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Question 1: Lennard-Jones simulation

In this exercise, we will implement a simplified version of a basic molecular dynamics

simulation using a Lennard-Jones potential: VLJ(r) = 4ε
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where r is the

distance between the two particles, ε is the depth of the potential well, and σ is the distance
at which the interaction potential becomes zero. The force acting between two particles

that are a distance of r apart is given as :
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a) Create a 3D computational domain with size L = 10. Create 1000 particles uniformly
distributed in this domain (You can distribute the particles on a grid of 10 × 10 × 10
on a line of 0.1− 9.9 length at each direction).

Consider:
σ = 1, ε = 1, δt = 0.01 and a cutoff radius rc = 3σ. All particles are atoms of the same
type and hence all have the same mass m, consider m = 1.

Use a symplectic time-stepping scheme of velocity-Verlet (see Sec. 4.2.3). Do this
exercise under periodic boundary conditions in a cubic box of side length L. Therefore,
you will need to compute the minimum image distance, which can be done by:
rij = rij − L× round(rij/L)
where rij is the vector of position differences and round is a nearest integer operation.

As the simulation proceeds and after moving particles, some of them will leave the box.
When one particle leaves the box by crossing one of the boundaries, make sure that the
image particle enters the box by simply adding L or subtracting L from it’s coordinate.
One simple way to do this is :

if(x < 0) x = x+ L;

if(x >= L) x = x− L;
(1)

Considering this small system, you can determine interaction for each pair of particles
(i,j).

You can initialize the particle velocities by setting them to zero or by using your pseudo-
random number generator with random numbers from the standard normal distribution.

b) As a typical sanity check for Lennard-Jones molecular dynamics simulations check the
total energy of the system. In order to compute the total energy of the system, try
to avoid the instabilities caused by truncating the potential at rc which causes the
potential jumps to zero and the force will be infinite by slightly shifting the potential
upward.

c) Try to use the cell divisions and Verlet neighbor lists which you have implemented
before for this system with periodic boundary conditions. Describe the changes that
you have to make in your implementation.
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