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* Solve Newton’s equations of motion

* Discretization and iterative solution yields

trajectories = time series (< 100 ns)
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The equation of motion of a system of 864 particles interacting through a Lennard-Jones potential has
been integrated for various values of the temperature and density, relative, generally, to a fluid state. The
equilibrium properties have been calculated and are shown to agree very well with the corresponding

properties of argon. It is concluded that, to a good approximation, the equilibrium state of argon can be
described through a two-body potential.
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Periodic boundary conditions




The limit of classical mechanics
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Spatial correlations
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Correlations in time

Velocity
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Fourier spectrum
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Mean square displacement




Autoregressive (AR) model

P
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Wiener-Hopf equations
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Wiener-Khintchine theorem
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Fluctuation & dissipation
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Spectral analysis
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DOS for liquid argon
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Correlation function
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Poles in the
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VACEF for liquid argon
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Memory function
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Memory function from a given correlation function
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Recursive solution...



Memory function for liquid argon
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Numerical results and analytical models
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Qualitative interpretation by a

two-pole model
(6F7)
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Separation of time scales for c,,t) ("slow”) and k(t) ("fast”)



Justification of form b)
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Scaling of the memory function
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Define a coarse-grained time scale
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discrete analogue of
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Again the two-pole model...
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Analytical model [!]

. Intermediate scattering
Fs(q, t) — <6Xp(ZC][5L’(t) — :1:(0)])) function for single particle

motions
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memory function of order 2
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fast relaxation by collisions structural relaxation

[1]V. Calandrini, et al., J. Chem. Phys, 120:4759-476'7, 2004.




Which mass for the scattering atom??

4 pole model

par MD

my, = mpg, = 1.896,

In a rigid molecule this is the 17.08,

- [1] .
Sachs. Teller mass!!'] of the 11881 ps—2.
scattering atom (here a hydrogen ]
atom) 1941 ps—=.

[1] G.R. Kneller. J. Chem. Phys., 125:114107, 2006.



Using the molecular mass in the model... [1]
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Using the Sachs-Teller mass instead... [1]

10" 3

simulation

[1] V. Calandrini, G. Sutmann, A. Deriu, and G.R. Kneller, J. Chem. Phys., 125:236102, 2006.



Resulting intermediate scattering function




Associated memory functions of prder 1 and 2
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Density of states
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