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Foreword

The International Conference on Geocosmos took place on
22–26 May 2000, at the University of St. Petersburg (Rus-
sia). About 100 of scientists (mainly from Russia but also
from Austria, Germany, and Finland) took part in the Con-
ference and presented about 200 papers.

The general topic of the Conference on Geocosmos sug-
gests a wide variety of problems, including those of physics of
the magnetosphere, solar wind, Sun, stars and galaxies. Re-
spectively, presented in this issue are papers devoted to dif-
ferent problems of solar-terrestrial and space physics, which
makes the task of reviewing them rather difficult. Never-
theless, some basic topics discussed in these papers may be
revealed.

The majority of the papers in this issue are dedicated
to the studies of fundamental problems of magnetospheric
physics.

One problem concerns the shape and location of the
Earth’s bow shock and magnetopause depending on solar
wind parameters. During the recent decade, there has ap-
peared a series of publications dedicated to this problem
[Cairns and Grabble, 1994; Cairns and Lyon, 1995; Farris
and Russell, 1994; Farris et al., 1991; Grable and Cairns,
1995; Shue et al., 1998]. The shape and location of both
the bow shock and the magnetopause have been studied in
these papers, on the basis of experimental data and numer-
ical simulations. According to the results of these studies,
the ratio of the bow shock standoff distance to that of the
magnetopause may be presented in the form

as

am
= j + kρ2/ρ1

where ρ2/ρ1 is the jump of the plasma density of the shock,
and j and k are some empirical coefficients. However, the
values of j and k are significantly different in different mod-
els. Thus the value of j varies from j = 0.4 in the Cairns
and Lyon [1995] model to j = 1 in the Spreiter et al. [1966]
model, and k varies within the range from k = 1.1 [Spreiter
et al., 1966] to k = 3.4 [Cairns and Lyon, 1995]. This disper-
sion of the experimental data, especially great in the case of
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low magnetosonic and Alfvén–Mach numbers, necessitates
further investigation of the problem. In this connection, the
paper by Mühlbachler et al. [this issue, pp. 5–18] is of certain
interest. In this paper, analyzing numerous crossings of the
bow shock and magnetopause on October 18 and 19, 1995,
the authors have found that in the case of a negative IMF
Bz, the Cairns and Lyon, and the Shue formulae are valid,
whereas the experimental data agree rather well with the
Grabbe and Cairns formula when the interplanetary mag-
netic field (IMF) Bz is positive. This result seems to explain
the apparent disagreement of the models mentioned above.

The case analysis of the bow shock and magnetopause re-
sponse to a change of the solar wind parameters is presented
in the Nicolaeva et al. [this issue, pp. 19–26]. Using the
data obtained on board the Geotail and Interball 1 space-
craft, the authors revealed two types of the response. In the
first case, the bow shock and the magnetopause (at the mag-
netotail dawn flunk) moved almost simultaneously outward
because of the decrease of the solar wind dynamic pressure.
In the second case, an almost simultaneous displacement of
the dayside bow shock from the Earth and the earthward
motion of the magnetopause were observed. As a possible
explanation of this phenomenon, the authors suggest the in-
fluence of the enhanced thermal pressure of the solar wind
plasma, or the boundary wave propagation induced by the
pulse of that pressure. However, the mechanism of this in-
fluence is not considered in the paper.

Some physical processes developing at and in the vicinity
of the magnetopause are considered by Arshukova et al. [this
issue, pp, 27–34] dedicated to the investigation of the inter-
change instability of the magnetopause taking into account
the plasma flow along the magnetopause. The magnetopause
is assumed to be a thin spherical layer with a thickness of 2a
bounded by two tangential discontinuities. The plasma flow
along the magnetopause is characterized by an arbitrary an-
gle between the flow velocity and the magnetospheric mag-
netic field. The problem is studied in the framework of the
ideal incompressible magnetohydrodynamics. The resulting
instability is shown to be a mixture of the Rayleigh–Taylor
and Kelvin–Helmholtz instabilities. The obtained dispersion
equation is solved numerically, and the instability growth
rate is shown to increase with the increase of the plasma ve-
locity component perpendicular to the magnetic field and to
decrease with the increase of the velocity component along
the magnetic field.

With concern to the real magnetopause, the obtained re-
sults make it possible to suppose that the growth rate of
the interchange instability has to decrease in the meridional
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plane of the magnetosphere and to increase in the equatorial
plane.

Variations of the solar wind parameters are known to
change not only the geometrical characteristics of the mag-
netosphere but also the structure and the state of the latter.
An attempt to develop a global model of the magnetosphere
response to the solar wind variations is presented by Alex-
eev and Bobrovnikov [this issue, pp, 35–44]. The authors
emphasize the idea that the magnetospheric substorm is a
single process developing at a global scale and describe it in
the framework of the parabolic model of the magnetosphere
proposed earlier by Alexeev [1978]. In this model, the mag-
netospheric magnetic field is presented as the sum of the
fields of the Earth’s dipole and of magnetospheric sources,
such as the ring current, tail currents, and magnetopause
currents, which dependends on the solar wind parameters.
This, in turn, makes it possible to calculate model param-
eters (magnetopause standoff distance, the distance to the
earthward edge of the tail current sheet, magnetic flux in
the polar cap, ring current intensity) also as functions of the
solar wind parameters.

