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Abstract

Magion-4 satellite.
nts (3 nagnetic

and I electric) in a frequency range from 0.1 to 30 Hz. p aw results on ULF
emissions and associated phenomena are presented. peculiarities
magneto sphere are discussed.

lntroduction
The ULF instrument provides the ability to solv

jointly with the KEM-3 and SAS instruments on bo
Magion-4 (Agafonov et a1., 1996, Galeev et al., 1996,
1998), as well as complex tasks jointiy with the instrume

apogee 792,000 km, perigeeT50 km and inclination 63o.
The cornplex of instruments ULF-IESp rep

apparatus for the solutions of the followine tasks:

is placed on board of the niain satellite INTERB 2. The orbital
parameters of the satellite Magion-4, launched on

independent tasks
of the satellite

Perraut et al.,

IESP-2M, which

st 3, 7995, are

a very convement

{. Research of global processes taking within the
magnetosphere and ionosphere of the Earth,
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*

l.

*

.i.

*

Various mechanisms of particle accel ion by non-trinear

Local processes during mutual influe
within the active magnetosphere regio

of waves and particles

Fine structures of electric currents and
aurora, zone and within the tail of masne

le flows within the
here,

Evolution and dynarnics of nonli and

tlpe,

wave
structures within the ionosphere and ma osphere plasrLa,
Mechanisms of generation and propug^i n of different types of
geomagnetic rnicro -puls ations.

Technical description
ition of three magnetic

the range of 0.1 to 30Hz This instrument performs filtration of log signals anci their

electrostatic structures like the spirals
1mp_act waves, double layers etc.

The ULF instrurnent is designed for acqu
field cornponents and one electric field component

The ULF-IDIGITAL unit provides an inter
ANALOG unir anLd the STS. Ir a;cepts fbur chan

experiment is supported only in the followine
combinations:

r electromagnel.ic
of the Allvenic

conversion into digital form, convenient for the
acquisition STS (Small Telemetry Svstern)

between
(Bx, By,

ULF signals in the range of +/_5V relative to the log ground.

n-board block of data

the ULF-
Bz, E) of
The ULF
structure

* Telemetry rate of 40 ard 20
components are transrnitted.
samples per sec.

speed - TM

- all lbur rneasured
speed is about 280

nt is transmitted at

"search coil" type for
e are attached to the

preamplifiers. The

Kbits/
sampling

* Telernetry rate of 5 Kbits/sec - one ooln
sampling rute -70 samples/sec.

* Telemertry rate of 1.2 Kbits/sec - one oo nent ({.u* =, 10 Hz) is

graphite sensors with diameter of g cm. Inside the ba

isting of twc, spherical

preamplifier, with +1 amplification, which transf
there is a low-noise
the high impedance
ellite's cable wiring.
placed on the 7.1 m

transmitted at sampling rate - 25 sample
The electric antenna comprises a dipole co

of the spherical sensor into the low impedance of the
The spherical sensors, designated EDA and EDB a
long satellite deployable booms (see Fig.1).

The sensors MSUX, MSUY and MSUZ of t
the three-component lneasurement within the ULF ra
deployable booms (Fig.1) together with the low_no
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sensors are operated by the feedback by means of m
rejects the own resonance of the working circuit, tht

gnetic field, which
;componsating the

flight

), a calibration
Thus, the test

instrument, or by

and magnetic
digitized.
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frequency characteristics of the sensor.
Sensitivity: component E 5.10 8 y Hz-l

component B 1.10-anT Hz-1

Fig. 1. General overview of the subsatellite Magion_4 in
configuration.

To the inputs of all the sensors (electric and mag
signal may be fed through the preamplifier relay cori
calibration cycle is effected with each switching on of t
a command from the ground station"

Upon amplificat.ion, the signals from the elect
sensors are ried to rhe high_pass filter (0.1H2). Then, rhey i



Upon being added in the differential ampli ier, the output signals of
inthe electric preamplifiers, the dipole EDA and

the instruments [GM, KEMVLS and SAS.
B, are then processed

furterpretation is still going on. To analyze 1".

component lneasurefirents of the electromagnetic
have developed an universal software in DOS
friendly and provides for quick and flexible
numerous standard data processing algorithms
wave process analyses.

