
 

Chap I The Langevin Equation
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Integrating out the dynamics

of 9in 3 we fond a closed evolution
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when Klul wica win is the friction kernel

and m wipitol sinwith wilgitol lol eastwith represent the

fluctuating partof the force exerted by thefluidon the colloid
In principle 1 1 is a deterministic equation plel x t an entirely

determined by plot 101 9 lol picot In practice pilot pilot are

both impossible to measure and widely fluctuatingfromexperimentsto

experiments while kcal is always the same t fluctuates widely
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If we assure that at t o thefluid is equilibrated then we can

characterize thefluctuations of 914

For concision we wite qlol q pilot pi and atrom
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independent Gaussian random variables RV

541 is this a linear combination of Gaussian RV it is also a GussiaRV
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Conversely if ce e di the inversion theorem tells usthat

is a GRV
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by its twofirst amulants a and ca's ca's car

For each valueof t 9H is a Gnr but SHIand9H arenotindependent

characterized by 9H17 and 5145412
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This relation is called the Fluctuation Dissipation
Theorem It

shows how for the dynamics induced by an equilibrated
bath friction an fluctuation are related to each other by
the temperature of the fluid

1min dynamics piet depends on pls a ear in tires set

The system has a memory
stand in the degrees of freedomofthe

fluid Dynamics like 1 which are not entirely determinedattintby

the valuesof the degreesoffreedom
considered at time t am called

non Markovian

On the contrary 1 4 wen Markovian for thefullsetof dof
xp 9spill

Eliminating airpis is nice but it comes at aprice thememory
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The damping
let us denote by g

a do thememberof oscillators with wie ca wida
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g a is a propertyof an fluid
which determines its memory handKlul
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when SH is then a Gaussian white mass
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Klf E dlf.tl white noise Kcal 1

KIE f l 8 t t colored noise

is the celebrated Langerin equation 1908

Cement KIEI is a property of thefluid Sae fluid have

memory and are called viscoelastic others donotand

an typically called Newtonian fluid
Comment

Note that 541 with 57 0 9HSHY 204TELE E

and zonteH with 7 0 MH THIS dit t

an two GRV with the same average and covariance these

processes are identical One thus oftenwrite the Langevin equation

as
g p p op u felt floaty

We will often silently switchfrom one notation to the other

2 11 The large damping limit

Naively one would think that a largedamping coefficient0 implies

a large dissipation andthus no motion

the life of a Brownian particle
is very different



Large fur slow system evolves on large timescale

consider t 02 with In 0111
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overdamped Langevin equation vkxImTII an

speed Sum of forces

Aristotelian physics



Thanks to thefluctuation dissipation relation damping raise

scale the same way and
both survive in the 0s to limit

motion survives on time scale to 8

inertia is inelevent speed Σ forces

AD is the love of theoretician upto setting 1 1 but it has

weirdwits
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Mobility Apply a castantfor V 1 1 Fo

then the average speed is us Fo

Themobility µ
is defined as a Is

It reasons the response of theparticle to an external drive

The over damped Langevin equation them reads
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Cent a is a property of the fluid that can be

computed independently

For water are can use Stokes equation to show that

ggfor a sphere of radius R 0 6
Ignani

viscosityofwater
Notational diffusion p On SIR n

As R 60 On co it's easier to rotate than to move

Summary

Large object
connected tomany equilibratedfluid

molecules
coarse graining
eliminate degreesoffundam

T
Dynamicalequationfor the object that is stochastic

depends on a smallnumber ofparameters LT 0 that

can be measuredindependently

The Langevin equation is the PV NhT of non equilibrium

statisticalmechanis let's learn how to use it


