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1. Measure alignment angle

2. Measure field-perpendicular spectrum

3. Illustrate consistency with the exact scaling relations in MHD 

turbulence (analogous  to Kolmogorov’s 4/5-law)
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Computation details

z0
eB ˆ

0

B=

0

B
800≈=

ν

uL
R

e

1

1

1==
η

ν
mP

( ) fuBjuuu +∇+×+−∇=∇+∂ 2

. νpt

( ) B
t

2∇+××∇=∂ ηBuB

0,0 =⋅∇=⋅∇ Bu



• Me a sur e  a l i gnme nt  be t we e n f l uct ua t i ng vel oc ity  a nd ma gne ti c  fi e l ds

• Ca sc a de  pr e domi na nt ly  i n f ie l d - pe r pe ndi c ul a r pl a ne :

• Me a sur e  a l i gnme nt  be t we e n r ms f l uc t uat i ons

1. Angular Alignment
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Regions of Alignment
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• Our moderate spatial resolution makes identification of the scaling law for the 

energy spectrum difficult

2. Energy Spectrum

T a ke n fr o m Mulle r ,  B iska mp & Gr a p p in ( 2 0 0 3 )

T a ke n fr o m Mulle r  & Gr a p p in ( 2 0 0 5 )

Mulle r ,  B iska mp & Gr a p p in ,  P hys.  R e v.  E , 67 ,  0 6 6 30 2  (2 0 03 ) ;    Mulle r  & Gr a p p in ,  P h ys.  Re v.  Le tt . ,  95 ,  1 1 45 0 2  (2 0 05 )
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• Check the theory of angular alignment through exact relations; theory 

predicts

• Hydrodynamic turbulence                                         

where 

• Isotropic MHD turbulence (Politano & Pouquet, 1998) 

• For a strong guiding field 

~> inconsistent with                      ?

3. Exact relations (Kolmogorov’s 4/5-law)
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• Consider δv aligned with +δb  and the prediction

3. Exact relations
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• Measure                             and                         (expect                      ) 

• ‘Exact’ relations provide an important analytic verification of dynamic 

alignment in MHD turbulence

3. Exact relations 
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• Good agreement between numerical results and theory: Magnetic and velocity field 

fluctuations become dynamically aligned  

àEddies are three-dimensionally anisotropic: ribbon-like dissipative 

structures rather than filaments

àPerpendicular energy spectrum    

• Theory is consistent with the exact Politano & Pouquet relations

Conclusions
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