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Induction equation – Properties
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Alpha-Omega Dynamo

(Mean-Field Approach)

➢ Induction equation for mean magnetic field:

➢Electromotive force:   Shteenbeck, Krause and Raedler (1966)
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Experimental 

set – up
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Laboratory Turbulent Convection

Before averagingAfter averaging



Mean-Field Approach

➢ Induction equation for mean magnetic field:

➢Electromotive force:
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Convective velocity in a star of 

main sequence

?
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Turbulent diffusivity in a star of 

main sequence

?
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Physics of the alpha-effect

➢ The          -effect is related to the 

hydrodynamic helicity in an 

inhomogeneous turbulence.  

➢ The deformations of the magnetic field

lines are caused by upward and 

downward rotating turbulent eddies. 

➢ The inhomogeneity of turbulence breaks 

a symmetry between the upward and 

downward eddies.

➢ Therefore, the total effect of the upward 

and downward eddies on the mean 

magnetic field does not vanish and it 

creates the mean electric current parallel 

to the original mean magnetic field.
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Alpha-effect in Dynamo

(Mean-Field Approach)

➢ Induction equation for mean magnetic field:

➢Electromotive force:
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Rossby-parameters          for 

main sequence stars
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Radial profiles of the alpha-effect

r
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Kleeorin & Rogachevskii (2003) 

Kichatinov, L. L. & Rudiger, G. (1993) 
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Latitudinal profiles of the alpha-

effect
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Kleeorin & Rogachevskii (2003) 
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Differential Rotation
( ), sin( )r r  = U e

Rogachevskii & Kleeorin (2018) 
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Basic Mechanisms

Крым 2019



Generation of the mean magnetic 

field due to the        dynamo

Dynamo number:

Mean magnetic field:
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Generation of the mean magnetic 

field due to the        dynamo

Dynamo number:

Mean magnetic field:



E. Parker (1955)
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Generation of the mean magnetic 

field due to the        dynamo

Dynamo number:

Mean magnetic field:
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Generation of the mean magnetic 

field due to the        dynamo

Mean magnetic field:


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Comparing Observations and Theory

Steenbeck, Krause and Raedler (1966)

00 ?B −



Nonlinear Alpha-Omega Dynamo

(Mean-Field Approach)
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Nonlinear Alpha-Omega Dynamo

(Mean-Field Approach)
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Nonlinear Alpha-Omega Dynamo

(Mean-Field Approach)
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(Mean-Field Approach)00 ?B −
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Nonlinear Alpha-Omega Dynamo

(Mean-Field Approach)00 ?B −

Pipin (2000)Steenbek, Krause and Redler (1966)





Nonlinear Dynamo



Magnetic part of Alpha -Effect

(Mean-Field Approach)

➢ Induction equation for mean magnetic field:

➢Electromotive force:
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Evolution equation magnetic for part of 

Alpha -Effect

➢Electromotive force:

Field & Blackman (2000)
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Negative Magnetic Pressure

(Brandenburg, Kleeorin, Rogachevskii 2010)
(Kleeorin, Rogachvskii, Ruzmaikin 

1989,1990; Rogachvskii, Kleeorin 

2007)
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How to Understand Negative 

Magnetic Pressure?



How to Understand Negative 

Magnetic Pressure?

(Brandenburg, Kleeorin, Rogachevskii 2010)



Negative Magnetic Pressure

(Brandenburg, Kleeorin,

Rogachevskii 2010)



Negative Magnetic Pressure

(Brandenburg & ell 2010-

17)



Solar convection-examples



Nonlinear        dynamo

Mean magnetic field:
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RESULTS
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RESULTS (Ya. Kleeorin & ell. 2016)



RESULTS: 100-200  years prediction of 

solar activity 
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RESULTS: 100-200  years prediction of 

solar activity 
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THE END


