PHY 341/641
Thermodynamics and Statistical Physics

Lecture 11

Some further comments about probability theory and a
beginning discussion of methodologies of statistical
mechanics. (Chapters 3&4 in STP)

A. Poisson distribution and other distributions
B. Examples of macrostates and microstates
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Poisson probability distribution —
Approximation to binomial distribution for small p

Full binomial distribution: P,(n) =————
v () nI(N-n)

pnqN*n
Assume N >>n p<<1

NP N

n(N-n)  nl

Ing" " =(N-n)inl- p)~—(N-n)p~-Np

Pu(n) ~ % preo = (g0
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Other probability distributions:

Continuous distributions  p(x) = probability distribution

T p(x)dx=1

Probability for xin givenrange: P(a<x<b)=

Example:

I 4
p(x) = 7 (x—a)’ +y?
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Some methodologies of statistical mechanics
Example: Isolated closed system in a particular
“macrostate”; analyze possible “microstates”

System 1: N=5spins, where s =+1 or -1 and Xs, =1

L THE T T T oo
I T

S 1 1
(s1)=2 sk = (60D +4(-D]=¢

Note: If the magnetic moment of each spin is ps, then in
a magnetic field B, this system has fixed energy E=-uB.
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System 2: “Einstein solid” with N=3, E=3

N
E=>¢, & =012
k=1

microstate | red | white | blue Q=10
1 1 1 1
2 2 0 1 1
; i <gnk>=E(4.o+3.1+2-2+1.3):1
4 1 0 2 3
5 1 2 0 =1)=_"
p 0 ! 9 P(e, =)= I
7 0 2 1
8 3 0 0 More generally:
9 0 3 0 9 y
10 0 0 3 o= (E+N-1)

T E(N-1)
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Einstein solid with N=2, E,=5, ,=6 Einstein solid with N=2, E;=1, Q=2

insulating, rigid, impermeable wall

subsystem A subsystem B

®
© @

Ea ssible microstates of A [| En ble microstates of subsystem B
0. 0.1

5 14 1
23

Table 4.2: The 12 equally probable microstates of the isolated composite system composed of
subsystems A and B witl
all combinations of the

Na=2 Eq=35 Np=2 and Eg = 1. The 12 microstates consist of

states of A and B.
Ey =E,+E; =6
0, =0,0, =12
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Now, allow the barrier to accommodate energy transfer

conducting, rigid, impermeable wall
subsystem A / subsystem B

® U
®

Eo =Es+Eg
Qg = ZQA(EA)QB(EB):84
[
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Ea | microstates | DalEa) || £z | wicrostates | Qa(Es) | als | Palka
6 (60 08 T o [00 1

1 com-
erual constraint. The total energy is
and Ny = 2. Also shown arc the mumber of accessible
probability Py(E.) that subsystem A Las energy Ex.

with Ny
icrostates in each subsysteu and th




Note that, for the constrained system:
(Ep)=5 (by design)
Q=12

For the system with thermal exchange:

<EA>=0~l+1~E+2~E+3-E+4~E
84 84 84 84 84
+5- 12 +6- LA 3
84 84
Q=84

This example suggests a measure of *missing information”
S=kInQ
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Simulation program stp EinsteinSolids.jar

E=5, Eg=1, Ny=2, Ng=2

Ex=10, Eg=0, N,=3, Ny=4
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More results for E,=10, Eg=0, N,=3, N;=4:
| QalEa) | WO (Er) [T5° | Ta || Es | 95(Es) | mQa(Es) [ T5" [Tz | 2408
10 66 119 na na 0 12 ua 66
35 1.01 0.19 1 0.87 | 220
8 45 381 021 | 4.72 2 124 450
T 36 3.58 0.24 | 4.20 3 160 | 720
6 28 333 027 371 4 194 980
5 21 3.05 0.31 | 3.20 3 228 | 1176
1 15 271 0371 2.70 6 2.60 | 1260
3 10 2.30 0.46 | 2.18 T 2.96 | 1200
2 6 .79 0.60 | 1.66 8 3.30 290
1 3 110 0.90 | 1.11 9 364 660
0 1 0 na na 10 na 286
Table 4.5: The number of microstates of subsyst =Ea+Ez=10

and Na =3 and Np = 4

of 8008 microst

microstates

approach one as the number of

tates.
ociated witl

most probable macrostate is 1260/8008

particles in the systems become larger.

The number of states
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Simulation stp_Entropy EinsteinSolid.jar

6 Spep *
.

5 SB
X S=kInQ
& :

3l .

.

2 T

1 "

0 2 4 ] 8 10

Es
0/2012 PHY 341/641 Spring 2012 - Lecture

2/10/2012




