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Auroral absorption of cosmic radio noise is produced by
changes in the electron density of the ionosphere, caused by
the precipitation of energetic (> 10 kiloelectronvolt) electrons
from the Earth's magnetosphere. Historically, riometry has
been a very simple experiment, since it was necessary to have
only an antenna which would produce a circular broad-beam
pattern, a riometer receiver, and a recording device. Even with
such a simple system, it was possible to infer limited infor-
mation about the spatial scale of precipitation structures in the
ionosphere, if data from two or more frequencies were ex-
amined simultaneously, but any fine detail would be averaged
by the broad-beam antenna (e.g., Hargreaves, Chivers, and
Nielson 1979; Imhof et al. 1984; Rosenberg et al. 1987).

A natural progression in sophistication led to multiple-beam
systems, comprising phased antennas which produced fixed,
narrow beams (e.g., Nielsen and Axford 1977; Nielson 1980;
Nielsen et al. 1987), or a single beam which was swept in a
linear path across the radio sky (Kikuchi, Yamagishi, and Sato
1988).

The next logical step in riometry has been taken with the
installation of a full imaging system at South Pole Station dur-
ing the 1987-1988 austral summer. The imaging riometer for
ionospheric studies (IRIS) experiment examines the radio sky
with 49 independent beams, which are sampled every second.
This enables auroral activity to be examined continuously from
a ground-based station, with an unprecedented time resolu-
tion and with a spatial detail unique in riometry.

Hardware. The main components of IRIS are the antenna
array, the phasing/receiver system, and the data-recording sys-
tem. The IRIS antenna is a square array of 64 circularly polar-
ized crossed-dipole (turnstile) antennas. The dipoles are oriented
parallel to the surface, and lie in a plane a quarter-wavelength
above a metal ground plane; the horizontal separation of the
elements is one-half wavelength. The ground plane consists
of parallel rows of poultry netting (chicken wire), connected
electrically at eighth-wavelength intervals. The IRIS system
operates at 38.2 megahertz, so the antenna array covers a square
4.5 wavelengths, or about 35 meters on a side; the dipole
element plane is about 2 meters above the ground plane, which
affords a convenient height for assembling the array. A portion
of the IRIS antenna is shown in figure 1.

The signals from the dipoles are combined in a sophisticated
complex of 15 Butler matrices; these matrices provide the elec-
trical phasing to produce 49 independent beams in a 7 x 7
square array, covering the radio sky out to about 50 degrees
along the principal axes of the antenna, and to about 80 degrees
along the diagonal directions. The full —3 decibel beamwidth
of the zenithal beam is about 12 degrees, which projects to a
20-kilometer circle at 90 kilometers altitude; the complete io-
nospheric projection of the array is shown in figure 2. The
dashed circle in the figure is the projection of the —3 decibel
locus of a broad-beam antenna; the improvement in spatial
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Figure 1. A partial view of the IRIS antenna array at South Pole
Station. The coax cables from the dipole elements connect to the
phasing/receiver box, buried in the center of the array. The ground
plane mesh, and interconnecting plates are evident in the fore-
ground.

resolution of the IRIS antenna over a broad-beam antenna is
seen to be about ten-to-one, and the ionospheric coverage is
improved significantly.

The signals from seven beams are multiplexed into one of
seven riometer receivers at a rate of seven times a second, so
that the receivers sample all 49 beams every second. The phas-
ing system and riometer receivers are housed in an insulated
vault located at the center of the antenna array; internal heaters
keep the electronics at room temperature. The data are trans-
mitted by cable to the station, located 1 kilometer away, and
recorded on digital magnetic tape by a dedicated microcom-
puter system. The returned data are displayed on a video
monitor, both as voltages, and as a gray-scale image of the
radio sky. Software was provided for preparing IRIS data files
for transmission back to Maryland over the ATS-3 satellite.

Results. About 1 month of continuous, full-time resolution
data were retrieved from the station before closing for the
winter, and data from short intervals of particular interest are
received periodically over the satellite system. As expected,
much of the auroral absorption activity examined with the
imaging system is of limited spatial extent, sometimes occur-
ring in only a single beam; simultaneous broad-beam absorp-
tion data, although often near the limit of the resolution of the
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instrument, verify that precipitation is indeed occurring at these
times, and additional support is provided by other instru-
mentation at the station.

The range of structures and motions of precipitation regions
is too varied to describe here. Instead, we present a single
example of a relatively simple structure. The panels shown in
figure 3a are images produced 10 seconds apart, proceeding
sequentially from left-to-right and top-to-bottom, beginning at
1840 universal time on 15 January 1988. Each image is of io-
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Figure 2. The projection of the —3 decibel contours of the 49 IRIS
beams onto the ionosphere at 90 kilometers altitude. The dashed
circle in the center of the image represents the viewing area of a
conventional broad-beam antenna. (km denotes kilometers.)

South Pole IRIS, 15 January, 1988
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nospheric absorption seen from the ground: the direction of
the south magnetic pole is toward the top of the image, the
magnetic equator is to the bottom, east is to the right, and
west to the left. The projection is onto a flat ionosphere, so
the image displayed represents a square region of the ionos-
phere 200 kilometers on a side, at 90 kilometers altitude. Local
magnetic noon at South Pole Station is near 1530 universal
time.

