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Agenda
• Landau’s

– Free energy definition
– Why significant advance in concept?

• Validity of MFT
• RG? Not ready
• Intro: probability
• Next time

– Time dependent Phase Transition



Generalized MFT
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Nothing New
yet
GREAT ADVANCE
In THINKING



Summary

• Universality: More is the 
same

• Symmetry: Broken
• Interactions: K=β J <nn>
• Scaling: 
• Order parameter jump:
• Heat capacity jump: 
• Correlation length: ξ

M Hfβ βδ
 =  
  



Summary
• Correlation length: ξ
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Landau (~1937) Order Parameter Concept

• 1st order Phase transitions
are manifestations of a Broken Symmetry 
of an 
• Order parameter

• fluid density, magnetization
• measures the extent of symmetry 
breaking

• Spatial and time dependence implicates
• Correlation (scattering experiments) 
and
•Dimensionality (next time)



When MFT fails?
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Universality?

• Ferromagnet
• Binary alloy
• Liquid-gas
• Surface adsorption
• Approximated 

models may be 
incorrect for critical 
phenomena



Intro: Probability I
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1. Ideal gas, normal or Gaussian distributed in momentum



Intro: Probability II
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Intro: Probability III
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A Gaussian distribution maximizes the Entropy
Q: Can one generate a power law, that follow 
from the scaling hypothesis?



Characteristic Functions

21
2 2

2

0

0

0

2 2

2

2

2
2 2

 ( ; ,
2

 Calculate , ) ( ; ,

1 ( ; ,

( ; , 

( ;

1)

( ; ) ?

) ?

)
( )

)
( )

,

x

ikx ikx

k

k

k

n
n

n n

p x

e e p k

p kx

e

dx p x

ki

p kx

p k

ik

ik
x

µ
σµ σ

πσ

µ σ µ σ

µ σ

µ σ µ

µ σ σ

− −  

∞

−∞

→

→

 

→

=

>≡ =

∂
• > =

∂

•

• < ≡

< =

• < >=

<

∂
=

∂

=
∂

>
∂

=

∫ 







All you want to know but afraid to ask
Q: Uncertainty, <(δx)2>?



Scale Free Probability VI
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A Gaussian distribution maximizes the Entropy
Q: Can one generate a power law, that follow 
from the scaling hypothesis?



1st or 2nd moment does not exist for a p(x)?

No, if a<2 for p(x)~1/x^(1+a).

Is this possible as a physical probability?
Yes.

St. Petersburg’s Lemma:
H: 2 i.e. 1st H
TH: 22 i.e. 2nd H after 2 tosses etc
TTH: 23
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Challenge: Can you generate?

2

( ~

(
,

)

) ~
 0< 1?

x

t

e
or

e

p x

p x
where

α

βα

α β

−−

−

<

A Stretched Gaussian or exponential 
distribution that maximizes the Entropy?



More technical considerations
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Time Correlation Function



Summary
• Landau’s

– Order parameter
– Broken Symmetry
– Universality
– Fluctuation
– Correlation length

• Introduction to Probability
• Next time

– Random walk
– “Renormalization” Group????
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