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Brownian dynamics

The erratic motion of particles dispersed in a fluid.
Observed by Brown for minute particles ejected from pollen grains.

observed by Brown, a botanist, 1827

key theoretical contribution by
Einstein 1905

a basic model for noise

a standard model for a whole class of
similar models

« an example of how one can take
different time-scales into account and
formulate a "coarse-grained” mode
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Brownian dynamics

Content:
= Langevin’s equation
» Fokker-Planck equation

= With an external force
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Algorithm BD2

Algorithm BD2 The recommended algorithm for solving
Langevin’s equation is therefore

where
co=e M and vy = VT /m

and G,, is a Gaussian random number with zero mean, unit variance

and uncorrelated in time (G, G,/) = 0,/
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Probalitiy density f(v, t) / [1/v]
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Velocity Verlet algorithm

o(t + At/2) = v(th) + %a(t}ﬁt
r(t+ At) = z(t) + v(t + At/2) At

calculate new (external) accelerations/forces

v(t™ + At) =v(t+ At/2) + ;a(t + At)At

Goran Wahnstrom, Department of Physics, Chalmers



Algorithm BD3

\/71 ) + Ethm o
o(t 4 A1/2) = u(t) + Ja(t)At
v(t+ At) = x(t) + o(t + At/2) At

calculate new (external) accelerations/forces

1
v(t™ + At) =v(t+ At/2) + Ea(t + At)At
‘I‘Af \/7EIL —|—Af—|—lth\;’1—€0g2
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Algorithm BD3

Algorithm BD3 The Langevin’'s equation with an external force
(acceleration) that depends on the position can be numerically solved
using the following algorithm (that reduces to the velocity Verlet in
the limit  — 0):

. 1 :
Un+1 = aa'n-At + A/ COUn + UthV I — o gl,-n.
Tptl = Tp + Upp1 At

calculate new external accelerations/forces

Upn+1 — \/_an,—{—lﬁlf + VC t'n,—|—1 + Vthv 1 - &) gZ n

where
co=e "™ and vy = Vk BT /m

and G; and Gs are two independent Gaussian random numbers with

—~

zero mean, unit variance and uncorrelated in time <g1__ﬂgl‘_n;> — G

a-lld <g2’ng2._-n"> — 5?1,'?1-"'
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Measurement of the Instantaneous
Velocity of a Brownian Particle

Tongcang Li, Simon Kheifets, David Medellin, Mark G. Raizen*

SCIENCE VOL 328 25 JUNE 2010
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