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Impulsive Alfven Coupling between the Magnetosphere and Ionosphere
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Abstract

Basic properties of the impulsive Alfven interaction between the magnetosphere and
ionosphere have been studied by means of a three-dimensional self-consistent simulation
of the coupled magnetosphere and ionosphere system. It is found that the duration time
of an impulsive perturbation at the magnetospheric equator, the latitudinal distribution
of the Alfven propagation time along the field lines, and the ratio between the magneto-
spheric impedance and the ionospheric resistance is the main key factors that determine
the propagation dynamics and the ionospheric responses for an impulsive MHD pertur-

bation in the magnetosphere.
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§ 1 Introduction

The magnetic pulsating phenomena observed on the earth, called the geomagnetic
pulsation, have long been studied by many authors. It is said that the pulsating behavior
of the geomagnetic field, especially, the irregular pulsation (Pi), is caused by the MHD
waves which are excited in the magnetosphere and propagate along the ficld lines between
the magnetosphere and ionosphere =#). In spite of the tremendous data accumulation of
geomagnetic pulsations which are made on the ground or by the spacecraft, the causal
mechanism has not yet been fully clarified. Because of the smallness of the signal /noise
ratio, it is unbelievably difficult to observe an MHD signal by spacecraft near the plasma
sheet at which its origin would be born. Therefore, the relationship between the magnetic
pulsating signal observed on the ground and the original signal born in the magnetosphere,
namely, the cause and effect relationship of the pulsation is hard to be made clear.

In order to deepen our understanding of the geomagnetic pulsation pheromena such
as P1 2, we focus merely on the basic properties of an impulsive Alfven wave interaction
between the magnetosphere and ionosphere. We rely on a three-dimensional simulation
model where the magnetohydrodynamic (MHD) equations are solved for the magneto-
sphere and the height-integrated ionospheric equations for the ionosphere, based on Sato’s
theory ®. The ionosphere, therefore, is not a simple reflector of the wave which propa-
gates from the magnetosphere, but, a more realistic magnetosphere-ionosphere interaction
including the ohmic dissipation in the ionosphere is dealt with self-consistently.

A high conductivity case corresponding to the day-side ionosphere and a low conduc-
tivity case corresponding to the night-side ionosphere are considered independently. The
duration time of an impulsive perturbation imposed upon the magnetospheric equator is
varied with intent to study the difference in the dynamic response pattern of the per-

turbation. Also studied is the difference in the dynamic response depending on whether



the Alfven propagation time between the magnetosphere and ionosphere is latitudinally
uniform or non-uniform.
The simulation model and the simulation results are discussed in section 2 and 3,

respectively. In section 4, summary and discussion are given.

§ 2 Simulation Model and Procedure
2.1 Basic Equations
We adopt one-fluiid MHD equations to represent the fully icnized and collisionless

magnetospheric plasma. The basic set of equations are given by

OB
_325_ =-V x E, (1)
ov 1,
o+ = (i < B), 2)
E=—-vxB, (3)
poj =V x B, {4)

where B, v, E, and j are the magnetic field, the velocity of the plasma flow, the electric
field and the current density, respectively; po and pp are the plasma mass densily and
permeability. We assume the plasma mass density and plasma temperature to be constant
in time and discard the contribution of compressional modes.

To represent the ionosphere where the plasma is weakly ionized, we employ a current
continuity equation between the height integrated ionospheric current and the field-aligned

current through the magnetosphere 5) namely, the ionospheric equation is given by
Vi-Ir=-j, (8)

where j is the field-aligned current density at the ionospheric height and Iy is the height

integrated ionospheric current. The height integrated ionospheric current is given by

E;x B
IjzehMpNEj—BhMHN"—EI-;—l'I, (6)
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where E;, N and Bj are the height-averaged ionospheric electric field, the height-averaged
number density and the height-averaged ionospheric magnetic field, respectively; e, h, Mp,
and My are the electric charge, the effective height of the ionosphere, the Pedersen
mobility and the Hall mobility, respectively. Thus, the first and second terms in Eq.
(6) represent the Pedersen and Hall currents, respectively.

