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Properties of the Partition FunctionProperties of the Partition Function

"' srrs EEE +=

))((
"'"

,

'

,

")'( ∑∑∑∑ −−−−+− ===
s

E

r

EE

sr

E

sr

EE srsrsr eeeeeQ
βββββ

"'QQQ =

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
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Gibbs Paradox: Consider combination of two identical part with N’ and V’
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System Energy vs. Particle EnergySystem Energy vs. Particle Energy

Neglecting inter-particle interaction
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Independence of Modes of Energy StorageIndependence of Modes of Energy Storage
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Translational motion

Motion in a Potential Field

Rotational motion
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Ensemble for Isolated System  Ensemble for Isolated System  –– Microcanonical ensembleMicrocanonical ensemble
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Microcanonical Ensemble  Microcanonical Ensemble  –– EntropyEntropy
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Computation of ΩNVE and state density g(E) is critical

but generally difficult



System in contact with a heat reservoir  System in contact with a heat reservoir  –– Canonical ensembleCanonical ensemble
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Canonical Ensemble  Canonical Ensemble  –– Free Energy & Thermodynamic RelationsFree Energy & Thermodynamic Relations
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Canonical Ensemble  Canonical Ensemble  –– Ideal GasIdeal Gas
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Canonical Ensemble  Canonical Ensemble  –– relation with Microcanonical Ensemblerelation with Microcanonical Ensemble
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Open System with a heat reservoir  Open System with a heat reservoir  –– Grand Canonical ensembleGrand Canonical ensemble
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Grand Canonical Ensemble  Grand Canonical Ensemble  –– Thermodynamic RelationsThermodynamic Relations
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Grand Canonical Ensemble  Grand Canonical Ensemble  –– Ideal GasIdeal Gas
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ExamplesExamples
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▷ Paramagnetism: ideal two state (up & down) 
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▷헤모글로빈분자위에서의산소흡착
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Quantum Statistics  Quantum Statistics  –– Number of ways of distributionNumber of ways of distribution

▷ Distinguishable without Pauli exclusion principle
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▷ Indistinguishable without Pauli exclusion principle
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Quantum Statistics  Quantum Statistics  –– BB--E & FE & F--D D 
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Bose-Einstein Distribution

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

!)!(

!

iii

i

i nng

g
W

−
=∏

Fermi-Dirac Distribution

1+
=

iee

g
n i
i βεα

※ Photon Statistics



Quantum Statistics  Quantum Statistics  –– mean # of particles in a singlemean # of particles in a single--particle state sparticle state s
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Quantum Statistics  Quantum Statistics  –– Photon StatisticsPhoton Statistics
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Quantum Statistics  Quantum Statistics  –– BoseBose--Einstein/FermiEinstein/Fermi--Dirac StatisticsDirac Statistics
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Quantum Statistics  Quantum Statistics  –– BoseBose--Einstein/FermiEinstein/Fermi--Dirac StatisticsDirac Statistics
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