PHY 341/641
Thermodynamics and Statistical Physics

Lecture 14

Methodologies of statistical mechanics. (Chapter 4 in STP)

A. Microcanonical ensemble
B. Canonical ensemble



Schedule and assignments

Note: This schedule may need fo be modified - please check for changes and additions frequently.

2/17/2012

No. L{Ecture Topic Te_xt P.mblem Assignment
ate Sections || Assignments | Due Date
1 | 1/18/2012 || Introductory concepts 1.1-1.5 HW 1 1/23/2012
2 | 1/20/2012 | Introductony concepts 16-112 ||HW 2 1/23/2012
3 | 172372012 || First Law of Thermodynamics 2121 HW 3 1/25/2012
4 | 1/25/2012 | Second Law of Thermodynamics 212-214 ([HW 4 1272012
5 | 1/27/2012 | Entropy 215219 |HW & 1/30/2012
6 | 1/30/2012 | Thermodynamic Potentials 220221 |HW G 21172012
T | 2/01/2012 || Thermaodynamic Potentials 222224 |HWT 2372012
8 | 2/03/2012 | Introduction to probability theory 31-3.3 HW & 2/6/2012
9 || 2/06/2012 | Probability distributions 34-35 HW 9 2/8/2012
10 | 2/08/2012 | ponthucus distrioutionsiGentral ) 353 49 |y 10 21072012
1 | 2M10/2012 | Introduction to statistical mechanics || 4.1-4.2 HW 11 21372012
12 || 2M13/2012 | Enumeration of microstates 43 HW 12 2M5/2012
13 | 2M15/2012 | Many particle systems 4445 HwW 13 21772012
* 14 [ 217/2012 | Microcanonical ensemble 4.6 HW 14 212002012
272002012
202212012
2/24/2012
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Microstate count for N particles in d-dimensions —
microcanonical distribution

Classical microstate distribution for N free particles of mass
m moving in d dimensions in box of length L
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Boltzmann entropy function
S(E,V,N)=kInT'(E,V,N)
For 3-dimension system of N indepent particles
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Stirling approximation for X — oo :
xI=T(x+1)= xInx—x+1In(27x)
To leading order in N :

S(E.V,N) = Nk(ln(lj+§|n(4m'fj+§j
N2 L 3Nn? )T 2




Note: more correct analysis would use :
S(E,V,N)=kInQ(E,V,N)

where Q(E,V,N) = dr(E,V,N)
dE
N 3N/2
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S(E,V,N) = Nk[ln(ljiln(‘mmfjéj
N 2 \3Nn2 ) 2

Relation to temperature and other thermodynamic variables
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For ideal gas of N particlesin 3-dimensional box of volumeV :

S(E,V,N) = Nk(ln(lj+§|n(4mfj+§j
N) 2 (3Nh?) 2

Gibb's paradox :

N,/V,=N,/\,=N/V

AS =S(E,V,N)—(S(E,,V,,N,) +S(E,,V,,N,))

If m,=m, and El:EZ:E = AS =0

1 N2
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Microcanonical ensemble:
For ideal gas of N particlesin 3-dimensional box of volumeV :

S(E.V . N) = Nk(ln(lj+§ln(4ﬂmfj+§j
N2 (3Nn? )T 2

Canonical ensemble:
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Canonical ensemble (continued)
E..=E,+E, E. << E,
Probability that system is in microstate s:
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Canonical ensemble (continued)

InP,=C+InQ,(E,, —E,)

~C+InQ, (E,)- Es(a'”gb(E)j
0E ).

(8kInQb(E)j z(asb(E)j 1
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Canonical ensemble:
—E. /KT
P=Ce™

1
_ ~ pE/KT

/
where: Z =) e =" "partition function”

Calculations using the partition function :
Z=Ye =" =%e’™ wheref=-1



Canonical ensemble continued — average energy of system:

_i —E,. /KT :i ;=
<ES>_Z;ES.e Z;Es.e

10z 0InZ
ZoB  0p
Heat capacity for canonical ensemble:
- _o(E;) 1 &(E)
YoaT  KT? 8p
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First Law of Thermodynamlcs for canonical ensemble

(E,) = ZEe—ﬂE ZEP
d(E,) = ZEdP +ZPdE

- Pressure associated
with state s

d(E,) =2 E,dP. —(P)dV



d(E,)=> E.dP.—(P)dV
First law -
dE =TdS-PdV =TdS=> E.dP,
where P, = Lo,
Z

note that: E, = L ZP, = —i(ln Z+InP,)
p p

= > E.dP, =—kT| Y (InZ)dP, + ) InP.dP,
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TdS = > E.dP, =—kT (Z In PS.dPS.j
dS = —k(Z In PS.dPS.j = —d(kz P.In Ps.j

= S=5,-k) P.InP,

We also note that :
TdS =C,dT



Recap:

Microcanonical ensemble: InternalenergyU < E
S(E,V,N)=kIn(Q(E,V,N))

E(S,V,N) = dE=TdS - PdV + xdN

rle ), aleel,
rlovk, "ala .,
-(3), 53,




Name Potential Differential Form
Internal energy E(S,V.N) dE =TdS — PdV + pudN
Entropy S(E,V,N) dS = %d}f + ?dv —~ %d?\-‘*
Enthalpy (S P -\-T) =FE+ PV | dH =TdS + VdP + pdN
Helmholtz free energy | F(T,V,N)=FE —TS8 | dF = —SdT — PdV + pdN
Gibbs free energy G(T. P N) F+ PV | dG = —-5dT'+ VdP + pdN
Landau potential QT.V.u)=F —uN | dQ2=—-SdT — PdV — Ndu

2/17/2012

PHY 341/641 Spring 2012 -- Lecture 14

17




Canonical ensemble
Partition function (note: P, = pressure here; keep N constant)

Z=Ye " =Xe M =7(TV)=Z(8V)

d(InZ(,V, N)):(ag‘ﬂzj dﬁ+(alnzj dv

oV

dInZ =—(E,)dB+ B(P >
d(InZ +(E,)8)= B((dE,)+(P,)dV)
d(Inz +(E,)g)=p TdS

Note : Using first law : (dE,)=TdS —(P,)dV



d(Inz +(E,)B)= p(TdS)
:d(—klnz):d[@—sj

— —kiInZ :<E—S>—S
T

= -kTInZ =(E;)-TS =F(T,V) Helmholz Free Energy

F(T,V,N)=—kTInZ(T,V,N)
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Example: Canonical distribution for free particles
Classical canonical distribution for N free particles of mass

m moving in d dimensions in box of length L
A5 2
_ 1 dN - [ g N _Zm(ZpiJ

2TV N)=— Jd™r[d™pe

0<r<L

LdN
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NIh

1 anf 2zmkT
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272mkT \"?
=
Compare with microcanonical ensemble :
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NIT(3M +1)( h?

Z(T,V,N)zvNNI (

T'(E,V,N)=



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20