Since the ionosphere is a highly resistive medium, we can assume that E, is the
electrostatic field which can be expressed as B; = -V @, where ¢ is an electrostatic
potential. Substitution of Eq. (6) into Eq. (5) using the electrostatic potential yields an

elliptic-like equation with the variable coefficients,

V_L'[ehMpNV¢—€hMHN—“—]=jj. (7)

The wave propagation in the magnetosphere-ionosphere coupling system is investigated

by solving the equations (1)-(7) simultaneousiy.

2.2 Numerical Model and Boundary Conditions

The numerical model is similar to the model presented by Watanabe et al. ¢~ . The
model and the boundary conditions are briefly summarized here. A spherical coordinate
system (r, 6, ¢) is used to represent the simulation model, where the center of the earth
is located at » = 0 ; the north pole and the midnight meridian plane correspond to § = 0
and ¢ = 0, respectively. The ionosphere corresponds to the spherical plane at r = 1Ry
and the magnetospheric equatorial plane correspond to that at r = 18Rz . We employ a
radially straight magnetic field line model, By = B;(Rg/r)%r, (B; = — 3.1 x 10~5 Tesla ;
the geomagnetic intensity at the ionospheric height) of which divergence is equal to be 0.
Thus, the ionosphere is coupled with the magnetosphere through the magnetic field line.
At the jonospheric boundary, the electric field is given through Eq.(7), where the electric
field, E, is obtained from —V &. The high and low latitudinal boundaries are located at




80° and 60° latitudes, respectively, i.e., § = 107 /180 and & = 307/180. At the latitudinal
boundaries we assume the fixed boundary condition both for the plasma velocity and
the magnetic field. The longitudinal coordinate ¢ is taken in the anticlockwise directicn
(see Fig.2 in Watanabe et al. ). In the longitudinal direction we employ the periodic
boundary condition.

Tn the magnetospheric equatorial boundary (r = 10Rz), we impose a localized con-
vection flow both in space and time as a driving source for the excitation of an impulsive
signal. Then, the localized convection flow excites an Alfven perturbation which prop-
agates through the magnetosphere towards the ionosphere along the field lines. When
the Alfven perturbation arrives at the ionosphere, the field-aligned current accompanied
with the Alfven perturbation excites an ionospheric electric field, hence, an ionospheric
current, through Eq.(7). The ionospheric electric field reflects back to the magnetospheric
equator. The reflection rate is determined by the ratio of the ionospheric resistance to
the magnetospheric characteristic impedance.

In this paper we consider the Alfven wave coupling on the day side and on the night
side as separate cases. The density is taken to be constant along the longitudinal direction,
since the geomagnetic pulsation phenomena are highly localized in the longitude in the
ionosphere. For the night-side case we have given the typical height-averaged 1onospheric
density as N = 1.0 x 101°/m?, and for the day-side case as N = 1.0 x 10" /m’.

First, in order to clarify the simple Alfven coupling between the magnetosphere and
ionosphere, we chose the Alfven speed to be constant i.e., 1000 km/sec everywhere in the
simulation model. Therefore, the Alfven propagation time, 740 = 57.33 sec, is the same
everywhere. In the realistic magnetosphere, however, the Alfven propagation time differs
from low latitude to the high latitude ionosphere, namely, the Alfven propagation time at
the low latitude is smaller than that at the high latitude, because the length of the field

line starting from the low latitude ionosphere to the magnetospheric equator is shorter



than that of the field line from the high latitude ionosphere to the magnetospheric equator.
Then, we execute a simulation run in which we chose the Alfven speed distribution in such
a way that it varies in the latitudinal direction.

Three cases of the duration time of the initial spatially localized perturbation of con-
vection flow given at the magnetospheric equator, namely, 1 /3740, 1749 and 2.57,, are con-
sidered to study the dynamic characteristics of Alfven wave coupling. The perturbation
of the magnetospheric flow is switched on at time, ¢ = 0 and switched off at { = 1 /37 a0,
t = 1740 and 2.574, respectively.

We now discuss the simulation procedure. We employ 811 x 56 x 38 mesh points
in (r, 0, ¢) coordinates in our simulation box. The basic equations are accordingly trans-
formed into the finite difference equations. The time integration of the MED equations
(1)-(4) is carried out by using the fourth order Runge-Kutta-Gill (RKG) procedure. To
solve the elliptic equation, Eq. (7), we adopt the Bi-conjugate gradient method.

