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What  is the lowest possible dimension of dynamo model? 

What kind of helicity do we need for a dynamo? 
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Dynamo problem and alpha-effect 

Geodynamo 

Dynamo experiment in Karlsruhe (1999) 

Roberts dynamo(1970)   
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Zero helicity dynamo 

(Rädler and Brandeburg, 2008) 

Model flow 

- determines a dynamo threshold 

Mirror symmetry should be broken at an individual scale (Fourier mode) of the flow   



Helical decomposition 
Induction equation 

Fourier transform 

Induction equation in terms of Fourier modes 

Decomposition in helical modes 

Induction equation in terms of helical modes 

Waleffe (1992) 
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Helical triads 
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Variables:      unknown      given 



Kinematic dynamo in a single triad 

Look for an exponential growth rate 

Full system wth η=0 

no dynamo 

Solution 

a - real 

and a<0 

where  Qkpq is an area of triad (k, p, q) 



Kinematic dynamo in a single helical triad 

System of equations 

Solution 

Biferale etal, 2013 

Linkmann etal, 2016  

with 

a>0   if 

Decimated  NS equation 



Kinenatic dynamo in tetrahedron 
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Two scale flow 

Solution 

- angle between planes of triads  (k, p’, q’) and (k’, p, q’)   

Necessary condition 

Maximum growth rate 

R. Stepanov and F. Plunian, Fluid dynamics Research, 2018 



Roberts dynamo 

Modified flow ( Type II) 

Roberts flow ( Type I) 



Time dependences 

 of integral characteristics 
Roberts 1 Roberts 2 

Velocity is given at k={4,0,0} and p={0,4,0} 



Energy and helicity density spectra 
Roberts 1 Roberts 2 



Mode energy and helicity distributions in (kx, ky) plane and kz=1  

Roberts 1 Roberts 2 



Energy and helicity fluxes 
Roberts 1 Roberts 2 



Mode-to-mode transfer 
Roberts 1 Roberts 2 
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Two acting triads: 

{k p’ q’} and {p k’ q} 



Scheme of mode interactions 
Roberts 1 Roberts 2 
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U-to-B energy transfer 

B-to-B energy transfer 

Magnetic helicity transfer 



Conclusions 

• Helical decomposition is powerful 

tool to deal with the problems related 

to helicity 

   

• We show that the simplest modes 

configuration leading to an unstable 

solution has the form of a tetrahedron 

 

• We pick up main features of 

Roberts-like dynamos from analytical 

solution.  
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