
where b and y are observed values, expressed in counts per
second, with blue and yellow filters respectively; kb and kv are
the respective extinction coefficients; Sb and S are the respec-
tive zero-point scale factor; and X is the air mass, which to the
first approximation, is equal to the secant of the zenith distance
of a celestial object. With the use of these equations, the values
of kb and kv can be calculated.

As an example, observations of these stars in two groups in
a 3-hour duration on 14 May 1988 were used to calculate the
extinction coefficients. For the group containing a Columbae,
y Corvi, y Trianguli Australis, and r Sagittarii k = 0.162 and
k = 0.394; for the other group containing 1 Columbae, €
Corvi, a Trianguli Australis, and is. Sagittarii k = 0.167 to kb
= 0.194. These first estimates of extinction coefficients may
be compared to those average values (June 1967 to January
1969) k(X 5,500) = 0.148 and k(X 4,500) = 0.230 observed at

Cerro Tololo InterAmerican Observatory (Gutierrez-Moreno
and Moreno 1970).

This work was supported in part by National Science Foun-
dation grants DPP 84-14128 and DPP 86-14550.
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Observing the ionosphere
with the Polar Anglo-American
Conjugate Experiment radars
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The solar wind blowing across the Earth's magnetic field
acts somewhat like an electric generator. It creates an electric
field in the ionosphere which drives electric currents and plasma
flows called the ionospheric convection. A particularly impor-
tant region for energy input is the area known as the cusp,
which is the area where the solar wind has its most direct
access to the ionosphere. The cusp occurs at approximately
local noon at a magnetic latitude of about 75°. Thus the cusp
passes almost directly over South Pole once a day.

The convection pattern near the cusp is strongly controlled
by the interplanetary magnetic field carried by the solar wind.
Many models of the convection (e.g., Heppner and Maynard
1987) indicate an interesting relation of the flows in the North-
ern and Southern Hemispheres. When the interplanetary mag-
netic field points to the east, the plasma convection in the
Northern Hemisphere flows generally westward past the local
noon meridian before finally turning northward and passing
over the polar cap. At the same time, in the Southern Hemi -
sphere, the flow pattern takes the plasma westward initially,
but the flow then makes a sharp turn around and the plasma
moves back to the east before finally turning into the polar
cap. When the interplanetary magnetic field points in the op-
posite direction these patterns are swapped. To study the de-
tails of ionospheric convection it is necessary to have a system
which can determine the velocities of the plasma over a very
large area. To study how these flows respond to changes in
the interplanetary magnetic field, the system must be able to
determine the velocities with high temporal resolution (ap-
proximately 1 minute).

In January, 1988, an ionospheric radar was constructed at
the British Antarctic Survey base, Halley Station. This radar
has a field of view which is magnetically conjugate (i.e. on the
same magnetic field lines) to a nearly identical radar located
in Goose Bay, Labrador. The joint project between British Ant-
arctic Survey and the Johns Hopkins University Applied Phys-
ics Laboratory is known as the Polar Anglo-American Conjugate
Experiment (PACE). (See figure 1.) The radars scan an angular

Figure 1. The field of view of the Halley radar (solid wedge) with
the conjugate mapping of the Goose Bay radar field of view (dashed
wedge). The conjugate position of Goose Bay is also shown. Note
that South Pole is located within the Halley field of view.
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wedge of 52 from about 300 kilometers to 3,000 kilometers in
range. Figure 1 shows the field of view of the Halley radar
along with the field of view of the Goose Bay radar mapped
to its conjugate region.

The PACE radars are rather substantial structures. Since they
operate over a large bandwidth at high-frequencies (8-20
megahertz), the antennas must be quite large. To form a nar-
row beam and scan this beam rapidly, a linear array of 16 of
these antennas is used. Each member of the array is a log-
periodic antenna whose longest element measures nearly 15.5
meters from tip to tip. The antennas are spaced 15.5 meters
apart, so the entire array covers a distance of 232.5 meters.
The photograph (figure 2) shows one of the antennas at Halley.
Each tower is mounted on a metal sled base, which can be
dug out of the accumulated snow and pulled to a new level
surface each year.

