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Fig. 3. Predicted plasma flow vectors for simulated satellite trajectories over the polar regions. The left-hand 
figures show the vectors in the geographic inertial frame, and the right-hand figures show them transformed to 
the geomagnetic quasi-inertial frame. The upper figures are for a satellite traversal of the northern polar region 
and the lower figures are for the subsequent traversal of the southern polar region. The magnetospheric electric 
field model is the same as that used for Figure 2, and the universal time of the traversal is near the time of Figure 
2c. 

or south pole; a subscript g or m indicates whether the pole 
l POgraphic or magnetic pole. 
�~� asymmetric magnetospheric electric field is reflected in 
diagrams of Figure 3 by the marked increase in flow speed 

dawn in the northern polar cap and dusk in the southern 
�~�p �.� In the geomagnetic frame the polar caps have 
nantly antisunward flow; however, in the geographic 

. the flow deviates significantly toward dusk in the northern 

. here and toward the midnight-dawn sector in the southern 
. here. These differences would, even if the magnetospheric 
C fields were identical in both hemispheres, make com

of plasma flows difficult in the geographic inertial 
However, this difficulty is resolved with a complete 

. frand velOcity) transformation to the geomagnetic quasi
ame 

i4rge �f�l�o�~� vectors do not differ significantly in the 
inertial and geomagnetic quasi-inertial frames. This is 

�~�h�e� difference is related to the relative motion between 
ames, which can be derived from the corotation speed of 

poles about the geographic axis. In the northern 
. the displacement of 11.4° gives rise to a speed of 96 

8 III the southern hemisphere the displacement of 15.5° 
speed of 130 mls. These two speeds, for the magnetic 

re:esent the magnitude of the vector which is added to the 
ft speed in transforming from one frame to the other. 

associated with the speed of the geomagnetic pole 
of location and UT, and for plasma flow speeds in the 

lOOO-mls range this correction is relatively small. However, for 
plasma flow speeds below 500 mls the correction changes the 
direction and magnitude of the plasma velocity vector 
significantly. 

Finally, we note that because the magnetospheric electric field 
configurations in the northern and southern polar regions are 
generally asymmetric [Heppner, 1977], erroneous conclusions can 
be drawn about plasma convection patterns if satellite tracks 
from the northern and southern polar regions are overlaid. This is 
true whether the overlaying is done in the geomagnetic quasi-in
ertial or geographic inertial frame. 

Conclusion 

We have presented model calculations to show how the 
plasma flow distributions in the two polar regions differ when 
viewed from a geographic inertial frame. Our first model con
sisted of a uniform magnetospheric electric field which was 
mapped into a circular region offset 5° in the anti sunward direc
tion from the magnetic pole in each hemisphere. From this study 
the comparison of northern and southern hemisphere plasma flow 
distributions led to the following conclusions: 

1. The UT dependence of the gross plasma flow distributions 
in the two hemispheres is similar, but there is a phase shift of 
about half a day between them. Even taking account of this half
day phase shift these plasma flow distributions reveal differences 
of up to 5° in latitude and an hour in local time between similar 
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features in the two hemispheres. These differences are due to dif
ferences in the latitudes and longitudes of the magnetic poles in 
the geographic inertial frame. The 1800 longitude difference 
results in the half-day phase shift. while the difference in 
latitudes is mainly responsible for the detailed differences. 

2. A complete transformation of both the plasma location and 
velocity from the geographic inertial frame to the geomagnetic 
quasi-inertial frame results in the same non-UT dependent flow 
distribution for both hemispheres. 

Our second model was introduced to represent the more com
mon case of a nonuniform magnetospheric electric field. In this 
model the northern hemisphere dawn sector had an enhanced 
electric field. while in the southern hemisphere the dusk sector 
had the enhanced electric field. The addition of an asymmetric 
magnetospheric electric field produced the following results: 

1. The half-day phase shift is still noticeable. but the convec
tion patterns are significantly different between the two 
hemispheres. 

2. The difference due to the magnetic pole offsets and the 
asymmetry between the northern and southern magnetospheric 
electric field patterns both affect the plasma flow distribution to 
a comparable extent. 

3. In transforming from the geographic inertial frame to the 
geomagnetic quasi-inertial frame the northern and southern 
hemispheres still reveal different convection patterns. which is 
due solely to the asymmetry between the magnetospheric electric 
field distributions in the two hemispheres. 

The relative motion between the geographic and geomagnetic 
frames is a velocity of magnitude 96 mls and 130 mls for the 
northern and southern hemispheres. respectively. The direction 
of this velocity in the geographic inertial frame is UT dependent 
and is approximately antiparallel in the two hemispheres. A con
sequence of these two anti parallel velocities is that the northern 
and southern hemisphere plasma flows in the geographic inertial 
frame can differ in magnitude by up to 200 mls and can display 
significantly different directions even if the same uniform 
magnetospheric electric field is mapped into the two polar 
ionospheres. 
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