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ABSTRACT

The fluctuations of tlie Geomagnetic Eield have been determined from magnetometrir
data in the framework of AKT1VE experiment,. Using an approximative model which
describes the oscillating motion of the satellite, the parameters of motion have also been
calculated.

1. INTRODUCTION

The external Geomagnetic Field components are usually easily

obtained from Geomagnetic Field measurements on satellite

experiments if the internal and the total Geomagnetic Field values

are well determined in an inertial coordinate system. This work,

is devoted to calculate such external contributions, in a

particular case in which the measured data are known only in the

satellite coordinate system acted in a complex motion during its

trajectory.

The experimental data have been obtained in the framework of

the ACTIVNIY experiment from the magnetometer system of the MAGIOH

2 sub-satellite during 1989-1990 run [1,2]. The magnetometric

system has : SG-R7,a 3-axis magnetometer and SG-R6,a single axis

variometer which allows the measure of the Geomagnetic Field and

its variations.The magnetometer SG-R7 has two intervals of

measurements : + /- 50048 nT and +/- 6256 nT ,for each axis. Its

resolution is 16 nT for the first interval and 2 nT for the second

one [3 ].

The satellite is orientated along the terrestrial magnetic

field vector by a special device consisting in a 12 ALNICO-permanent

magnetic rods which have a total magnetic momentum about 30 Am .

The interaction between its magnetic momentum and Earth's magnetic

field confines the z-axis of the sub-satellite in the neighborhood

of the magnetic field line. This is the z-axia of the magnetometer.

MIRAMAHE-TRIESTE

July HWS

•Permanent address: Institute of Gravity Space Sciences, Institute of Atomic Physics,
P.O. Box MG-6, Bucharest R-76900, Romania.

2.The Experimental Data

The experimental data used are the B ,B ,B components of the
x y z

Geomagnetic Field in the proper frame of the sub-satellite (ST).

One set of experimental data describes the Geomagnetic Field for

a space-time region of a given orbit, which corresponds to the

telemetric session received at PAHSKA VES obs. in

C z echo slovakia.

The data sets contain equispaced data elements.The time spacing

interval between two consecutive measurements is 0.1 seconds .

Figs.1,2,3, present the B (t) ,B (t) ,B (t) values for the
x y z

telemetric session SLI018S3 and Fig.4 depicts the behavior of

the magnetospheric field in XY-plane of the magnetometer frame

(the solid line) .One can notice that the B component has a



fluctuating behavior in [2800-2850] sec. region which could be tne

effect of the contributions of the external magnetic field

sources(longitudinal currents). The knowledge of the proper

oscillating motion of the sub-satellite and of the terrestrial

magnetic field values may allow the estimation of those

contributions.

3.The Proper Motion of MAGION-2 Sub-Satellite

The motion of Magion-2 sub-satellite could be treated as the

motion of a rigid body around a fixed point( its own mass center),

defining an inertial coordinate system with the origin in the mass

center of the satellite and one axis parallel with B. This is the

problem of a rigid body moving in a central force field acted by

an external force (magnetic force). The equations of motion can be

obtained by solving the Euler system if there are known the Euler

angles. However, in this coordinate system, from magnetometric

measurement there are known only the total component of the

magnetic field intensity I with the projections (0,0,B) on the

three coordinate axis. This does not allow to determine the exact

values of the precession and nutation angles with respect to the

mobil coordinate system (attached to the satellite).

To solve these problems, an approximative model was adopted

in order to describe the motion of the satellite. Fig.4 suggests

that the proper motion of the sub-satellite in XY-plane of (ST)

frame is similar to the motion of a spherical point-like

oscillator acted by Coriolis force ( see Appendix ) • This has a

physical reason ; the magnetic device oscillates around the

Geomagnetic Field B in the proper coordinate system of the

satellite which have a spin motion along z axis.

The coordinate xJf Vj, *1 in the sub-satellite frame (ST),

can be obtained using the following matriceal equation:

where x,y,z are the coordinates in the fixed frame (MS) with the z

axis along Earth's magnetic field and « r is the roll frequency of

the sub-satellite. Fig. 3 presents the behaviour of Bzl(t). This

suggests an harmonic oscillator motion for this component which has

to be taken into account in solving equation ( 1) :

z^t) = Z cos( e ) (2)

were the nutation angle 9(t) from rigid body theory is expected

to be :

9(t) 9. t e ( 1 -cos (ut|)

For the determination of the elements of the coupling matrix in

eq. ( I) , we have used a non linear optimization procedure [5],based

on the gradient method [6].

Table 1 displays the values of the roll and oscillation

frequencies for two analyzed orbits 1883 and 3978obtained by

simultaneously minimization on the 3-axis magnetic field in (SM)

plane,within the above method. The theoretical results are

presented with dashed lines in the figures already discussed .

