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COMPLEXITY
IS

Everywhere



What is COMPLEXITY?



CRITICAL PHENOMENON

EXAMPLES:
Binary Mixtures
Ferromagnets





MAGNETIZATION VS. TEMPERATURE



Self-Organized Criticality

Bak, Tang, Wiesenfeld, 1987



Dennis,  1985



SPACE PLASMAS

MHD Equations
Fluctuations
Alfven Waves
Resonances
Coherent Structures

Flux Tubes
Solitary Structures









 

CHANG, 1998



Matthaeus, Qin, Bieber, and Zank, Astrophys. J. Lett. 2003



Bruno et al., 2001



ALEXANDROVA 2008



WU & CHANG, 2006



 
Coarse-Grained Dissipation 

And  
Magnetic Reconfiguration 

WU & CHANG, 2001





COARSE-GRAINED DISSIPATION







TYPES OF CHANGES:

Physical

Dynamical

Topological



EFFECTIVE ACTION:

A{   }









Dennis, 1985





HOW DO WE DEFINE 

DIMENSIONS?

FRACTALS
Mandelbrot, 1977



















Hnat et al., 2002 (Solar Wind) Chang et al., 2004
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ROMA, Chang and Wu 2008



SOLAR WIND, Podesta, 2010



Corona EUV Emissions – SOHO (Wu et al., 

2011)

Wu, Chang, Uritsky; 2011





ISOTROPIC 3D FLUID TURBULENCE   
--jhu turbulence data base --





PROCEDURE IS REVERSIBLE
Result is Unique



APPLICATIONS TO SPACE PLASMAS

• Auroral electric field fluctuations  (Tam 

et al.)

• Cusp and magnetosheath magnetic 

field fluctuations (Echim and Lamy)

• AE index (Consolini and De Michelis)

• EUV solar emissions (Wu and Uritsky)

• Solar wind (Podesta)

• Isotropic hydrodynamic turbulence 

(Wu)

• Cosmic Web (Chang et al.)
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