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Why would you want to simulate your sample

when you have the best neutron source ?



“Neutrons tell us where atoms are and what they do”

Bertram N. Brockhouse and Clifford G. Shull, 1994



i.e. Neutrons sample the Van Hove distribution

G (~r , t) = 〈 1
N

∫ N∑
i=1

N∑
j=1

δ[~r ′ +~r −~rj(t)]δ[~r
′ −~ri(0)]d~r

′〉



Example: What is this ?



The interpretation of the data depends on

the proper modeling of structural and

dynamic properties of the system



It would be nice if we could use a computer

to sample the Van Hove distribution...



This is exactly what a simulation is about





We need some ~ri(t) to feed our equations



Example: molecular dynamics

Idea:

1. construct your system in a simulation cell, chose
P,T...

2. define interactions between parts of your system

3. solve equations of motion and save ~r(t) at
various times

4. compute observable



Integrating Newton’s equations of motion

Discretisation of time:
look for {~rn} = {~r(tn)}, tn = n∆t, n = 0, . . . ,N

now d~r
dt
(t) = limdt→0

r(t+dt)−r(t)
dt

= ~v(t) becomes:

~vn =
rn+1 − rn

∆t

Same for ~v , find:

~f n = m
~vn+1 − ~vn

∆t



Integrating Newton’s equations of motion 2

Solve for time n + 1 and find:

rn+1 = ~rn + ~vn∆t

vn+1 = ~vn + ~f n∆t/m



Computing observables

We can now use the rni , v
n
i to compute observables.

What we can usually obtain is a discretized version, ie
integrals of δ functions become histograms.





Improving the model of G (~r , t) for liquids

before after



10.1039/c2sm26061a



Good, but how do I get the forces ?
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Roadmap 
   Atomistic       Hard spheres  Soft spheres  Topological Single particle 

0.1 nm     1 nm     10 nm     10 nm    100 nm 

Molecular 
Dynamics 

Langevin 
Dynamics 

Brownian 
Dynamics 

Slip-links 
Smoothed particle 

hydrodynamics 

J. T. BRIELS, W.J. PADDING, J. PHYS.: CONDENS. MATTER 23 (2011) 



Langevin Dynamics 

Newton Friction Thermal Noise 

Momentum 
Relaxation Time: 

Average speed: 



Langevin dynamics 
 Simple and straightforward to implement, but because friction and thermal 
forces are coupled directly to « background », 

 

  Momentum conservation violated locally, 
 

  Hydrodynamic interaction lost, 

 

  Impossible to observe complex flow patterns 
  such as shear-bands. 

Upgrade: Dissipative Particle Dynamics 



Dissipative Particle Dynamics 

Newton Friction Thermal Noise 

Weight function: 

Friction and Thermal forces act between 
neighbouring particle pairs, no fictious 

« background » needed. 

Local momentum conservation & 
hydrodynamics recovered. 

P. ESPAÑOL AND P. WARREN 1995 EUROPHYS. LETT. 30 191 



Momentum relaxation time 

Viscous drag: 

Solution: 



Brownian dynamics 

Overdamped 
Newton 

Thermal Noise 

 Very big time step 
 Unresolved momentum 
 No hydrodynamics 



Hydrodynamic Interaction 
Incompressible 
Navier-Stokes 

In Fourier domain 

Solution 

Momentum 
relaxation 

Incompressibility 

M. DOI AND S.F. EDWARDS, THE THEORY OF POLYMER DYNAMICS, 1986 



Transport properties (ex. viscosity) 

Definition of 
stress 

Microscopic 
shear stress 

Green-Kubo 
relation 

M. DOI AND S.F. EDWARDS, THE THEORY OF POLYMER DYNAMICS, 1986 



Externally applied shear 

D.J. EVANS AND G. MORRISS, STATISTICAL MECHANICS OF NONEQUILIBRIUM LIQUIDS, 2008 

Lees-Edwards 
boundary conditions, 

1972 



Slip-links 

J. T. BRIELS, W.J. PADDING, J. PHYS.: CONDENS. MATTER 23 (2011) 



Self-Consistent Field Theory 

Partition function for the first (0,s) segments of a polymer which start at r0 and end at r: 

Partition function for the last (1,(1-s)) segments of a polymer which start at r0 and end at r: 

Full 
partition 
function 

Segment 
density 

M.W. MATSEN, SELF-CONSISTENT FIELD THEORY AND ITS APPLICATIONS, 2006 



ABC triblock 
copolymer melt study 
with Self-Consistent 

Field Theory 

C.A. TYLER, J. QIN, F.S. BATES, AND D.C. MORSE, MACROMOLECULES 2007, 40 



Fluctuating Navier-Stokes 

ALEKSANDAR DONEV ET AL., COURANT INSTITUTE & NEW YORK UNIVERSITY, 2012 

Simulation 



Conclusion 

G.R. LIU AND M.B. LIU, SMOOTHED PARTICLE HYDRODYNAMICS, 2003 


