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We have studied Pc-5 magnetic pulsations using data from
ACE, Wind, Polar Cluster, Geotail, and Goesl0 spacecrafts and
Earth-based magnetic field measurements from the Intermagnet
archive. The solar wind on the Earth’s orbit is a quasistationary
formation with tangential discontinuous, fast and slow shock
waves. We accentuate our study on the geomagnetic pulsations
associated with Sudden Storm Commencements (SSC) and
Sudden Impulses (SI). Disturbances of the magnetopause surface
produce the fast MHD wave front which penetrates into the
magnetosphere. Pulsations associated with fast waves were
detected on spacecrafts and on the Earth surface with the same
frequency. The excitation of pulsations can be considered as
one of the energy transport mechanisms from the solar wind to
the ionosphere. The polarization and frequency characteristic of
observed waves are discussed in dependence on the geometry of the
interaction of a solar-wind shock wave with the magnetosphere.
Pulsations with different frequencies were observed simultaneously
on different magnetic latitudes. The appearance of spectral
maxima after the wideband fast MHD wave propagation testifies
to the magnetosphere property to select particular spectral peaks
and to produce ULF pulsations with expressed periodicities. The
Earth magnetosphere is assumed to be a resonance system for
hydromagnetic waves excited due to the shocks outside the
magnetosphere.

1. Introduction

Analytical investigations (see, e.g., [1, 3, 11] and
references therein) predict the existence of characteristic
toroidal Alfven and poloidal surges in Earth
magnetosphere representing a hybrid poloidal Alfven
modes and slow magnetosonic modes. The frequencies
of these oscillations lie in the range from several mHz up
to a gyrofrequency of ions (about 1 Hz in external areas
of a magnetosphere) The usually proposed mechanism
of wave generation in the magnetosphere is the Kelvin—
Helmholtz instability developing on a magnetopause [7,
12]. Pursuant to this gear, the surge from the surface of
a magnetopause dives inside the magnetosphere. If the
frequency of a surface wave coincides with the natural
frequency of magnetosphere oscillations, the increase in
the amplitude of disturbances takes place [8, 11, 12].
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This circumstance testifies also to the validity of this
gear, that the meaning of rotation of the polarization
vector of surges variously at latitudes is higher than that
below the peak (amplitude) maximum [11-13].

The quasiperiodic changes of the solar-wind dynamic
pressure are also considered to be a possible generation
mechanism of MHD waves in the magnetosphere.
The correlation of magnetic field disturbances in the
magnetosphere during oscillations of the solar-wind
parameters with frequencies close to natural frequencies
of the magnetosphere is observed in a series of events [4].

The above-noted mechanisms well explain the
independence of the oscillation frequency on the
magnetic latitude observed on the ground. But
they do not respond on the following problems. Is
the simultaneous excitation of natural magnetosphere
oscillations with different frequencies possible on
different geomagnetic shells, and what kind of generation
source needs to be realized for this? These problems
become especially topical for the Pcb generation.
The question about their generation mechanism still
remains open. In terms of natural oscillations in the
magnetosphere, their generation can be originated by
the effect of an external source with wideband spectrum.
Fast changes of the solar-wind dynamic pressure can be
considered to be a source with such a characteristic [6, 7,
10, 12]. The increase of the solar-wind dynamic pressure
increases the surface currents on the magnetopause.
As a result, the magnetic field in the magnetosphere
increases. In this case, the magnetopause became a
source of generation of ULF waves of several types [5,
7, 12]. A pressure disturbance propagates through the
magnetosphere with the speed of a fast MHD wave
[2, 12]. In the day sector of the magnetosphere, this
velocity is close to the Alfven speed (from 400 up to
10000 km/sec) and can exceed that of a shock wave
in the solar wind which is usually in the range 400-
800 km/s.
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Fig. 1. a — solar wind dynamic pressure shows the propagation of discontinuities in the interplanetary space associated with a fast shock

wave. b — wind measurements reconstructed discontinuous surface propagating in the interplanetary space and a fast MHD wave in the

magnetosphere (measurements of Wind, ACE, Cluster, Polar, Goes10)

