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Agenda
• Review of

– Thermodynamic Functions and critical Indices
– Scaling Hypothesis, Universality, Power laws

• Show and Tell
– Physical
– Other Science

• Next time:
– Landau’s Mean Field Theory



Notable Persons of the Week



Origin of Thermodynamics

• Simplicity to Complexity
• Critical Phenomena, Complex?
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Parameters of Phase Transition



Universality: an Illustration

Kadanoff et al, RMP 39, 395 (1967) 



Critical Phenomena: Divergence of some 
thermodynamic Observables

J.T. Ho and J.D. Litster, PRL, 22, 603 (1969)
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Origin of Critical Indices

• Widom’s Scaling Hypothesis
• All thermodynamic functions (Complexity)
• Homogeneous functions of 2 variables
• Simplicity
• Relations among all indices
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Critical Indices

Kadanoff et al, RMP 39, 395 (1967) 



Show and Tell

• More Pictures
• Less Equations (away from G….)



2D Ising model



Magnetic Specific Heat of Rb2CoF4

• Rb2CoF4 is a layered (2D Ising) antiferromagnet
• Nonmagnetic background (0.16E-6) subtracted
• Amplitude adjusted for the unknown A.
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Nordblad, et al., Phys. Rev. B 28. 278 (1983). 



Superfluid λ-Transition 

Fairbank et al, Proc. 1965 Washington Conference on Critical Phenomena



Cv of 4He near Tc

Ahlers, PRA 3, 696 (1971); Lipa et al, PRL 76, 944 (1996)



Superfluid Density near Tc

Greywall and Ahlers, PRA 7, 2145 (1973)



Fluid: Specific Heat of NiCl2·6H2O

Robinson et al, Phys. Rev. 117, 402–408 (1960) 
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1st: Relations among Indices?



Scaling laws: predictions and 
Falsification

Kadanoff et al, RMP 39, 395 (1967) 



Fluid Compressibility

Kadanoff et al, RMP 39, 395 (1967) 



Even

• More Pictures
• Less equations



Scaling in Sociology

Gupta et al., arXiv.0301523
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Scaling in Biology

Wekipediak ~ mα   (α = 3 / 4)



Scaling in Microbiology

Wekipedia



Pareto: Income

cdf (x) = cx−α

p(x) ~
1

x1+α

Italian economist Vilfredo Pareto, is a power law probability distribution
that coincides with social, scientific, geophysical, actuarial, and many 
other types of observable phenomena. 

http://en.wikipedia.org/wiki/Economist�
http://en.wikipedia.org/wiki/Vilfredo_Pareto�
http://en.wikipedia.org/wiki/Power_law�
http://en.wikipedia.org/wiki/Probability_distribution�
http://en.wikipedia.org/wiki/Social_sciences�
http://en.wikipedia.org/wiki/Scientific�
http://en.wikipedia.org/wiki/Geophysical�
http://en.wikipedia.org/wiki/Actuarial_science�


End Show and Tell

• More Pictures
• Less equations
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