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• Lennard-Jones potential [3] 

• Verlet integration [4] 

• Temperature [5] 

• Energy [6] 

• Maxwell distribution [7] 

• Radial distribution function [8] 

• Calculation of the pressure [9] 

• Fluctuations [10] 

• Equation of state for the Lennard-Jones fluid [12] 

• Visual Molecular Dynamics (VMD) [13] 

• References [14]



Lennard-Jones 
potential

Parameters for Argon
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Verlet integration

Verlet method is more numerically stable 
than simpler Euler method

4



Temperature
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Average value:
Variance:



Energy
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Maxwell distribution
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Radial distribution function
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Potential energy per particle:



Calculation of the pressure

, where d is a dimensionality of system

The pressure values calculated using 
two methods are consistent 

between themselves
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Average value:
Variance:

Density:
Pressure:



Fluctuations
Relative fluctuations decrease with an 

increase in the number of particles 
in the system and is very small 

when N is huge

Mean squared fluctuations

Relative mean 
squared fluctuations

In equilibrium systems the random 
variable F is often 

distributed around its 
average according to 

normal law
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Fluctuations

The value is obtained using 
radial distribution function

This agrees with average 
potential energy 

obtained experimentally
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Average value:
Relative mean squared fluctuation: Average value:

Relative mean squared fluctuation:

Average value:
Relative mean squared fluctuation:

Potential energy per particle:



Equation of state for the 
Lennard-Jonesfluid

Isothermal curve with 
temperature under 
critical point: T=0.9

Isothermal curve 
with temperature 

T=2.0

125 atoms
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Visual Molecular Dynamics (VMD)

0/10000 5013/10000 9999/10000

512 atoms
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• Molecular Dynamics - program written in C using 
OpenMP framework for parallel computing. Used VMD 
for visualization. Code on GitHub - https://github.com/
akarazeev/MolecularDynamics-3sem-MIPT-2015
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