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MD simulation: observing and measuring 
atoms in virtual lab 

 Interatomic potential 
 Initial condition 
 Boundary condition 
 Integrator (solver for New Second Law)
 Atomic/particle trajectories



Molecular Dynamics
• Using the information gained from r, v and application 

of the forces: 

• Initial positions are advanced towards a lower energy state. 

• Through some time step delta t

• New positions are obtained. 

• New velocities are obtained

• REPEAT. 

• This is repeated as many times as is needed to obtained 
equilibrium. 



Atomic model in MD
• Atoms are represented as spheres. 

• Point mass

• This means that the electron’s role is neglected. 
• As is the electronic wave function. 

Nucleus

Electrons

Atom

Thus the calculations become relatively simple. 



Potential in MD 
 Empirical Potentials
 Lennard-Jones (LJ) potential  

 Many-body potentials 
 Semi-empirical potentials 
 Polarizable potentials 
 Potentials in ab initio methods 
 Etc



Initial state: Example FCC (Argon)

3D periodic boundary condition  



MD simulation 
Model system Ar

Initial condition N=500 fcc cubic box （supercell）
T=10K， T=80K.

Boundary condition Periodic Boundary Condition (PBCs)

Potential L-J potential 

Ensemble 
(integrator)

NVT: N (number), V (volume) , T(temperature) 

Calculation Reach equilibrium 
Observe the thermal fluctuation 
Study the solid to liquid transition 



How MD works for melting  

Build the Model 

Relaxation 

Statistics of results 

Analysis 



Sample cold 



Visualization of melting process 

Melt



Calculate the force 

unite vector         

Force on atom i

Force between atom i and j

Since so 



PBC 



LAMMPS 

http://lammps.sandia.gov/



LAMMPS installation  
http://rpm.lammps.org/windows.html
http://rpm.lammps.org/windows/64bit/



LAMMPS Manuel 
http://lammps.sandia.gov/doc/Section_start.html#start_6



Command Prompt in windows 

To the directory 

Run



Control T and P, calculate V 

NPT ensemble 



MSD for solid and liquid 



Melt Cu 



Melt Al 

0 1000 2000
4000

4200

4400

4600

4800

5000

5200

5400

 data

Vo
lu

m
e

Temperature (K)



Mean square displacement 



VMD Visualization of Atoms 
http://www.ks.uiuc.edu/Research/vmd/



VMD 


