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Properties of the Partition Function

For a system consists of two parts A’ and A” which interacts only weakly
with each other.

— Two different distinguishable groups of particles

— Two different sets of degree of freedom of the same groups of particles

E, =E+E,"
0= Q o" an In Q‘+ InQ"

Gibbs Paradox: Consider combination of two identical part with N’ and V’

S=5+5"=28"

S'=8"= N'k{%lantan'quO} S=2N'k[%lnT+ln(2V')+so} = 28"
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System Energy vs. Particle Energy

Neglecting inter-particle interaction
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Independent, identical, distinguishable particle system O=q"
N
Independent, identical, indistinguishable particle system Q= q
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Independence of Modes of Energy Storage
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Ensemble for Isolated System — Microcanonical ensemble

Number of NVE systems: N =) n,
N! i

n'n,l---n,!

W{ni}:
InW = Nlnﬁ—z n Inn,

dinW__ = —Zdni Inn, =0

> dn; =0 D acn, =0
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Microcanonical Ensemble — Entropy

s =kInQg =k [NInN- n1Inn,]

5= =% (ol )=+ pno

S=<—-klnp, >
S=-kln ! =kInQ
QNVE NVE

Computation of (), and state density g(E) is critical
but generally difficult
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System in contact with a heat reservoir — Canonical ensemble

Number of NVT systems with E;: N = n,
Average Energy of a system: U=<E, >= Z p,E, NU = Z nkE,
InW = Nlnﬁ—z n Inn,

dinW__ = —Zdni Inn, =0

Byeong-Joo Lee
www.postech.ac.kr/~calphad




Canonical Ensemble — Free Energy & Thermodynamic Relations

S=<—klnp, >=-k)_ p,(-BE,~InQ)=kpU +kInQ
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Canonical Ensemble — Ideal Gas
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Canonical Ensemble — relation with Microcanonical Ensemble

U= <E> = _8an
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Open System with a heat reservoir — Grand Canonical ensemble

Number of pVT systems with £, & N, N=> n,

Average Energy of a system: U=<E, >= Z p..E NU = > n,,E
Average # of ptl. of a system: <N >= Z ;l.’rNr N <N >= Z n,,N,
an:ﬁlnﬁ—z n Inn, " "
dinW_ = —Zdnl. Inn, =0

Zdnl.’r =0 D acn,, =0
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Grand Canonical Ensemble — Thermodynamic Relations

S=<—klnp,, >=-k) p,,(-BE,+N, -InQ;)=kpU —ky <N > +kInQ,
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Grand Canonical Ensemble — Ideal Gas
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Examples

> Paramagnetism: ideal two state (up & down)

Z =™ e ™ =2 cosh(fuB)

E=Y E(s)P(s)= _loz _ — 1B tanh( BuB)

Z op
.= u.(s)P(s) = ptanh(BuB)
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Quantum Statistics — Number of ways of distribution

> Distinguishable without Pauli exclusion principle

ZWZ(gl+g2+---+gk)N

N! o .
W= 1 | v(gl)l(gz) - (gy) —N'H{ 'j
n!n,l---n! o
> Indistinguishable without Pauli exclusion principle
—1)!
for g. with n, (g, +n —D!
(g, —D'n!
+n,—1)!
W = H (gl + nl )
7 (g, -Dln!

> Indistinguishable with Pauli exclusion principle

: A
for g; with n, £
(gz _nl)!nl'
H (& —n )'n !
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Quantum Statistics — B-E & F-D

Bose-Einstein Distribution

(g, +n —1)!
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% Photon Statistics
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Quantum Statistics — mean # of particles in a single-particle state s
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Quantum Statistics — Photon Statistics
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Quantum Statistics — Bose-Einstein/Fermi-Dirac Statistics

Qs (u,V,T) = Z e el = Z ~Blmetnaey ) Bl tnyh-)
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Quantum Statistics — Bose-Einstein/Fermi-Dirac Statistics
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