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NRL-701 LASSII/QIMS
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Fig. 3 Location of QIMS on CRRES spacecraft.
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Fig. 4 Sample of flight data showing NO+ current as a function of
time during a CRRES perigee pass.

eling ‘‘sideways’’), QIMS sees a strong ram/wake modulation
as the attack angle varies from 0 to 180 deg.

Because QIMS is an ionospheric instrument, it is operated
only at perigee of the highly elliptical CRRES orbit. A sample
of mass spectrometer data from such a perigee pass is shown
in Fig. 4. QIMS was turned on when CRRES was at about
1000 km in altitude (7 = 0 min in Fig. 4), remained on as the
satellite went through perigee at about 400 km (7' = 7 min),
and was turned off when CRRES again reached 1000 km. The
overall envelope of the NO* count rate shows the altitude
variation of this low altitude molecular ion, which peaks at
perigee. The sharp spikes in the count rate are due to ram/
wake spin modulation as the spacecraft spins at 2 rpm. The
QIMS sensitivity is highly attitude dependent and is greatest
when pointing close to the velocity vector direction.
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Introduction

HE Space and Environment Technology Center of The

Aerospace Corporation has provided an extremely low
frequency wave analyzer (ELFWA) for the Low Altitude Sat-
ellite Study of Tonospheric Irregularities (LASSII) instrument
complement on the CRRES spacecraft. The objectives of the
LASSII experiment are to understand the effects of naturally
occurring and artificially created irregularities in the iono-
sphere on communication, navigation, and radar signals prop-
agating through the ionosphere. LASSII will also determine
the threat of ionospheric modification by chemical releases
and high-power radio transmitters to various communication,
command, control, and intelligence systems.

The ELFWA instrument measures electrostatic and electro-
magnetic ion waves in the ambient ionosphere and during
active experiments involving chemical releases and the iono-
spheric heater at Arecibo, Puerto Rico. It also measures long-
wavelength (> 100 m) electron density irregularities. These ir-
regularities degrade communication, navigation, and radar
signals that propagate through the ionosphere.

Description

The ELFWA measures single-axis electric field spectra and
amplitudes from 10 to 250 Hz and single-axis magnetic field
spectra and amplitudes from 10 to 125 Hz. The instrument
consists of two antennas, two preamplifiers, and two electron-
ics boxes connected as shown in Fig. 1. The electric field
antenna consists of two spherical probes, each 6.35 cm in
diameter, deployed on booms 190.5 ¢m long above the space-
craft as shown in Fig. 2. The probes are coated with Acheson
Electrodag 121 graphite semicolloidal dispersion in an organic
binder. The probes are separated by 4.5 m. Preamplifiers at
the base of each boom have unity gain. The signals from the
two probes are differenced in the E-field electronics package
to provide a single-axis measurement of the electric field in the
spin plane of the spacecraft.

The magnetic field antenna is a 50-cm diam, 1600-turn loop
of AWG36 copper wire. The antenna is deployed on a 2-m
boom as shown in Fig. 2. The boom consists of hinged tube
assemblies constructed in two segments. It is canted slightly
upward to clear the canister ejection trajectories for the chem-
ical canisters used for the chemical release experiments. The
resistance of the antenna wire is 3500 ©, and the inductance is
4.5 H. The preamplifier input impedance is 30 k at 2200 Hz.
An external load resistance is adjusted to 20 k2 to provide 10
mV out from the antenna for a 10-nT field at 2200 Hz. At 100
Hz, a 5-nT field produces 1 mV out of the antenna. The
preamplifier at the base of the boom has a gain of 100. The
B-field antenna signal output frequency response is — 6 dB per
octave in the 125 to 12.5 Hz frequency range. The preamplifier
has been frequency compensated with 6 dB per octave bass
boost to produce a flat frequency response from the antenna
and preamplifier combination from 10 to 125 Hz. The single-
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Fig. 1 Block diagram of the LASSII ELFWA.
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Fig.2 Picture of a model of the CRRES spacecraft identifying the
E-field and B-field antennas for the ELFWA experiment.

Fig. 3 Spectrograms of the signals from the magnetic (top) and
electric (bottom) antennas during the barium chemical release from
the CRRES spacecraft at 08:37:07 UT on July 19, 1991.

axis magnetic field measurement is also made in the spin plane
of the spacecraft.

The two electronics packages, BE-field and B-field, condition
the antenna signals for data storage and telemetry. Each signal
is amplified into the range 0 to 5.1 V. They are then sampled
at evenly spaced intervals at 250 samples/s providing a 125 Hz
Nyquist frequency for the signal from each antenna. Each of
the electronics packages has independent gain settings of 0,
—20, and —40 dB, and two modes, linear and automatic gain
control (AGC). The dynamic range is 48 dB in the linear mode
and approximately 90 dB in the AGC mode at one gain set-
ting. The experiment normally takes data in the AGC mode
with the gain set at 0 dB. Then the sensitivity corresponding to
0.02 V (1 bit) output from the electronics packages is
9.9 1077 V/m from the electric antenna and 0.2 pT from the

magnetic antenna. The total signal in-band is also averaged
and recorded each second. In a separate mode, the signal from
the electric antenna is passed from the E-field electronics
package to the B-field electronics package as well as to the
E-field electronics package as shown in Fig. 1. The combined
output then doubles the sampling rate of the signal from the
clectric antenna to 500 samples/s for a Nyquist frequency of
250 Hz.

Data

At perigee, the spectrum detected by both antennas is char-
acterized by electromagnetic impulses across the entire fre-
quency range from 10 to 250 Hz. These impulses are most
likely generated by lightning. At higher altitudes there is a
hiss-like spectrum extending from 50 Hz to above the band-
pass of the analyzer. This may be the lowest spectral compo-
nent of plasmaspheric hiss. Figure 3 shows spectrograms of
the signals from the magnetic and electric antennas during the
barium chemical release from the CRRES spacecraft at
08:37:07 UT on July 19, 1991. The electromagnetic signal has
spectral components across the entire band from 10 to 125 Hz
and lasts approximately 10 s from the time of the release.

Flight Operations

Because the LASSII telemetry format is incompatible with
the format used by the wave and particle instruments which
are part of the Space Radiation Effects experiment on the
same spacecraft, LASSII is duty cycled using the following
scheme. When perigee is between 1730 and 0230 LT (i.e., dusk
to postmidnight), LASSII operates below 3000 km during
every other orbit. When perigee is between 0230 and 1730 LT,
LASSII operates below 1000 km every fourth orbit. During
low-altitude chemical release campaigns LASSII monitors the
ionosphere for four orbits before and after each chemical
release. The ELFWA instrument has been operating success-
fully throughout its first year on orbit.
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Introduction

HE CRRES includes as part of its scientific payload the
Low Altitude Satellite Study of Ionospheric Irregulari-
ties (LASSII) experiment. One of the LASSII instruments is
the pulsed plasma probe (P?), which is used to study plasma
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