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T
he ionosphere above a height of 180 kilometers (km),
known as the F-region, convects at the ExB/B2 velocity,

where E is the local ionospheric electric field in the frame of
reference of the Earth and B is the geomagnetic field. At high
latitudes, E is comparatively large, being derived from the
Earth's interaction with the solar wind. Patterns of convection
at high latitude are known to depend on the interplanetary
magnetic field (IMF) direction, being twin cell in form with
antisolar flow across the central polar cap for negative IMF B
and a complex multicell configuration for positive B (see, for
example, Heppner and Maynard 1987). Despite the smooth-
ness of the patterns published by Heppner and Maynard,
which are the result of averaging many measurements, in situ
measurements of electric field from satellites passing through
the high-latitude ionosphere are frequently complicated by
temporal and spatial variations that are of the same magni-
tude as the averaged values [see Heelis (1988) for a review].
Because the temporal variability can be on a time scale of a
few minutes, and spatial scale sizes can be as small as tens of
kilometers, ground-based observations must be analyzed
without assuming the continuity in space and time implied by
the convection models.

Previous ground-based measurements of convection by
incoherent scatter radar show patterns that evolve on a 24-
hour basis in a manner consistent with the averaged patterns
shown by Heppner and Maynard (1987). Indeed, Holt et al.
(1987) have shown that the drift measurements made from
Millstone Hill can be described in terms of a model that pre-
dicts the average behavior in terms of geophysical activity
indices. Part of this smoothness may be due to the averaging
along range gates in the radar beam and over time that occurs
because of the method of measurement. Previous optical
measurements of ion drift, made from Longyearbyen, Sval-
bard, at 75 invariant latitude (Smith et al. 1982), also showed
some features that were smoothly varying and similar to pub-
lished patterns observed from space. Similarly, there was
temporal and spatial averaging in the measurements by

Smith et al. (1982), which may have masked the variability
that is now known to happen from satellite measurements.
These results suggest that if there is sufficient temporal
and/or spatial averaging in the technique, then, for many
cases a representative pattern is obtained. Some other stud-
ies, such as those based on coherent reflection radars (Ruo-
honiemi et al. 1989), which have often had better temporal
and spatial resolution than incoherent scatter radar, show
that the detailed pattern can often be understood in terms of
a large-scale steady component disturbed by plasma waves
from above the ionosphere.

A monostatic ground-based observation cannot be used
to obtain vector measurements without an assumption of
some continuity in time and space. Usually this assumption,
when expressed in terms of a minimum spatial and temporal
scale of change, can be seen to be inadequate. Also, at high
latitudes, there is significant motion of the ionosphere paral-
lel to the geomagnetic field, which adds a third dimension
that is required to describe the motion of the ionosphere.
Because it is not possible to combine measurements from a
single site to give a good representation of the three-dimen-
sional velocity, it is often presumed that the field-aligned
component of velocity is small compared with the field-per-
pendicular components and that it, therefore, can be
ignored. Unless the observations are in the field-perpendicu-
lar direction, this assumption is liable to lead to an improper
interpretation of the data. The only ground-based facility
that can make full-vector measurements of the ion drift is a
fully tristatic system such as the European Incoherent Scatter
Association (EISCAT). Observations from this radar show
that the ion velocity frequently has a significant field-aligned
component that cannot be ignored and also that the vector
values vary considerably in time and space (Lockwood et al.
1988).

Optical measurements of ion drift have been made from
South Pole Station (75 invariant latitude) in the monostatic
mode. The observations readily provide ion drift and ion tern-
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perature in the F-region ionosphere in various directions
from the South Pole site. The data will be discussed without
making assumptions about the spatial and temporal scale
sizes in the polar ionosphere.

Simultaneous high-resolution spectroscopic measure-
ments of the 732-nanometer (nm) doublet emission of 0+
and the 630-nm emission of neutral oxygen were made from
South Pole Station (750 geomagnetic latitude) during May
1993. The observations were carried out using a 150-millime-
ter (mm) diameter plane Fabry-Perot spectrometer (Hernan-
dez et al. 1990) having line-of-sight directions at eight equal-
ly spaced azimuths for an elevation of 30° and also in the
geographic zenith. The directions of observation are reck-
oned with respect to the geomagnetic South Pole as the
south direction. The instrument was servo-controlled to
maintain precise adjustment and to stabilize the optical gap
to about 1 thousandth of an order at 546 nm. With this sta-
bility, the short- and long-term drift in doppler velocity was
less than 5 meters per second (m _1). The two components
of the 732-nm doublet overlapped, giving a singlet line
appearance and making the analysis of the data more conve-
nient.

