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The ISEE-C Plasma Wave Investigation
F. L. SCARF, R. W. FREDRICKS, D. A. GURNETT, AND E. J. SMITH

Abstmct-The ISEE-C plasma wave investigation is designed to pro-

vide comprehensive information on interplanetary wave-particle
interactions. Three spectrum analyzers with a total of 19 bandpass
channels cover the frequency range 0.3 Hz to 100 kHz. The main
analyzer, which uses 16 continuously active amplifiers, gives two
complete spectral scans per second in each of 16 filter channels. The
instrument sensors include a high-sensitivity magnetic search coil, and
electric antennas with effective lengths of 0.6 and 45 m.

INTRODUCTION

T HE ISEE-C plasma wave instrument will provide high-
sensitivity measurements of interplanetary wave phe-

nomena over the spectral range extending from below 1 Hz
to 100 kHz. The wave electric-field and magnetic-field
components are detected using a long body-mounted electric
dipole (90 m, tip-to-tip), a short boom-mounted electric
dipole (0.6 m, effective length), and a high-sensitivity mag-
netic search coil. The signal processing units in the plasma
wave electronics box and in the dc magnetometer utilize
three distinct spectrum analyzers that cover a total of 19
different frequency channels with varying time resolution.
The main analyzer, with 16 continuously active channels,
provides two complete spectral scans per second.
The primary scientific objectives of the ISEE-C plasma

wave investigation can be summarized as follows:

1) to determine the roles that plasma waves play at inter-
planetary discontinuities and at stream-stream interaction
fronts. Some wave energy must propagate away from the
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discontinuity, and this provides a nonlocal wave-particle
interaction mechanism.

2) to analyze the basic interplanetary instabilities asso-

ciated with thermal anisotropy and heat conduction that
cause the solar wind to behave as an effective fluid even when
the mean free path becomes large near 1 AU.
3) to study the energy loss and wave-wave conversion

mechanisms for suprathermal electrons and protons by corre-

lating particle distribution data with wave measurements.
This study will involve effects associated with solar-radio
bursts.
4) to determine the effective transport coefficients (heat

conductivity, electrical conductivity, viscosity) associated
with wave-particle scattering in the solar wind.

5) to search for local wave-particle acceleration processes

in the solar wind.

We will also try to evaluate local plasma parameters by
analyzing plasma wave data, search for interplanetary whistler-
mode signals that should develop whenever (T_lTI )e exceeds
unity, and study the dynamical energy dissipation processes

that can cause large amplitude MHD waves in the solar wind
to steepen into collisionless shocks.

INSTRUMENT CHARACTERISTICS

The basic elements of the ISEE-C plasma wave instrument
are shown in Fig. 1. The line drawing in the center depicts
the spacecraft with all booms and antennas deployed. The
90-m, tip-to-tip, balanced dipole antenna along the U-axis
has been designated as the primary long electric-field sensor

for the plasma wave instrument, and the V-axis dipole antenna
is the primary in-ecliptic sensor for the radio-astronomy
investigation. However, these two wave instruments have
been designed with a capability to operate together using
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TABLE I
ISEE-C PLASMA WAVE INSTRUMENT CHARACTERISTICS

Sensors:

Long electric dipole (90 meters, tip-to-tip); the U-axis antennas *re
assigned to the plasma w ve Investigation, but the radio astronomy
(STH) and plasm wave (SCH) groups can share the U-or V-axis systms,
if necessary.

Short electric antenna (0.6 meter effective length), on the minus X-axis
hard bow.

Search coml, on the minus X-axis hard boon.

Sixteen-channel spectrum nalyzer, 17 Hz to 100 kHz: 16 filters, 16 AGC
aplifiers, 2 scans per second [E(long) or E(short) or S1.

Eight-channel spectrum analyzer, 17 Hz to I kHz: 8 filters, one AGC
Mlpiifier, I scan per 16 seconds [E(short) or B].

Three-channel spectrum analyzer, 0.316 Hz to 8.8 Hz: using SMH electronics,
I scan per 32 seconds [B only].

