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Fig. 1. Experimental device for generating large planar plasma sheet and diagnosis of plasma parameters.
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Abstract

Large planar plasma sheets, generated by a linear hollow cathode in pulse discharge mode under magnetic con-
finement, can be used in the field of plasma antenna, plasma stealth, and simulation of a plasma layer surrounding
vehicles traveling at hypersonic velocities within the Earth’s atmosphere. Firstly, to investigate the propagation prop-
erties of electromagnetic waves at different frequencies and polarization, the transverse field transfer matrix method is
introduced. Secondly, the measured electron density temporal and spatial distribution and the transverse field transfer
matrix method are utilized to calculate the reflection, transmission and absorption of electromagnetic waves by large
planar plasma sheets with different currents. Finally, 1 GHz (less than the critical cut-off frequency) electromagnetic
waves and 4 GHz (greater than the critical frequency) electromagnetic waves are chosen to investigate the evolution of
propagation properties during the pulsed discharge period. Results show that both the reflection and absorption of the
electromagnetic waves are greater for their polarization direction parallel to that of magnetic field, and their frequencies
lower than the critical cut-off frequency, and as the discharge currents rise, the reflection increases while the absorption
decreases. However both the reflection and absorption of the electromagnetic waves with their polarization direction
perpendicular to the magnetic field direction and their frequency greater than the critical cut-off frequency become less,
and as the discharge currents rise, both the reflection and absorption will increase. For the electromagnetic waves with
their polarization direction perpendicular to the magnetic field direction, there is an upper hybrid resonance absorption
band near the upper hybrid resonance frequencies, in which the absorption is significant but the absorption peak value
is not affected by the discharge current. The propagation characteristics of the electromagnetic waves with polariza-
tion direction perpendicular to the magnetic field direction are the same as that of the electromagnetic waves with the
polarization direction parallel to the magnetic field direction, except the upper hybrid resonance absorption. During
the pulse discharge period, the propagation characteristic of the electromagnetic waves experiences an unstable phase
before reaching steady states. The transition time is about 100 ps and increases as the discharge current rises. The
upper hybrid resonance absorption is significant during the phase of steady state for waves with frequency lower than
the critical cut-off frequency and polarization direction parallel to the magnetic field direction. For the applications of a
large planar plasma sheet to reflect electromagnetic waves effectively and steadily, the pulse discharge period should be
larger than 100 ps, and its discharge current should be large enough to make the critical cut-off frequency greater than

the frequency of incident wave, and its polarization direction should be parallel to the magnetic field direction.

Keywords: linear hollow cathode, magnetized plasma sheet, electron density distribution, transverse

field transfer matrix method
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