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Introduction

The convective motion of the f-region plasma at high latitudes is one of the
most imporiant parameters affecting its distribution and composition. Above
invariant latitudes of about 60° the dominant driving force for this convection
is an electric field that originates ouiside the ionosphere. The eleciric field is
produced in the magnetosphere, or al its boundary with the interplanetary
medium, by an interaction between the geomagnetic field and the solar wind.
The electric field is communicated fo the ionosphere along the Earth’s highly
conducling magnetic field lines. Thus, our understanding of the high-latitude
Fregion plasma motion is not only necessary for a satisfactory description of
the F.region ifself, but can aiso contribute significantly to our understanding.
of the interaction of the Earth’s aimosphere with the interplanetary medium
The existence of very different convection patterns is pointed out here, and
their implications for F-region plasma disteibutions aud for the interaction of
the magnetosphere with the solar wind are discussed.

Observations

Measurements of the high-lalitude ionospheric eleciric field have been made
for several years on satellites {1] and balloons [2] using dipole antennas. De-
tails of the electric field configuration ou relatively small spatial scales are
obtained from optical tracking of barium ion clouds [3]. More recently two and
three dimensional in sify measurements of the F-region fon velocity have given
more information on the nature of the global ionospheric motion [4, 8. These
measurements all agree that the dominant motion of the plasma above invariant
latitudes of about 60° is one of two-cell-convection perpendicular to the magnetic
field. Above invariant latitudes of 70° to 75° the plasma motion is generaily direcied
away from the Sun with telurn flow toward the Sun at lower latitudes, The ion ve-
locity is quite variable but is of the order of 1 km 7! on the dayside and
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500 m s~! on the nightside. In the regions near dawn and dusk the boundary
between sunward and antisunward convection may be weifl defined and has
been 1ermed “polar cap boundary” (the polar cap being the region of antisun-
ward convection). While other definitions of the polar cap exisi, this definition
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Fig. 1. Horizonial jon drift velocity vectors from AE-C orbit 13269,
The dashed lines represent most probable convection trajectories
drawn by eye. The hcavy solid line is the location of the polar
cap_boundary which is assumed to be coincident with the pole-
ward edge of the aurorai zone

AE-C; loa drift veloclties; Day 76164 ; Qctdt 13260 ¢ Southern hemisphiere
INVEAT V¥ MLT :

is used throughout this work, Near noon and midnight the flow changes from
sunward to antisunward and vice versa, and the definition of the polar cap
becomes less precise. Quite sophisticated theoretical models have been deve-
loped [6] to show that these generally observed features of the ionospheric
convection patiern are consistent with an electric potential difference of bet-
ween 50 and 100 kV applied across the magnetosphere. Simple convection
models, assuming such a potential drop across the polar cap and assuming a
centered magnetic dipole field with electric equipotential field lines, have been
adopted for studying the F-region plasma distribution [7, 8]. Such studies have
proved very illuminating and have made a pesitive step toward explaining some
features of the high-latitude ionosphere. However, many fealures remain unex-
plained due to some severe restrictions imposed by the convection model. The
most severe of these are probably that the econvection inside the polar cap is
directly antisunward and that the polar cap appears as a circle centered al
the geomagnetic (geographic) pole. . |

Fig. 1 shows the horizontal ion drift velocity observed by the RPA/
Drift Meter on the Atmosphere Explorer-C satelfite [9, 10]. The data from the
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scuthern hemisphere pass of orbit 13269 are shown on an invariant latitude
{A4) and magnetic local time (MLT) dial which is in a coordinate system co-
rotating with the Earth. The lines extending from the spacecraft track are in-
dicative of the direction and magnitude of the instantaneous ion velocity. The

Fig. 2. Horizontal ion drift velocity vectors from AE-C orbit 13254
See Fig. | for details