In the idealized model of an inhomogeneous
magnetosphere with straight magnetic field lines
and two superconductive ionospheres, the dispersion
equation for a fast MHD wave contains a singularity,
when the wave period agrees with the period of Alfven
eigenmodes along a magnetic field line [12,13]. Let the
background magnetic field be along Z, and let the
inhomogenity be along X. We introduce the radial
distance from the Earth in the Earth magnetosphere and
direct the Y axis along the east. Then the electric and
magnetic field disturbances are

E = {E, (z) yEy (x),0}exp i (kyy + k.2 — wt)],

b= {bs (z),b, (x),b, (x)} exp[i (kyy + k.2 — wit)],

where w is the cyclic frequency, k, and k. are the
wave vector components; By and p are, respectively,

ISSN 0503-1265. Ukr. J. Phys. 2008. V. 53, N 5

the undisturbed magnetic field and the plasma density.
In the case of the magnetic field line finiteness, the
wavelength along a magnetic field line 27 /k, has to be
equal to 2l/n, where n is integer. Taking into account
only linear terms and considering the case of a cold
plasma, one can obtain the following relation for the
current:

- wp )

JjiL ={E; (z), E, (x)}B—g -exp [i (kyy + k.2 — wt)].
Inserting the E, l;, and ; in the equation rot b= ,uof and
using the equation rot E = faE/at, one can obtain the
relation for electric field components:

Hop , OE .
(w2 — kf) E, =ik, ((9J;y — zkyEz> ,

B§

Hop 2 2 d (OE, .

—w =kl | Ey=— | — —tk,E, |.
(ng Z) Y dx(@:z: iy
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Thus, the equation for F, takes the form

d( w/Vi-k dE,
dz w2/Vj—k§—k§ dz

) + (P VE - KB, =0

and can be rewritten as

PE, d(*/V3) 1 )
dv? Y dw (W2/V3 —k2) (W2)VE — k2 — k2)

x% + (W /Vi—kl—k)E, =0.
In the case of an inhomogeneous plasma, the equation
will transform to the dispersion relation of a fast MHD
wave. In this case, for the azimuthal wave propagation,
a singularity will be in the equation, when x = =zg.
If wQ/Vj — k2 = 0, then the period of a standing
Alfven wave along a magnetic field line is close to
the propagating source wave period, and the electric
field component FE, has a logarithmic divergence on
x = zo. This singularity was interpreted as the
generation of Alfven waves on the resonant field line.
The wideband magnetosonic front can be formed on the
magnetopause, then the temporal scale of changes of the
solar wind parameters is less than the MHD disturbance
propagation time through the magnetosphere (about 10
min) [7,12]. Such a scale is usual for fast shockwaves
in the solar wind. The solar wind dynamic pressure can
be strongly changed during a time interval of tens of
seconds.

As an example of the shockwave, we consider the
event observed on April 10, 2001 in the solar wind to
study the magnetosphere effects. The GSE coordinates
of spacecrafts together with the time moments of the
disturbance registration and normales to the disturbance
surface are listed in the Table. At 16:19:40 UT
10.01.2001, Polar has observed an impulsive disturbance
in all magnetic field components (Fig. 2). This time
moment is noted in Fig. 2 by a vertical line. After
passing of the fast MHD disturbances, Polar observed
oscillations in the magnetic field and plasma parameters
during three hours. The quasiperiodic disturbances on

sequentially varying frequencies 11.5, 9.5, 5, and 3 mHz
with amplitudes 1, 1.5-2, 4-5, and 3-4 nT, respectively,
were found in the X¢ggg and Zgsg components of the
magnetic field. The linear polarization of oscillations was
detected with the analysis of minimum variations of
a magnetic field (MVAB). The oscillation frequencies
are marked in Fig. 2 by horizontal lines. The relation
of observed frequencies to the Mcllwain L parameter
is shown in Fig. 2,b. The poloidal and toroidal modes
are shown by solid and dotted lines, respectively. The
theoretical prediction of poloidal modes is shown with
white squares and of toroidal ones — with black circles.
The observed frequencies are in a good accordance to
the analytical prediction.