Initially, we give the geomagnetic field configuration and the magnetospheric plasma
density distribution and set all other variables to be zero. Then, we give a localized
convection flow in the magnetospheric equatorial plane at » = 10R g as an initial condition.
We proceed to the main simulation by solving the MHD equations (1)-(4) and obtain
the field-aligned current, j;, at the ionospheric height. Then, substituting j; in Eq.
(7), we determine the electrostatic potential and thereby the electric field and current
distributions in the ionosphere. The new ionospheric electric field is used as the boundary
condition for the magnetospheric equations at the ionospheric boundary. Then, we repeat

the process to advance the time integration.

§ 3 Simulation Results
We have carried out the simulations under the homogeneous and inhomogeneous

Alfven speed distributions in the latitudinal direction. The ionospheric density is taken to




be uniform in the longitudinal direction, namely, N = 1.0 x 10" /m® or N = 1.0 x 10" /m®
as representing the day-side or night-side density condition, respectively. The flow pattern
which is initially given in the magnetospheric equatorial plane is taken to be a localized
single vortex. The stream line structure, which is equivalent to the electrostatic potential
structure, and the corresponding field-aligned current profile mapped on the ionosphere
are shown in Fig. 1-(a) and 1-(b), respectively. The perturbation is given in the flat-top
square form in time with three different duration periods, i.e., 1/3740, 1740, 2.5740. The
physical parameters of the ionosphere and magnetosphere are given in Table 1 and are

the same through out this work.

3.1 Homogeneous Alfven Coupling

First, in order to clarify the basic properties of impulsive Alfven coupling, we start
investigating the case of homogeneous coupling where the Alfven speed is constant every-
where and the Alfven propagation time is the same for every field line. The Aliven speed
is chosen as 1000 km/sec, and is constant everywhere. Simulation runs are performed for
two cases, Case A and B, where the ionospheric resistance, R, s, respectively, larger and
smaller than the magnetospheric ( Alfvenic ) characteristic impedance, Zy. The former
case ( Case A ) corresponds to the night-side ionosphere and the latter ( Case B ) to the

day-side ionosphere.

Case A:( night-side case )

The ionospheric density distribution is given as N = 1.0 x 101°/m?® . The time evo-
lutions of the ionospheric electrostatic potential and the field-aligned current are shown
in Fig. 2 and Fig. 3, respectively. Here, the perturbation is given in three different

duration times, namely, (a) 1/3740, (b} 1740, and (c¢) 2.5749. The main feature of the



temporal development of the ionospheric electrostatic potential and the field-aligned cur-
rent is determined by the ratio of the ionospheric resistance, R, to the magnetospheric
characteristic impedance, Z, where R =Xp™' = 1/(ehMpN) and Zy = poV, ; Va is the
Alfven speed &%) .

In the present night-side case, the ratio, R/Zg, is equal to 2.59. Then, the mismatching
between the ionospheric resistance and the magnetespheric characteristic impedance (
R > Z, ) exhibits several interesting characteristics. First, as can be seen in Fig. 2, the
ionospheric potential overshoots the amplitude of the potential given in the equatorial
plane, ®g, (P = 20 kV), at t = 1749, .., at the first arrival of the Alfven perturbation
at the ionosphere. The overshooted part of the ionospheric potential is observed to be
roughly 40% of the potential given at the equatorial plane.

Simple consideration gives us that the overshooted (reflected) potential, A®, is given
by

=R (®

AD =
R+2Zy

where @ is the potential amplitude incident upon the ionosphere; initially @ = ®;. Plug-
ging the value of R/Z, = 2.59 gives A®/®, = 44%, which is in agreement with the sim-
ulation result.

Secondly, the shape of the induced ionospheric potential is a triangle instead of a
square. This is because the ionospheric response is given by the time integration of
the square-shape pulse. Thirdly, the polarity of the ionospheric electrostatic potential is
changed at each successive arrival of the perturbation at the ionosphere. The change of
the polarity of the potential at each arrival is explained as follows. The oversheoted part of
the electric field perturbation at the ionosphere goes back to the magnetospheric equator,
and when it arrives there, a new signal is generated so as to cancel the perturbation
coming back from the ionosphere. Namely, the newly generated signal at the equator

has the polarity which is opposite to that of the incident perturbation. This opposite
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polarity perturbation propagates along the field lines and arrives again at the lonosphere,
and the same reflection process is repeated thereafter. Thus, the basic response feature is
an alternating, damped pulse train with the period of the Alfven bounce time when the
duration time of the original impulse is less than the bounce time.

