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Warming Up — Mathematical Skills

1. Stirling’s approximation
In (x!)= J.lxlnx dx=xInx—x+1l=xlnx—x

2. Evaluation of the Integral J:e_xz dx

[[eXac=dz [a—ir [ewa=1/
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Basic Concept of Statistical Mechanics — Macro vs. Micro

View Point

Macroscopic vs. Microscopic

State

Macrostate vs. Microstate
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Particle in a Box — Microstates of a Particle
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System with particles — Microstates of a System

Table 2.1 Possible Distributions of Three Particles Among Three Different
Energy Levels

Configurations

Energy Level A B C D E F G H 1 J
I at 0.2 eV 3 2 2 1 1 0 1 ¢ 0 ¢
IMat0.1eV 0 1 o 2 1 3 0 2 1 0
[at 0 eV 0 0 1 0 1 0 2 1 2 3
Total energy of 0.6 05 04 04 03 03 0.2 02 0.1 0

configuration, eV
Q (sum = 27) 1 3 3 3 6 1 3 3 3 1

R i
6 7 6

P, at 1000 K 3 X 107% 0.003 0.021 0.077 0209 0.334 0356

(sum = 1.00)*

“The symbol {} denotes the thermodynamic probability of the configuration,
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Macrostate / Energy Levels / Microstates —

QUANTUM ENERGY
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Figure 6.1 The hierarchy of quantum states, energy levels, and macrostates. In general,
many quantum states (microstates) will be consistent with a given macrostate. Quantum

states having the same energy, but differing in some other observable way, are grouped
i energy levels.
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Scope and Fundamental Assumptions of Statistical Mechanics

> each probable case defined by (#,, n,, ..., n,) to make a macrostate
— microstate

> mental collection of macrostates, quantum mechanically accessible
to a system — ensemble

» all microstates in the same energy level have a same probability

» Ensemble average = time average
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Number of ways of distribution : in k cells with g; and E;

> Distinguishable without Pauli exclusion principle

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

N! o .
W= 1 | |(g1)1(g2) - (gy) —N'H{ 'j
n!n,l---n! o
> Indistinguishable without Pauli exclusion principle
—1)!
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(g, —D'n!
+n,—1)!
W = H (gl + nl )
7 (g, -Dln!

> Indistinguishable with Pauli exclusion principle
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Evaluation of the Most Probable Macrostate — Boltzman
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Evaluation of the Most Probable Macrostate — B-E & F-D

Bose-Einstein Distribution
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Definition of Entropy and Significance of

> Consider an Isolated System composed of two part in thermal contact.
Equilibrium condition ?
Classical Thermodynamics — maximum entropy ()
Statistical mechanics — maximum probability (£2)

> S and 2 have a monotonic relation:
§=7(Q) Si5 =S, Qp)=f(Q)+1(Qp)
S=k"1nQ
dS =—k"y dn,Inn, =k') dn,(Be, —h%) =k'B) &.dn, —k'ln%Zdni =k'B dU
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Calculation of Macroscopic Properties from the Partition Function

S=kInQ=-k) n, ln(%) =—k) n, 1{% e_g"/ij =k n(e/kT+InZ)

Szg—l—Nkan

T
F=U-ST=—-NkT'InZ

S:—(aFj :Nkan+NkT(aanj
or ), or ),

U= Nsz(

8anj
,
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Ideal Mono-Atomic Gas
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Ideal Mono-Atomic Gas — Evaluation of &k

3/2

Z =V(27Wij 1nZ=1nV+§1nT+31n(2’”?kj
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for 1 mol of gas

s=c,InT+RInV +s_
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Entropy — S=kInW
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