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Electric field on the surface of a metal electrode immersed in plasma
at a high negative potential
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An analytical solution of the Poisson equation is found for calculating the electric field on the surface of
an electrode immersed in a homogeneous non-isothermal collisionless plasma consisting of electrons and
single-charged ions with charge e, with electron temperature T,, at large values of negative electric po-
tential ¥, when the parameter |e P/T, >> 1. It is established that the size of the plasma layer L with dis-
turbed quasi-neutrality near the high-potential electrode increases in comparison with the Debye radius
rp in proportion to the parameter [e V2T, 3 4, —L=rp [e V2T, el3/ ‘It is shown that in a laboratory plasma
with a density in the range of 10'°-10" cm™ and an electron temperature from 1eV to 10 eV at high val-
ues of the potential and parameter e ¥/T, >> 1, the electric field calculated by the obtained formula
E = YL near the surface of the electrode immersed in plasma, from 20 to 200 times less than the values
of the fields calculated by the classical formula E = ¥rp, obtained at low potentials and at the values of
the parameter e /T, << I.
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Debye radius.

DOI: 10.51368/2307-4469-2022-10-4-343-350



Yenexu npuknaonou gusuxu, 2022, mom 10, Ne 4

REFERENCES

1. Yu. P. Raiser, Gas Discharge Physics. (Springer, Berlin,
New York, 1997).

2. E.D. Lozansky and O. B. Firsov, The Theory of the
Spark. (Atomizdat, Moscow, 1975) [in Russian].

3. Yu. D. Korolev and G. A. Mesyats, Field emission and
explosive processes in a gas discharge. (Nauka, Novosibirsk,
1982) [in Russian].

4. G. A. Mesyats and D. L. Proskurovsky, Pulsed Electrical
Discharge in Vacuum. (Springer Verlag, Berlin, 1989).

5. A. Von Engel, Jonized Gases. (Clarendon Press, Oxford,
1955).

6. A.D.MacDonald, Microwave Breakdown of Gases.
(John Wiley & Sons, Inc., New York, 1966).

7. Vacuum Arcs: Theory and Application, Ed. by J. M. Laf-
ferty. (Wiley, New York, 1980).

8. G. A. Mesyats, Ectons in vacuum discharge: break-
down, spark, arc. (Nauka, Moscow, 2000) [in Russian].

9. V. A. Ivanov, Dynamics of plasma in strong microwave
fields. (National Research Nuclear University MEPhI, Moscow,
2019) [in Russian].

10. V. A. Ivanov, A. S. Sakharov, and M. E. Konyzhev, Plas-
ma Physics Reports 34 (2), 150 (2008).

11. V. A. Ivanov, A. S. Sakharov,
Plasma Physics Reports 42 (6), 619 (2016).

12. V. A. Ivanov, M. E. Konyzhev, A. A. Dorofeyuk, and
T. I. Kamolova, Journal of Physics: Conference Series, 1647,
012018 (2020). DOI: 10.1088/1742-6596/1647/1/012018 (1OP
Publishing).

13. V. A. Ivanov, M. E. Konyzhev, L. I. Kuksenova,
V. G. Lapteva, A. S. Sakharov, T.I. Kamolova, A. A. Dorofeyuk,
and S. N. Satunin, Plasma Physics Reports 36 (13), 1241 (2010).

14. L. . Kuksenova, V. G. Lapteva, V. A. Ivanov, and
M. E. Konizhev, Friction and lubrication in machines and mecha-
nisms, No. 5, 10 (2009) [in Russian].

15. V. A. Ivanov, M. E. Konizhev, L. I. Kuksenova, V. G. Lap-
teva, and I. A. Khrennikova, Friction and wear 30 (4), 396 (2009)
[in Russian].

16. D. A. Dimitrovich, A.I. Bychkov, and V. A. Ivanov,
Applied Physics, No. 2, 35 (2009) [in Russian].

and M. E. Konyzhev,

17. V. A. Ivanov, M. E. Konyzhev, L. I. Kuksenova, V.G. Lap-
teva, and I. A. Khrennikova, Journal of Machinery Manufacture
and Reliability 44 (4), 384 (2015).

18. V. A. Ivanov, A. S. Sakharov, M. E. Konyzhev, T. I. Ka-
molova, A. A. Dorofeyuk, and L. I. Kuksenova, Journal of Physics:
Conf. Series 907, 012023 (2017). DOIL: 10.1088/1742-6596/907/
1/012023

19. V. A. Ivanov, M. E. Konyzhev, T.I. Kamolova, and
A. A. Dorofeyuk, Plasma Physics Reports 47 (6), 603 (2021).
DOI: 10.1134/S1063780X21060076

20. M. D. Gabovich, N. V. Pleshivtsev, and N. N. Semash-
ko, lon and Atomic Beams for Controlled Fusin and Technology.
Translated from Russian by D.H. McNeill. (Consultants Bureau,
New York and London, 1988).

21. ITER Documentation Series, No. 29. IV. Plasma Facing
Materials. (IAEA, Vienna, 1991). Pp. 247-266.

22. R. Behrich, Journal of Nuclear Materials 155-157, part 1,
95 (1988).

23. N. V. Pleshivtsev and A. 1. Bazhin, Physics of ion beams
effects on materials. (University Book, Moscow, 1988) [in Rus-
sian].

24. A. 1. Morozov, Introduction  to
(FIZMATLIT, Moscow, 2006) [in Russian].

25. V. E. Golant, A. P. Zhilinsky, and S. A. Sakharov, Fun-
damentals of Plasma Physics. (Atomizdat, Moscow, 1977) [in Rus-
sian].

26. J. A. Bittencourt, Fundamentals of Plasma Physics.
(Springer Science+Business Media, New York, 2004). DOI:
10.1007/978-1-4757-4030-1

27. 0. V.Kozlov, Electric probe in plasma. (Atomizdat,
Moscow, 1969) [in Russian].

28. Plasma diagnostics. Edited by R.Huddlestone and
S. Leonard. (MIR Publishing House, Moscow, 1967).

29. Plasma Diagnostic Nechniques. Edited by R. H. Huud-
dlestone and S. L. Leonard. (Plasma Reseaech Laboratory, Aero-
space Corporation. Los Angeles, California. Academic Press. New
York — London, 1965).

30. D. . Bohm, I book “The Characteristics of the Electri-
cal Discharges in Magnetic Fields” (Chapter 3). Ed. A. Guthrie,
R. K. Wakerling. (New York, 1949).

plasmodynamics.