From this simple method one can extract information

about the precession and proper rotational motions of the

satellite if we take into consideration the projections of the

angular velocity to the three axis of the non-inertial system.

An improvement in the description of the real motion is to

be expected if the amortization due to frictional forces would be

taken into consideration.

4.Determination of the fluctuating contributions to the

Geomagnetic Field

In the following, we define the coupling matrix R which

transform the coordinates from the mobil system into an inertial

coordinate system which z axis parallel with Geomagnetic Field

vector 5 :
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Then, if tg * - Bx/ By and tg 9- ^ the coupling matrix

has the form:
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Knowing the time dependence of the transfer matrix, we expect that

if the Geomagnetic Field haB a fluctuating behaviour, the

projections of the perturbative magnetic field vector are direct lv

calculated from the following equations:

y

B + A B.

The coupling matrix R(t) is determined with the method described

above.Fig 5., 6. and 7. present the spectra of fluctuations in

the fixed coordinate system for the orbit SLI01883. One can see

that the fluctuating vector ft B is nearly in the xy plane.

The fluctuating components A B x i '
 A Byl' Bzlwere calculated

also with a Fourier Transform method and they have to be

transformed to the inertial coordinate system and the matrix

coupling R has to be calculated again. However, if the fluctuated

time period is small in respect to the periods of motion of the

satellite the spectra of fluctuations in the inertial coordinate

system does not change significantly.

The time dependence of the matrix coupling has been

established also with a polynomial fit. The advantage of this

method consists in a smaller processing time but the coefficients

obtained by this method have no physical interpretation.

3.Conclusions

The oscillating motion of MAGION-2 sub-satellite can be well

analytical described using magnetometric data.

In the XY-plane of the (SM) frame this motion can be well

approximated as a classical Foucault oscillator . The oscillation

frequency depends on the intensity of the Earth's Geomagnetic

Field and the magnetic momentum of the magnetic device.

The fluctuation spectra of the Geomagnetic Field vector B
have been calculated in an inertial coordinate system.

For a qualitative analysis of these spectra it is enough to

perform quickly methods with polynomial fit or Fourier Transform

methods. However, for an accurate processing,the satellite motion

have to be determined and a transformation to an inertial

coordinate system have to be done.
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Appendix: Comparison between motions of MAGION-2 Sub-Satellite

and Foucault Oscillator

If we take the origin of the non inertial system the mass

center of the satellite, the forces acting on a material point

with magnetic moment jj are

d2 rm -- —
dz t

m Mc
"R" ;

Fcf

Here, the forces enumerated behind are : the magnetic force, the

attraction force acted by the Earth, the attraction force acted by

the Sun, the inertial force due the motion of the satellite around

the Earth on an elliptical orbit, the inertial force due the

revolution motion of the Earth around the Sun, the Coriolis force

and the centrifugal force. The acceleration a » - i M_/ R R is

transmitted to the mass center of the satellite through the

attraction force acted by the Earth. Because R •= R + r" <* FT ,the

sum of the second and fourth term in (1) is vanished. From the

same reasons ( R = R + r ™R,.), the third and the fifth terms in
s os os

(1) vanished too.
In the small oscillating angles approximation the motion

equations are:

d2x _ _t!_§_ x + 2 u A.I.
d t

al )

d Y"

d t*
-5 Y - 2

d t

where: ia the angle between and z-axis of

(SM) frame , and I is the inertial momenta of the satellite.

The (al) and (a2) are the equations for a Foucault oscillator

[71.

The solutions for (al) and (a2) equations are:

X(t)-a sin{w t + ^ ) ooaf^t) + b sinfcj t + <p2 ) sin(u t)

Y(t)=b sin(u t sin(w t)
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Orbit.no.

1883

3978

uo(rad a"1)

1.15-10"e
t . 1 1 0 " 6

1.49-10~s
± 2 1 0 " 6

ur(i:&d a"1)

1.09-10"^
±.2-10"'

1.99-10":!
± 1-10"'

Confidence leve l

93.5 %

97.5 %

Table 1.

Figure Oaption?

f'Lg. 1. Theoretical and experimental components of Geomagnetic Field
on Ox' axis.

Fig. 2. Theretical and experimental componenets of Geomagnetic Field
on Oy' axis.

Fig. 3. Theoretical and experimental components of Geomagnetic Field
on Oz' axis.

Fie. <t. Theoretical and experimental diagram of Bx and By.

Fig. 5. Fluctuations of Geonagnetic Field on Ox axis.

Fig. 6. Fluctuations of Geomagnetic Field on Oy axis.

Fig. 7. Fluctuations of Geomagnetic Field on Oz axis.
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