Short Electric: 0.25 kg
Search Coil; 0.3 kg
Unity tain Preaps: 0.09 kg (x4)
Main Electronics: 2.64 kg

Subtotal 3.55 kg

[Each ator-driven antenna eleeent:
2.4 kg (x2)1

Power: 3.8 Watts

Fig. 1. Top: The magnetic search coil (left) and the short electric
antenna (right). Center: Drawing of ISEE-C with all booms and
antennas deployed. Bottom: One of the four identical unity gain
preamplifiers used with the long wire antennas (left), and the main
electronics unit (right).

the V-axis or the U-axis dipoles in case one or more of the
four individual 45-m wire antenna elements fails to deploy
properly. This redundancy was achieved by designing sepa-

rate radio-astronomy and plasma wave preamplifiers that
can operate together on any individual antenna element. A
set of these preamplifier pairs is mounted near the base of
each 45-m antenna/motor unit. The photograph in the lower
left shows one of the four long electric unity gain plasma
wave preamplifiers, each of which is basically identical to the
units built by the University of Iowa for operation on ISEE-A
and ISEE-B [1]. The two additional sensors are the magnetic
search coil (upper left) and the short electric antenna (upper
right), which are mounted together on the 3-m minus-X
boom, as indicated in the central drawing. A photograph of
the main electronics unit for the plasma wave instrument is
shown in the lower right, and the instrument specifications
are in Table I.

Fig. 2 contains a simplified block diagram of the ISEE-C
plasma wave instrument. The signals from the wave sensors

are processed using three spectrum analyzers. The main
16-channel analyzer covers the range 17 Hz to 100 kHz
with a separate continuously active automatic gain control
(AGC) amplifier following each of the 16 bandpass filters.
This spectrum analyzer provides essentially continuous in-
formation since the time between samples (500 ms) is com-

parable to the mean settling time of each AGC amplifier,
and switching transients are absent. The 16-channel spectrum
analyzer can be used with any of the wave sensors (long U,
long V, short electric, or search coil).
The 8-channel analyzer covers the range 17 Hz to 1 kHz

with a set of filters that correspond to the lower frequency
ones in the main analyzer, but this secondary analyzer utilizes
a single AGC amplifier. The commutator switches the ampli-
fier from one frequency channel to another after every four
measurements (covering 2 s) and the entire 8-channel scan is
repeated every 16 s. This second spectrum analyzer is de-
signed to be used with the magnetic search coil or the short
electric antenna.
The third spectrum analyzer, which covers the range below

17 Hz, is located within the electronics unit of the Vector
Helium Magnetometer [6]. A cable from the plasma wave
instrument brings the output of the magnetic search coil to
the SMH box, and the low-frequency spectrum is analyzed
once per 32 s using three relatively broad filters that cover
the range 0.316-8.8 Hz. The lowest of these channels is
centered about the nominal ISEE-C spin frequency, and
since the search coil is mounted at an angle to the boom,
the 0.316-Hz output will provide a low-resolution backup
measurement of the dc magnetic-field component in the plane
perpendicular to the spacecraft spin axis.
The ISEE-C spectral coverage for plasma waves is sum-

marized in the left-hand part of Fig. 3. This panel compares
the response curves for the 15-percent bandwidth filters used
in the two high- frequency analyzers with the spectral responses
of the three wave channels in the Vector Helium Magnetometer
unit. It can be seen that the full instrument will measure
many aspects of E and B fluctuations over the complete
range extending from 0.3 Hz to 100 kHz, although the ability
of the instrument to perform highly comprehensive measure-
ments does vary over this range. From 17 Hz to 1 kHz the
capability is optimum since the 8 continuously active channels
can be used to measure characteristics of short- or long-
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Fig. 3. Left: Filter response curves for the ISEE-C plasma wave investigation. Right: Some characteristic
phase speed versus frequency plots for typical interplanetary conditions (B = 5 gamma, N = 5 protons/cm3).

