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Coordinated auroral absorption observations at
South Pole Station and AGO-P2

T.J. ROSENBERG and D.L. DETRICK, Institute for Physical Science and Technology, University of Maryland, College Park,
Maryland 20742-2431

A
described  in Rosenberg and Doolittle (Antarctic Journal,

n  this issue), the combination of automatic geophysical
observatories (AGO5) and manned stations in Antarctica is
intended to facilitate studies of the polar upper atmosphere.
In particular, simultaneous observations with essentially sim-
ilar instrumentation at all sites will enable the separation of
spatial and temporal effects and will provide the means to fol-
low the evolution, progression, and decay of geophysical phe-
nomena over great distances. The first opportunity to carry
out such investigations involves the use of data from AGO-P2
and South Pole Station.

Doolittle and Mende (Antarctic Journal, in this issue) pre-
sented simultaneous all-sky images of Sun-aligned polar cap
arcs evident in the 630.0-nanometer (nm) emission of atomic
oxygen. The absence of 427.8-nm emission from ionized mol-
ecular nitrogen indicates that this auroral feature is due to the
precipitation of electrons with less than 1 kilo electronvolt
energy. South Pole Station and P2 were situated inside the
polar cap near magnetic midnight at the time. A time
sequence of all-sky images showed that the arcs were drifting
anti-Sunward, moving equatorward across the fields of view
of first the South Pole and then the AGO.

Concurrent observations made with an imaging riometer
at each site show substantial localized absorption of the 38.2-
megahertz (MHz) cosmic-noise background in association
with the polar cap arcs. Absorption images presented in figure
1 for South Pole Station (left) show a coherent feature that
enters the South Pole field of view at about 0358:20 universal
time (UT) near the poleward edge and progresses equator-
ward, eventually leaving the field of view at the equatorward
edge around 0403 UT, all the while remaining in the western
sector. The absorption images for P2 (figure 1, right) show
that a coherent feature, also confined to the western sector,
enters the P2 field of view near its poleward edge at about
0403 UT and similarly progresses equatorward, eventually
leaving the field of view at 0407 UT. Details of the time history
of the absorption at South Pole Station (figure 2) and at P2

(figure 3) clearly show the equatorward- drifting features in
the western sectors of the fields of view.

The overall fields of view of the imaging riometers at
South Pole Station (49-beam system) and at P2 (16-beam sys-
tem) are approximately the same, although the spatial resolu-
tions differ [compare the P2 ionospheric projection pattern in
Detrick and Lutz (Antarctic Journal, in this issue) with the
South Pole pattern in Detrick and Rosenberg (1988, 1990)].
Using these projection patterns and assuming an effective
height for the absorption layer, one can obtain the drift
speeds of the arcs as they transit the respective fields of view.
In the present instance, however, an average drift speed,
independent of the altitude of the absorption, can be
obtained because the feature has been tracked between South
Pole Station and P2. Thus, from figures 2 and 3 and using the
times of absorption peaks, we obtain a time of 330 seconds for
the features to move between South Pole Station and P2, a
distance of 480 kilometers (km). This is equivalent to a drift
speed of about 1.5 kilometers per second (km sec-1).

We can now estimate the height of the absorbing layer at
South Pole Station and at P2, assuming that this speed also
applies to the drift of the feature across the South Pole Station
and P2 fields of view. We will skip the details of the calcula-
tions and simply note that we obtained a height of 205 km for
the absorbing layer near South Pole Station and 130 km for
the height of the absorbing layer near P2. A plausible explana-
tion for the decrease of the layer height is that the precipita-
tion associated with the Sun-aligned arc hardens with
decreasing latitude as the features drift across the polar cap
toward the auroral oval.

The heights obtained for the absorbing layers are in the F
region and upper-E region, in both cases well above the alti-
tude typically associated with auroral absorption (90 km, in
the D region). Previous work (Stauning 1984; Rosenberg et al.
1993; Wang et al. 1994) has established that F- and E-region
absorption can predominate under suitable circumstances. It
is interesting to note that the absence of any appreciable

ANTARCTIC JOURNAL - REVIEW 1994
352



, pm	 L Ek '' , I M" ^ M.,

OW

	I	

, i

 

...........	 A wl.'L

1V1L! -

0.5

0.0

	

( 3. 3)	 ( 3, 1)	 ( 3,-i)	( 3-3)

	

3)	 i) 
1	(-i-1)

1	 1	'1	1

	

(-3. 3)	 (-3. 1)	 (-3,-i)	 (-3.-3)

