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Abstract. The observed time of the interplanetary
magnetic  field (IMF) penetration into the
magnetosphere T = 20 min yields the estimate of the
effective electric conductivity in the magnetosheath o
= 10" Sm/m. The corresponding magnetic Reynolds
number is R, = 5. The effective frequency of electron
scattering appears to be v = 2x10° s, that is 11 orders
higher than the Coulomb collision frequency and 3
orders higher than the electron gyrofrequency. A
possible cause of an extremely low conductivity is
instability of the enhanced pressure layer, which arises
near the magnetopause when the IMF is directed
southward and prevents the IMF from penetrating into
the magnetosphere.

1. Introduction

Most of geomagnetic disturbances are the result of
the solar wind-magnetosphere interaction which is
commonly described by the MHD equations
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where j is the electric current, ¢ is the plasma
conductivity, E and B are the electric and magnetic
fields, v is the plasma velocity, p, is the magnetic
permeability of vacuum. Excluding j and E from (1)-
(4) we obtain
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When ¢ — o equations (1)-(5) show that the magnetic
field is frozen into the plasma. The magnetic field
lines can not penetrate from the solar wind to the
magnetosphere in this case.

According to observations by Lui [1986] and
Sergeev [1987], about 50% of the IMF y component
penetrates into the magnetotail plasma sheet.
Measurements of the electric potential difference
between the dawn and dusk sides of the polar cap
[Doyle and Burke, 1983; Boyle et al., 1997] show that
10-15% of the dawn-to-dusk electric field penetrates
from the solar wind into the magnetosphere.

Hence one can see that the solar wind conductivity
is finite. Since direct measurements of the
conductivity are impossible, one has to estimate it
from indirect data. Liperovsky and Pudovkin [1983]
supposed that solar wind electrons are scattered by
electrostatic turbulence and obtained ¢ ~ 10% Sm/m.
Pudovkin and Semenov [1985] estimated ¢ ~ 10*
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Sm/m from the observed thickness of the
magnetopause. Denisenko et al. [1992] obtained ¢ =
107 Sm/m from the thickness of the bow shock.
Alexeev [1986] estimated o ~ 2x10”° Sm/m from the
observed thickness of current sheets in the solar wind.
Further we shall find o from the observed time of
penetration of the IMF into the magnetosphere.

2. Estimate of the conductivity

Neglecting the convective term with the solar wind
velocity in equation (5) we obtain
B_L
ot u,o

(6)

Hence it is easy to get
oo T ()

where t is the characteristic time of the IMF
penetration into the magnetosphere, | is the
characteristic size of the magnetosphere. Bargatze et
al. [1985] examined the delay of the AL index relative
to changes in the southward IMF and found it to be t
= 20 min. Assuming | = 10° km we obtain from (7) ¢
~ 107 Sm/m.

Instead of conductivity investigators usually utilize
the magnetic Reynolds number

Rn=wooVlI (8)
where V is the undisturbed solar wind velocity.
Substitution (7) into (8) yields
_Vr

I

Assuming V = 400 km/s, t = 20 min, | = 10° km, we
have R, = 5.

Rm 9)

3. Discussion

The electric conductivity of completely ionized
plasma is

2
o= (10)
mv

where n is the humber density of charged particles, e
and m are the electron charge and mass, v is the

frequency of electron scattering.
It is interesting to estimate the effective frequency
of electron scattering in the magnetosheath. Assuming
o ~ 107 Sm/m, n = 8 cm™we obtain v = 2x10° s,
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This frequency is considerably higher than all other
characteristic frequencies in the solar wind such as the
Coulomb collision frequency (~10° s), Langmuir
frequency (me ~ 2x10° s7), and Larmor frequency
(ge = 10% ). Thus, electrons are not magnetized in
the magnetosheath.

The mechanism of such an intense scattering is not
clear. It is impossible that the scattering occurs not at
the micro- but at the macrolevel. As it is shown by
Alexeev and Maltsev [1990], Rezhenov and Maltsev
[1994], Maltsev and Rezhenov [1996], the presence of
a southward IMF leads to the formation of a thin
enhanced pressure layer (EPL) near the magnetopause.
The EPL does prevent the IMF from penetrating into
the magnetosphere. However the EPL is unstable. In
particular, the interchange instability destroys the
EPL. The growth time of the instability makes a few
minutes. It is possible that the process of the EPL
destruction can be phenomenologically described in
terms of the extremely low electric conductivity. In
this case the low effective conductivity exists in the
close vicinity of the magnetosphere only. The
conductivity upstream the bow shock can be much
higher.
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