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Toroidal component of B in the uppermost 
portion of the stable layer underlying the 
convective envelope at r/R≈0 .7     
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Standard anelastic equations of solar 

magnetohydrodynamics 
Brun, Miesch & Toomre, 



       NCAR Elemental  EULAG  formulation 

The underlying ambient states assumes mean Sun 
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     Coordinate dependent form 



       NCAR 
    Numerical approximations; preliminaries 

   elliptic problems for potentials p  



       NCAR 
    Specialized MHD implementation 

Hydrodynamic block 
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 Magnetic block 

 Thermodynamics  
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  Model setups  

stable up to  and unstable stable aloft  
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Power of ILES 
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Magnetic cycles 



       NCAR Mode of large-scale dynamo action 
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       NCAR Remarks 

Notwithstanding some departures from the real solar climate, global MHD 
simulations of solar-like cycles have landed.       
 
 
EULAG-MHD offers an outstanding virtual MHD laboratory allowing to address 
quantitatively a number of questions that could until now only be speculated 
upon on the basis of simplified model formulations. 
 
 
There is much to be learned. For example, our calculations suggest that the 
entire magnetic variability involves less then 10% of solar luminosity  
connection to physics of other “dissipative structures”  (QBO, MJO,  ….)  



       NCAR         Deriving the entropy equation 



       NCAR What is A operator? 

 Multidimensional positive definite advection transport algorithm (MPDATA): 
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