
Riometers
PIN diodesa

Altera EPLDb
Microcontroller

2	12 volts	80 milliamperes
16 (on)	5 volts,	3 milliamperes

	

-12 volts	(on)
1	5 volts	50 milliamperes
1	5 volts	100 milliamperes

2.0
0.25

0.25
0.5

away from the zenith occurs; the ionospheric length of
the projection is dependent on the zenith angle of the	Table 2. 16-Beam PENGUIN IRIS power budget
beam, as described in Detrick and Rosenberg (1990,
equation 4).	 ComponentQuantity	Voltage	Current 1C

The receiver's integration time constant is 20 msec;	I
after a 100-msec delay for settling, the signal is integrat-
ed for 550 msec. The receiver intermediate frequency
bandwidth of 200 kilohertz (KHz) then limits the sensi-
tivity of the IRIS riometer to approximately 0.02 dB. The
12-bit analog-to-digital-converter (ADC) produces 24
bytes of storage for one complete scan of the 16 beams
for each riometer. Including both the riometer data and
four housekeeping samples, data are recorded at a 5-Hz
rate, so that 432,000 bytes of mass storage are required
per day; the capacity required for 1 year is about 158
megabytes.

The power requirements for the antenna/phasing
system are minimal. The designed total electrical power
budget for the system is shown in table 2. In operation, the
system typically consumes about 4.8 watts, with occasion-
al increases to 6.7 watts when the internal heaters activate
to bring the interior temperature to the designed operating
temperature of -10°C.

The initial results from the first AGO deployment are
shown in an accompanying paper (Detrick and Rosenberg,
Antarctic Journal, in this issue).

We gratefully acknowledge the efforts of the AGO field
support crews, comprising J.H. Doolittle, M.A. Anderson, E.W.
Paschal, W.J. Trabucco, M.L. Trimpi, and A.T. Weatherwax, in
deploying and servicing the polar experiment network for
geophysical upper-atmosphere investigation (PENGUIN)
instruments in 1992 and 1993. This research was supported
by National Science Foundation grant OPP 89-18689.

	

Total electrical power:	3.0

	

DC-DC converter loss @ 76% efficiency:	1.0

	

Supplementary heaters:	3.0

	

Total power consumption:	7.0
watts
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Initial results from the PENGUIN imaging riometer at AGO-P2
D.L. DETRICK and T.J. ROSENBERG, Institute for Physical Science and Technology, University of Maryland, College Park,

Maryland 20742-2431

p
ENGUIN (the polar experiment network for geophysical
upper-atmosphere investigations) represents the science

programs associated with the automatic geophysical observa-
tories (AGOs) deployed on the antarctic plateau by the Lock-
heed Palo Alto Research Laboratory for the National Science
Foundation (Rosenberg and Doolittle, Antarctic Journal of the
U.S., in this issue). The first AGO was installed in December
1992 at geographic (invariant geomagnetic) coordinates
85.7°S 46.4°W (70.0°S 18.6°E, Mcllwain L-value approximately
8.5); this site, which has been designated P2, was the first of
six planned AGO installations to be deployed.

The PENGUIN program studies the upper atmosphere
using a variety of instruments that provide information for
the analysis and interpretation of phenomena that affect the

Earth's near-space environment. The PENGUIN upper
atmosphere observatory includes a 3-axis search-coil magne-
tometer (Tohoko University of Sendai, Japan), a 3-axis flux-
gate magnetometer (AT&T Bell Laboratories), a very-low-fre-
quency (VLF) radiowave receiver (Stanford University), a low-
frequency to high-frequency (LF-HF) radiowave scanner
(Dartmouth College), a 630/427.8-nanometer (nm) dual-
channel all-sky-camera (Lockheed), and a 16-beam imaging
riometer (University of Maryland).

The riometer (relative ionospheric opacity meter) is an
instrument that measures the opacity of the Earth's atmos-
phere to cosmic radio noise, which is used as a constant back-
ground against which small changes in the electron density of
the ionosphere can be examined. The ionospheric plasma
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attenuates HF radiowave energy that passes through it, so the
riometer operates at frequencies particularly susceptible to
this attenuation, in the range of 20 to 50 megahertz (MHz).

The electron-density changes that the riometer examines
are primarily due to the precipitation of energetic electrons
from the magnetosphere into the atmosphere. The riometer is
most sensitive to incident electrons that deposit energy at 55
kilometers (km) altitude; an electron needs energy on the
order of 1 million electronvolts (MeV) to reach this low in the
atmosphere. The sensitivity of the riometer, however, enables
it to measure the effects of electrons below 10 kiloelectronvolts
(keV) energy, corresponding to altitudes above 110 km. The
auroral precipitation events of most interest to riometry gen-
erally have electron energies in
the few tens of kiloelectronvolts,
so the most significant effects
occur near 90 km altitude.