Below, the results obtained from measure

Measurerment results
A lot of experimental data is coliected

We have got data from 160 orbits and at this
g the ULF insl.rument.

ment their analyses and
data from the multi-
ld in the ULF band we
vironment. It is user-

analysis, applying
dedicated programs for

nts on two orbits are
th the instrument and
rent operalion rnodes,
shown. Records from

data charactefizing
ite. The results were

ments of electrons and

16 differentis+Zin

and ions with energy

frequency-time space,

monochromatic wave

presented in order to illustrate the applications of
the software. Although the instrument has three di
due to the lack of space only two examples
various orbits are also discussed.

Orbit 58121.02.1996
The first and the second panels in Fig.2 p

the magnetosphere region, which is crossed bv thJ
obtained by two furstruments:

* MPS (electrostatic analyzer for measu
ions from 200 eY-20 keV alons the

The increase of fluctuation corresponds to
sheath. It should be emphasized that, atthat mome

energetic levels) and
* VDP (Faraday Cup 120o, for

>170eV).
The third panel presents the By component

i.e. in the form of a spectrogram.
At 23:34UT, the ULF experiment recorded

packet with liequency of 7.5H2.
At 00:14UT, the ULF experiment reco an increaso of broad

band noise plus an intensification of ion flux, corresponded to the
crossing of the magnetopause and the time of its lea ing. The ULF dara is in
accordance with the data registered by MpS on the -4 satellite.

the zone of magneto-
the ULF .instrument

rneasured only the By component. The ULF measu
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1 by almost 40
minutes. In other words, such simultaneous measureme by two different

to the By component recorded by the ASPVMIF_M ins
INTERBALL- 1 satelhlte. The comparison revealed :

* Coincidence of the enhanced intensity at
magneto-sheath crossing recorded by several

* Crossing orf the magnetopause at 00:14 UT.
Of course we render an account of the fact

INTERBALL-1 crossod the magnetopause at different
the same orbit. Magion-4 was outdistanced to INTERB

satellites provides the possibility to study the dynami
the magnetopause. The required condition is to know tl
(Rezeau et al., 1989, Styazhkin et al.,1999).

.:iiiti:

lii:li
l:t::::::::
3:i!S::

: j : :: t.: : 
:: :: 

: 
: I I i:.: _: i:: r.::: : 

::.:: I

Orbit 38/i .02.1997

F\g. 2. Frequency-time spectrograms of the By magne
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Fig. 3. Frequency-time spectrograms of the netrc corxponent By.
and ions measured by
38 from Iiebruary 7,I99l at 17:00 UT to 18:00 UT. Bv end E are icular to the spirr axis.

The data shown in Fig. 3 illustrates the s ng correlation between
ion and electron fluxes and ULF noises in the fi y range from 0,1 Hz
to 9 Hz The magnetic component has a maximum 1,5 Hz and the electric

gain to the Magion-4
neto-sheath.

electrlc component E, and spectrograms of electro
the MPS and VDP instruments on Magion_4, or

component at 0,5 Hz. This example corresponds
satellite movement fiom the magnetopause into the

Conclusion
The ULF instrument is a part of a larger sc

3 dedicated to the VLF range. Identical magnetic a
used fbr recording of both the ULF and the VLF ba

with sufficient sensitivity. The technical arrangem
overlapping of the frequencies up to 30 Hz allowi us* Cornpare the recorded data,

ratio allows to judge the wave type
mechanisms and the place of their origin.

The presented results show that the instru nt operatecl wo11 and

ific instrurrrent KEM-
eleotrioal detectors are

nt and especially the

* Cornplement the data sets for calculati of the E/B ratio. This
and to interpret the

The knowledge of wave processes in the undary layers of the
magnetosphere is of enorrnous importance for estj n of the transnrission
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mechanism of solar wind energy into the magnetosphe
7999, and Tsurutani ert al., 1989 and 199g).
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Pesrcrue

CFM ype4rr e qacr or HayqHr4rr KoMrJreKc Ha
Excuepzruenrrr nMa 3a r1en Aa H3Mepv 4 I(OMIIOHEHTI4 HA

Ka) B rrecToTHl4t

pe3ynrar 3a cHq
oco6eHocrr4Te r{a

eneKTpOMarHr.rTHoTo llone (3 MarHr4THt4 Z 1 enexrpu.re
Ar4ara3oH or 0.1 Ao 30 Hz. llorasaHr4 ca rpeABapr4TenHr4
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