The poloidal modes display themselves as a hybrid
of poloidal Alfven modes and slow magnetosonic waves.
The presence of a slow magnetic sound in the poloidal
modes is confirmed by the behavior of the perturbed
hydrostatic plasma pressure and the perturbed magnetic
field pressure. They oscillate in opposite phases. Such a
behavior is characteristic of slow magnetosonic waves
[1,9,11]. Polar moves from a magnetic shell with the
Mcllwain parameter L=6 to a shell with L = 8.
Thus, the intermittent variation of the oscillation
frequency was observed. Taking into account the linear
polarization of disturbances (shown in Fig. 1), the
relation is in a good accordance to the relation of
geomagnetic pulsations periods to the geomagnetic
latitude which was obtained earlier in [1,6,7,11] (the
poloidal modes are shown in Fig. 2,a with white squares)
and the counted period of Alfven natural oscillations
(the toroidal modes are shown in Fig. 2,0 with black
circles). Based on the observation of oscillations with
the same period, the width of a magnetic field tube was
determined. The characteristic size in the geomagnetic
equatorial plane is about 0.5 Rg.

During the interaction of a shockwave in the
solar wind with the Earth magnetosphere on January
13, 2001, Goesl0 and the ground-based magnetic
observatory in Meanook observed oscillations with same
temporal and frequency characteristics [10]. The

Time and coordinate of the shockwave registration of the 10.01.2001 event in the system GSE along the Earth radii
and in the normal direction to the surface of a shock front obtained with the MVAB technique

KA UT R,[Rg] n
Xask [RE] ‘ Yase [RE] ‘ Zgse [REg] XaskE [RE] ‘ Yase [RE] ‘ Zgse [RE]
ASE 15:19:28 241.03 10.13 18.59 —0.84 —0.43 0.34
WIND 16:09:05 0.33 247.1 -17.5 -0.95 -0.1 0.29
Polar 16:19:40 1.41 8.81 1.98 —0.26 0.55 0.79
Cluster 16:17:26 13.08 14.53 0.78 -0.93 -0.21 -0.30
G10 16:19:20 1.36 6.45 -0.55 —0.88 -0.47 -0.09
Geotail 16:21:17 -6.73 —27.44 3.69 —0.87 0.48 0.06
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Fig. 2. a — waveforms of the magnetic field GSE components measured by Polar 10.01.2001; with their wavelet spectra on a background
(color scale is in n'T/sec). b — the dependence of the observed period of oscillations on the Polar geomagnetic shell. Poloidal modes are

shown with solid lines; toroidal modes are shown with dotted lines. Theoretical predictions of poloidal modes are shown with white

squares and toroidal — with black circles

Meanook station was in the magnetic conjugate zone
with Goesl0 spacecraft. Other magnetic stations of
Canadian and US arrays have reiterated no similar
disturbances. This confirms that the bserved oscillations
were eigenmodes of the magnetosphere. Thus, the Earth
magnetosphere is considered to manifest itself as a
resonant system with a collection of eigenmodes which
can be excited by an external wideband source.

2. Conclusions

In the present work, the experimental study of the
ULF wave activity associated with field line resonance
modes has been carried out. The research has shown
that the fast shockwaves in the solar wind can initiate
the magnetopause surface disturbances which produce
a fast MHD wave penetrating into the magnetosphere
with nearly the Alfven velocity. Fast MHD disturbances
during the propagation generate the natural ULF
oscillation modes of the magnetosphere.