The imaging riometer pro-I

L
vides good spatial and temporal 
resolution for examining aurora!	 I I I

precipitation events. It comple-
ments the optical all-sky-cam-
era and operates year-round
since it is not affected by sun-	 T jI II

light and cloud cover. The lower

was replenished, and Lockheed personnel retrieved the data
that had been recorded since the initial installation. To evalu-
ate the performance of the AGO/PENGUIN installation, all
PENGUIN experimenters were provided with data from 23 to
31 May 1993. This 9-day period was very quiet geomagmati-
cally until 27 May, when the magnetic activity began to
increase, peaking at a K level of 4+ on 28 May (see Mayaud
1980, for discussion of the derivation and significance of the
magnetic K, index). The largest event observed with the imag-
ing riometer occurred near 0200 UT (universal time) on 29
May, reaching a level of over 2.25 dB (decibels) absorption at
38.2 MHz. Although this was the largest absorption event in
the 9-day interval, absorption was measurable on every day in

spatial resolution permits it to
operate with higher time resolu-
tion than the all-sky-camera
without taxing the data record-
ing capability of the AGO.

The auroral optical emis-
sion at 427.8 nm is linearly pro-
portional to the energy deposi-
tion in the E-region ionosphere.
The electron density, and conse-
quently the riometer absorption,
varies with the square root of
the energy deposition, so that
these two measurements are
complementary. Recent obser-
vations of correlation between
630-nm emissions and drifting
F-region electron-density patch-
es have correlated as well with
measurement of riometer "ab-
sorption" in the absence of e-
mission at 427.8 nm, suggesting
that F-region processes may be
significant in riometer measure-
ments (Rosenberg et al. 1993;
Wang et al. 1994). With the pro-
liferation of AGO observatories
across the antarctic plateau,
these processes can be exam-
ined in greater detail.

During the 1993-1994 aus-
tral summer, the AGO at site P2
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Figure 1. Imaging riometer absorption record for the period 23 May to 31 May 1993. (IRIS denotes
imaging riometer for ionospheric studies; dB denotes decibels absorption; UT denotes universal time;
W denotes magnetic west; N denotes magnetic north.)
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the interval; the resolution of the PENGUIN imaging
riometer is about 0.05 dB.

Figure 1 shows the absorption activity for the entire
period in a sequence of time series plots. Each panel in
the figure shows the peak absorption over a region of the
ionosphere encompassed by 4 of the 16 beams in the
array. The four beams used for each panel are represent-
ed in the small box inside the panel; the orientation of the
box in magnetic coordinates is shown by the W (west)
and N (north; equatorward) symbols outside the box.
This type of plot is effective in summarizing activity over
a long period (9 days in this example) and can be used to
develop a sense of the spatial extent of the absorption.
Details about the time development of a particular event,
however, are lost in this presentation.

The value of the imaging riometer in resolving spa-
tial/temporal effects in auroral electron precipitation
events is shown well in figure 2, from 29 May 1993. This
20-minute plot shows the development of three distinct
precipitation events that represent the absorption spikes
near 0200 UT that were noted earlier in the discussion of figure
1. Each row of panels contains twelve 10-second images of the
absorption activity in the ionosphere; the time resolution of
the PENGUIN imaging riometer for ionospheric studies (IRIS)
(Detrick and Lutz, Antarctic Journal of the U.S., in this issue) is
6 seconds. The orientation of the images is from the perspec-
tive of an observer looking up at the ionosphere from below.
The UT time to the left of each row of images identifies the
starting time of the data in the leftmost panel, and time
advances by 10-second increments for each successive image
to the right.

The first event in this sequence appeared on the equator-
ward horizon (about 1',° in latitude equatorward of P2, since
these events are likely to be due to D- and E-region iono-
spheric absorption), just before 0147 UT. The activity begins
somewhat eastward of magnetic north on the horizon, then
the event moves rapidly from eastward/equatorward to the
westward/poleward, moving beyond the poleward horizon by
0150 UT. In the space of 3 minutes or so, the ionospheric sig-
nature of the electron precipitation event has moved a dis-
tance of some 250-300 km, corresponding to a speed of about
1,500 m per second.

The second event behaved similarly, although it attained
a larger absorption level and moved at about half the speed of
the earlier event. The third event in the sequence developed
from the eastward/poleward corner of the field of view and
moved rapidly equatorward, covering almost the entire field
of view from about 0200 to just after 0201 UT, before it reced-

UT
	IRIS, Day 149, 29 Nay, 1993
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ed westward and disappeared off the poleward horizon by
0203 UT.

Analysis of the riometer data in conjunction with the other
PENGUIN instruments will be valuable for understanding the
physical processes that occur in the terrestrial magnetosphere.

We gratefully acknowledge the efforts of the AGO field
support crews, comprising J.H. Doolittle, M.A. Anderson, E.W.
Paschal, W.J. Trabucco, M.L. Trimpi, and A.T. Weatherwax, in
deploying and servicing the PENGUIN instruments in 1992
and 1993. This research was supported by National Science
Foundation grant OPP 89-18689.
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Figure 2. Absorption images of three rapidly moving events on 29 May
1993. (dB denotes decibels absorption; UT denotes universal time.)
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