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Abstract. A short description of the SAS (subsatellite
analyser of spectra) wave experiment on board the
Magion-4 subsatellite is given. We present ®rst mea-
surements of the magnetic-®eld ¯uctuations in the
frequency range 32±2000 Hz obtained in the magnetotail
during the disturbed period at the magnetopause and in
the polar cusp.

1 Introduction

Plasma waves in the magnetosphere have been measured
for more than 30 years (Shawhan, 1979). Our current
knowledge of the processes in the space plasma allows
us to say that waves give basic information about
conditions in the di�erent regions of the magnetosphere.

Examination of the plasma wave in the space plasma
is important for the several following reasons. In
collisionless plasmas waves are the source of the
anomalous dissipation and play a crucial role in the
energy, mass and momentum transport across the
boundaries. They are useful indicators for identi®cation
of events and structures. Waves provide timing of events
limited, in principle, to the inverse of the frequency of
the wave being studied. This is usually of a higher time
resolution than is available to other instrumental tech-
niques. Space plasma gives the unique possibility to
realise very pure experimental conditions to study basic
processes. Waves give information on the microphysics
of the processes in plasmas.

The goal of the plasma-wave SAS (spectrum analyser
for subsatellite) experiment on board of the Magion-4
subsatellite is to work together with the wave experi-
ment ASPI on the main satellite Interball Tail Probe.
The idea of performing the same or very similar
experiments on two or more objects is associated with
the necessity to separate the spatial and temporal
variations of the measured parameters. If the waves
are measured at one point we can determine the
spectrum of the measured parameter in the frequency

space. In many cases, knowledge of the spectrum in the
wave numbers space is required. This information can
be evaluated from the correlative multipoint studies of
the wave parameters.

2 Description of the experiment

The wave experiment ASPI on the main satellite is
described in Klimov et al. (1995, 1997) (the latter is also
in this issue), where more detailed discussion about the
scienti®c goals of wave measurements in the di�erent
regions of the magnetosphere is presented; because our
experiment is complementary to ASPI, we will not
repeat this discussion. Instead we concentrate on the
description of the wave experiment on board Magion 4
with SAS as the central unit. The spectrum analyser SAS
can perform analysis in two parallel channels in the
ULF and VLF ranges. One channel is permanently
connected to the electric ®eld sensors and can analyse
the electric ®eld signal in the frequency range 0.1 Hz±
400 kHz. The second channel can analyse one signal
chosen from among the following: the magnetic com-
ponent in the frequency range 400 Hz-20 kHz; one of
three components Bx, By, Bz (selected through the
multiplexer) 32 Hz±2 kHz; the electric ®eld in the
frequency range 32±2000 Hz, and one of two compo-
nents of the current density.

Unfortunately, the electric ®eld sensors and current
probes do not give signals with high-enough value over
the noise level. Only the measurements of the magnetic-
®eld spectra in the frequency range 32±2000 Hz are
satisfactory. Figure 1 shows the block diagram of the
SAS wave experiment.

2.1 Magnetic-®eld measurements

The three components Bx, By, Bz of the magnetic ®eld
are measured by the search-coil sensors in the frequency
range 1 Hz±2 kHz. The Bz-component is parallel to the
rotation axis oriented to the Sun; while Bx and By are
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perpendicular to it. The sensitivity of these measure-
ments is 3á10)5 nT Hz)1/2 at 100 Hz. The output signal
of the detectors is processed by the step-frequency
spectrum analyser: SAS.

2.2 Spectrum analyser

SAS is a two-channel step-frequency spectrum analyser.
Each channel can be switched on and o� by telecom-
mands. The additional part of SAS is the time trans-
former SASTRA, a device expanding the possibility of
the analysis into the low-frequency band; signals coming
in the 32±2000 Hz band are transformed into 400±
262544 Hz band and then analysed by SFA. A summary
of the technical characteristics of SAS is as follows:
frequency range ± 32±2000 Hz; frequency resolution ±
32.7 Hz; dynamic range ± >80 dB; time of analysis ± 20
ms step)1; max. data rate ± 4 kbits s)1; number of steps ±
max. 64 (linear).

