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e For a given initial condition
X =X +Atv(x )
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Euler method
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Simulation of first order ODE X(t) = v(x)

e Choose At

e For a given initial condition
X =X +Atv(x )
!

Euler method

X =X +At(v(x )+v(x +Atv(x ))2
T

Heun method




Exercise: Harmonic Oscillator

distance from equilibrium

7

F(x)=-kx




Exercise: Harmonic Oscillator

distance from equilibrium

(1) = v(x) -

F(x) =-kx
m v(x) = F(x)

=X FAtV(X )

Euler method
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Interatomic Forces

e Assumptions: Fij( | ) = fij (] ” ) fij
a. Pair-wise interaction
b. Depend on the distance between particles

/ f.>0 repulsive
T

J ') f <0 attractive
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Potential Energy

F(x) =-d V(x)/dx

V(x)
repulsive
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Lennard-Jones potential
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Potential Energy

e Definition
F(x) =-d V(x)/dx

e How do we obtain U(x) ?

a. Model: Empirical Force field MD
m Ex. Lennard-Jones potential
m Codes: LAMMPS, CHARMM, etc.

b. Derive it from quantum mechanics: Ab Initio MD or First principles MD
m Ex. Born-Oppenheimer MD (BOMD), Car-Parrinello MD (CPMD)
m Codes: CPMD, Quantum ESPRESSO, CP2K, etc.

c. Machine-learned interatomic potentials
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Formal properties of the dynamics

1. Time reversibility

2. Conservation of energy

3. Conservation of phase space volume
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Velocity Verlet method

x(tHAt) = x(t)+ Atv(t) + (A2 a(t)/2

V(t+At)=v(t)+Ata(t)+ A2V (t)/2

V(t)=(a(t+At)-a(t))/At

V(t+At)=v(t)+At(a(t)+a(t+At)) 2




Exercise

Does the Velocity Verlet method have any of the "formal properties” just mentioned?

x(t+At) = x(t)+ Atv(t)+ (At)2a (t)/2

V(t+At)=v(t)+At(a(t)+a(t+At)) 2



Exercise

Does the Velocity Verlet method have any of the "formal properties” just mentioned?

x(t+At) = x(t)+ Atv(t)+ (At a (t)/2

V(t+At)=v(t)+At(a(t)+a(t+At)) 2

For i din range(N - 1): # Loop over timesteps

xld+l] = x{i] + dt*v[i] +(dt**2)* harmonic force(l0, k, X| [1])/(2*m)
wid+l] = vii] + dt* (harmonic force(l8, k, x[i]) + harmonic_force(10, k, x{i%ll))/(Zms
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Thank you for your attention!