wavelength electric fields or magnetic fluctuations, while
the second spectrum analyzer can be used to compare E
and B measurements, or to compare long- and short-wave-
length E-field observations. For the 8 continuously active
channels covering the range 1.7 kHz to 100 kHz, there is still
considerable flexibility, but the capability to compare outputs
from various wave sensors is absent here.
The right-hand side of Fig. 3 contains frequency versus

phase speed plots for many characteristic interplanetary wave

modes (assuming B = 5 gamma, N = S protons/cm3 ). For a

nominal solar wind speed near 400 km/s, it can be seen that

many of the lower frequency modes have V(phase) < V(wind),
and hence Doppler shifts will have to be accounted for in the
analysis of data obtained from the ISEE-C observing platform.
However, in a very general sense, Fig. 3 does show that the
ISEE-C plasma wave instrument will provide excellent cov-

erage for all important local wave modes above the ion cyclo-
tron frequency. Since electromagnetic ion cyclotron oscilla-
tions will be detectable in the magnetometer data, the full
ISEE-C payload should provide valuable information for
many new studies involving interplanetary wave-particle
interaction phenomena.
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Fig. 4. Anticipated threshold sensitivities of the ISEE-C plasma wave investigation.

SENSOR CHARACTERISTICS AND ANTICIPATED
SENSITIVITIES

The Search Coil

The ISEE-C search coil is a high sensitivity version of the
magnetic sensor designed for ISEE-A, -B [1]. The flux con-

centrating core, made of high permeability nickle-iron alloy,
is 39.4 cm in length, with a square cross section (0.48 cm on

a side). The coil has 80 000 turns of AWG 47 wire and the
effective loop area is 2100 m2 for signals below 500 Hz. The
entire unit is 40.6 cm long, the coil constant is 13 ,V/gamma/
Hz, and the rolloff above 500 Hz is approximately 6 dB per

octave.
The anticipated in-flight sensitivity of the ISEE-C search

coil is plotted as a function of frequency in the left side of
Fig. 4. The other curves shown here are adapted from a draw-
ing in a recent report by Neubauer et al. [3] . The comparisons
indicate that the ISEE-C search coil will be at least as sen-

sitive as any magnetic sensor flown previously, and if the
spacecraft noise levels are sufficiently low, the ISEE-C in-
strument will be able to detect very low wave levels with
the magnetic sensor.

Short Electric Antenna

The short electric antenna is designed to provide well-
defined measurements of signal amplitudes for modes, such
as ion acoustic oscillations, which can have very short wave-

lengths. The minimum wavelength is nominally taken to be
27TXD where XD [= (KT/47rNe2)1/2] is the Debye length, but
this cutoff is not well defined and in principle, waves with
X < (2ITXD) can also be generated; in fact, Scarf [5] presented
evidence that waves with X) (2ITXD)/2 were detected by the
IMP-7 plasma wave instrument at the September 15, 1974
interplanetary shock, when XD was approximately 6 m. Since
small values of XD are commonly expected near interplanetary
stream interfaces and shocks, an E-field sensor with l(eff) =

effective length <<X(min) is used to provide comprehensive
coverage.
The ISEE A-, B-, C-short electric antennas are physically sim-

ilar to the IMP-7 E-field sensor [4], but several electrical and

103 104
FREQUENCY, Hz

105

mechanical changes have been incorporated for ISEE. The
most important of these improvements involve: a) the use of
low-noise, high-impedance field-effect transistors in the input
circuits; b) the use of an input capacitive voltage divider that
greatly reduces the effect of any sheath fluctuation on the
sensor response; c) the use of grounded metallic tape wrap

around each fiberglass antenna stem, to satisfy the ISEE
electrostatic cleanliness specification.
The short electric antenna has an effective length of 0.61 m,

