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Analysis of the characteristics of modulated heating radiation wave
in the high latitude ionosphere

YANG Jutao LI Qingliang® CHEN Jing HAO Shuji YAN Yubo WU Jian MA Guanglin LU Hong
( National Key Laboratory of Electromagnetic Environment, China Research Institute of

Radiowave Propagation, Qingdao 266107, China)

Abstract This paper presents the radiation characteristics of ULF/VLF electromagnetic wave excited by the
ionospheric modulated heating in the high-latitude based on the experimental data of the ionospheric modulated heating
conducted by Chinese scientific researchers using the European Incoherent Scatter (EISCAT) heating facility in
2017-2019. The effects of heating power, heating wave polarization, radiation frequency and geomagnetic disturbance
on the electromagnetic wave intensity of ULF/VLF under two modulated heating modes of natural current modulation
(AM) and dual-frequency double-beam modulation (BW) are experimentally analyzed. The results show that the
intensity of the excitation radiation wave is approximately proportional to the heating power, and the power ratio
coefficients of AM and BW are about 1.7 and 2.1, respectively. The heating wave employed with X wave is more
beneficial to stimulate ULF/VLF electromagnetic wave radiation when compared to employing O wave. With the
increase of the radiation wave frequency, the intensity of the radiation wave first increases and then decreases, but the

maximum intensity of the radiation wave excited by AM and BW heating occur at 2 kHz and 8—14 kHz, respectively.

We#s B #A: 2023-02-16
BENTE: [F 5 A AR (JCKY2021210C614240301); HLI% R ETHF B AL R B A1 9 3 5 3 4 (A172101204)
BIE1EE: 2515 % E-mail: qlianglicrirp@sina.cn


https://doi.org/10.12265/j.cjors.2023049
https://doi.org/10.12265/j.cjors.2023049
https://doi.org/10.12265/j.cjors.2023049

706 W,

¥ %

D - =

= % 38 %

The intensity of the radiation source excited by AM depends on the magnitude of the natural current in the ionosphere,

while the intensity of the radiation wave excited by BW has little correlations with the intensity of the natural current.

Finally, in perspective of the current hot issue of ionospheric modulation heating, the question of where is the location

of the BW source in the ionosphere is raised. The differences in the propagation characteristics of ULF/VLF

electromagnetic waves excited by two modulated heating modes are compared by combining the experimental and

theoretical analysis methods. It is confirmed that the radiation source formed in the BW mode is likely to be located in

the F region, which is different from the AM mode.
Keywords

ionospheric modulation heating; amplitude modulation; dual-frequency dual-beam modulation;

heating power; heating wave polarization; geomagnetic disturbance; radiation frequency
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