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BACKGROUND

Although it has long been recognized that the electron injectifmf occurring
during a magnetic substorm have a continuous energy distribution, ?>” monoener-
getic beams have been used for laboratory sigg%ations of spacecraft changing
startigg8 with the early experiments at SRI and continuing for several
years. The use of monoenergetic beams for laboratory experiments and simula-
tions continued largely because they were easy to assemble. It was recognized,
however, that the results observed with a monoenergetic simulator might not
duplicate those that would occur in space. Accordingly, when the prototype of
an electron source capable of producing a continuous energy distribution became
available at SRI, it was applied immediately in a set of coarse experiments to
compare the charging properties of a spacecraft material under a monoenergetic
beam and under a continuously distributed beam.

EXPERIMENTAL SETUP

The test setup used 1in these preliminary experiments is shown in
Figure 1. The electron source was mounted in the top of a cylindrical vacuum
chamber. A sheet of 5-mil-thick Kapton was placed on an insulated metal sub-
strate placed on the bottom of the vacuum chamber. Provisions were made to
measure the dc current arriving on the substrate. A field meter located off the
edge of the test sample provided a means for measuring the potential of the test
sample. A retarding potential analyzer was used to measure the energy spectrum
of the incident electron beam.

The energy spectra of the electron beams used in the experiments are shown
in Figure 2. These 1included a 15-keV monoenergetic spectrum shown in
Figure 2(a), and two continuous spectra with the characteristics shown in
Figures 2(b) axéd 2(c). The total beam current density in each case was adjusted
to be 10 nmA/em“. It should be noted that, in these experiments, no effort was
made to duplicate the spectra occurring in space. The tests were intended
simply to compare material charging properties using monoenergetic and con-
tinuous multi-energy beams. Although the spectra in Figures 2(b) and 2(c) are
shown stepped, they were actually continuous. The steps in the figure are
simply an artifact of the energy-measurement technique employed.

TEST RESULTS

The results of the tests on the 5-mil Kapton sample are shown in Table 1.
With the monoenergetic beam, the sample charged to 12 kV and electrical dis-
charges occurred. With the multi-energy spectra the samples charged to only
6 kV and 4 kV, and no discharger were observed.
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Although only the most rudimentary experiments have been conducted thus far

using the SRI multi-energy electron guyn, the results of these experiments and
other work reported at this conference” indicate the need for accurate simula-
tion of the space environment if we are to be able to relate the simulation
results to in-orbit behavior of satellites.
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Table 1

Test Results on 5-mil Kapton Sample

Spectrum (10 nA/cmZ)

Equilibrium Potential

Equilibrium Bulk-Current

15-keV Mono-energetic
#1 Multi-energy

#2 Multi-energy

12 kV (at breakdown)
6 kV (no breakdown)

4 kV (no breakdown)

2 nA/cm2 (at breakdown)
0.2 nA/ cm2

0.15 nA/cm’
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FIGURE 1 TEST SETUP
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