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ABSTRACT

During times of solar activity, magnetospheric boundary layers like the plasma sheet boundary layer can become thinner
than an ion gyroradius and contain strong electric fields.  Experiments on processes relevant to such conditions have
been conducted in the NRL Space Physics Simulation Chamber.  Independently controllable density gradients and
arbitrary amplitude transverse electric fields are created, each having scale length less than an ion gyroradius.  Under
these conditions, an instability in the lower hybrid frequency range has been observed.  The observed mode
characteristics are consistent with those expected for the Electron-Ion Hybrid Instability.

INTRODUCTION

A series of experiments to investigate processes relevant to magnetospheric boundary layers have been
conducted in the Naval Research Laboratory’s Space Physics Simulation Chamber (SPSC).  During times of solar
activity, magnetospheric regions such as the plasma sheet can be severely stressed.  At times, the plasma sheet boundary
layer, for example, can become compressed to a width less than an ion gyroradius.  This very narrow layer can contain
very strong, highly localized transverse electric fields (with scale length also less than an ion gyroradius).  The plasma
response to such highly stressed conditions is the focus of our study.

Previous SPSC studies of transverse (to the magnetic field), localized, dc electric fields concentrated on fields
with scale lengths greater that an ion gyroradius.  This was done without the creation of density gradients using an end
electrode comprised of independently controllable, electrically isolated conducting rings.  The earlier experiments
clearly demonstrated that the shear resulting from the localized E × B flow could give rise to ion-cyclotron waves and
documented the wave characteristics [1,2].  Significant transverse ion energization associated with these waves was also
demonstrated [3].

The experiments have now been expanded to investigate the effects of sheared flows with scale lengths less than
an ion gyroradius.  A novel method has been developed to create independently controllable density gradients and
transverse electric fields with arbitrary amplitude within the SPSC plasma column.  This method involves independent
interpenetrating plasmas with different diameters, whose plasma potentials can be arbitrarily controlled.  Using this
technique, electric fields with scale length as small as one-fourth of an ion gyroradiusi and strengths that are up to two
orders of magnitude stronger than those produced in the previous SPSC experiments have been created.  Under these
conditions, the onset of an instability in the lower hybrid frequency range has been observed.  Theoretical work has
indicated that the observed mode characteristics are similar to those expected for the Electron-Ion Hybrid Instability [4-
6].  We present experimental results showing the transverse electric field structure and mode characteristics of the
experimentally observed lower hybrid waves.
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