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RF Charging of Topside Sounder Spacecraft
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Evidence concerning RF-induced charging of topside sounder spacecraft is
reviewed. Themost direct evidencefrom the orbital sounders1SISI1I and Cosmos
1809 is observations of sounder-accelerated ions at energies up to asevera tens
of electron-volts. Theseions are interpreted as the flux to the spacecraft body to
discharge the negative electrical potential induced on the body by the action of
sounder near fields on ambient electrons. The situation on 1SIS 11 was modeled
for frequencies well below the electron plasma and gyrofrequencies, f, and f,
respectively. During the RF pulse, the body was found to go to a negative
potential about equal to the peak amplitude of the voltagewaveform appliedtothe
sounder dipole. Other observationsfrom the soundersat frequenciesaroundf, and
f., including “floating" resonant signals on ionograms and impedance
measurements, attest to RF sheaths and hence to charging. The OEDIPUS-C
spacecraft potential measurement has provided proof of RF charging through the
whole range of electron characteristic frequencies.

2. SAPWHEN f<f,f,

1. INTRODUCTION
In some respects, the situation with SAl is simpler than

There are several kinds of evidence from the topside
sounders for the charging of spacecraft during RF pulses
from onboard sources. One of the best documented
phenomenaissounder-accel erated particles (SAP). When
the sounder frequency f ~ f,, f_ (f, and f; are the electron
plasma and gyrofrequencies, respectively), sounder-
accelerated el ectron (SAE) fluxes are ashigh asmoderate
auroral precipitation fluxes. SAE fluxes of such
magnitudes generally imply that charges are induced on
spacecraft when RF fields are acting. However, full
descriptionsof the el ectrodynamics of RF-driven plasmas
in the vicinity of a spacecraft including charging have
hitherto remained an unaddressed challenge. The SAE
evidence, although well documented, resists reaching
quantitative conclusions about charging.

Sounder-accelerated ions (SAl) provide a directly
usable measure of charging at very low frequencies.
Measurements of active antenna impedance and of
floating resonance spikes on topside sounder ionograms
also permit measures of RF sheath thickness which is
related to induced dc potential of the active antennas.
Finally, the OEDIPUS-C payload, operated asaquadruple
probe, has yielded direct measurements of sounder-body
dc potential.
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with SAE, and has permitted quantitative analyses of
charging. Energetic-particledatafrom SIS and Cosmos
1809 contain ample proof of SAI fluxes at energies up to
about 50 eV for sounder frequenciesf <f,, f. [James, 1983;
Shuiskaya et al., 1990]. SAIl are interpreted as the flux to
the spacecraft body to discharge the negative electrical
potentia induced thereon by the action of sounder-pulse
near fields on ambient electrons.

James [1987] andyzed the ISISII spacecraft
observationsfor the case f «f,, f.. This is the rectification
regime where antenna and spacecraft body surfaces were
modeled as a triple probe using dc electrostatic probe
theory. Net charging during the 87-ps RF pulse was found
to occur because of differences between the probe
characteristics of the spacecraft body and the dipole
antenna. The charging time constantl/4f. After the RF
pulse on the antennas, the spacecradtylbpotetial had
fast and slow discharge phases. The fast discharge by
ambient electrons of blocking capacitors in series with the
dipole arms took place in=100 ps. The slow discharge by
ram ions had a time constantV,C./I,~1 ms, wheré/, is
the spacecraft potentialC,. is the spacecraft body
capacitance, andis the ion ram current.

Whenf < min{f f }, SAE are not seen on the monostatic
IK-19 and ISIS soundersSplperin et al., 1981;James,
1983]. However, SAE are observed on the part of the
bistatic OEDIPUS-C payload remote from the transmitter
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[Huang et al., 1999]. This observation appears to be 4. CONCLUSIONS
consistent with the VLF situation above, where ions are
attracted and electrons are repelled by the transmitting The SAl observations and analysis fatf,, f. show

spacecraft. that large negative potentials, of about half the sounder
peak-to-peak voltage, can be induced on the supporting
3. OBSERVATIONSWHEN f = f, f. spacecraft body. At higher frequencies, the magnitude of

charging is difficult to infer from SAP. Indirect evidence

SAE arewidely observed onsoundersfor f= f,f.The comes from deduced sheath dimensions and collapse
potential of the OEDIPUS-C transmitting subpayload has times. Potential measurements on OEDIPUS C
been measured as a function of frequency (Wallis and coordinated with the sounder operation show that the
Laframboise, private communication, 1997). The0.025- dependence of the payload potential on frequency is as
8.0 MHz frequency sweep of OEDIPUS C covers the qualitatively preitted by a theory for an isotropic plasma.
range from f «f, f. tof » f, f. The potential is observed
to rise from large negative values-100 V) to small REFERENCES
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