3 First results

The number of available measurements from the
subsatellite Magion 4 is very limited. There is no
memory for the scienti®c data in the telemetry system
on the subsatellite. It means that only the data collected
during direct transmission can be transmited to the
telemetry station, which is located in Panska Ves in the
northern part of the Czech Republic (Triska et al.,
1995).

There are other problems with the wave experiment.
It consumes a high amount of electric energy and the
periods during which SAS was switched on were rather
short and rare, particularly for the ®rst two months of
operation; indeed the experiment was switched o�
during the ®rst crossings of the bow shock and magne-
topause. The regular measurements by SAS began in
October 1996, when the satellite Interball 1 and subsat-
ellite Magion 4 were in the magnetospheric tail. We
present results of wave measurements performed in

February±May 1996 in the magnetospheric tail, at the
magnetopause and within the polar cusp. The time-
intervals of the measurements were selected for the
predicted crossings of the interesting structures.

The results presented in this paper are preliminary,
and our aim is to use them only as an example of the
possibilities of the wave measurements by the SAS
instrument on board Magion 4 in di�erent regions of the
magnetosphere.

3.1 The magnetospheric tail

The ®rst measurements of the plasma waves in the
plasma sheet were presented by Scarf et al. (1974) and
Gurnet et al. (1976). Their study and many further
investigations (Klimov et al.; 1986, Baumjohann et al.,
1986; Cattell and Mozer, 1987, Zelenyi and Buchner,
1988, BøeEcki, 1995) indicate that intensity of plasma
waves in the plasma sheet increases with the geomag-
netic activity. The knowledge of the plasma-wave modes
and their amplitude is important for the study of the
dynamics and microphysics of the processes in the
magnetotail, particularly during the development of
substorms. A day with high magnetic activity (Kp � 3)
was 23 February 1996. The Magion4 subsatellite crossed
the plasma sheet at the evening ¯ank in a very
interesting region not yet well studied; the co-ordinates
of the subsatellite in the GSE system during the
discussed interval of time were r � 10:5 RE, MLT �
18:57, GMLAT � 3.2°. The perspective view of the
spectra taken within the plasma sheet is presented in
Fig. 2. The vertical axis represents the spectral density of
the magnetic-®eld ¯uctuations (Bx-component) in the
telemetric units, while the two in the horizontal plane
correspond to frequency and the universal time, respec-
tively. Figure 3 shows single spectrum of the magnetic-
®eld ¯uctuations (Bx-component) at the moment when
the value of the DC magnetic ®eld measured on board
the main satellite dropped to 12 nT. The characteristic
maxima appear at about 200, 400 and 600 Hz, and are
likely associated with harmonics of the electron gyro-

Fig. 1. Block scheme of the SAS experiment

J. BøeEcki et al.: SAS wave experiment on board Magion 4 529



frequency, which at that moment was about 300 Hz.
These modes of plasma waves can be generated by
microinstabilities of the anisotropy of the electron
temperature or ring distribution of the electrons (Mi-
khailovsky, 1970). This type of electron distribution
function is often observed in the near-Earth plasma
sheet.

3.2 The magnetopause

Plasma waves are a permanent feature of the magneto-
pause (Anderson et al., 1982). The characteristic modes
occurring at it are the Langmuir plasma waves (Ander-

son et al., 1982), ion-cyclotron and lower hybrid modes
(Belova et al., 1991, BøeEcki et al., 1987). The plasma
waves are discussed as a main source of the anomalous
transport across the magnetopause and anomalous
resistivity in the site of reconnection (Treumann et al.,
1995).

