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Examination of meteor echos observed by HF Doppler sounding
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It is known that ionospheric disturbances occur at an altitude of 80 120 km when meteors enter the Earth’s atmosphere. The
plasma associated with meteors entering is called a meteor trail and reflects radio waves in the HF and VHF bands due to its
plasma density. Since most of the meteor radio observations have been performed using VHF band radio waves, meteor radio
waves were observed using radio waves in the HF band in this study. Meteor echoes are classified into Underdense echoes and
Overdense echoes by the scattering mechanism. The signal intensity at Underdense echo is exponentially attenuated. Om the
other hand, the signal intensity at Overdense echo is remains constant for a while, and then it is rapidly attenuated. In addition,
there are differences in the observed Doppler shifts between Overdense and Underdense echoes. While the Undedense echo
reflects the movement of the meteor trail due to the neutral wind, the Overdense echo reflects the radial spread speed of
the meteor trail. We have examined meteor echos observed by the HF Doppler sounding system utilized by the University
of Electro-Communications and four other institutions. The transmitter of this system is located the Chofu Campus of the
University of Electro-Communications. Since meteor trails are located at altitudes of 80 to 120 km, radio waves are reflected
at these altitudes, which is lower than the usual reflections. We used Doppler data received at the Fujisawa, Sugito, Kakioka,
Orai, and Kashima stations using 8 MHz radio waves transmitted from the Chofu campus. The event examined in this study
occurred at 20: 30: 27 JST on October 25, 2014. In the meteor echo, radio waves are reflected under the condition that
the incident angle is equal to the reflection angle. We found the reflection points that satisfies this condition. From the
signal intensity of the observed meteor echo, it was clear that the observed meteor echos are the Overdense echo because the
temporal variations of signal intensities have same features as the Overdense echoes. The duration of the meteor echo was
much longer than that obtained by VHF radar. This is because the lifetime of the echo is proportional to the square of the
wavelength. Because the meteor echo in this event is categorized as the Overdense echo, the Doppler shift is related to the
speed of the radial diffusion of the meteor trail. Therefore, assuming that the trail is diffused, and the reflection point of the
echo moves vertically downward, the speed of radial diffusion of the meteor trail can be estimated by the temporal variation of
the Doppler shift at the time of meteor occurrence. Then, we also estimated it using the relation equations from the previous
statistical results (Fish and Barkey, 1998). As a result, the speed of radial diffusion almost coincided in Kakioka, Oarai,
and Kashima. Assuming that wind speed was the same at the reflection points and the meteor trail has moved in a certain
direction, we estimated the speed and direction of the neutral wind from the Doppler shift and compared it with the neutral
wind model. As a result, the wind speed almost coincided with the model, but the wind directions were almost inconsistent.
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