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‘the probability of a system 1n state s with energy Es

Let: ¥: a property, having value y5 when the system 1n state S

— _ _ —PEs
Average value:| |£~ D Psys=2 Ce™ ys
5 S

-involving large number
-calculation can be cumbersome

Simplified — mtroduce --- partition function

Normalization: the sum of all of the probabilities must equal 1.
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The normalization constant of the probability 1s 1/Z where
Z 1s called the partition function.

Definition | 7 — Z »~PEs |note: = 1/kT
S

The sum over the Boltzmann factors exp(-SE)

The probability of a particular state S with energy Eg 1s given by

—1
Ps = [ZE'BESJ e Pt =77 le™ s
=
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If 1n any given state S,

Esl :-ES (V= N)

Form 1" law Es=Es(S,V.N)

Entropy. S 1s a measure of the number of states, Qg

For one certain state s, Q=1

Ss=kInQs=kIn(1)=0|

-specitying the state, fixed the entropy,| | dS =0

1* Law: dE; = -p.dV +u,dN
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Since E 1s a function of V, N and 3 changes with T
Z (T, V.N) =3 ePEVN

Mean values

Internal Energy: | | U= AU
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The Z can also be used to determuine the fluctuations in the
mternal energy. G
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Work backwards
6’lnz o (émz)|l | @&(1éz

op? 0B\ op BGAWAG):

oz7' ez L1 0°Z 1 6Z o6z 18%Z
= = — +

op op Zop’ z>opep  Zop?

2
B ) Zop? o3’
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Ps: pressure of the system 1n state s

oU g
P =-Z7'Y e P
Z sPs ZE [ Py ]
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same calculation for chemical potential

OF — 1 ¢
replace Pg with H;s = _[ 5; Jr H = _Eg(lnz):ry

Fluctuations and specific heat

—2_2—1@22 — o (2lnZ
= B (1 azJ

0B ||= "5 a & [ —
P 0B\ z ap PL 9P |- ﬁ(_ U)
the heat capacity Cy 1s defined by
oU
C, =—
Coor
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Fluctuation
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-the faster the energy of a system increases with
temperature, the greater are the fluctuations 1n 1ts energy.

-systems that require a lot of energy to increase their
temperature (small specific heat) have small energy
fluctuations.
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‘ Entropy & Helmholtz Free Energy‘

Z=Z(T,V,N)or Z(B, T, N)

0 B 0
dnZ = @(hlz)r,wdﬁ' +ﬁ(an)TdeV- +E(IHZ)T,VJN

_ P — 1 ¢
Using U = —ﬁ(lﬂ Z)yy P B oV (In Z)r,::r
— 1 ¢
xu:_Eg(an)rr

dnZ = -UdB + BpdV — BudN
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dnZ = —-UdpB + BpdV — BudN

Add d(pU) = Udp + BdU to both sides

d(InZ+BU) = B(dU + pdV - udN) = B( TdS) = (1/k) dS

o s d(kan+U]
T

or S:}Tr:hlZ+E

T

or U-TS=kTInZ

U—-TS=F=-kTInZ | F:Helmholtz free energy

Innovative.Entrepreneurial.Global



OPENCOURSEWARE

Many applications:
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Subsystems & 1dentical subsystem

A

Us

State a

State b

S: system (1n state s)

A, B: subsystems (1n state a and b)

|The partition functic-nl

7 — Z e‘ﬁUs _ Z e_ﬁ(Uﬁ+Ua)
S

a.b

=2

a

e_ﬁ(UA)ze_ﬁ(Uﬂ) _ ZAZB
b
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But for identical system Z = Z
s a.b.c

d Qg g B @ B

Q B © S, 0 o

O @ © O, @ (D

distinguishable: six arrangements ---- s1x partition functions

identical: one arrangement ------ one partition function
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1
for N indistinguishable subsystems Z = ?

B —BU . |[_ —B (U +Ug+......) | _B(U 4T +.....
7 — ze s ||— Zbe b o BWU  +Ug+......)
S a

—1_ <~ s~ W)
i—nge Zb:e ..............
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‘ all subsystems are i1dentical

C: Partition function for any of the identical subsystems
-can rewrite
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oF &
Note: | |Show that # = (ﬁ)ﬂff =—kT IHE

Partition function for a gas

System: N diatomic molecules gas

1w
Z—ﬁg

but

é, _ ZE_'S{£’+E’+E"+EE+E”+"') - = é:.gé.»lbé.»lc--"'

a.b.c...

let energy ground state €0 = 0 & €. 1s positive
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If ee1>>KT

Q’ZZE_‘B(E") =1+04+0+...

I
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The@End
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