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Agenda
• Experimental Data
• Homogeneous Functions, a Review
• Scaling hypothesis of Widom
• Order Parameter of Landau 

– Concept only

• Block Renormalization of Kadanoff
• Next time:

– Landau’s Order Parameter
– Correlation function of Ornstein-Zernike



Notable Quote
• The principal object of research in any 

department of knowledge
• is to find the point of view from which
• the subject appears in its Simplicity

J. W. Gibbs



Motivation I: Systems



Motivation II: Parameters



1st: Relations among Indices?



2nd: “Universal” Equation of State

J.T. Ho and J.D. Litster, PRL, 22, 603 (1969)
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Widom’s Scaling Hypothesis (1965)



Widom’s Scaling Hypothesis (1965)

:  

 '  potential ( ( ) / , ) is a homogeneous function:
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Widom’s Scaling Hypothesis (1965)
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Widom’s Scaling Hypothesis (1965)
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Experimental Verification

L.P. Kadanoff, et. RMP, 39, 395 (1967).
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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



The Order Parameters



Spatial Correlation Function
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Spatial Correlation Function



Time Correlation Function



Kadanoff’s heuristic argument for 
Scaling hypothesis



Kadanoff’s heuristic arguments for 
Scaling hypothesis

At or very near critical point, Correlation length, ,
1a. very long, and 
1b. independent of details
2. Block of size La construction is possible: 1<<L<< /a
3. With a cell of size La, most spins align in

ξ

ξ

/ /

,  ) and Cell: , )

6. Kadanoff: , ) ,  )
7. , , ) ,

 one direction

4. Si

( , ) ( ,  )

  
A

te:  and (  and 

ssuming 

(

5. 

(
true for   all )

8. /  

(
( (

 

r a

y x d

y d x d

d

x y

G h L G h

h L h

h h

L L G h
L LG h

a y d and

G Land L

b
G L

x
L

h
h

σ µ

=

=

=
≡

⇒

≡








 





 

 













/  d Scaling Hypothesis⇔



Agenda-Summary
• Experimental Data to

– Landau, Widom, Kadanoff, many others 

• Order Parameter of Landau 
• Scaling hypothesis (homogeneous function) 

of Widom
• Block Renormalization of Kadanoff
• Next time:

– Landau’s Mean Field Theory
– Correlation function of Ornstein-Zernike
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