In addition to these features, very interestingly, in the case of the duration period
of 25740, the electrostatic potential exhibits a shoulder structure, e.g., for the period
between t = 3749 and 3.5740. The formation of this shoulder structure can be understood
in the following way. The first signal of the Alfven perturbation arrives at the ionosphere
att = 174 and the overshooted part of the electric field perturbation reflects back towards
the magnetospheric equator. When the reflected overshooted perturbation arrives at the
magnetospheric equator at ¢ = 2740, the magnetospheric equator still keeps the original
convection flow perturbation. Therefore, a signal is excited at the equator in such a
way that the overshooted electric field perturbation is cancelled, namely, its polarity is
reversed. Thus, at { = 374 when the second signal arrives at the ionosphere, the potential
drops its amplitude according to the same reflection rule as the first signal has experienced
at the ionosphere.

The perturbation at the magnetospheric equator is quitted at ¢ = 2.5740. Therefore,
the period of this shoulder is equal to the difference between the bounce time of the Alfven
wave and the duration time of the perturbation. In the present case, therefore, this shoul-
der continues for 0.5740 { = 2.5740 — 2.0740 ). When the original perturbation is quitted
at t = 2.5740 at the magnetospheric equator, the negative perturbation whose amplitude
is equivalent to the original one is excited and propagates towards the ionosphere. Thus,
the potential amplitude experiences a sharp drop by the same amount as the first po-
tential rise at # = 1749 when the negative perturbation arrives at the ionosphere, i.e., at
{ = 3.57aq, as can be seen in Fig. 2-(c). Thus, the jonospheric responses consist of the

superposition of two bouncing Alfven signals, one being a positive stepwise signal excited



at t = 0 at the magnetospheric equator and the other being a negative stepwise signal
with the same amplitude excited at ¢ = 2.57,44 at the equator. The shoulder structure, or
the interference phase, appears periodically with the bounce period (2740) after the first
interference appears.

The time development of the ionospheric field-aligned current has the similar features
of that of the ionospheric electrostatic potential as can be seen in Fig. 3. An impor-
tant difference, however, is that while the potential amplitude can be larger than the
original perturbation, the induced ionospheric current is relatively small. Therefore, the
geomagnetic signature must be relatively small when the ionospheric conductivity is low.

The equi-contours of the ionospheric potential and the field-aligned current in the case
of the duration time of 174 are plotted in Fig. 4-(a} and 4-(b) at t = 1.3574, i.e. at the
time during the first arrival of the perturbation at the ionosphere. The equi-contours of the
lonospheric potential correspond to the stream lines which are given in the magnetospheric
equatorial plane. As can be seen in Fig. 4-(b), the field-aligned current flows into the
ionosphere at the mid-latitudinal region and flows back towards the magnetosphere at

both higher and lower latitudinal regions.

Case B:( day-side case )

The ionospheric density on the day side is given as N = 1.0 x 10''/m®. The time
development of the ionospheric electrostatic potential and the field-aligned current are
shown in Fig. 5 and Fig. 6, respectively, in the similar manner to the night-side case.
In the day-side case, the ratio, R/Z;, is equal to 0.259. In contrast to the night-side
case, it is seen that the ionospheric potential undershoots the given amplitade, $0,( P
= 20 kV) at the first arrival of the perturbation at the ionosphere. The depletion of the
lonospheric potential is observed to be roughly 58% of the initial equivalent potential at

the equatorial plane. This undershooting feature is explained by Eq. (8) where A® < 0
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and | A®/®, |= 59%, which is in agreement with the simulation result.