and the intrinsic sensitivity is given by the solid upper curve

on the right side of Fig. 4. Early post-launch data from
ISEE-A, -B indicate that low-frequency spacecraft-associated
noise is always detected on the electric antennas except when
each ISEE is in the earth's shadow. This noise is most likely
to be coupled to the plasma through the current systems that
flow in the illuminated solar panels, and we expect similar
low-frequency spacecraft interference to be present on ISEE-C.
Thus the actual in-flight threshold will probably be elevated
at low frequencies as given by the dashed line, which is based
on actual ISEE-A measurements in the quiet solar wind. On
the basis of achievable thresholds from previous interplanetary
missions that used solar-panel spacecraft, these in-flight
interference levels are not at all unexpected. For instance,
on Helios-2, with an antenna-effective length of 16 m, the
30-Hz in-flight threshold was near 2 X 10-4 V/m(Hz) /2.
The ISEE-A minimum level at 30 Hz is a factor of 10 higher
than the Helios-2 level, as would be expected if comparable
voltage ripples were present, and we therefore anticipate that
the ISEE -C noise environment will also be roughly comparable
(in voltage ripple) to that found on Helios.

Long Electric Antenna

The long electric antenna is designed to provide optimum
E-field sensitivity for the long-wavelength electromagnetic
modes (solar radio bursts, whistler-mode signals, etc.). The
ISEE-C sensors are shorter versions of the wire antennas
provided for the direct-current electric-field investigation
on ISEE-A [2].
The lower solid curve on the right side of Fig. 4 shows the
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intrinsic sensitivity of the ISEE-C instrument, using the large
electric antennas. This assumes that no solar array noise
effects are present and that the waves have X >> 45 m. In
fact, the early ISEE-A measurements indicate that some
finite solar panel noise is also detected on the long electric
antennas, although the voltage interference effect is less
significant because the antenna length is so much longer.
Moreover, it appears that for the long antennas on ISEE-A,
the noise rolls off more rapidly with frequency than for the
short antennas. Since we do not yet know how to scale these
effects as functions of varying antenna length, we do not show
an anticipated spacecraft noise effect in connection with the
long electric antenna curve of Fig. 4; it is likely that the
effect will be small, in comparison with the in-flight noise
enhancement shown on the upper curve.
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The ISEE-C Vector Helium Magnetometer
ALLAN M. A. FRANDSEN, BENJAMIN V. CONNOR, JAN VAN AMERSFOORT, AND EDWARD J. SMITH

Abstract-The ISEE-C vector helium magnetometer is a slightly
modified instrument that originally served as the spare unit for the
Pioneer 10 and 11 missions to Jupiter. The essential features of the
instrument are described and the speciflcations are tabulated. Sci-
entific objectives and minor modifications needed for the ISEE mission
are discussed briefly.

INTRODUCTION

IN THE EARLY YEARS of planetary exploration, a magne-
tometer was developed for use on Mariner missions to Mars

and Venus [1], [2]. The instrument, the vector helium mag-
netometer (VHM), was subsequently developed to meet the
requirements of the Pioneer 10 and 11 missions to Jupiter and
Saturn [3]. A flight-spare VHM identical to those now operat-
ing on Pioneer 10 and 1 1 was selected for the ISEE-C magnetic
field investigation. The proven reliability, sensitivity, and
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stability of the instrument together with the cost-saving po-
tential of using existing hardware made this approach very
attractive. Only minor modifications were necessary to sat-
isfy the ISEE-C interface and environmental requirements.
Integration into the spacecraft was made possible by a project-
supplied data processing unit (DPU), a specifically designed
buffer which makes ISEE appear Pioneer-like to the VHM.

SCIENTIFIC OBJECTIVES
The ISEE-C magnetometer will make continuous observa-

tions of the interplanetary magnetic field near 1 AU. The
measurement of the three field components will reveal the
interplanetary sector structure, the instantaneous direction
of the field, including the polarity of the very important
north-south component, and the field magnitude, which
will be computed from the three components. It will be
possible to identify and study the whole range of dynamic
phenomena that have been disclosed on previous missions,
such as interplanetary shocks, hydromagnetic discontinuities,
and Alfven waves [4]. Because the separation between the
spacecraft and Earth is less than the typical correlation length
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