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Scaling

• Physics foundation: Critical Phenomena
– Thermodynamic Functions and Critical Indices
– Scaling Hypothesis and Fat tail statistics
– Universality
– Symmetry and Broken symmetry

• Wide spread applications
– Chemistry
– Biology and Physiology
– Engineering and Material science
– Economic and Finance Time series
– Sociology
– Geology and Climate



Physics



Fractal Geometry of Nature

Unit = 200 km -> length = 2400 km (approx.)

Unit = 50 km -> length = 3400 km

What is the coastal length of Britain?

Father of Fractal: B. Mandelbrolt



2D Ising model



Scaling in Order Parameter

J.T. Ho and J.D. Litster, PRL, 22, 603 (1969)



Superfluid λ-Transition 

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



Chemistry





Complex pattern formation

Turing: Reaction-Diffusion Model
as a Framework for Understanding 
Biological Pattern Formation



Van der Waal’s Equation of State

“Cubic” equation results in unstable isotherms below Tc
Appearance of a pair of complex conjugate roots.



Biology and Physiology



Scaling in (micro-) Biology

Wekipedia
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Fractal Physiology



Is Chaos always Bad?
Both of these images show
what happens as the heart
goes out of its normal state.
The bottom left graph shows a
subject with heart failure.
This graph has highly periodic
values with little variation.

The bottom right graph shows
a subject with atrial
fibrillation. This heart rate is
very erratic jumping from the
high end of heart rate to the
low end, with no particular
pattern.

Goal of this interdisciplinary studies is
[1] Understand fractal nature of healthy heart
[2] Relate treatment response and loss of Fractality to 
Fatalities



http://www.youtube.com/watch?v=V
71hz9wNsgs&feature=related

• How thousands of autonomous 
agents (bird or fish) can behave a 
single unity without a central 
command?
• Can one design flock of nano-
robots and send them to explore 
humanly unreachable regions, 
such as Mars or internal human 
organs?
• Modeling of heart beat?

Synchronization in Biology

http://www.youtube.com/watch?v=V71hz9wNsgs&feature=related�
http://www.youtube.com/watch?v=V71hz9wNsgs&feature=related�


Engineering and Material Science



Glass Dynamics (Angell)



Electrical Conduction in Polymer



Levy Flight in Fluid (Swinney)



Material science-Optical Engineering



Economic and Finance Time Series



Financial Time series

• Is the Market 
Efficient?
• Physical Reality of 
Technical Analysis?



Random Walk Down Wall Street?

1. Blue: standard Random Walk
2. Red: Levy Walk
3. Interaction between N Random Walks?



Sociology



Pareto: Income distribution

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�


Student’s Grade distribution

Gupta et al., arXiv.0301523
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Network Systems

P(k)  ~ k-γ

Hub
within hub
within hub
…….



Darwin’s/Einstein’s Behavior



Geology, Climate etc



Modeling Earthquake (Turcotte)



Sandpile b/a Avalanche (Bak)
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