Intr oduction to atomistic simulations 2003

Exercise 6, return date Tue Mar 4, exercise session Thu Mar 6

1. Consider an atom system described by the Morse potential

Assume we cutoff the potential at some cutoff distance r_c .

Calculate the correction to the total energy V_{corr} from r_c to infinity in a system with N atoms and constant atomic density ρ, approximating the material as continuous and homogeneous outside r_c . You can return the calculation on paper during the lecture, or by email in text or Latex format.

2. Check the effect of the cutoff parameter rpotcut on the total energy of the simulation cell for Morse Cu with the lattice constant a=3.62 Å at 0 K. Check at least values 3 - 12 Å with a step of 1 Å.

Also use the solution to exercise 5.1 to calculate the correction factor to the total energy for each cutoff.

Report the potential energy per atom for the Morse potential only, the correction energy V_{corr} from exercise part 1 above, and the sum of these, for each cutoff. Which value of the cutoff is large enough to get the potential energy correct to within 0.1 eV using the correction factor, and without it? If you would embed the correction factor into the code, what problem(s) would this cause in simulations at T > 0 K?

Hints: remember the correspondence between the minimum cell size and cutoff radius. You can use the solution to exercise 1.1 to create larger cells. The parameter MAXNEIGHBOURS is in modules.f90/global.h

3. Check the effect of the time step deltat on energy conservation in the code

mdmorse. Use time steps of 1, 3, 10, 30 and 100 fs to simulate thermal motion

in Cu at 600 K over 10 ps. Plot the total energy as a function of time for each time step in the range in which it still behaves sensibly. What happens with the atoms for the largest time steps?

V r( ) De 2α r r^0–( )

– 2De α r r^0–( ) – – =