In the present high conductivity case, the ionospheric pulses have all the same polarity
in contrast to the previous low conductivity case. This is because the undershooted
part, which has the opposite polarity to the original perturbation, propagates back to
the magnetospheric equator and a new signal, which exactly cancels the undershooted
perturbation and hence the same polarity as the original one, is generated at the equator.
In the case where the initial perturbation amplitude is maintained during 2.5740 in the
magnetospheric equatorial plane, the ionospheric responses are represented in terms of
the superposition of two siepwise signals, one being a positive siepwise signal excited
at t = 0 at the magnetospheric equator and the other being a negative stepwise signal
excited at ¢ = 2.574, at the equator. This situation is the same as the night-side case.
Note, however, that there are some differences. For example, as is evident on comparing
Fig. 3-(c) and Fig. 6-(c), the initial offset current remains in the subsequent pulsating
behavior far more prominently for the day side than for the night side. Another feature
is the difference in the apparent depletion rate of successive pulses ; in the day-side case
the rate is roughly 0.43r3, while in the night-side case it is 0.2577;.

Fig. 7-(a) and 7-(b) show the equi-contours of the ionospheric electrostatic potential
and the field-aligned current at t = 1.35 749, respectively. Since the resistance on the day
side is smaller than that on the night side, the maximum amplitude of the ionospheric
field-aligned current on the day side ( 6.47uA/m’) is larger than that on the night side
( 0.17uA/m’ ), while the maximum amplitude of the ionospheric potential on the day
side (7.0 kV) is smaller than that on the night side (26.6 kV) due io the smallness of
the ratio between the ionospheric resistance and the magnetospheric impedance. This
suggests that the geomagnetic pulsating activity can be more easily observed on the day

side than on the night side if the other conditions are the same.
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3.2 Inhomogeneous Alfven Coupling

In this section, we show the impulsive Alfven wave propagation in a more realistic
configuration. Namely, since the field line starting from the low latitude ionosphere to
magnetospheric equator is shorter than that from the high latitude, the Alfven propa-
gation time differs from low latitude to high latitude ionosphere. Therefore, we employ
the Alfven speed profile depending on the latitude, so that we can take account of the
difference of the Alfven propagation time. We choose the Alfven speed profile in such a
way that it varies only in the latitudinal direction, whereas being constant in the radial
and longitadinal directions. The dependence of the Alfven speed on the latitude is given

by the following equation,

(0 — brnin)

VA =500 x [2 - COS(?T@:W—gmm)

)| km/sec. (9)

The maximum Alfven speed is given at the lowest latitude ( at 6,,,, ) and is equal
to 1508 km/sec, while the minimum is at the highest latitude (at fen ) and is equal to
500 km/sec. Accordingly, the Alfven propagation times along the field lines starting from
the lowest and highest latitudinal boundaries are given 7az = 0.5749 and 745 = 1.57,
respectively, which can be considered as reasonable values of the realistic magnetosphere.
In the present case, we execute a simulation run separately for the day side and for the

night side, similarly to the previous homogeneous Alfven coupling case.

Case A:{ night-side case )

The time evolutions of the ionospheric electrostatic potential and field-aligned current
are shown in Fig. 8 and Fig. 9. For the cases of the duration period, 1/374) and 174, it
is found that the maximum amplitude of the ionospheric potential at each arrival of the
perturbation is smaller than that in the homogeneous Alfven speed case. For example,

in the case of the duration period of 174 {b), the maximam amplitude at the second
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arrival of the perturbation at the ionosphere is 10.5 kV, while that in the homogeneous
Alfven speed case is 11.2 kV. In contrast to the above small duration time cases, when
the duration time of the initial perturbation is 2.574p, the maximum amplitude of the
ionospheric potential at each arrival of the perturbation is almost the same as that of the
homogeneous coupling case.