Spectral scans were integrated for 8 minutes in each line
of sight, and the sequence of nine directions of view was
repeated continuously. Times of observation covered the
period from 0800 to 2000 local magnetic time (MLT) each day,
emphasizing the dayside and dusk sectors of the polar cap.
Previous experience in Svalbard (Smith et al. 1982) showed
that the 732-nm emission rate was found to be higher in this
time period at geomagnetic latitudes near 75 0 . The zero veloc-

Ion Drifts

ity for doppler measurements was found by assuming the
mean of all vertical observations in the entire period was zero.
If this assumption was invalid and the error was more than 10
m s- i , the ion drift data could be significantly skewed from
the proper values, but we are not aware of any way that the
validity of the assumption can be checked for the data pre-
sented here.

In figure 1, histograms show the results in terms of the
derived components of ion drifts in the meteorological con-
vention. Frequencies of occurrence of ion velocity compo-
nents measured in the geomagnetic meridian show an almost
equal preference for poleward and equatorward drifts. There
is, however, a noticeable unbalanced positive lobe on the
north plot and an unbalanced negative lobe on the south plot.
This indicates that the drift tends to be convergent with
means of 14 m s 1 in the north and -34 m s in the south.
Peaks of occurrence in the zonal directions show a preference
for westward ion drift, but with peak frequencies having val-
ues near 50 m s- 1 and mean winds of -102 m s-' in the east
and -54 m in the west. In the vertical direction, which was
within 100 of being field aligned, observations show a half-
width of about 200 m s- 1 . No conclusion can be drawn about
a tendency for the ionosphere to move upward or downward
in the period as a whole, because this was assumed to be zero
in the data reduction.

For comparison, a similar analysis was performed for the
neutral wind measurements obtained from the simultaneous
observations of 630-nm emission from neutral oxygen in the
upper F-region. Figure 2 shows the histograms of those mea-
surements. As for the ion measurements, there is no indica-
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Figure 1. Distributions of line-of-sight velocity components of oxy-
gen ions at a height of approximately 200 km measured 1-24 May
1993. The meteorological convention of positive motions northward,
eastward, and upward is employed here.

Figure 2. Distributions of line-of-sight velocity components of neutral
oxygen at a height of approximately 300 km measured 1-24 May
1993. The same convention for the motions is used as in figure 1.
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tion of vertical motion because of a similar assumption of
overall zero in order to establish the zero velocity for the 630-
nm emission. The distribution of vertical motions is much
narrower than for the ion motions. Although typical error bars
were smaller, being less than 10 m for the neutrals com-
pared with 30 m s 1 for the ions, there is a real difference
between the vertical motions of neutrals and ions. The ions
varied over a range of 200 m s compared with 50 m s for
the neutrals. This justifies the statement made in the intro-
duction concerning the variability of field-aligned ionospher-
ic movement at these latitudes.

Like the ion distributions shown in figure 1, the neutral
wind distributions show a zonal preference for westward with
means of -31 m s in the east and -45 m in the west. The
ion zonal distributions are about twice as wide as the neutral
counterparts, indicating a greater variability in the ion veloci-
ties. When the ion and neutral meridional distributions are
compared, they are both approximately symmetric, and there
is no tendency for convergence in the neutral meridional
winds. The mean neutral winds in the meridian were 33 m
in the north and 32 m s- 1 in the south.

Ion temperatures were deduced from the doppler widths
of the recorded spectra. The lower panel of figure 3 shows the
distribution of ion temperatures observed between 5 and 23
May 1993. The shape of the distribution is peaked near 1,100
kelvin (K) and has a tail extending to temperatures above
2,000 Kwith a mean value of 1,152 K. The highest temperature
observed was 2,900 K. The lower panel of figure 3 shows the
distribution of neutral temperatures measured in the upper
F-region using 630-nm emission. The peak of this distribution
is near 950 K with a mean temperature of 939 K, but the distri-
bution has a much less pronounced tail toward higher tem-
peratures.
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Figure 3. Distributions of ion temperatures at about 200 km altitude
and neutral temperatures at about 300-km altitude determined from
the doppler broadening of the 732-nm and 630-nm emissions in the
aurora near the South Pole for the period 5-24 May 1993.

Statistically, the results show that the most frequently
observed ion drifts were more than twice the most frequently
observed neutral winds, although the ion drifts were more
wide spread in value, as shown by the greater widths of their
distribution. Also there were comparatively frequent observa-
tions up to 200 m in the zonal components. The corre-
spondence of the observed predominant westward trend in
the neutral winds undoubtedly reflects the strong influence of
collisions in transferring momentum from the ions to the
neutrals. These aspects of the results are similar in character
to the previous work by Smith et al. (1982) and McCormac
(1984). These data include temperature data, however, and
permit further investigation of the ion-neutral coupling,
including the thermodynamics in the polar ionosphere above
the South Pole.

