Campaign for study of VLF propagation using magnetically conjugate ground based observations
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Abstract 

The proposed repair and upgrade to the High Frequency (HF) ionospheric heating facility at Arecibo would provide a unique opportunity to study plasma instabilities and magnetically ducted Very Low Frequency (VLF) waves due to favorable geometry of the Earth’s magnetic field.  Previous experiments have demonstrated instigation of both plasma turbulence within the ionosphere immediately above the heater and depleted magnetic flux tubes linking the conjugate hemisphere.  VLF receivers located at both conjugate points have yielded invaluable information regarding the creation of plasma sheets that guide VLF emissions into the ionosphere/plasmasphere, where they propagate (in part) as magnetically guided whistler waves [Starks et al., 2001].  It has been demonstrated that HF heating of the ionospheric plasma above Arecibo creates plasma-sheet-like structures aligned with the magnetic meridional plane; behavior of the structures is consistent with the thermal filamentation instability [Lee et al., 1998].  Plasma turbulence and depleted flux tubes have been characterized through analysis of Incoherent Scatter Radar (ISR) and ionosonde data, but these measurements were confined to regions near the VLF source in Arecibo.  No sounding measurements have yet been made at the conjugate point in Argentina during such experiments.  The United States Air Force Academy (USAFA) is in the process of purchasing a version of the Digisonde Portable Sounder (DPS) unit consisting of a transmitter, receiver, antennas, and a single computer system to manage data acquisition, control, signal processing, display, storage and automatic data analysis functions.  We plan to build on previous findings by characterizing the ionospheric plasma at the point magnetically conjugate to the Arecibo heater.  We expect the ionograms taken at the conjugate site to reveal the presence of spread-F, indicating plasma turbulence associated with the refilling of the depleted flux tube.  Simultaneous ionograms and VLF measurements taken at the conjugate points will provide valuable information on the coupling efficiency of VLF injection into the ionosphere, subsequent propagation within the plasmasphere, and exit from the magnetic duct to be received on the ground at the conjugate point.  The ultimate goal is to determine the coupling efficiency of magnetically ducted Very Low Frequency (VLF) waves generated by a conventional transmitter and guided into the flux tube through heater-induced plasma channels.  Results from a first-principles VLF propagation model, currently under development, will be presented.

References

Lee, M. C., R. J. Riddolls, W. J. Burke, M. P. Sulzer, S. P. Kuo, and E. M. C. Klien, Generation of large sheet-like ionospheric plasma irregularities at Arecibo, Geophys. Res. Lett., v. 25, 3067, 1998.

Starks, M. J., M. C. Lee, P. Jastrzebski, Interhemispheric propagation of VLF transmissions in the presence of ionospheric HF heating, J. Geophys. Res., v. 106, n. A4, 5579, 2001.







PAGE  
1