The reason for this fact may be as follows. Since the Alfven perturbation propagating
along the lower latitude field line arrives earlier than that along the higher latitude field
line and the duration time of the perturbation given in the magnetospheric equatorial
plane is small, e.g., 1/374, it never happens that the ionosphere receives the whole
spatial structure of the perturbation simultaneously. Namely, it takes only 2/374 for
the perturbation to arrive at the lowest latitude icnosphere, while it does 2740 at the
highest latitude ionosphere. Then, as far as the perturbation given at the magnetospheric
equatorial plane does not continue for the period of (2740 — 2/3740 =)4/3740, there is
no time that the whole convective flow perturbation is simultaneously reflected upon the
ionosphere. Specifically, since part of the perturbation arrives earlier at lower latitudes,
the associated field-aligned current perturbation does mot necessarily penetrate into the
ionosphere by satisfying the zero-sum condition for the upward and downward currents.
However, the zero-sum condition must always be satisfied for the incoming and outgoing
field-aligned currents, because otherwise charge-neutrality can not be satisfied. In order
to satisfy the zero-sum field-aligned current (charge-neutrality) condition, therefore, the
same amount of opposite field-aligned current must be generated in the other part of the
ionosphere, say, in the higher latitude region of the ionosphere where the perturbation has
not yet arrived. This expansion of the perturbation into higher latitude ionosphere acts to
weaken the amplitude of the induced ionospheric potential, as is clear by comparing Fig.2
and Fig. 8. This situation is particularly so, when the duration time of the perturbation is

smaller than the difference between the earliest and latest arrival times of the perturbation.
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In order to verify this assertion, the equi-contour plots of ionespheric potential and the
field-aligned current at ¢ = 1.3574, for the case of the duration time of 17,4 are given in
Fig. 10-(a) and 10-(b), respectively. Comparing Fig. 10-(a) with Fig. 4-(a), one can see a
clear surplus potential excitation in the higher latitudinal region where the perturbation
has not yet arrived. Due to this surplus (opposite polarity) potential excitation for the
short duration case, the spatial diffusivity of the ionospheric potential at each arrival of
the perturbation becomes larger as the duration time becomes smaller.

The fact that the whole spatial structure of the perturbation given in the magneto-
sphere can not arrive simultaneously at the ionosphere leads to another interesting aspect.
Comparison of Fig. 10-(b) with 4-(b) finds that the field-aligned current profile, especially
the high-latitude positive current region where the current flows out to the magnetosphere,
is stretched in the longitudinal direction. This stretching amounts to be 30% compared
with the homogeneous coupling case shown in Fig. 4-(b). This is because when the
field-aligned current accompanied with the perturbation arrives at the lower latitudinal
ionosphere, the Pedersen current flows in the ionosphere, creating the region where the
field-aligned current can flow back to the magnetosphere according to the ionospheric con-
ductivity condition. This effect leads to the stretching of the positive field-aligned current
region, while in the homogeneous coupling case the whole spatial field-aligned current
pattern is created at once and the zero-sum of the upward and downward field-aligned
perturbations is always satisfied ; thus, such a stretching in longitudinal direction does

not occur.

Case B:{ day-side case )
For the day-side case, the time evolution of the ionospheric electrostatic poteniial
and the field-aligned current are shown in Fig. 11 and Fig. 12, and the equi-contours

at ¢ = 1.3574 are in Fig. 13-(a} and 13-(b). The featuring differences between the
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homogeneous and inhomogeneous coupling cases are similar to those observed for the
night-side case. Namely, there occurs an invasion of the iomospheric potential into the
higher latitudinal region, surplus diffusivity of the potential, and stretching of the field-

aligned current profile in the longitudinal direction.

§ 4 Summary and Discussion

We have executed three-dimensional self-consistent simulations of the magnetosphere-
ionosphere coupling for studying the basic properties of the impulsive Alfven interaction
between the magnetosphere and ionosphere.

First, it is found that the basic frequency of the electric {or magnetic) field perturbation
observed in the ionosphere is the Alfven bounce time and the fine structure shows a rather
complex feature which consists of the superposition of two stepwise perturbations, one
being the onset perturbation and the other being the offset perturbation.

Second, the amplitude and polarity of the induced ionospheric electric field at each
arrival of the perturbation at the ionosphere are essentially determined by the ratio of the
ionospheric resistance to the magnetospheric impedance.

Third, the large dependence of the Alfven propagation time on the latitude is likely
to lead to appreciable change of the field-aligned current distribution and the electric
field profile in the ionosphere. Namely, there occur a longitudinal stretching of the field-
aligned current region and a latitudinal invasion of the electric field at the region where
the perturbation does not arrive. These stretching and invasion effects will be observed in
the Jonger field line (higher latitudinal) region at an earlier time of the pulsating behavior.
Because of these effects the induced electric field and current become diffusive and obscure.
This is particularly so when the duration time of the perturbation is shorter.

