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What are causes of anisotropy? 

• Mean magnetic field 
 

• Expansion  
– uniform expansionradial preferred direction 

 
• Shear (velocity, magnetic, density…)  

– as in Rogallo models 
 

• Rotation 
– Taylor-Proudman thm, etc 

These can compete with each other! 



Spectral/correlation anisotropy 

• Theory 
• Simulation 
• Observation in SW 
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Anisotropy due to mean magnetic field 

• global       (Robinson Rusbridge, 1970; Montgomery Turner, 1982;                        
   Shebalin et al, 1983; Oughton et al, 1994) 

 
 
• Local                        (Cho Vishniac, 2000; Milano et al, 2001)  

• Stronger than global 
• Random coordinate system 
• Does not relate directly to spectrum but to higher order 

statistics 



Local and global anisotropy measures in 3D 512^3 MHD 

B0 = 0 

B0 = 1 

Conditional structure 
functions, with 
separation parallel to, or 
perp to, local magnetic 
field  (Milano et al, Phys Plasma, 
2001; Matthaeus et al, 2012) 

D(s) = <|B(x) – B(x + s y)|2> 

D⊥(s) :  y ⊥ <B>* 

D||(s) :  y || <B>* 

 plots:     D⊥(s)/ D||(s)    
With various definitions of  <B>* 
     

 Individual structure functions 
With local “box” average” 



Limiting effects 
 

• Competition of drivers 
 

• Specific structure of the energy containing scales 
 

• Parallel spectral transfer 
 

• Compressive couplings 
 
• Sources (shear driving wave particle 

interactions…) 
 
 



Comparison of spectral and variance anisotropies 

• Incompressible MHD does not collapse  
       to “Alfven mode” 
• Compressible MHD evolves towards  
        low parallel variance  
• Spectral anisotrpy Kperp>Kpar  
         always occurs 



Conclusions/points of discussion 

• Many factors can cause/limit anisotropy 
• Variance anisotropy is not a property of incompressible MHD 
• Spectral anisotropy is a function of Reynolds number 
• Compressive modes sometimes/always much more isotropic than incomp. 

Modes 
 

 IN MODELING: better NOT make extreme assumptions at the onset! 
 
 IN MODELING: better to not make extreme assumptions about anisotropy 

except maybe in extreme circumstances 
 

 IN MODELING: how can local anisotropy be built in? It’s a higher order 
statistic…do we need it ? 
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