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HANNES ALFVEN  
Electric Currents in Cosmic Plasmas 

 
REVIEWS OF GEOPHYSICS AND SPACE PHYSICS, VOL. 15, NO. 3 , AUGUST 1977

• Since the beginning of the century, physics has been dualistic in the sense that some 
phenomena are described by a field concept and others by a particle concept. This 
dualism is essential also in the physics of cosmic plasmas: some phenomena should be 
described by a magnetic field formalism, and others by an electric current formalism. 
During the first period of evolution of cosmic plasma physics the magnetic field aspect 
has dominated, and a fairly exhaustive description has been given of those phenomena, 
like the propagation of waves, which can be described in this way. We have now entered 
a second period, which is dominated by a systematic exploration of the particle (or 
current) aspect. A survey is given of a number of phenomena which can be understood 
only from the particle aspect. These include the formation of electric double layers, 
the origin of ‘explosive’ events like magnetic substorms and solar flares, and further, 
the transfer of energy from one region to another. A useful method of exploring many 
of these phenomena is to draw the electric circuit in which the current flows and to 
study its properties. A number of simple circuits are analyzed in this way.  

•  
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Alfvenic Current System in the Heliosphere
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Unipolar jovian generator 
Schematic of the relationship  
between observed equatorial  
electron field-aligned  
enhancements reported by Toma´s  
et al. [2004a, 2004b] and the  
circuit of electric currents that  
connects Jupiter’s middle  
magnetosphere to the auroral  
ionosphere. The auroral circuit  
figure is based on concepts of Hill  
[1979] and Vasyliunas [1983] as  
replotted by Mauk et al. [2002]. It  
is understood that the shape of the  
field lines in the actual Jovian  
system are substantially stretched  
away from the dipolar configuration. Landay and Lifshitz, 1959

Mauk et al., 2002 



Currents in the Heliosphere
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Maxwell’ equations
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Plasma flow

• Inside sphere with R=RS    RS is the Sun radius 

!
!
• Outside sphere with R=RS 

!
!
!

• Conductivity      is homogenous
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Solutions
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Magnetic Reinolds number

Rm = µ0σLSV



Comparison transport and diffusion

• ∂B/∂t = circl V×B+∇2 B/µ0 σ0 

!

• B/τ = VB/LB+B/τB                        τB =µ0 σ0 LB
2 

!
• B (τB /τ)=Rm B+B. 

• Rm=µ0σ0LBV         3•1015 
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Inside sphere

1st ISSI team meeting on PIPA, Bern,  
Tuesday, 28 Jan 2014, 9:30–10:10.

12

Φ0 =Φ0
R
RS

"

#
$

%

&
'

2

sin2θ − 2
3

"

#
$
$

%

&
'
' ER = −

2Φ0R
RS
2 sin2θ

Eθ = −
Φ0R
RS
2 sin2θ Eϕ = 0 BR = B0 cosθ

Bθ = −B0 sinθ Bϕ = 0 ρ =
Φ0

πRS
2 J

→

= 0

R≤ RS



Outside of the sphere
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Heliospheric magnetic and electric  fields
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Saha equation

• nen+/N =A(g+/gn)T
3/2 exp(-I/kT) 

!
• A = 2(mekB/!)3/2 = 4,85 1015 sm-3K-3/2    

• For He, Xn        g+ =6 and gn=1,  

• but for Na, K   g+ =1 and gn=2 

• Coulomb electron cross-section is   

• σC≅2,3•10-17 m2 for Te =1 eV  

• σn≅1•10-20 m2 for neutrals
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• σP=(νen/(νen
2+ωe

2)+meνin/mi(νin
2+ωi

2))nee2/me 

!

• σH=(ωe/(νen
2+ωe

2)+meωi/mi(νin
2+ωi

2))nee2/me 

!

• σ0=(1/νen+me/miνin)nee2/me
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• νm= ne σCve+ Nn σnve 

!

• σ0= e/meνm=9(kBT)2 / (4πe2 meve lnΛ) 
          ≅1,9•104 (T[эВ])3/2/ lnΛ Ohm-1 m-1
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ωB=qB/m << νc
ωB /νc 



To a good approximation, the velocity can be obtained 
by balancing the Lorentz force and the frictional force 

caused by collisions with neutrals [e.g., Richmond, 
1995]. The resultant conductivity expressions are 
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j = σ0E0+σP E⊥-σH[ExB]/B 

Dynamo layer



Numerical estimation
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Conclusions
!

• The analitic (kinematic) solution of the problem 
solar wind expansion into heliosphere give us 
possibility to check  the numerical solution. 
!
!

• Joule heating in the dynamo region of the solar 
atmosphere can be essential if the latitudial size 
of closure current region is about several degrees .
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Thank you !!!
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