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Calculation of propagation paths and attenuation of the ordinary and
extraordinary modes for HF radio waves in the ionosphere
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When radio waves propagate through the ionosphere, the propagation path of the radio wave varies with time since the
refractive index is determined by the distribution of electron density. Additionally, the radio waves propagating through the
ionosphere are attenuated by collisions between particles. This attenuation arises from the movement of electrons in the
plasma, driven by the radio wave’s electric field, leading to collisions with neutral particles and ions in the ionosphere. In
this study, we have calculated the attenuation of High Frequency (HF) radio waves, considering the effect of the geomagnetic
field.

In calculating the propagation paths of radio waves, the ray-tracing method was employed. Considering the effect of ge-
omagnetic field, radio waves in the ionosphere propagate in two modes: Ordinary mode (O-mode) and Extraordinary mode
(X-mode). We conducted calculations of attenuation of radio waves propagating through the ionosphere. The primary factor
of this attenuation is collisions between particles and can be calculated by integrating the absorption coefficient x, which is
determined by the imaginary part of refractive index, along the propagation path. Assuming the comparison with HF Doppler
observations, we calculated the attenuation in the propagation between Chofu(transmitter) and Sugadaira(receiver). The cal-
culation results showed that the attenuation in the ionosphere during the daytime in equinoctial seasons is significant, with the
values of about 10 dB for O-mode and 30 dB for the X-mode. The received signal strength was estimated by superimposing
the O-mode and X-mode and then compared with that obtained by HF Doppler observations. As a result, a similar trend was
obtained between the calculated and observed values with an error of about 8 dB .

In the presentation, detailed examinations of propagation characteristics for each mode and the received signal strength
considering ionospheric attenuation, will be discussed.
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