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PLASMA TRANSFER UNDER electric CURRENT
G.N. Grachev, A.E. Medvedev
Institute of Laser Physics SB RAS, Novosibirsk, Russia, e-mail: grachev@laser.nsc.ru
Now transfer is understood as the evolution of plasma components. Each component is described by the kinetic equation. The system of kinetic and electrodynamic equations makes it possible to obtain a self-consistent solution. Such a consideration is possible, when the thermal energy of particles dominates. Our estimates show that in the quasineutral region of the glow discharge at a pressure of molecular gases of more than 1 torr or a pressure of atomic gases of 10 torr, the interaction energy of particles dominates over the thermal energy of electrons. In such cases, the hydrodynamic approximation [1] is used. However, the condition that the spatial charge density 
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 is zero does not allow a consistent description of electric fields and evolution of plasma components.  

In this paper, it is shown that to represent plasma as a continuum associated with electric field it suffices to take the following condition for material electric current: 
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. In this case, the plasma remains quasineutral in the sense that the spatial charge density is a relatively small 
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 but not a zero quantity. It determines the spatial distribution of field, which is quasistationary in accordance with the above electric current condition. Then, without any additional assumptions on the ratio between the mobilities, temperatures, or concentrations of the components, we obtain the following equation: 
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, which is correct both for ions and electrons. This equation allows us to consider transfer as the evolution of plasma in the form of a continuum of density 
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 with ambipolar mobility 
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 as a result of action on the elementary volume of force 
[image: image7.wmf](

)

Teiei

r

mm

=-N+N-N-N

Fngradgrad

 determined by the thermal energy density 
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, the energy density of the plasma electric field 
[image: image9.wmf]r

rj

N=

, and the energy density of ions and electrons 
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. The two last-named energies are also included in the expression for the electric current density reduced to the elementary charge: 
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Expressions for the transfer of plasma with electric current flowing in it have been obtained for various conditions. In the limit, when the plasma has currents determined only by the thermal energy the quasineutrality and ideality criteria obtained by us are transformed into the well-known
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. Then, if we take 
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 and constant temperature of the components, the plasma evolution is also described by the well-known expression 
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 with the ambipolar diffusion coefficient 
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On the basis of the obtained plasma transfer equation, models of the gas discharge extended parts [2], [3] with experimentally observed low ionization fields are considered. These field values allow us to consider sustaining of the plasma in the bulk due to its transport from near-electrode layers. 
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