One of the fundamental features of that model is the for-
mation under certain conditions of a magnetic neutral line
(Bz = 0) at the inner edge of the tail current sheet. Ap-
pearance of this line is determined by the relation between
intensities of various magnetospheric magnetic field sources,
and the moment of this line formation is considered by the
authors as the onset of the magnetospheric substorm active
phase. Though the mechanism of the X line formation in
the presence of highly conductive magnetospheric plasma is
not quite clear, the model seems to adequately describe the
global changes of the magnetotail magnetic field configura-
tion during the magnetospheric substorm preliminary phase.

Another feature of the substorm development which the
model is supposed to explain, concerns the active phase trig-
gering by a northward turn of the IMF [Caan et al., 1975;
McPherron et al., 1986; Pudovkin et al., 1970]. Unfortu-
nately, this problem, though being very interesting, is dis-
cussed in the paper very briefly, which makes it impossible
to see the concrete mechanism of the substorm trigger phase.

Large-scale solar wind disturbances responsible for geo-
magnetic storms are studied by Shadrina et al. [this issue,
pp. 45–50]. From the analysis of about 20 interplanetary dis-
turbances, the authors conclude that when the Earth crosses
the western flank of the disturbance, the Forbush decrease
occurs in the absence of geomagnetic storms, and when the
Earth crosses the eastern flank, geomagnetic storms develop
in the absence of the Forbush decrease. This result makes it
possible to predict the geoefficiency of flare streams by the
location of the corresponding flare on the solar disk.

Dalin et al. [this issue, pp. 51–56] present another type of
solar wind disturbances: sharp pulses in the plasma density
and ion flux. Disturbances of this type were earlier stud-
ied by Shodhan et al. [1999]. They associated the origin
of these high-density structures with coronal mass ejections
(CMEs) and corotating interaction regions (CIRs). Dalin et
al. investigated sharp fronts of the above mentioned events
on the basis of high-resolution measurements onboard the
Interball 1 spacecraft. It is shown that the most probable
duration of the pulse front is about 10–50 s. Considering

the origin of these events, the authors conclude that they
are related to the convective pressure balance structures or
to the nonlinear magnetohydrodynamic (MHD) waves gen-
erated on the Sun or directly into the interplanetary space.

Meister [this issue, pp. 57–65] deals with the physics of
the central object of our planetary system, the Sun. It is
known that certain information on the conditions in the solar
interior may be obtained using the data of helioseismology, in
particular, the data on characteristics of the acoustic waves
(p modes). At the same time, it is evident that for exper-
imental data interpretation, one needs sufficiently realistic
theoretical models of wave propagation through the Sun. In
this connection, the C. V. Meister paper, in which the ex-
isting models of hydrodynamic atmospheric waves [Souffrin,
1972; Staude et al., 1994; Zhugzhda, 1983] are extended to
the case of non-adiabatic acoustic-gravity waves in a system
with radiation transport, is of a considerable interest.

In two other papers [Erkaev et al., this issue, pp. 67–
76; Dyadechkin et al., this issue, pp. 77–86] the problems
are considered which are in no way related to each other.
Nevertheless, there is a feature which makes these two stud-
ies related. And this feature is a common way of solving
corresponding MHD problems. The method is based on an
introducing a Lagrangean coordinate system moving with
the magnetic tube under consideration, and on the use of
the theory of non-linear strings [Semenov and Erkaev, 1989,
1992]. The use of new methods allowed the authors to obtain
new and interesting results.

The MHD slow shocks propagating along the Io flux tube
are considered in the paper by Erkaev et al. [this issue, pp.
67–76]. It is shown that the propagation of a slow shock
along a magnetic tube is associated with a strong plasma
flow behind the shock, which in turn results in a field-aligned
electric voltage of about 1–3 keV. Besides, because the slow
shock velocity is much less than that of Alfvén waves, the
shock wave, originated in the vicinity of Io, reaches the Jo-
vian atmosphere with a time delay corresponding to the lon-
gitude difference of about 50◦–80◦. This may explain the
observed [Genova and Aubrier, 1985] 70◦ lag of the source
field line relative to the instantaneous Io flux tube for the
maximum decameter radio emission frequency.

The analysis of the motion of an isolated magnetic tube
filled with a perfectly conducting plasma is presented in the
Dyadechkin et al. [this issue, pp. 77–86]. paper As in the
previous paper, the authors use the nonlinear string theory
for the description of the magnetic tube motion. As a result,
it is shown that the motion of a magnetic flux tube differs
significantly from that of a free particle. In particular, a
string with a nonzero impact parameter can be captured by
the gravitational center, while a free particle with the similar
parameter will never be captured.

And, finally, in the paper by Mironova and Pudovkin [this
issue, pp. 87–90], the influence of solar activity on the lower
atmosphere is studied. In particular, it is shown that ac-
cordingthe the data of the continental low-latitude obser-
vatories, the solar emission intensity increases with the in-
crease of the cosmic ray intensity, this fact agreeing with
the results Veretenenko and Pudovkin [1999] and seeming
to contradict to the well-known results by Svensmark and
Friis-Christensen [1997].
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This discrepancy may be explained by the fact that the
Svensmark and Friis-Christensen data concern the behaviour
of the low-level cloudiness over oceans, while the sunshine
variation studied by Mironova and Pudovkin may be caused
by the changes of the atmospheric attenuation modulated
by an aerosol layer in the upper troposphere.

Thus the papers presented in this issue explain some spe-
cial problems of the magnetospheric and space physics and
therewith contribute to the construction of the general pic-
ture of solar-terrestrial relationships.

M. I. Pudovkin

Convener of the Symposium
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