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INTRODUCTION

As part of an effort to understand plasma phenomena inherent to
electron bombardment ion thruster operation, extensive Langmuir probing
of the main and cathode discharge regions of a 15 cm dia thruster has
been conducted. The effects of adjustment in cathode pole piece
dimensions, flow rates and grid system perveance on plasma properties

have been investigated.

APPARATUS AND PROCEDURE

The thruster on which the work described herein was performed is
a 15 cm dia SERT II unit which had been modified to permit: 1) independent
control and measurement of mercury flow rates to the neutralizer, hollow
cathode, and main propellant distributor and 2) variation of magnetic
field intensity. The details of the thruster modification as well as
power and measurement systems descriptions are given in reference 1.

Two Langmuir probes installed in the thruster were used to record
traces from which plasma properties could be determined. These data were
recorded through the circuitry shown in Figure 1 on the 11 in. x 14 in.
recording surface of an x-y plotter. Traces were evaluated in the manner
suggested by Strickfaden and Gei]erz. The Langmuir probes were designed
so they could be swept through a semicircular arc and moved axially to
survey either the entire main or cathode discharge region during thruster

operation as suggested by the sketches of Figure 2.
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On each of these plots, the location of the forward edge of the cathode

pole piece is identified. Figures 8 through 14 are all main discharge

region contours.

The following conclusions are suggested by a review of these data:

A. Cathode Region

1.

The plasma potential rises to a substantial fraction of
anode potential in the vicinity of the baffle aperture.
Electron temperature tends to arise rather abruptly

near the baffle aperature. Investigation of Langmuir
probe data near the aperture suggests however that the
electrons are becoming non-maxwellian due to acceleration
in this region and the apparent increase in electron
temperature is a manifestation of the associated increase
in energy.

Cathode region conditions are not affected markedly by
changes in cathode flow rate, but are affected by varia-

tions in arc current.

B. Main Discharge Region

1

Plasma Potential in the main discharge region tends to
be above the anode potential, and there is a plasma
potential ridge adjacent to the anode in general. These
conditions are presumed to exist because of the magnetic
field which suppresses electron migration to the anode
and results therefore in a slightly elevated ion density
near the anode which causes the observed plasma potential
ridge.

The primary electron radial density profile near the
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screen grid tends to be much flatter than the
maxwellian electron density profile at the same loca-
tion for a thruster with a properly designed magnetic
field. When the cathode pole piece is extended or
reduced in diameter and the magnetic field is altered
the primary electron density profile at the grids tends
to become more peaked.
Primary electron densities tend to be higher when dished
high perveance grid systems are employed.
As the thruster is throttled, the maxwellian electron
density drops markedly and the primary electron density

remains essentially constant.
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