0.5

ME

UT 
South Pole IRIS, Day 147, 27 May, 1993

1! r—
03551	 H

dB[-1
0356HPj 

0.5

0357	
1:1 	0.25

0359

0401 EZI:11_10F]

UT 
AGO/P2 IRIS, Day 147, 27 May, 1993

0400 F	d1l

0.5

0402'Ifl 0.25

0403

0404

0405[j5jftj

0402	 0407 E, L] D 7 7 7
0403flfl	 0408Efl

0404	 0409 L F1 F^ F 71 17
Figure 1. Absorption images spaced 10 seconds apart obtained by the imaging riometers at South Pole
Station (left) and at AGO-P2 (right). Each frame has the magnetic pole toward the top of the frame, and
west is to the left as looked at from below.
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Figure 2. Time profiles of absorption for each beam of the imaging Figure 3. Time profiles of absorption for each beam of the imaging
riometer at South Pole Station in the interval 0355-0405 UT. The (x,y) riometer at AGO-P2 in the interval 0400-0410 UT. The equatorward-
designates row (x) and column (y). The equatorward-drifting Sun- drifting Sun-aligned arc is evident in columns 1 and 3 to the west. (dB
aligned arc (the arrow in the compass wheel points in the direction of denotes decibel. PENGUIn denotes polar experiment network for geo-
the Sun at 0400 UT) is evident in columns 1 and 2 to the west. (dB physical upper-atmosphere investigations. IRIS denotes imaging
denotes decibel. IRIS denotes imaging riometer for ionospheric studies.)	riometer for ionospheric studies.)
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emission of 427.8-nm auroral light at either South Pole Sta-
tion or P2 in this event is consistent with these estimates of
absorption height.

The analysis presented here and in Doolittle and Mende
(Antarctic Journal, in this issue) of a Sun-aligned arc observed
at two locations using different imaging techniques offers a
glimpse of how the data from multiple, spaced instruments in
the AGO/manned station framework will help to clarify the
interpretation of polar upper atmosphere phenomena.

We wish to thank the 1993 winter crew of South Pole Sta-
tion and the AGO deployment team. This work was supported
by National Science Foundation grants OPP 89-18689 and
OPP 91-19753.
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The 16-beam phased-array radiowave imager for studies of
cosmic noise absorption at U.S. AGO sites

D.L. DETRICK and L.F. LUTZ, Institute for Physical Science and Technology, University of Maryland, College Park,
Maryland 20742-2431

A
significant improvement in the riometer technique for
examining cosmic noise absorption was made with the

installation of a 49-beam phased array riometer system at
South Pole Station, Antarctica (invariant latitude -74°) in
January 1988 (Detrick and Rosenberg 1988, 1990). Since this
initial deployment, the University of Maryland has installed
identical 49-beam systems at Sondre Stromfjord, Greenland
(geographic 67°N 306.28°E, invariant latitude +74°), and
Iqaluit, Northwest Territories, Canada (geographic 67°N
306.280E, invariant latitude +74 0). The use of antenna arrays
producing multiple narrow beams is necessary to examine
the spatial scale of regions of energetic electron precipita-
tion that are coincident with cosmic radio noise absorption
activity and to resolve time development from spatial
motion.

This 64-element, phased-array system, however, requires
considerable effort in the field installation and a large record-
ed data capacity—on the order of 1 megabyte per day. When
the spatial and time resolutions can be compromised, a
smaller array makes the construction and installation of the
system much easier and imposes less burden on the data-
acquisition facilities. We will discuss some of the general fea-
tures of a 16-beam imaging riometer that differ from those of
the larger system. Primary design constraints included the
requirement for rapid and simple field installation, as well as
low-power operation and low data-sampling rate.

Design features of the 16-beam IRIS (imaging riometer
for ionospheric studies) system are shown in table 1. This sys-
tem is used in conjunction with the network of automatic
geophysical observatories (AGOs), which are being installed
on the antarctic plateau (Rosenberg and Doolittle, Antarctic
Journal, in this issue). The operating frequency and physical
details of the antenna design are the same as the 64-element
phased array. Like the 49-beam IRIS, the 16-beam system
uses the Butler matrix for beamforming. As described by Det-
rick and Rosenberg (1990), the 49-beam phasing matrix pro-
duces beaming in two dimensions by physically orienting

Table I. 16-beam PENGUIN IRIS features

•	38.2-megahertz operating frequency
•	16-antenna phased array
•	Circularly polarized dipole (turnstile)
•	16-beam Butler matrix phasing
•	27-degree full -3-decibel beamwidth
•	200-square-kilometer ionospheric viewing area
•	45-kilometer beam projection dimension
•	12-second image scan, all 16 beams
•	Dual riometers
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