The polarization and the frequency characteristic
of the observed waves are discussed in dependence
on the geometry of the interaction of a solar-wind
shock wave and the magnetosphere. Depending on
the pitch angle of a fast MHD front to a magnetic
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field line, the toroidal and poloidal modes can be
generated. Toroidal oscillations are pure Alfven modes,
and poloidal oscillations are a hybrid of poloidal
Alfven and slow magnetosonic waves. The frequencies
of poloidal modes are below 10 mHz. On different
magnetic shells, the pulsations with different frequencies
were observed simultaneously. Pulsations with similar
frequencies were detected on spacecrafts and on the
Earth surface simultaneously on the same magnetic
shell. This confirms that natural magnetosphere modes
were observed. Thus, sudden impulses in the solar
wind can be estimated as one of the possible channels
of energy transport from the solar wind to the
Earth’s magnetosphere and ionosphere. The Earth
magnetosphere is assumed to be a resonance system
for MHD waves excited due to the shocks outside the
magnetosphere.

We thank the CSDSweb and NASA SSC services
for providing the Wind, ACE, Geotail, Goesl0, and
Polar data. We highly appreciate the Cluster Active
Archive for the opportunity to use the spacecraft data
and the Intermagnet (International Real-time Magnetic
Observatory Network) archive for the data of ground-
based magnetic field measurements.
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BJIACHI KOJINMBAHHA MATHITOC®EPU 3EM/JII,
10 ITOB’AA3AHI 3 PAIITOBUMU IMITYJIBCAMU
B COHAYHOMY BITPI

O.B. Azanimos, O.K. Yepemnuzx
PeszowMme

Posriamarorecs marmiTHi nyabcanii Pch Ha ocHOBI ganux cy-
nytaukis ACE, Wind, Polar, Cluster, Geotail, GOES 10 ta
HazeMmHOl citkm MmarmitomerpiB Intermagnet. Ha opb6iti Semuti
COHSIYHMI BiTep sBJIsi€ COOOI0 KBa3icTallilOHApHE YTBOPEHHS 31
MIBUJIKMMU Ta I[OBUIBHMMU yJapHUMH XBujiasMu. Mwu npumiisie-
MO OCOOJIMBY yBary IeOMAarHiTHUM IIyJIbCAIisiM, IO ITOB’s3aHi 3
panrosuMu nodarkamu O0yp (SSC) ta pamroBuMu iMmysabcamu
(SI). 36ypennst moBepxHi MarmiTomaysu remepye msuaki MI/I-
XBWJI, IO IOIIUPIOIOTHCH BryiumbuHy Marnitocdepu. [lysnbcaril,
moB’sizaHi 31 MBUAKUMHI XBHJISIMH, OyJM BHSBJICHI Ha CyIyT-
HUKaX Ta Ha MOBEPXHI 3eMJli 3 OIHAKOBOIO YacTOTOK0. 30yi-
JKeHHsl IIyJIbCAIliil MOXKe€ BBAXKATHUCA OJHHUM 3 MEXaHi3MiB Iie-
penadi eHepril Bij coHsidHOrO BiTpy 10 ioHOCcdepu. Ilomstpu-
3alis Ta YaCTOTHI XapaKTEPUCTUKHU XBUJIb, MIO CIOCTEPIraloTh-
csl, aHAJI3YIOTBCSA Yy 3aJIE2KHOCTI Bij reomerpil B3aemomnil ymap-
HOl XBHWJ y COHs9YHOMY BiTpi 3 MaraiTocdeporo. Ha pisaux
MaArHiTHUX IIIAPOTaX OJHOYACHO CIOCTEpPIirajucs IyJbcalil 3 pis-
HOIO 4aCTOTOI0. [CHyBaHHSI CHEKTPAJIbHUX IIKiB IIiC/Is HOIIMPEH-
g mupoxonosiocHol mBuakol MI/I-xBuii migTBepmKyroTh Bia-
CTUBICTh Martirocdepu MiICUII0BATH OKpPEMi YacTOTH Ta 30y-
kyBaru Y HU-mynbcamnil 3 siBHOIO nepioamunicrio. Takum wumowM,
MaraiTocdepa 3emili € pe30HAHCHOK CUCTEMOIO JJIs IiJPOMAarHiT-
HUX XBWJIb, 110 30y/?KYIOTbCH YIaPHUMHU XBUJISIMU 330BHI Martito-

chepu.
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