The electron temperature enhancement produced by the HF heating in the F2 region
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The new standards of radio communication demand the improvement of the quality of signal transmission through such a complex medium as the ionosphere. The high-power high frequency (HF) electromagnetic wave propagation in ionospheric plasma is associated with a variety of induced instabilities [1]. It is assumed that Langmuir turbulence generated by HF radio waves in the plasma resonance area is responsible for the efficient electrons acceleration, thus, leading electron energy distribution function to be non-equilibrium [2]. This increase in the suprathermal population can substantially change the macroscopic parameters of ionospheric plasma (electron temperature, density, etc.) [2,3], which is of great interest for both fundamental study and HF communication applications.
This work is devoted to the study of the electron temperature dynamics of F-region ionospheric plasma in the high-power alternating electric field. In the following, the electron energy balance equation has been formulated. The impact of the vibrational excitation of N2 and O(1S), O(1D) excitations to the electron cooling as sources of inelastic collisions have been taken into account. Thermal electron heating has been introduced in the Landau collision integral form[4] with a stationary flow of the suprathermal electrons of various EEDFs, namely, bimaxwellian, power law, complex distribution with electron depleted areas [5]. The fast electron’s effective temperature is assumed to be within 5 – 10 eV energy range.

The study showed that the temperature of thermal (Maxwellian) electrons could be increased by 0.5 to 1.0 eV depending on the suprathermal electron density. This effect caused by the high-power HF radio wave heating demonstrates the nonlinearity of the propagation problem of the alternating field of that kind that should be taken into account.  
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