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GLOW DISCHARGE PLASMA POLARIZATION AND CURRENT PINCH FORMATION
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Although the history of plasma study begins with investigations of the gas discharge, at present no papers dwell on the question of plasma polarization in a static electric field. Almost a hundred years ago it was noticed [1] (p. 25) that as electric current flows through ionized gas, when a sufficient number of charged particles is formed at its boundaries, the electric field in the quasi-neutral part of the gas discharge may be absent. Such conditions are typical for the glow discharge. The field in the plasma appears only in the case of losses of charged particles in the bulk, which can be easily seen from the expression obtained in [2] for the electric current. The space charge of the glow discharge near-electrode layers determines the plasma polarization vector which, together with the electrode field vector, defines the effect of plasma polarization in the bulk. As a result, in the zone of the greatest plasma concentration as the negative glow terminates and Faraday dark space starts to form, the resulting electric field is close to zero, which determines the polarization vector value. Thus, in the same way as a dielectric with ε > 1  will be indrawn between the condenser plates, the current pinch will be affected by the electric field pressure force directed to the discharge axis. The action of the plasma thermal pressure will be directed opposite, and the equality of these forces will determine the boundary condition for the current pinch wall. 
It was shown in [3] that beginning with average pressures (about 100 Torr and higher) plasma transfer due to the electric field action is comparable and may be higher than the transfer caused by ambipolar diffusion. Using the solution to the plasma transfer equation obtained in [3], an analysis of experimental works [4, 5] on the glow discharge of atmospheric pressure in argon, helium, nitrogen, hydrogen, and air was made. For the pinch current bulk, a diffusion solution with three-body recombination and the above-listed boundary conditions was obtained. The results on estimating the pinch current diameter are in satisfactory agreement with the experiment.
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