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Second law of thermodynamics

Take two systems with initial energy E Ei let themevolve
in contrastwith each other and they will relax to EY EY
such that
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the entropy ofthe isolated system S S US has increased

this is the second lawofthermodynamics Note that
it relies on N 0

3 1 4 3 Pressur the 1ˢᵗ lawof thermodynamics

1 we letthesystem equilibrate in a

fffmpg
value v and we then event

a forceperunit area for that leads

11 1 1 1 1 to a compression ofthe system during

whith the right wall moves by a distance do The force
exerts a washthatis dw fa A dx fadr so thatthe energy
evolves as E Etf dV and itsvariationreads d E fadv



The entropy then evolve as

Sn N V E SIN Vtdr E dE SINV E TV8ft deEgg
t

IS Eidutta do I 1 1

If the system
does not evolve 12 0 and Ifn

In the steady state the system exert a face per mitana

thatbalancesfor which is thepressure PmTfI
1 1 can then be rewrite ds In dV d

so that dE TndSmPmT 1stlawof
thermodynamics

Takehave message

Finite system compute or E or ICE to characterizethe
probability ofmicrostate

Compute S E in the large N limit to compute thermodynamic
observable heatcapacity pressure



Define macrostates 4m 9m theirprobability

are given by P19m 1ft when I 19m is the umberof
microstates in 4m

Then thelarge system limitendowesP 9m with a simple expression

let us now show how this microstate macrostate formalism can

be used to change ensemble

3 2 Canonical ensemble

3 2 1 Changing ensuble the Boltzmann weight

Systems thermostat isolated thermostat

butableto exchange energy T É
Ext Es Eth fixed 1 17 1 111

but Es Eth can fluctuate

We casider large systems so that Es Eta interactionenergy

between S thermostat

We caridu large thermostat so that EthD Es

System thermostat an isolated microcanonicalensemble

Configuration 4s 4th sail that Plot 9 Ifeta Etats Etat



Macrostate Since we do not care aboutthe thermostat we can

define a macro state of the system using 9s

Is 4 4s I a such that Es 9,1 Eta Atn Etot

This macrostate contains Sta 4th 1 states macro indeed

PH Edit factor Elecet.ie eca tfEi
eh Sti Ext E9,1

fat Etot

Sina E 951CCEtot.SE Etot EC9s112StLEtot E 9s1

fy1g

Py 4 e

Smt t.tl III
tot Etot

Protles is the probability that the full system is in themanostate
4s the probability that the systemis in Y P 9 P Qs

for simplicity All in all
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where β Int is the inverse temperature in 5 of
the thermostat

and.fifEn is a manalization fate such that

7,819,1 1 Z éβE 14

411 called the canonical distribution a the Boltzmann
weight

Z is called the partition function The definitions 21

and 1 an equivalent butthe second one is typically
easier to use to caput Z and it only depends on the

thermostat through β

Control parameters While systems in the microcanonicalensemble are

characterizedby N E V thesystem is here controlled by

N T V where T is the temperatureof the thermostat

Helmoltz free energy FINVT ATLEINVTI is called the

Helmoltz free energy



Continuous classical system For a system describedby N

pains of continuouspositions manta 9 pi we can

generalize thisformalism as

classical QM compatible

P aipill e β pit p gipill Ie et
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While this choice doesnotmatter at the classical level we typically
adoptthe QM compatibleformalismfor the continuous case
We stick to this notation that we silently denoteby Z fromhereon

Indistinguishability If the N degreesof freedom describe

in distinguishable particles we have over canted themember

ofconfigurations in Z Z 1m iedaydp e β 943

our phase space measure is now In daidp

Again an probability measure dp In iÉdqidp I e
β is

unaffectedWhileh plays no role in classicalstatnah theN faita is crucial
for systems with severalspecies see exercise4 Psets ontocomputethechemicalpotential



Mngksipaatiffn.lt i HCx xzal where x in 911 an

Pi PN Pi Pa

We request that It diverges as x so so that zoo

Antonatically true in a box
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One recoversthateach quadratic degrees of freedom contributes

hI to the average energy
Outline Below wefirstcompute Z Ffor the idealgas the
2 level system before studying the statisticsof thesystem in the
canonicalensembleto compare them with those in the microcano
mical ensemble


