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A FOREWORD TO THE MOLECULAR SIMULATION

MINI-SYMPOSIUM
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Abstract. Molecular simulations have become essential tools in the understanding of ma-

terials at the atomistic level with numerous applications in science and engineering. This

text is a brief introduction to the two papers presented during the molecular simulation

mini-symposium.

Molecular simulations have become essential tools in the understanding of materials at the atomistic
level with numerous applications in science and engineering (molecular biology, nano-technology, ...).
They involve a broad range of techniques and methodologies such as molecular dynamics, Monte-Carlo
methods, Brownian dynamics, ... based on more or less sophisticated description of the underlying
physical and chemical phenomena

At the finest level, Schrödinger equations (and approximations of it) describe the state and the
evolution of molecular systems very accurately. Given that they can not be solved analytically, their
solutions require numerical simulations. Hence follows a broad range of models, from the most elab-
orated ones at quantum scale ab initio to more rudimentary ones such as those based on classical
mechanics with force potentials. The first ones consist in solving minimization problems of the form

inf{< Hφ, φ >, < φ, φ >= 1}

in order to find the fundamental state of the system, or, alternatively, to simulate the dynamics of the
system through the time-dependent Schrödinger equation

i~
∂φ

∂t
= Hφ.

Such systems are incredibly complex and their solution is a formidable task which requires specific
algorithms. In practice, they are limited to very small systems for which an accurate description is
required.
The second ones ignore the exact position of electrons and consider the atoms as aggregates of kernels
and electrons (the presence of electrons is taken into account through an average force field which
modifies in an appropriate way the interactions of atoms). In its statistical form, called molecular
mechanics, it comes to minimizing

inf V (x1, x2, · · · , xM )
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in order to find the equilibrium configuration of the the kernels. In its dynamical form (called molecular
simulation), it consists in simulating Newton’s equations

mi

d2

dt2
xi = ∇xi

V (x1, x2, · · · , xM ).

At every stage of this cascade of models, one is confronted with mathematical and numerical diffi-
culties. The works presented in this mini-symposium reflect a few of them in some specific situations
and for one or the other approach described above.
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