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Molecular dynamics (MD) is a powerful computational technique used to
simulate the motion of atoms and molecules. MD has revolutionized our
understanding of a wide range of phenomena, from the folding of proteins
to the behavior of liquids and gases. In this article, we will explore the
classical approach to MD, focusing on both constrained and unconstrained
dynamics.

Constrained Molecular Dynamics

Constrained molecular dynamics (CMD) is a type of MD simulation in which
the motion of atoms is constrained by a set of constraints. These
constraints can be used to enforce a variety of conditions, such as keeping
a molecule in a particular conformation or preventing two atoms from
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coming too close to each other. CMD is often used in situations where it is
necessary to control the motion of atoms in a very precise way.

Applications of Constrained Molecular Dynamics

CMD has a wide range of applications in science and engineering,
including:

= Protein folding

= Drug design

= Materials science

= Nanotechnology

Unconstrained Molecular Dynamics

Unconstrained molecular dynamics (UMD) is a type of MD simulation in
which the motion of atoms is not constrained. In UMD simulations, the
atoms are free to move in any direction, subject only to the forces acting on
them. UMD is often used in situations where it is important to simulate the
natural motion of atoms and molecules.
Applications of Unconstrained Molecular Dynamics
UMD has a wide range of applications in science and engineering,
including:

= Liquid simulations

= Gas simulations

» Plasma simulations



= Astrophysics simulations

Classical Approach to Molecular Dynamics

The classical approach to MD is based on the laws of classical mechanics.
In classical mechanics, the motion of atoms and molecules is described by
Newton's laws of motion. These laws state that the acceleration of an
object is directly proportional to the net force acting on the object, and that
the velocity of an object is constant unless acted upon by an external force.

In MD simulations, the forces acting on atoms are calculated using a
variety of methods, including:

= Molecular mechanics force fields
= Density functional theory

= Quantum mechanics

Once the forces acting on atoms have been calculated, the equations of
motion can be solved to determine the trajectories of the atoms. The
trajectories of the atoms can then be used to calculate a variety of
properties, such as the energy, temperature, and pressure of the system.

The classical approach to MD is a powerful tool for simulating the motion of
atoms and molecules. CMD and UMD are two types of MD simulations that
can be used to study a wide range of phenomena. The classical approach
to MD has made significant contributions to our understanding of the
physical world, and it continues to be a valuable tool for scientists and
engineers.

Further Reading



= Molecular dynamics on Wikipedia
= Classical Molecular Dynamics: Theory and Applications
= Constrained molecular dynamics: A new tool for studying protein

folding
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