PHYSICAL PROCESSES IN VOLIERE DISCHARGE PLASMA
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It is known that (-processes occur in the glow discharge cathode region at the Crookes dark space - plasma boundary [1]. They characterize the interaction of fast electrons with plasma and the effectiveness of the latter. However ( - processes can not be regarded as a total characteristic of this interaction because of the fact that some other processes, i.e. f - processes, also occur at the anode boundary of negative glowing plasma [2]. It would be appropriate to combine ( - processes with f - processes to form v - processes but keeping in mind that ( - processes produce the flow of positive ions from the plasma toward the cathode and f - processes produce the flow of new electrons from the plasma toward the anode. Here, the coefficient v fully characterizes the plasma effectiveness and indicates a number of positive ions and electrons emerging from the cathode and anode boundary of negative glowing plasma per one fast electron incoming into the plasma from the cathode side. The coefficient value v corresponds to the following equation
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Having taken measurements directly in the voliere discharge [2] of such parameters as Vk - cathode fall, rv(p - approximated thickness of the Crookes dark space, j0 - general density of discharge current and making use of secondary electron emission coefficient [3] it is possible to define ( - coefficient value for the definite discharge conditions by means of the following equation
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( - the ionization coefficient mean value was defined by method [4].
The results of fast electrons-plasma interaction investigations with due regard for v - processes show that the emission of positive ions and electrons from the negative glowing plasma is considerable and to a large extent depends upon the kind of gas and the discharge conditions.

Vk, rv(p, j0 having been measured by experiment , we got the electron je(r) and the ion ji(r) current density distribution, the currents being formed by v - processes taking place in the dark space between the cathode and the plasma. The density of the ion current jiv formed in the negative glowing voliere plasma and incoming onto the cathode through the dark space and according to the law of conservation of charge will be constant.
With due regard for v - processes the distribution je(r), ji(r) and jiv in the dark space will take on the form
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Here r is a variable in the radial direction of the dark space between the plasma and the rod cathode. The point r = 0 corresponding to the position on the cathode has been taken as the initial reading one. The ration r = rv corresponds to the border between the plasma and the dark space. The value jek is defined by the following relation
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With the voliere discharge abnomality increasing, the place where the ions and electrons in the cathode region are generally formed changes in a complicated manner. In argon at the anode voltage rise up to 280 V the values of the electron and ion currents je and ji in the dark space are increasing more rapidly than those of the current jiv. But when Ua > 300 V it is clearly seen that jiv is much stronger, i.e. jiv > ji and jiv > je.
In this case the current jiv has increased to such an extent, that it accounts for a substantial fraction of the total discharge current j0 in the dark space [4]. The values of jiv and je are given at r = rv on the border between the plasma and the dark space, as far as the current ji value is concerned it is given at r = 0, i.e. on the cathode. The unique dependence of the place where the majority of positive ions are formed on the discharge abnomality in neon with the iron cathode.
Here from the very beginning of abnomality development the current jiv increases more rapidly against the currents je and ji and in the total high voltage area jiv > ji and jiv > je. Therefore in this kind of gas the majority of positive ions incoming onto the cathode are formed by v - processes. In this connection there has been induced the criterion of the place where the positive ions reaching the cathode and electrons reaching the anode are generally formed. If 
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it is the voliere plasma, which is considered to be the place where the majority of positive ions incoming onto the cathode and electrons incoming onto the anode are formed. If 
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it is the dark space between the plasma and the cathode.
According to the results of the described investigations the dissipation of fast electron energy in the voliere discharge plasma occurs over a larger distance than in general negative glowing plasma. Thus the voliere plasma diameter and volume are much larger.
It is explained by the fact that with a plane-parallel discharge gap in the negative glowing plasma fast electrons collide with the retarding field [5,6] formed by the space charge of positive ions on the cathode border and by the negative charge of electrons on the anode border of the negative glowing plasma. Though the intensity of the given field is not high, it however reduces fast electron total path and slows down the work on excitation and ionization of neutral particles in the negative glowing plasma. Fast electrons in the voliere discharge do not collide with the retarding field because of the absence of the electron space charge there. Investigations carried out with flat anodes and cathodes under the equal experimental conditions to compare the voliere discharge with the short glow discharge show that the negative glowing voliere plasma extension is 25-30% more.
Besides this comparison shows that the specific energy contribution of the voliere plasma is over six times less.

Thus physical processes taking place in the voliere discharge are considerably different from those of the general glow discharge. Due to the newly defined properties of the voliere plasma it has found wide use in practice [7].
REFERENCE

1. O. Scherzer. Archiv f. Electrotechn. 33 (1932) 207.

2. N.V. Volkov. Izvestiya vuzov. Radiophysics. 29 (1986) 861.
3. C. Brown. Elementary processes in gas discharge plasma. Gosatomizdat, 1961.

4. I. Popescu. Rev. Phys. Acad. R. P. R. 4, (1959) 211.
5. R. Warren. Phys. Rev. 98 (1955) 1650.

6. K. Habata. Electrotechn. J. Japan. 7 (1962) 144.

7. N.V. Vasilyeva, N.V.Volkov at al. Fizika plazma. 8 (1982) 619.
_1459092097.unknown

_1459092315.unknown

_1459095344.unknown

_1459095605.unknown

_1459092708.unknown

_1459092243.unknown

_1459085899.unknown

_1459086775.unknown

_1459085832.unknown

