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Features of VLF radiation of industrial frequencies
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The features of the emission of electromagnetic waves of an VLF range by industrial power
lines, in the circuit of which thyristor power regulators are installed, are considered.
For VLF, such a line, due to current surges with a front of about 10 microseconds, is a
traveling wave antenna — a Beveredge antenna. Due to the dispersion properties of the
underlying surface, the radiation angle relative to the horizon depends on the frequency.
The effects of slow drift in time of shift frequencies modulated 50/60 Hz, which are
recorded both on the satellite and on the ground, are discussed. It is proposed to use drifting
frequencies to monitor the state of the lower ionosphere.

Keywords: harmonics of industrial frequency current, Beveredge antenna, radiation pattern,

dynamic spectrum, frequency drift.

DOI: 10.51368/2307-4469-2023-11-6-496-502

REFERENCES

1. ArrillagaJ., Bradley D. A. and Bodger P. S., Power
system harmonics, Moscow, Energoatomizdat, 1990.

2. Kostrov A.V., Gushchin M. E. and Strikov-
skii A. V., Geomagnetism and Aeronomy 57 (4), 482
(2017). doi: 10.1134/s0016793217030094

3. Helliwell R. A., Katsufrakis J. P., Bell T. F. and
Raghuram R., Journal of Geophysical Research 80 (31),
4249 (1975). doi: 10.1029/JA0801031P04249

4. Nemec F., Santolik O., Parrot M. and Berthel-
ier J. J., J. Geophys. Res. 111, A04308 (2006).
doi: 10.1029/2005JA011480

5. Rodger C.J., Clilverd M. A., Yearby K. H. and
Smith A.J., J. Geophys. Res.: Space Physics 105 (A7),
15981 (2000). doi: 10.1029/1999JA000413

6. Koons H. C., Dazey M. H. and Edgar B. C., Jour-
nal of Geophysical Research 83 (A8), 3887 (1978).
doi: 10.1029/ja0831a08p03887

7. Tomizawal. and Yoshino T., J. Geomagn. Geoe-
lectr. 37 (3), 309 (1985). doi: 10.5636/jgg.37.309

8. Rodger C.J., Thomson N. R. and DowdenR. L.,
J. Geophys. Res. 100 (A4), 5681 (1995).
doi: 10.1029/94JA02865

9. Parrot M., Nemec F., Santolik O. and Berthel-
ier J. J., Annales Geophysicae 23 (10), 3301 (2005).
doi: 10.5194/angeo-23-3301-2005

10. Parrot M., Manninen J., Santolik O., Nemec F.,
Turunen T., Raita T. and Macusova E., Geophys. Res. Lett.
34,119102 (2007).

11. Markov G. T., Petrov B. M. and Grudinskaya G. P.,
Electrodynamics and propagation of radio waves, Moscow,
Sov. Radio, 1979.

12. Rothammel K., Antennenbuch,
Deutscher Militarverlag, 1959.

13. Karyakin R. N., Tyagovye seti peremennogo toka
(AC Electric Traction Networks), Moscow, Transport, 1987.

14. Bell T. F., Luette J. P. and Inan U. S., J. Geophys.
Res. 87 (A5), 3530 (1982). doi: 10.1029/JA087iA05p03530

15. Makarov G. 1., Novikov V. V. and Orlov A. B,,
Radiophys. Quantum. Electron. 13 (3), 245 (1970).
doi: 10.1007/BF01030372

16. Alpert Y. L. Radio Wave Propagation and the
Ionosphere: Propagation of Electromagnetic Waves Near
the Earth vol. 2, Plenum Publishing Corporation, 1974.

17. Kostrov A. V., Plasma Physics Reports 46 (4),
443 (2020). doi: 10.1134/S1063780X20040066

vol. 1, Berlin,





