PHY 341/641
Thermodynamics and Statistical Physics

Lecture 12

Methodologies of statistical mechanics. (Chapter 4 in STP)
A. Examples of macrostates and microstates
B. S=kIn(Q)
C. Counting microstates

2/13/2012

2/13/2012 PHY 341/641 Spring 2012 - Lectur
6 | 1302012 | Thermodynamic Potantiais 220221 212012
7 [ 20112012 | Thermodynamic Potentials 22224 232012
@ | 2032012 | Introduction to probabilty theary [ 3133 262012
9 | 20612012 | Probatilny distibutions 3435 282012
10 | 2032012 | Continaous disripuionsiContral | 353 49 2102012
it theorem
11 [ 211072012 | ineoduction to statistical mechanics [ 4.14.2 2132012
Enumesation of microstates: 43 152012
Many partcle systems 4445 )

2202012

222012

2242012

22172012 | APS - no class; take-home exam

2292012 | APS - no class, take-home exam

022012 | APS - no class. take-home exam

052012

2012 PHY 341/641 Spring

Review from Lecture 11 — 2 subsystems sharing total energy
N,=2, Ng=2

conducting, rigid, impermeable wall
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Properties of microstate number function:
Qtot(Emr): ZQA(EA pB(Emr - EA)
Ey
Forlarge N, N, :
Qi (Elu )z Q, (EA bB (Etor - EA)
where £, = most probable £,
=IQ(E,)=In QA(EA)+ In Q,,(E,m —EA)
Properties of Boltzmann entropy function
S, =knQ ~kInQ,(E,)+kne, (£, - E,)
S #8448,
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Other examples of microstate analysis for both classical
and quantum systems.

For N particles moving according to the classical
mechanical (Newton'’s) laws of physics in d-dimensional
space (d=1,2,3), Liouville’s theorem shows that phase
space dNr d¥Np spans all possibilites. In order to count
the number of microstates, it is useful to define:

The number of microstates with energy less than or equal to £ :
I['(E) < J‘d'”rd‘wp

Energy<E
The number of microstates with energy between E and £ + dE :

dr
g(E):aTE
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Relationship between classical and quantum microstate
analyses:

Classical Quantum
1 ay
N Id rd®p = Z

Example for quantum particle in 1-dimensional box:

Classical Quantum
2 22
Lecpp PRSPy
2m 8mL 0 L

Example: single particle of mass m confined within a 1
dimensional box of length L; d=1, N=1:
Classical treatment :

0<x<L:
—N2mE < p <~N2mE

L V2mE
Ta(E)=[dx [dp, =2L\2mE

Quantumotreatmzeﬁt :
h2n?

Discrete energies . ¢, = ™ n=123---
m.




Example: single particle of mass m confined within a 2-
dimensional square box of length L; d=2, N=1:

Classical treatment :

2z J2mE
Ty(E)= [[d*rd’p=0"[dp, [p.dp, =nl’(2mE)
Energy<E 0 0
Quantum treatment :
Discrete energies : ¢, , =————= n,,n, =123
oy 8mlL =
Eny oy <E 7Z'L2
I (E)= ) :7(2mE)
nn,=1
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Discretization effects in quantum case:
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Example: single particle of mass m confined within a 3-
dimensional square box of length L; d=3, N=1:

Classical treatment :

I',(E) J”dsr dp= Ll%La(ZmE)sl2

Energy<E

Quantum treatment :
i . hz(anrnJZ,Jrnf)
Discrete energies : ¢, ,  =————>—" n,n,n,
ot 8mL ’
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Many particles; N>1
Consider N=2, d=1

Quantum
2. 2
h°n,

8ml? ;

Em ey <FE E ER I
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Table 4.8: The microstates of two identical noninteracting particles of mass m in a one-dimensional
bax such that each particle can be in one of the four lowest energy st The rows are ordered
total energy. If the particles obey Fermi statistics, they caunot he e same microstate,
1 = 1. ny = 1is not allowed. There is no such restriction for Bose statistics. Because the
ence indistinguishable, ny = 1

2and ny = 2, ny = 1 ave the
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