An example of the wave spectra measured by SAS
during the magnetopause crossing on 21 May by the
Magion4 subsatellite is presented in Fig. 4. Three
regions of enhanced wave activity are seen, ®rst at
14:39 UT, second at 14:45 UT and last at 14:58±15:03
UT, when the ®nal crossing of the magnetopause took
place. The most intensive emission appears in the ®rst
channel at the frequency 32 Hz and is likely to be a
magnetic component of the lower hybrid mode. The
elevated level of the spectral density is seen between 0.5
and 1kHz in Fig. 5. This frequency range corresponds to
the electron-cyclotron mode in the vicinity of the
magnetopause. The co-ordinates of the satellite during

Fig. 2. A panoramic view of the magnetic-®eld (Bx-component)
¯uctuation spectra in the frequency range 32±2000 Hz taken within
the plasma sheet on 23 February 1996 during disturbed time (Kp � 3).
Horizontal axes represent frequency and universal time, the vertical
spectral density in the telemetric units. The co-ordinates: geocentric
distance, magnetic local time and magnetic latitude of the satellite
during the time-interval of the measurements are 10.5 RE, 18.57, 3.3° .
The increase in intensity just above 250 and 500 Hz at 19:37 UT and
at the end of the interval of the measurements is associated with
harmonics of the electron cyclotron frequency

Fig. 3. The spectrum of the magnetic-®eld (Bx-component) ¯uctua-
tions taken within the plasma sheet. The maxima at 200 and 400 Hz
correspond to the harmonics of electron gyro frequency

Fig. 4. The same as in Fig. 2 for the magnetopause crossing on 21
May. The sharp enhancement at the lowest frequency can be seen at
14:39, 14:45 and 14:58 UT. The co-ordinates of the satellite were r �
10.4±11.7 RE, Mlat � 62±57°, MLT�12

Fig. 5. The spectrum of the magnetic-®eld (Bx-component) ¯uctua-
tions taken during the magnetopause crossing
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the discussed time-interval of the measurements were
r � 10:4±11.7 RE, magnetic latitude 62°±57° local mag-
netic time close to 12.

3.3 The polar cusp

The most turbulent region of the magnetopause-polar
cusp is the crucial region of the solar wind-magneto-
sphere interaction. It is an excellent opportunity to
conduct the study of the plasma-wave generation
mechanisms and the role of the waves in the processes
of particle acceleration and energisation. The modelling
of the solar wind ¯ow around the magnetosphere shows
that cusp has a very complicated structure of the
magnetic ®eld and the plasma ¯ow. There are vortices
and turbulent structures with the plasma beams and
electromagnetic emissions (Erlandson et al., 1988). In-
terball 1 ¯ew along the polar cusp on 21 April from
04:05 until 04:45 UT, when the magnetopause was
®nally crossed. Figure 6 shows the perspective view of
the magnetic-®eld ¯uctuation spectra (Bx-component) in
the frequency range 32±2000 Hz obtained within the

cusp. It can be seen that the elevated level of the
emissions appears in the broad band of the frequency
from 32 Hz up to 1500 Hz. The enhancement of the
intensity in the lower part of spectra at 04:40UT
corresponds to the approach to the magnetopause and
encounter with entry layer (EL) or plasma mantle (PM)
seen by the Czech plasma instrument MPS (Principal
Investigator of this instrument is Z.Nemecek). The
characteristic spectra taken at the leading edge of the
polar cusp and at the entrance into EL or PM are shown
in Figs. 7 and 8, respectively. The polar cusp is a region
where the magnetosheath plasma is compressed and
accelerated. The pick of the intensity seen at the
frequency 150 Hz (Fig. 8) can be associated with the
electromagnetic emission called ``lion roar'' characteris-
tic for the magnetosheath (Anderson et al., 1982).

4 Conclusions

In spite of the technical di�culties and some limitations,
the wave experiment SAS gives interesting data on the
magnetic-®eld ¯uctuation spectra in the frequency range
32±2000 Hz in di�erent regions of the magnetosphere.
Some of the magnetopause and bow-shock crossings
were registered, two encounters with the polar cusp and
many auroral ®eld-line crossings until May 1996. The
results presented here are only preliminary and need
further, more complex, physical interpretation together
with plasma and magnetic data.
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