In common with the data from Svalbard, the observed
ion drifts do not contain any cases of observations above 1 km
s- 1 . Satellites and radars measure ion drifts in the range of
several hundred to a few thousand meters per second. The
question arises as to why the optical technique finds relatively
low values. Part of the answer lies in the temporal and spatial
averaging that is inherent in the technique. A discussion of
this averaging, albeit for the case of optical observations from
space, is contained in Minow and Smith (1993). A simulation
was reported that incorporated the effects of a thick emission
layer on the spatial averaging over drift velocity gradients. In
this case, for observations made at an elevation angle of 30° to
the horizon, for an emission layer of width 50 km, spatial
averaging will occur over horizontal distances of about 100
km. Also with observation times of 8 minutes, we may average
over a complete cycle of flow channel events such as those
reported by Lockwood et al. (1988). Therefore, we may expect
to see averaged values that are less than those found by in situ
satellite instruments.

Because the heights of the 630-nm and 732-nm emissions
cannot be determined from the measurements, we are com-
pelled either to use spacecraft observations or to accept theo-
retical estimates of height. Rees, Abreu, and Hays (1982) indi-
cate that in the aurora the 732-nm emission rate peaks at a
height near 220 km. Rees has also shown that, in the aurora,
the 732-nm and 630-nm emissions tend to have peaks of
emission rate at closely similar altitudes (Rees personal com-
munication). Hence, the temperatures observed for the two
species are directly comparable, and the ions had a mean
temperature 213 K higher than the neutrals.

Ion-neutral collisions are sufficiently frequent that, even
at heights above 200 km, the temperatures of both neutrals
and ions are raised by the interaction of the neutral and ion-
ized components of the atmosphere, but the stream-flow
energy which is lost in the collisions is redistributed equally,
on average, between the two populations. Because there are a
thousand times more neutral atoms than ions, the tempera-
ture effect is much more obvious in the ions. If ion-neutral
coupling is the cause of the observed temperature difference,
then the extensive tail in the ion temperature distribution is
readily understood in terms of the occurrence of some peri-
ods when a large difference between ion and neutral velocity
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occurred. The fact that the averaged temperatures were 213 K
higher for the ions indicates that joule heating must have
been continuously important at the times and in the places
where observations were made, but that at a significantly
lower level than during the events when the ion temperatures
reached above 2,000 K.

Ion drifts and temperatures were measured by an optical
method from South Pole, Antarctica, and compared with the
neutral winds and temperatures simultaneously observed
from the same station. Ion drift distributions showed that
whereas there was no consistent trend in the magnetic merid-
ional directions, a definite preference for westward ion drifts
was observed. A similar trend was found for the zonal neutral
winds, but the magnitude of the westward neutral trend was
about half the magnitude for ions. The neutral vertical winds
were much less variable than the ion velocities measured in
the same direction. Ion and neutral temperatures both had
mean values of 1,152 K and 939 K, respectively, but unlike the
result for neutral temperatures, there was a distinct tall to the
distribution of ion temperatures toward high values. Evidence
was presented that the ion and neutral data were measured at
the same altitude in the F-region ionosphere; therefore, we
conclude that the ions were 213 K hotter on average over the
observing period.

These factors are consistent with previous reports of
radar and optical measurements of ion and neutral drifts and
temperatures and are understood in terms of processes of
ion-neutral coupling. These data confirm that such coupling
is important to the dynamics of the F-region over the South
Pole during the polar night but also suggest that there is con-
siderable variability in the heat and momentum flux coupled
through ion-neutral collisions.

This work was supported by National Science Founda-
tion grant OPP 90-17484.
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A
ull and clear view of the sky by optical instruments dur-
ng the austral winter at the South Pole requires special

attention to critical design features of the optical ports which
protect the immediate components, such as all-sky mirrors,
from the severe cold and associated frosting. An evolving sys-
tem of double-domes and internal heating has succussfully
served the optical aeronomic studies of the dynamics of the
upper atmosphere by Fabry-Perot spectrometry, which are
now in their fifth continuous year. This protective optical port
is described and discussed here to aid future experimenters
who need to make dependable sky measurements under the
extreme environmental conditions of the antarctic plateau.

Historically, mirrors have been used to redirect light from
selected regions of the sky down along the optical axis of the
receiving instruments. Other than in Antarctica, the protec-
tion of the mirror surfaces from contamination and of their
drive mechanism from extreme cold usually can be provided
by single, clean, transparent window panes, if the interior air
can be heated and if uncompromised telescopic imaging of
the sky source is not required. Cameras, photometers, and
even interferometric spectrometers can be operated success-
fully in such single-walled enclosures, provided that reflec-
tion, absorption, scattering, and vapor condensation are kept
below appropriate small limits.
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