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κ ~ 10-9HV

Not so small magnetic diffusivity
η=1/ µσ ~ (10-2…10-3) HV

Very small 
viscosity & 
diffusivity:

ν ~ 10-15H2Ω
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Ω = 73/Ms, H = 2.3 Mm, 
F=(1±0.8)pW/kg для 
жидкого ядра Земли 
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Inertia=Archimedean=Coriolis

= 8 km

= 2 mm/s

= 0.5 nm/s2

= 2 nm/s2

(1) & (3-4)
SCALING LAWS
from > 145 
magnetic dynamo 
simulations
[Olson and 
Christensen (2006)
EPSL 250;
Christensen and 
Aubert (2006) 
Geoph. J. Int. 166; 
Christesen et al. 
(2009) Nature 
457] hµρ

2mT)4.0(

5/12 )/( Ω= HFV

hVVA /=
5/133 )/( Ω= FHd



Fig. 2. Fluid velocity and 
dipole moment versus 
buoyancy flux Rayleigh
number from numerical 
dynamos. Top: Rossby
number for fluid velocity.
Dashed lines show fits to 
2/5-power-law for base-
heated and internally
heated cases, 
respectively. Bottom: 
Lorentz number for 
dipole moment
from base-heated, 
dipole-dominant 
dynamos with Nusselt
numbers > 1.9. Dashed 
lines show fits to 1/3-
power-law envelope.

Olson and Christensen (2006) EPSL 250
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Faraday’s law with typical electric field E on large dipolar 
scale and Ohm’s law with rm =μσVd>>1 give us

Neglecting by magnetic diffusivity and using d>>h in the induction 
equation I estimate the inverse time of magnetic field change as

Supposing that the work of Archimedean force is of 
the order of magnetic energy time-change I estimate

The equations (1-8) give the first principles’ scaling law known 
previously only from compilation of many numerical simulations:
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For rm~1 magnetic energy could be 
of order kinetic one or d=h and ( ) VB 2/1µρ=

.

(10)
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