phys Rev 136: 405

Peter J. Rossky

Department of Chemistry and Biochemistry, University of Texas at Austin, Austin, TX 78712-1167, USA

Received: 19 February 1999 /Accepted: 25 March 1999 / Published online: 21 June 1999

Theor Chem Acc (2000) 103:263±264
DOI 10.1007/s002149900020



useful but unexciting purpose of con®rming the results
already obtained with neutrons.'' While perhaps a bit
exaggerated, the point of the author was to emphasize
that the simulation served in two critical ways that re-
main essential in all current and future implementations.
First, the results of the simulation could be used to in-
terpret experimental observations. In the case at hand
for Rahman, the aspect at issue was the physical picture
of motion; for example, do the atoms exhibit hopping
dynamics, with infrequent relatively large displacements,
or small displacement random-walk-like dynamics? Do
the statistical dynamical correlations exhibit remnants of
solidlike behavior, such as the non-monotonic oscillat-
ing decay of velocity ¯uctuations, or monotonic, simple
overdamped frictional decay? Second, recognizing that
one cannot reasonably expect to answer all questions
directly via simulation, the results could be used to test
the validity of simpler and more analytical models, and,
further, suggest ways for improvement of the veracity of
such models. This emerged as well from the title paper,
in the context of Brownian/Langevin dynamics, as well
as in the representation of relative-pair motion. It is
notable that the paper includes only six literature refer-
ences, the majority of these being to papers reporting
experimental investigations and those describing pro-
posed theoretical models for liquid dynamics.

The capacity of theoretical and computational
chemistry continues to expand, and nowhere is the new
growth more evident than in combined ``molecular
dynamics simulation'' and ``quantum chemistry''. The
products, variously referred to as quantum, or mixed
quantum±classical, molecular dynamics or as ab initio
molecular dynamics, have already been widely used to

investigate systems as complex as biological molecules
and polymer ®lms as well as electronic processes in
solution, without complete dependence on molecular
mechanics models. The role of these methods both as
primary simulation tools and as methods for develop-
ment of more reliable model potentials will certainly
continue to grow. At the same time, there are substantial
opportunities for new methods which can focus on the
quantum aspects of nuclear motion, and not just on the
quantum electronic structure, and for those which can
address quantum state-to-state processes.

The title paper provides a template for such future
investigations in a number of fundamental ways. I had
the exceptional opportunity to ®rst learn about molec-
ular dynamics methodology by working with Anees for
an extended summer workshop nearly 25 years ago. One
critical element to his e�ectiveness that was immediately
evident was the importance of connecting a theoretical
framework to the physical insight that arose from the
numerical output of such ``computer experiments''. In-
sight into the appropriate framework for an analysis is
as important as any other element of molecular
dynamics simulation ± this feature is evident in the
title paper, and it has lost no element of signi®cance in
the intervening years or for the future.
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