PHY 341/641
Thermodynamics and Statistical Physics
Lecture 14
Methodologies of statistical mechanics. (Chapter 4 in STP)

A. Microcanonical ensemble
B. Canonical ensemble
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Microstate count for N particles in d-dimensions —
microcanonical distribution
Classical microstate distribution for N free particles of mass

m moving in d dimensions in box of length L
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Boltzmann entropy function
S(E,V,N)=kInT(E,V,N)
For 3-dimension system of N indepent particles
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Stirling approximation for x — oo
A=T(x+1)~xInx—x+3In(2m)
To leading order in N :
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Note :  more correct analysis would use :
S(E,V,N)=kInQ(E,V,N)
dr(E,V,N)
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Relation to temperature and other thermodynamic variables
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For ideal gas of N particles in 3-dimensional box of volume V' :

S(E,V,N) = Nk(ln(%}+%ln(4ﬂm’5}+gj

3NK?

Gibb's paradox :

N/V,=N,/V,=N/V

AS =S(E,V,N)—(S(E,,V,,N,) + S(E,,V,,N,))

If m =m, and H£_E_E =AS=0
N, N, N
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Microcanonical ensemble :

For ideal gas of N particles in 3-dimensional box of volume V' :

S(E,V,N)= Nk |n(£]+§|n(4’”n’f]+§
AN A

Canonical ensemble:

Canonical ensemble (continued)
E, =E +E, E <<E,
Probability that systemis in microstate s :
Q,(E,-E,)
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Canonical ensemble (continued)

InP.=C+InQ,(E,, -E,)
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Canonical ensemble:
—E kT
P=Ce"™

1 —E kT
=—e ¢

Z
where: Z=)¢ """ "partition function™

Calculations using the partition function:
Z=Y e =N e wherefp=2

Canonicaiensemble continued —1average energy of system:
E\=— E,.eiE“/kT _= E,,efﬂE"
()= e =23 E,
1oz _ aInz
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Heat capacity for canonical ensemble:
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First Law of Thermodynamics for canonical ensemble

E. 1 Ee™ =NME.P.
< s> Z - K - s s

d(E,)=) E.dP, + Zé,dES,

E.
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s' s av’ - Pressure associated
with state s

d(E,)= ZES.dPS. —(P)dV
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d(E)=> E.dP,—(P)dV
Firstlaw
dE=TdS—PdV =TdS=> E.dP,

where P.= Lom
V4

note that: £, :—lanPS. :—l(InZ+ InP,)
B B
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ds = —k[ZIn adf;.j = —d[kZQ. In PSJ

=S=8,-kY P.InP,

We also note that :
7dS =C,dT




Recap:

Microcanonical ensemble : Internal energy U < E
S(E,V,N)=kIn(Q(E,V,N))
E(S,V,N) = dE =TdS — PdV + pdN
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Name Potential Differential Form
Internal energy E(S.V.N) dE =TdS — Pr[i + hri N
Entropy S(E,V,N)

Enthalpy H(S.P.N)=E+ PV

Helmholtz free er F(ILZVN)=E-TS
Gibbs free ener, G(T.P.N)=F + PV

Landau potential AT Vip)=F — uN

Canonical ensemble
Partition function (note: P, = pressure here; keep N constant)

Z= Ze’f e Ze*ﬁf =Z(T.V)=Z(BV)

A (62;Zj,,,,vdﬂ+[a{l;;zjmvdV
dinZ=~(E )dp+B(P)dV
dlinz +(E,)8)= p((dE.)+ (P)av)

E

d(Inz +(E,)p)= p(1ds)

Note: Using firstlaw : (dE,)=TdS —(P,)dV
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T
= —kTInZ=(E,)-TS = F(T,V) Helmholz Free Energy

F(T,V,N)=-kTInZ(T,V,N)
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Example: Canonical distribution for free particles
Classical canonical distribution for N free particles of mass

m moving in 4 dimensions in box of length L
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I(E,V,N)=




