
Chapter The kinetic theory of gases

Sofar we have argued that statistical ensembles should

be relevant to describe complex systems Can we do better

System Dilute gois of Ninteracting particles
construct

its dynamics explicitly to
Showthatit relaxes to equilibrium

Characterize this relaxation to extract the relevant

transport coefficients viscosity thermalconductivity etc

Goal Startfrom save initial condition characterize

the evolution of the system

t o t ot t

First challenge whatis the right levelof description
Thejointknowledgeof all a pi and their probability

density 81 pi El is way too much information but

that a simple starting point since we have lionville's equation



How can we build characterize the relevant coarsegrained
variable e.g density field

2 1 From Liouville'sequation to the BBGKY hierarchy

2.1.15 Coarse grained descriptions

Idea
We want to identify the fields that allows us to derive a
closed selfconsistent description ofthe system at large scales

very difficult in general

Examples

Mcsopical Mcoscopicdescription

pollen grains inwater diffusion equation
doing random walks Brown 18771
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m member density fieldId D diffusivity

liquid water Navier Stokes equations
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Comments

How do we know what are the right fields Why no ain't

for the pollen grains Why no I ill for Navies Stokes

If you know a µ then you
have closed equation They

can be measured experimentally but when do they cae from

microscopically Can we predict theirvalues

By reference to the Navier Stokes equation such closed

large scale descriptions are called hydrodynamic

equations the fields they describe hydrodquari

fields ormodes even when no water is involved

Why does it wah Scaleseparation
Microscopic scales well separated from Macroscopic scales

particle size o diffusia over scale

time to travel t in T Lf SS T

if cost

We say that the system admitscale separation if then one

time scale E CE CCT such thatmost observable
have relaxed since EST while a few hydrodynai field
have not since t CCT



How do we identify the slowfield
Hard in general but there are sae rules
Conservedfields are slow

It takes time to move stuffwithout teleportation

e diffusion equation def bag casider a macroscopic fluctuation

six t ol got a cost c ItoDAS Dog cos 7

Solutia of the dg aisgcx.tl got og ca Ea e
É

This relax to ges when to T
4 To

Intuition to relax a conservedfield you need to transport it
over a distance L in LZ z dynamics exponent

Diffusion 2 1

Ballistictransport Z 1

Richer physics exists Kardar Parisi Zhang Z

Spontaneous braking of symmetry aitical slowing down

Consider a system invariantunder some symmetry grap that
becas ordered as the temperature is lowered

E g Fenomagnets atas with spins 5
Isotropy of space all are equally likely 053 symmetry



At high temperature the system is disadured andcñ C 5,3 8

Atlow temperature exchange interaction between the spins lead to

the emergenceof magnetisation ino that breaks the symmetry
Cñ

At Tc the system wants to aden

but very weakly very large

fluctuations that are very slow

The magnetization field in Ii is then a slow mode

generic fa continuas transitia associatedwith spatanea

symmetry breaking

let's tryto build a hydrodynamic description ofan dilutegas
2 1 2 lionville's equation
N classicalparticles interacting via a painpotential V and

experiencing an external potential U
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Emantracting Facts
dynamics

Vlai a july 9st No doublecanting
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as s.ly
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free evolution of
the interactions

particlewhentheydonot interact
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Let's start from ILEI coarse grain things out



2 1 3 One body density

Conserved quantities particlemember momentum energy how

do we characterize the corespading fields starting from s 99Tpile

Number densityfield nine such that for any value V

Sd imlnt.tl Note the average of particle in V

Sf 944 Ild 1 if 9 let EV 0 otherwise

Nulet d gilt il d i

rIatyÉ flat i

d i'Sdps a p f d É i

Sudi É s pile it

min El E f 9 4 51

One body function

min El Sfd'qidpi s 9j p t f q i
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silqiip.it isthemarginalof s over all partials h i It is the

one body probability density to find the particle i at pi
at time t
Particle indistinguishability All particle in the gas areindistinguishableso that is invariant by permutations of q p q pi
Thus s F p t Sj g p f s p p t

One body density

One thus has

mln.tl Sd p s I pil Nfd3ps i p

m it d p f i p f Intp Ne ti pl

f has a simple interpretation f apt dg'd'pi the average of
particle inthe volume q'dp meas q p

Equivalent definitions

s g p 1 C d q 9,141 d p pile l
d g g tell d p pilfil

Sdp s iii ajiriljs.it
It is manalized as f da'dp s lgp.tl 1