AB-C+ Iom drift veloclifes; Day 76i63; OCrblt 13204 ; Southern hemisphere
INVLAT V MLT

scale is shown at the bottom right of Fig. 1. The dashed lines represent the
mosl reasonebie convective trajectories and have been drawn by eye with
some atlempt to conserve horizonial magnetic flux, While the data reveal one
convective cell, it is not unreasonable fo expect a second ceil on the morning-
side. The data are therefore consisten! with the expected flow patiern. How-
ever, at about A=75° and 20:00 h MLT the flow inside the polar cap is not
directed exactly antisunward, but rather it is directed away from the pole with
a small component parallel to the noon-midnight plane and directed lowards
midnight. The arrow marks the boundaty beiween flow compomnents that are
sunward and antisunward. It should also be noted that the noou-midnight me-
ridian does not mark a line of symmeiry in the convection pattern. This may
be due to lack of symmetry altogether or to the fact that the line of symmetry
has been rotated towards later local times,

Figure 2 shows the horizontal ion velocity vector observed by AE-C on
the southern hemisphere pass of orbit 13254, While the location in invariant
latitude and magnetic tvime is very similar to that shown in Fig. 1, the con-
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veciive sighature represerited by the dashed lines is very different. The varia-
bifity ol the obsetved ion velocity in the 20:00 to 21:00 b MLT sector is
due to the passage of the satellite along the poleward edge of the auroral
zowe. This boundary is shown by the heavy solid line in Figs. 1 and 2,andis
also representative of the polar cap boundary. These dala are a dramatic example
of flow in the polar cap which is not antisunward but eastward in most of
the 18:00 to 24:00 h MLT region. The difference between the flow geome-~
tries in Figs. 1 and 2 is most clearly seen at 20:00 b MLT, where the flow
in Fig. 1 is directed away from the pole and that in Fig. 2 is directed towards
the pols. Similarly, at local midnight the flow in Fig. 1 is direcied antisun-
ward afile in Fig. 2 it is easiward.

Implications for the F-region

The different F-region plasma distribulions that might result from these two
convection patterns may be appreciated by considering, in the iwo cases, the
history of the plasma at 23:00 h and .{=73° just before il enters the auro-
1al zone. In Fig. 2 it would seem most likely that this plasma will move pa-
rallel to lhe polar cap boundary in the auroral zone. It will enter the polar cap near
19:00h MLT and then move towards miduoight paratlel {o the polar cap boundary.
1t re-enters the auroral zone at about 23:00h MLT. The plasma on-such a ira-
jectory is therefore never subject to the solar ultraviolei lonization. A time of
about two hours may be estimated {or the complete convective patl, at least
hali of which is spent under the influence of energetic particle ionizatien. In
Fig. 1 the plasma will again move paralle]l to the polar cap boundary in ihe
auroral zonme but will enter the polar cap at some magnetic local {lme near
09:00 h, It then moves antisunoward in the polar cap before re-entering the
auroral zone at about 23:00 h MLT. A time of aboul four hours may be es-
timated for such a convective path and the plasma will experience both the
solar ulira-violet ionization source and the casp and night time auroral zone
patticle sources. It shouid not be surprising that under idemiical auroral zone
conditions over an order of magnitude, difference in observed total ion con-
centration may be expected at 23:00 b MLT just before the plasma enters the
auroral zone. It has been assumed here that the jon velocity in the polar cap
is uniform. There are even grealer conseguences to the F-region plasma dis-
fribution if the convection pattern of Fig. 2 represents a redistribution of the
poiar cap eleciric potential so that the plasma flows rapidly paraliel to the
polar cap boundary at the expense of very slow plasma flow in the middle of
the polar cap. Then the plasma in Fig. 1 thai convecis lhrough the dayside
casp may reach A-=80° at midnight about ] h later. However, the same plasma
flowing aceording fo Fig. 2 may take many hours to reach the same location,
leading to total ion concentrations that may differ by 2 or 3 orders of mag-
nitude. Only the effect of the plasma convection on plasma in the polar cap
has been discussed here. However, very subtie changes to the convection pat-
tern can have dramatic consequences for the plasma distribulion in the region
of A=060° The symmetric centered convection model used in [7] and [8] pre-
dicts the existence of a flow stagnation point at 18:60 h MLT and about
A-=63° Unfortunately, such a location for the stagnation point cannot success-
fully explain the observed characteristics of the mid-latitude F-region trough.
However, it has been shown [11] that a convection pattern similar to that in
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Fig. 2 cau move the stagnation poiut to magnetic local times as late as 23:00 h.
Under these conditions theoretical models are in a position to reproduce many
of the mid-latitude trough characteristics. '