The above results indicate that both the duration time of the perturbation in the

magnetosphere and the latitudinal difference in the Alfven propagation time play a crucial
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role in the magnetic pulsating phenomena observed on the earth (geomagnetic pulsation).
In addition to the latitudinal dependence of the Alfven propagation time, there is
another factor, namely, that the day-side magnetosphere is compressed, while the night-
side magnetosphere is extremely extended towards the tail by the solar wind. Therefore,
the large difference in the length of the field line between the night side and the day side
becomes prominent, indicating that the effect of the Alfven propagation time difference on
the pulsating phenomena would be more significant in the night-side pulsation phenomena.
The origin of the perturbation in the magnetosphere remains unclarified. It appears
that the perturbation on the day side would be strongly related to the solar wind con-
dition and that the perturbation on the night side would be influenced by the night-side
reconnection process. This suggests that, in order to fully understand the geomagnetic
pulsation problem, one must invoke a global simulation of the solar wind-magnetosphere
interaction( for example, Kageyama et al. 1971 ), but this is surely a future problem.
In this work, the compressional mode is discarded. The compressional mode will be
really important in the actual pulsation phenomena. A simulation model including the

effects of compressional modes is now under consideration.
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Table 1  Physical parameters used in simulations

Tonospheric magnetic field B; —3.1 x 107° Tesla
Pedersen Mobility Mp 1.6 x 10*m?/sec - V
Hall Mobility My 3.2 x 10*m?/sec - V
Effective ionospheric height A 12 km
Alfven propagation time 749 57.33 sec
Tonospheric number density on the night side N 1 x 10'%/m?
Tonospheric number density on the day side N 1 x 101 /m?
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Figure Captions

Fig. 1 (a) The stream line structure and (b) the corresponding field-aligned current
profile mapped on the ionosphere.

Fig. 2 The time evolutions of the ionospheric electrostatic potential in the homogeneous
night-side coupling for the cases of the duration time of (&) 1/3740, (b) 1740, and
(c) 2.5740.

Fig. 3 The time evolutions of the field-aligned current in the homogeneous night-side
coupling for the cases of the duration time of (a) 1/3740, (b} 1740, and (c) 2.574.

Fig. 4 The equi-contours of (a) the ionospheric potential and (b) the field- aligned
current at ¢ = 1.35740 in the homogeneous night-side coupling in the case of the
duration time of 1740.

Fig. 5 The time evolutions of the ionospheric electrostatic potential in the homogeneous
day-side coupling for the cases of the duration time of (a) 1/3740, (b) 1740, and
(¢} 2.5740-

Fig. 6 The time evolutions of the field-aligned current in the homogeneous day-side
coupling for the cases of the duration time of (a) 1/3749, (b) 1740, and {c) 2.57 4.

Fig. 7 The equi-contours of (a) the ionospheric potential and (b) the field- aligned
current at ¢ = 1.3574 in the homogeneous day-side coupling in the case of the
duration time of 174.

Fig. 8 The time evolutions of the ionospheric electrostatic potential in the inhomogeneous
night-side coupling for the cases of the duration time of (a) 1/374, {b) 1749, and
(¢) 2.5740.

Fig. 9 The time evolutions of the field-aligned current in the inhomogeneous night-side
coupling for the cases of the duration time of (a) 1/37,4¢, (b) 1745, and (¢} 2.57.40.

Fig. 10 The equi-contours of (a) the ionospheric potential and (b) the ficld- aligned

current at ¢ = 1.35740 in the inhomogeneous night-side coupling in the case of

20




the duration time of 1744.

Fig. 11 The time evolutions of the ionospheric electrostatic potential in the inhomoge-
neous day-side coupling for the cases of the duration time of (a) 1/3740, (b) 1740,
and (¢} 2.5740-

Fig. 12 The time evolutions of the field-aligned current in the inhomogeneous day-side
coupling for the cases of the duration time of (a) 1/3740, (b} 1740, and (c) 2.5740.

Fig. 13 The equi-contours of (a) the ionospheric potential and (b) the field- aligned
current at ¢ = 1.3574, in the inhomogeneous day-side coupling in the case of the

duration time of 1740.
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