Starting shortly before 1840, a faint arc appeared slightly to
the west of zenith, extending from the equatorward limit of
the antenna, to the poleward limit. Part of the arc brightened
significantly within a few tens of seconds after 1840:40 and
moved quickly over the station, disappearing off the poleward
edge of the antenna after about 1842:30; the peak absorption
during the event reached 1.6 decibels at 1841:30. The bright
arc was oriented perpendicular to the Sun-Earth line, which
at the time was collinear with the diagonal running from the
lower left corner (direction of the Sun) to the upper right corner
of the image. As the precipitation moved overhead of the an-
tenna, the bright region traveled along the arc, from the equa-
torward edge of the sky to the poleward edge.

The data from a broad-beam 38.2 megahertz riometer, and
3-axis fluxgate magnetometer are shown in figure 3b, covering
the interval from 1820 to 1850 universal time. The broad-beam
absorption reached a peak of 0.4 decibels at 1841. Examination
of the broad-beam riometer record provides only a time history
of the precipitation event; since there is no correlation of spatial
location or extent with the temporal record, the dynamics of
the event can only be inferred, and may be misleading. Like-
wise, the magnetometer record reflects the time history of
ionospheric currents, with the same limits on uncertainty of
the dynamics of the current systems. These uncertainties could
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Figure 3. A. Ten-second IRIS images of a riometer absorption event at South Pole. The panels are sequential in time, from left-to-right in
each 1-minute row. The time to the left of each row is in universal time. B. A 30-minute plot of the broadbeam 38.2 megahertz riometer
signal at South Pole, and the 3-axis fluxgate magnetometer data. The IRIS data shown in figure 3 correspond to the 5-minute section
beginning at 1840 UT. (UT denotes universal time; MHz denotes megahertz; nT denotes nanotesla.)
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only be resolved in the past with the spatial information pro-
vided by optical imagery of auroral activity. Unfortunately,
optical data at auroral latitudes becomes sparse or nonexistent
during local summer, and is affected by clouds and moonlight
even during the winter. Although the spatial resolution of the
IRIS is inferior to optical systems, the time resolution is far
superior, and in addition, the riometer can operate year-round,
unaffected by clouds or extraneous light. We expect the im-
aging riometer data to be of significant value in understanding
the dynamics of magnetospheric and ionospheric processes.

The IRIS project from design to installation was supported
by National Science Foundation grant DPP 84-19272. The field
installation was performed by D.L. Detrick, L.F. Lutz, T.J.
Rosenberg, and Q. Wu. The team arrived at South Pole Station
on 21 December 1987; the antenna was installed and operating
on 2 January 1988, without a ground plane. The ground plane
was installed on 4 and 5 January. Operation and maintenance
of the instrument, as well as data processing and analysis, are
being supported by National Science Foundation grant DPP
86-10061.

The successful completion of the IRIS hardware project re-
quired the assistance of many people. The design parameters
evolved from valuable discussions with J. K. Hargreaves, W. C.
Erickson, L.F. Lutz, and H.J.A. Chivers; the hardware itself
was fabricated the the Electronic Development Group of the
University of Maryland Physics Department, with especially
useful contributions from J . Giganti and E. Knouse; initial anal-
ysis has benefited from the contributions of S. Krishnaswamy
and J.K. Hargreaves.

During the 1988 austral winter, Ed Wollack at South Pole
Station, and Brian Christensen at McMurdo Station (both of
Bartol Research Institute) will maintain the University of Mary-
land equipment at the respective stations. We appreciate the
assistance of Shep Doeleman at McMurdo, and Barry Goldberg

at South Pole (both of Bartol Research Institute) during the
1987 winter season. The ATS-3 satellite system is operated by
Paul Eden, of the University of Miami; we gratefully acknowl -
edge his assistance.

The magnetometer data used in figure 3b were acquired with
the assistance of L.J. Lanzerotti, AT&T Bell Laboratories, Mur-
ray Hill, New Jersey.
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There is relatively little published information about ener-
getic (x 20 kiloelectronvolt) electron precipitation in the high-
latitude dayside auroral zone. The emphasis in statistical stud-

ies has been on energies of 20 kiloelectronvolts or less (e.g.,
Hardy, Gussenhoven, and Holeman 1985). We will present
data which suggest that energetic electron precipitation is a
significant phenomenon even at invariant (i.e., magnetic) lat-
itudes as high as 75°, the invariant latitude of South Pole Sta-
tion. Between 15 December 1985 and 16 January 1986, the
University of Houston and the University of Maryland used
balloon-borne sensors to measure bremsstrahlung X-rays (from
precipitating electrons) and electric fields at South Pole Station.
In this paper, we present bremsstrahlung data for 2 and 3
January 1986 (Matthews et al. 1988).

On the dayside under quiet conditions, South Pole Station
is well equatorward of the cusp and may even be equatorward
of the auroral oval. Under magnetically active conditions, how-
ever, the cusp moves equatorward, often to 75° invariant or
even lower; thus at one time or another on the dayside the
station may be in the auroral oval, in the cusp, or in the polar
cap.

As these very different plasma and field regions pass over
the station, electrons precipitated on the station field line can
be expected to exhibit an extreme range of characteristic ener-
gies, from tens of electronvolts up to (as we shall show here)
hundreds of kiloelectronvolts. Likewise, magnetospheric and
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