Implications for the Magnetosphere

The existence of field aligned currents and large field aligned potential diffe-
rences [12, 13] makes the assumption that electric equipoiential magnetic field
lines exiend from the ionosphere to the magnetosphere extremely dangerous.
It would also suggest that the mapping of observed F-region eleciric potential
distributions info the magnelosphere is of dubious value. However, if it is as-
sumed that the flow configuration near the F-region polar cap boundary is at
least qualitatively similar to the flow near the corresponding boundary in the
magnetosphere, then the F-region observations may become exiremely useful.
Whether this corresponding boundary lies at the magnetopause or inside the
magnetosphere depends on the nalure of the interaction of the magnetosphere
with the solar wind. The flow configuration of Fig. 1 suggests that there is a
substantial flow across the polar cap boundary throughout the nightside. This
may imply that in an open magnetosphere a region of reconnection extends
across a substantial portion of the magnetotail. Alternatively, it may indicate
that the “viscous interaction” associated with a close magnetosphere gradually
weakens as the plasma moves down the tail. Figure 2 would suggest that in
an open magnetosphere a region of reconnection fu the tail occupies only a
small region near tocal midnight and that all the antisunward couvecting plasma
converges towards this point under the influence of the solar wind electric
field. Alternatively it may suggest that the degree of “viscous interaction” in a
closed magnetosphere is very strong and that the boundary layer flow extends
well down the tail it should be pointed out that the existence of a boundary
layer flow and an open magnefosphere are noi muiually exclusive. The situa-
tions described here represent the classical extremes of open and closed mag-
netospheres.

A quantitative description of the F-region plasma distribution depends not
only on the convective motion of the plasma but alsc on the details
of the different sources and sinks of ionization that are encountered
during the convective motion. It is therefore important to establish the rela-
tionship between particle precipitation zones and plasma convection patterns.
While it has been sthown that very different convection signatures can be ob-
served, there is no evidence offered for the stability of these patterns on time
scales of the few hours required for their completion. It may be contidently
expected that the convection patterns depend on substorm activity and other
selar and interplanetary maguetic parameters which change on time scales of
1 hout.

The construction of a model convection pattern which may represent the
observed flow characterisiics under given solar and maguetic couditions is of
great importance to successiul modelling of the high latitude F-region.

The understanding of high-latitude F-region convection will not shed light
directly on the nature of the interaction between the magnetosphere and the solar
wind. However, the behaviour of this convection and its relationship to the field
aligned current distribution and energetic particle precipitation zones may help
to assess the relevance of such data to magnetospheric processes. In particular,
the behavicur of the /region plasma flow near the poiar cap boundary as a

21



function of substorm activity and changes in other solar and magnetic para-
meters may well be indicative of the veriability of the magnetosphere-solar
wind interaction, The needed in sifu measurements of the magnetosphere and
solar wind are, or socon will be, undertaken. Simultaneous measurements of
eleciric fields, plasma motion, field aligned currents and energetic particles in
the ionosphere will be undertaken by the Dynamics Explorer Satellites and by
Intercosmos satellite payloads. The data from these salellites will prove valu-
able to the advance in undersianding of the dynamics ef the high-latitude
iohosphere,
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Konsexima 1asMbl B BBICOKOINHPOTHOH F-o0aacTu
P A Xuauc

{Pesione)

WaMepenud ckODOCTH HOHOB B BEICOKOWIMPOTHON F-06NacTé [OKAsHIBAIGT, YTO
KOHBeKIUA MOMET HMEeTh AOBOJLHO PagHylo xorpurypanyio. [Ipu naMeneHuM Kou-
GUTypALMHE KOHBEKIHY MOMXHO OXUAATH B N4HHOM MeCT€ DASHHLBI B HOBHOM
HOHUSHTDAIUH HE HECKONBKO NOPAAKOB. 3TH H3MEHeHHs, BEDORTHO, ABJARIOTCH
pe3yNLTATOM DasHOH CTemeHd B3auMOJeHCTBHR MeX Iy Marvurocepodl ¥ coJ-
HEYHBIM BETDOM,
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