
 

Chapter 2 The hintin theory of gases
So far we have argued that statistical

ensembles should

berelevant to describe complex systems
Q can we do better

Here Consider a dilute gas of interacting particles and

construct its dynamics
Show that it relaxes to equilibrium
Charasterize this relaxation to extract transport
coefficients such as vicosity thermal conductivity etc

Eyster Nclassical particles interacting via a pain
potential V andexperiencing an externalpotential it so
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Goal Startfrom save initial condition characterize

the evolution of the system
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First challenge The joint knowledge of all dpi is

clearly toomuch information identify the right levelof
descriptions i e the good coarse grained observables and
build their dynamics e.g densityfield
2 1 Fromthe lionville equation to the BB GKY hierarchy
2 1 1 The lionville equation

Is s.lt

iiiii.it

evolution of8
when 1 0 interactions

Allin all

dest sits If



Example

ggfgfdestfs.ltto righthand side

important

deft 8,4

2 1 2 Coarse grained description

The joint probability distribution s qi pi t contains way too

mush information introduce coarse grained observablesto

describe the macroscopic evolution of the system

QI How Which observable should we use

General idea

We need to identify thefields thatallow us to derive a

closed self casistent descriptionofthesystem at largescales

Very difficult task in general

Ecuple to

Én
Micro a bunchof particles

Ing random walk
the diffusion equation
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If you know D you have a closed equation for gla
that you can solve

Why does it work Scale separation
Take a system described at a microscopic scale em andthat
evolves on a typical time scale Em
lm T Em time it takesfor aparticle to move over 5

We say that then is scale separation when we can identify
some time and lengthscale essen e em such that
most observable relax on time scales t e while
afew observables relax EDT

Comments

Fields that relax on large time seals on calledslow
mods or hydrodynamic mods This latter denomination

comes from the fact that the Navier Stokes equation
deg sit
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viscosity

is one ofthe oldestexamplesof coarse grained description that
predicts the evolution of the density field gli t and
ofthevelocity field I E on scalesmuch larger
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than theparticle size
How do we identify the slowfields Hard in general
but there are some rules
Conservedfields an slow
Look at the diffusion equation deg Dog and consider

a small perturbation gli.tl So 8s Ii

UsingFonies decaposition in a systemof size 2 we find that

8s I 4 Is life e so that

ddslg.tl 151 Is 19 t

Is laid 8g go e relaxes into

large scalefluctuations 191 relaxationtime I α 22

I 00 as 2 no and the relaxation fire is much larger
than em Is
India to relax a conservedfield you need to transport
matter over a distance L I α Lt

2 1 for diffusive scaling
2 1 for ballistic scaling i r



Risher physics exist Kardon Parisi Zhang equation which
describes fluctuating interfaces leads to 2 312 Main 8.314

Spontaneous breaking ofasymmetry
Consider a system invariat under see symmetry group
E g funomagnets

atoms with spins 5 Isotropyof space
All are equally likely SO 3 symmetry

As a result at high temperatures the system is disorderedand
Cms 1
At low temperature because of interactions the spins spontaneously
break the symmetry andacquire a common orientation
LINDD

At Tc the system starts to
ader very weakly Because

t the systemdoes not know which
dinition to choose the adving process is very slow

and take a time I that diverges with C

Spontaneous symmetry breaking is also associated

with slow mods see 8.334

Wewant to startfrom s ii pit e and buildthe relevant

coarse grainedfields associated to conservedquantities



Indy density

Here Particlenumber marention energy are catered

quantity
How do we build a density fieldfrom g qi.pt e

I m eld average number ofparticles in V

since fdcai ildi 1ifgf.fm
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Si qipi EI is the one body probability density offinding
particle i at gi p at time t

Since all particles an identical silgi pi E Ski P it
E S Cai pi.tl
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