
 

Chapter 38 Classicalequilibrium statisticalmechanics

Chapters 1 I have provided us with qualitative and

quantitative reasonsto believe that equilibrium statistical

mechanis is relevant to dscribe the late time statistics

of isolatedsystems In this chapter we study the

propertiesofthe corresponding ensembles and show

their equivalence in the large system size limit
This allows us to recover standardresultsof
thermodynamics

3 1 The micro canonical ensemble

For an isolated system at temperature E all states with
the same energy are assured equiprobable in the steady
state Formally if we denoteby4 the configurationsof the
system

probability p 91 Ice if E 91 E

0 otherwise



entropy Sm El h lunce

Temperature In
Heatcapacity To increase the temperature of the system by IT we

need to bring sae energy 8 E
The heatcapacity is defined

as
Ef.no Inventing TCE into ECT Cu is defined

as Cv 0

The subscript v refersto the fact that the value vis keptcastat

as E EASE and T att ST

3 1 1 Continuous system

densityof states

If we consider a system described by continuous variables defining

the member ILEI makes no sense Instead we wantto characterize

the measure of the energy surface defined by ECE E If we
consider

any measurethat is absolutely continues withrespectto
the lebesguemeasure in thefullspace themasemofthis surface
is zero



A solution is to consider instead configurations of
energy E E 9 E 8E Then the value measure ofthis
set scale as LIE SE WELSE

WCE is calledthe density of states of the system

The entropy is then given by S hohr hphwcelthnl.de

In the large system size limit hehates divergs andthecastat

hphSE can be righted
Phase space measure Carider a classical system the probability
measureofthe system is

n Éi infin ammeasure

If we changeunits thephase space value I E themeasure139d'p

change in the same way so that dg does not depend a the unit
which is great But S hp.hr dos To fix this we

write

dSE É Baggi g ECE EH I 9

43N
Why Because it does notmatter dg is unchanged

S his dog Ehthpln E does not depend on mits 1



Because it is consistentwith the high temperature limit

ofquartan statmech The real availablestats are quantized
andh is the rightway to courtstats inphasespace
h can be seen as the night wit ofphase space volume

3 1 2 The idealgas
Nparticles in a boxof volume V 3 In the dilute limit

their interastics sufficefor thegas to equilibrate but they

donotenter the phase space distributionand we approximate the

energy as H Itm

Density of states

de E S K

E HC

VIETJE ULENE
13h

where UCEI is thephasespace value suchthat H Eaipi E

ISE E 84Eur let'scaput VCE

V E 1 2 I dx i i TEM
FIX LME

L METE



Going to spherical coordinates we get

E IME 3m famm when 3N is the

total solid angle in 3Ndiversitor

Solidangle in d dirension

let's find an integral we can do in contesian ofsphericalcoordinates
Gaussian integral

Is f e a

WE
I dx éE 8,4 f xd e

w x To

It d due w I 84 P E

where P ul do w e is theGanna function such that

Gd
2 x ̅ Plm Cm 1
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Bail to the density of stats VCE L ME 25
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Stirling formula

n EM him my ocmllaomitft.gg
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Comments

Sma too as Nato legitimate disregarding SE

Sm increases with E as expected I 8 70
Sm not extensive E V N IE IV dN

St taken In



This is becauseof the factor V instead of in 111

Indistinguishability
The computation above is wrong for a realgas8 we know since
thermodynamics that the entropy of a gas is additive
This was first discussed by Gibbs and is unfortunately called
the Gibbs paradox in the contextof the mixing of two identical

gases

This computationis ok if the particles are distinguishable i 1

we can labelthem and track then

These 3 configurations are different and the entropy
shouldbe superextensive since swapping particles create

new configurations

If theparticle are undistinguishable these 3 configuration
are identical but we have canted then as different

configurations in S E



For an distinguishableparticles ILE 1 and

Sm E Nhs In 45

Sm is a functionof Em thatare intensive quantities

Comment In quantum mechanics partials are waves and

cannot be distinguished if they are of thesamenature
and they should then be treated as indistinguishable

Thermodynamic quantities

From S we can caput who E What

C Nhs

3 1 3 Discutesysters the two level system

In many systems the variationsofenergy are not solely a at all
due to motion inspace but insteaddue to changes in discrete

observables An importantexample is thatof localized electras
on a lattice in the presence of a magnetic field Taking



into account the g ratio ofthe eletras this energy is the
E µ h Ti JI Tis whereµ is

the magnetic nautofthe
eletras theexchangeenergy and Tj 1 minus thin manalizedspins

Two level systems The simplest system conspads to

N atoms in a lattice that can be in two energy levels ode
The H E me me o in

Since the ata have fixed positions they are distinguishable

and ICE me
N
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