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On the surface of a metal electrode immersed in a plasma with an electron temperature 
Te  10 eV and a plasma density ne from 1010 cm3 to 1013 cm3 the electric field of the electrode 
is calculated under the negative electric potential 0 at large values of the dimensionless pa-
rameter |e0|/Te >> 1. 
The resulting asymptotic formula for the field strength at |e0|/Te >> 1 differs significantly 
from the classical formulas for calculating the electric field and the Debye length near the 
electrode surface in plasma, which are valid under the condition |e0|/Te << 1. It is shown that 
at |e0|/Te >> 1 a modified Debye layer in the plasma near the electrode can exceed the classi-
cal Debye length by two orders of magnitude. To calculate the electric field on the electrode 
surface in plasma a generalized formula is proposed explicitly, which is valid in a wide range 
of values of the parameter 0 < |e0|/Te < 103 at negative values of the electrode potential up to 
10 kV. 

Applied Physics, 2023, № 5 

Keywords: plasma, electrode, negative potential, Poisson's equation, electric field, modified 
Debye length, generalized formula for electrical field calculation at electrode. 

DOI: 10.51368/1996-0948-2023-5-5-14 



Applied Physics, 2023, № 5 

REFERENCES 

1. Raiser Yu. P., Gas Discharge Physics, Berlin, New York, Springer, 1997.
2. Von Engel A., Ionized Gases, Oxford, Clarendon Press, 1955.
3. Korolev Yu. D. and Mesyats G. A., Field emission and explosive processes in a gas discharge, Novosibirsk,
Nauka, 1982 [in Russian].
4. Mesyats G. A. and Proskurovsky D. I., Pulsed Electrical Discharge in Vacuum, Berlin, Springer Verlag, 1989.
5. Mackeown S. S., Phys. Rev. 34, 611 (1929).
6. Lafferty J. M., Vacuum Arcs: Theory and Application, New York, Wiley, 1980.
7. Lozansky E. D. and Firsov O. B., The Theory of the Spark, Moscow, Atomizdat, 1975 [in Russian].
8. Ivanov V. A., Sakharov A. S. and Konyzhev M. E., Plasma Physics Reports 34 (2), 150–161 (2008).
9. Ivanov V. A., Sakharov A. S. and Konyzhev M. E., Plasma Physics Reports 42 (6), 619–632 (2016).
10. Ivanov V. A., Konyzhev M. E., Dorofeyuk A. A. and Kamolova T. I., Journal of Physics: Conference Series
1647, 012018 (2020). doi: 10.1088/1742-6596/1647/1/012018 (IOP Publishing)
11. Ivanov V. A., Konyzhev M. E., Kuksenova L. I., Lapteva V. G., Sakharov A. S., Kamolova T. I., Dorofeyuk A. A.
and Satunin S. N., Plasma Physics Reports 36 (13), 1241–1246 (2010).
12. Kuksenova L. I., Lapteva V. G., Ivanov V. A. and Konyzhev M. E., Friction and lubrication in machines and
mechanisms, № 5, 10–16 (2009).
13. Ivanov V. A., Konyzhev M. E., Kuksenova L. I., Lapteva V. G. and Khrennikova I. A., Friction and wear 30 (4),
396–404 (2009).
14. Dimitrovich D. A., Bychkov A. I. and Ivanov V. A., Applied Physics, № 2, 35–43 (2009) [in Russian].
15. Ivanov V. A., Konyzhev M. E., Kuksenova L. I., Lapteva V. G. and Khrennikova I. A., Journal of Machinery
Manufacture and Reliability 44 (4), 384–388 (2015).
16. Ivanov V. A., Sakharov A. S., Konyzhev M. E., Kamolova T. I., Dorofeyuk A. A. and Kuksenova L. I., Journal
of Physics: Conf. Series 907, 012023 (2017). doi: 10.1088/1742-6596/907/1/012023
17. Ivanov V. A., Konyzhev M. E., Kamolova T. I. and Dorofeyuk A. A., Plasma Physics Reports 47 (6), 603–610
(2021). doi: 10.1134/S1063780X21060076
18. Gabovich M. D., Pleshivtsev N. V. and Semashko N. N., Ion and Atomic Beams for Controlled Fusin and
Technology. Translated from Russian by McNeill D. H., New York and London, Consultants Bureau, 1988.
19. ITER Documentation Series. № 29. IV. Plasma Facing Materials, Vienna, IAEA, 1991, pp. 247–266.
20. Behrich R. and Ehremberg J., Journal of Nuclear Materials, Part 1 155–157,  95–104 (1988).
21. Bittencourt J. A., Fundamentals of Plasma Physics, New York, Springer Science+Business Media, 2004.
doi: 10.1007/978-1-4757-4030-1
22. Plasma Diagnostics, Ed. by Lochte-Holtgreven W., Kiel University, Amsterdam, North-Holland Publishing
Company, 1968.
23. Plasma Diagnostic Techniques. Edited by Huuddlestone R. H. and Leonard S. L., Plasma Reseaech Laboratory,
Aerospace Corporation. Los Angeles, California, New York  London, Academic Press, 1965.
24. Bohm D., The Characteristics of the Electrical Discharges in Magnetic Fields (Chapter 3). Ed. Guthrie A.,
Wakerling R. K., New York, 1949.
25. Ivanov V. A., Plasma Physics Reports 49 (2), 284–289 (2023). doi: 10.1134/S1063780X2260136524