The data obtained with the PACE radars have already been
used in a number of presentations and papers. Figure 3 shows
an example of the conjugate ionospheric convection discussed

- --	-
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Figure 2. One of the log-periodic antennas of the 16 antenna array
at Halley Station. The base of the antenna is placed on a thin metal
sled. The box on the right side of the tower contains the transmitter
and associated electronic switches. The flags were placed on this
antenna to symbolize the cooperative nature of the PACE project
and the tree at the top is for luck. Halley Station can be seen in the
background.
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Figure 3. Vector velocity maps derived from the Doppler velocity
data for (a) the Goose Bay data, and (b) the Halley data. These data
were taken at 1531 universal time, which is approximately 1230
magnetic local time at the radars.

in two papers, Baker et al. (1989) and Greenwald et al. (in
press). At 1530 universal time (approximately local noon) on
22 April 1988, the interplanetary magnetic field was pointed
eastward. The Goose Bay radar observed the westward flow
of plasma across the local noon meridian. At Halley, the flow
near the radar was generally westward, but at greater ranges
eastward flow was observed. This hemispheric difference is
precisely what ionospheric convection models predict for east-
ward interplanetary magnetic fields. Baker et al. (1989) also
reported that patches of enhanced ionization were observed
to form nearly simultaneously in both hemispheres. These
patches then drifted into the polar cap in a manner consistent
with the plasma convection models. Greenwald et al. (in press)
have done an extensive analysis of the way in which the flow
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patterns changed in response to fluctuations in the interpla -
netary magnetic field. The dynamics of the ionospheric re-
sponse to these fluctuations have not been studied to any
extent previously, and the flow models currently in use do not
deal with these dynamic changes.

In summary, the PACE project is a new experiment that is
ideally suited to the study of the dynamics of the interaction
between the solar wind and the ionosphere. This joint British!
American project is expected to produce a wealth of new in-
formation about how the Earth responds to its space environ-
ment.

The authors would like to thank the staff of the Air Force
Geophysics Laboratory High-Latitude Ionospheric Observa-
tory at Goose Bay, Labrador, for their help in the operation of
the Goose Bay radar, and the Ionospheric Branch of the Air
Force Geophysics Laboratory for permission and support in
operating the Goose Bay field site. Thanks are also extended
to the personnel of the British Antarctic Survey and in partic-
ular to J.R. Dudeney, M. Pinnock, N. Mattin, and J.M. Leon -
ard. The authors also wish to express their appreciation to R.P.

Lepping for providing the solar wind data from the IMP-8
satellite.
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Hydromagnetic-band magnetic
variations

observed in conjugate
regions—South Pole and Iqaluit
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Variations in the Earth's magnetic field in the hydromagnetic
frequency range approximately 0.022-0.1 hertz have been mea-
sured at the conjugate sites of Iqaluit (Frobisher Bay), North-
west Territories, Canada, and the geographic South Pole
Antarctica (L 14). The characteristics of Earth's hydromag-
netic waves are dictated by the magnetosphere's plasma struc-
ture and by processes occurring within it and in the

interplanetary medium. Monitoring these waves with ground-
based and/or space-borne sensors facilitates study and under-
standing of the magnetosphere's interaction with the solar
wind.

Hydromagnetic waves in the frequency range approximately
0.022-0.1 hertz (commonly denoted the 'Tc3 band") are ob-
served in all magnetospheric regions, including those at high
latitudes (Engebretsen et al. 1986; Slawinski et al. 1988) as well
as upstream of the Earth's bow shock in the solar wind (Yu-
moto 1986; Russell et al. 1971). While the energy source for
such waves is in the solar wind, it remains unclear precisely
how the energy enters the magnetosphere and produces dis-
tinct frequency waves.

Two possible models are generally invoked for this energy
transfer. The first of these uses surface waves on the mag-
netopause driven by the solar wind excitation of the Kelvin-
Helmholtz instablility. The other uses waves that are produced
upstream of the bow shock by ion cyclotron resonance in the
ion foreshock region.

Ground-based magnetic field data are acquired at South Pole
Station, Antarctica, and at Iqaluit, Northwest Territories, Can-
ada, in the conjugate region using three-axis fluxgate mag-
netometers interfaced to digital data acquisition systems
(Lanzerotti, Medford, and Rosenberg 1982); local time at the
stations is universal time minus 4 hours. A low pass filter is
applied to the sampled 1-second South Pole data prior to de-
cimation to 10-second samples. Ten-second values of the H-
component field (north-south variations) acquired during local
daytime hours (10-21 universal time) over the intervals 15
August to 16 December 1985 and 29 December 1985 to 16 Jan-
uary 1986 are used (Slawinski et al. 1988). Five-second values
of the Iqaluit H-component data acquired over the intervals 16
July to 11 September 1985, 12 October to 31 December 1985,
and 15 January to February 1986 are also used for the present
statistical study.
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