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MD with exact thermostatting

 Many algorithms exist for equilibrium (e.g. canonical MD) thermostatting

 How would one run MD simulations at non-equilibrium?
 For instance, there is an energy transfer between different parts of the system
 and actual time scales of various processes are of interest?

Tribology

solid at T1

Fluid at T it is supposed to 
be (likely, non-uniform)

solid at T2

 If the atomistic fluid is in contact with a harmonic solid (solids) held at 
particular T (several T’s), an exact solution exists based on the idea of  
Generalised Langevin Equation (GLE)
 Dissipation effects are accounted for exactly and happen at physically 

meaningful timescales                     natural thermostatting 
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The bath atoms displacements can be calculated exactly:
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response of atoms in 2 on the positions of 
atoms in 1 (“pressure propagation” term)
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GLE

Generalised Langevin Equation

where

Random force

- this is the friction kernel depending on the 
“memory” of previous velocities of atoms in 1
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- the bath is canonical

hR1(t)i = 0
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- fluctuation-dissipation theorem⌦
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Implementation
 Difficulties:

(b) memory (the integral term) - impossible to run for long
(a) colour noise

•  The FT of the actual response function

is calculated  from the real bath using its actual force field.
•  The actual infinite bath(s) is(are) replaced by a finite number of fictitious 

oscillators as to provide an exact mapping of                  in the Fourier space.⇧22(!)
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•  This results in a finite number of 1st order stochastic DEs (MD equations) 
with white noises. 

•  These are solved by:
(a) converting them into the corresponding Fokker-Planck equation 
(b) solving it for a small time step �t
(c) writing equivalent white noise stochastic discretised equations  that is the 
required integration scheme

 Solution:

 Implemented in LAMMPS (serial)
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Thermalisation of  a system

f(v) =
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Distribution of atomic velocities

LJ solid

Velocity AC function (VACF)

Conventional Langevin dynamics requires priory 
knowledge of the friction constant; our method is ab 
initio in nature.



Thermal transport

Al wire
Left lead Right lead

T1 T2

Low T gradients Large T gradients



Conclusions

 GLE opens a way to perform physically meaningful thermostatting in 
MD simulations

 It is applicable both to equilibrium and non-equilibrium

The structure of the central system could be arbitrary (e.g. liquid 
molecules)

 LAMMPS implementation already exists; DFT implementation is  not, 
but can be easily created
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