
































































































































































































How can we relate thepartition function to
measurable quantities such as there expansion

a Averageposition Motion in apotential well uh

x ̅ Ex e dx

e β dy
b Sample uh

uh

L

Why does increasing T increase Why doesn't x ̅
Stay the same even if oscillations get bigger Thewell is a symmetric
Taylor Series
uix who E la to ftp.t.h ni

Empty x 403 Thingconstant

At the minimum dryly 0

ulx u x a x x b x xp
what is x ̅

Phys 335: Problem 6.32:  Thermal Expansion
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First suppre we only take the first 2 terms

T.FI
NuneratooIxeBuoe Balxnd2dy

Let Z x x x Ztx dx dz

N a xp e β e Bat dz

zéβ e Base xoepuofpat.dz

Denoninator.Idfun.cat
D e Buddy epuoebaln.by

Bro e Bazide

I No unsurprising


































































































D
e what f you include the cubic

N 2 xp éβu e
Baz e

βbz dz

what Todohere No closed solution
Approximate Assure βbz 1

i e extra energy bE Cc KT
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the e βbz 1 βbz3
N z no e β e βaz 1 βbz3 dz
4 term Look at symmetries to seewhat is 0

N 2.1 e Pure Baz d z

Xo 1 e Bhoe Pat dz

βbz éβ e
βaz dz

1 Xo βbz e Base Baz'd

N to e β éβatdz Bb éβ e Batz

Denominator Makethe same approximation
D e β éβat 1 βbz dz

Integrates to 0

a

Howtoevaluate such integrals

-4-


































































































Step 1 Make deviensionless
e g y NBT Z

dy Npa dz dz Indy
e Paid a S ét dy

TE
SeeAppendix B 1

Numerator See Apparling B1 esp problem B 2

z e
β at dz pta a j y Eddy

This is

x ̅ to Bb a inte

x ̅ Xo 10 kT

Units check Recall ult 40 a x xol b x xp

2 maa
m
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what is the signfor b Depends on shapeofpotential
b 44 b is negative

if it getslesssteep

x Xo due to thermalexpansion

Example Lennard Jones Potential

uh n

Is this familiarwhere does it come from

Anson A ev
Expt 0 0007 K at 80K

term Dipole Dipole interaction

induced dipole
fluctuating field pontifleddipole 3

interactionenergy 13Shortrange repulsion
complex exclusion principle as orbitalsoverlap

Had to calculate
Easy numerical approximation You already have 4 6
square it toget tic
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More on the dipole interaction

PT is instantaneous dipole moment i
atom 1

É due to Pi 3

É due to p inducer dipole Pax É
Interaction energy is Eq 4 26 in Jackson

for 2 parallel dipolemoment

Un Iffy
and she Pa 41,3

V12 d
6
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VIN

no

un n

g E

It
This is O at Yo

1 II 84
s

72 4.2
Than a t.dk yo 36uo

ad3qy
4 1415641g 8 84417 1512 holy

Yo

then b I dog 252 4013

Plugging in nuben

To 0.39mm
Yo O 010 eV
a 2.367 eV nm

b 42 48 e V mm 3
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Then

I to Z bzkT
to z testify kt

to it

No I t 2 T

4 3 934 after k 0 001261k
Leap 0 0 007 k

so weget to withe a powerof 2
Take away
1 Boltzmannfactor can lead to real
physical measure able quantities

2 Handling integrals calculations

Scaling
approximations
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