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Warming UpWarming Up –– Mathematical SkillsMathematical Skills
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3. Lagrangian Undetermined Multiplier Method



Basic Concept of Statistical Mechanics  Basic Concept of Statistical Mechanics  –– Macro vs. MicroMacro vs. Micro

View Point

Macroscopic vs. Microscopic

State
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State

Macrostate vs. Microstate



Particle in a Box  Particle in a Box  –– Microstates of a ParticleMicrostates of a Particle
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System with particles  System with particles  –– Microstates of a SystemMicrostates of a System
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Macrostate / Energy Levels / Microstates  Macrostate / Energy Levels / Microstates  ––
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Scope and Fundamental Assumptions of Statistical Mechanics  Scope and Fundamental Assumptions of Statistical Mechanics  

▷each probable case defined by (n1, n2, …, nk) to make a macrostate

→ microstate

▷ mental collection of macrostates, quantum mechanically accessible 

to a system → ensemble
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� all microstates in the same energy level have a same probability

� Ensemble average = time average



Number of ways of distribution : in Number of ways of distribution : in kk cells with cells with ggii and and EEii

▷ Distinguishable without Pauli exclusion principle
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▷ Indistinguishable without Pauli exclusion principle
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Evaluation of the Most Probable Macrostate  Evaluation of the Most Probable Macrostate  –– BoltzmanBoltzman
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Evaluation of the Most Probable Macrostate  Evaluation of the Most Probable Macrostate  –– BB--E & FE & F--D D 
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Bose-Einstein Distribution
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Fermi-Dirac Distribution
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Definition of Entropy and Significance of Definition of Entropy and Significance of ββ

)(Ω= fS )()()( BABABA fffS Ω+Ω=Ω⋅Ω=−

▷ Consider an Isolated System composed of two part in thermal contact.

Equilibrium condition ?

Classical Thermodynamics → maximum entropy (S)

Statistical mechanics → maximum probability (Ω) 

▷ S and Ω have a monotonic relation:
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Calculation of Macroscopic Properties from the Partition FunctionCalculation of Macroscopic Properties from the Partition Function
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Ideal MonoIdeal Mono--Atomic GasAtomic Gas

kT

state

eZ
//ε−∑=

)(
8 2

2

2

2

2

22

c

n

b

n

a

n

m

h zyx
i ++=ε

)/()8/()/()8/()/()8/( 222222222 cnmkThbnmkThanmkTh zyx

eeeZ
−−−

∑∑∑=

kT

i

ilevel

energy

egZ
//ε−∑=

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

eeeZ ∑∑∑=

z

cnmkTh

y

bnmkTh

x

anmkTh
dnednedneZ zyx )/()8/(

0

)/()8/(

0

)/()8/(

0

222222222 −∞−∞−∞

∫∫∫=

a
dxe ax π

2

1

0

2

=∫
∞ −

2/3

2222

28

2

8

2

8

2







=























=

h

mkT
V

h

mkTc

h

mkTb

h

mkTa
Z

ππππ



Ideal MonoIdeal Mono--Atomic Gas  Atomic Gas  –– Evaluation of Evaluation of kk
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Entropy  Entropy  –– S = S = kk ln Wln W
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