
signal entering the ionosphere was approximately 5 watts. Even
though the lower ionosphere severely attenuated the transmit-
ted signal, the remaining signal was still large enough to be
amplified and to produce wave-particle interactions.

We thank Don Carpenter and John Katsufrakis for their scien-
tific support at Siple Station. David Matthews was the project
scientist for the sounding rocket campaign. Analysis of data
from the sounding rockets is supported by National Science
Foundation grant DPP 80-23968.
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Within the last 2 years, 30-megahertz riometers have been
installed at the four Bell Laboratories/University of Maryland
magnetometer stations in the region of North America (Eastern
Canada and Northeastern United States) conjugate to Siple
Station. In addition, a 20-megahertz riometer has been installed
at the most northern station (Girardville, Quebec), and a 50-
megahertz riometer at the next highest latitude station
(LaTuque, Quebec). The locations of the Northern Hemisphere
stations are shown in figure 1, together with nominal Siple
conjugate points as calculated from three separate magne-
tosphere models. Data have been obtained almost continuously
at all of the stations during 1980 and 1981.

The scientific research associated with the magnetic field and
the 30-megahertz riometer measurements at Siple Station has
concentrated on the relationships between particle precipitation
as measured by the riometer and simultaneous magnetic field
variations. The high sensitivity of both the magnetometer and
the riometer instruments provides an excellent opportunity for
studying fast-time variations of low-level changes in particle
precipitation and magnetic field variations that occur in op-
posite hemispheres.

A major recent finding has been the discovery of the genera-
tion of hydromagnetic waves by sudden changes in the con-
ductivity of the ionosphere produced by solar flare X-rays
(Rosenberg, Morris, and Lanzerotti 1981). This discovery is ex-
tremely important in that it has established an additional meth-
od for generating ultra-low-frequency waves in the cosmic plas-
ma comprising the Earth's magnetosphere.

Another important set of observations has been obtained
concerning the "global" scale of impulsive particle precipitation

and concurrent magnetic field variations in conjugate regions.
The impulsive riometer variations (measuring impulsive parti-
cle precipitation from the magnetosphere into the upper at-
mosphere) have been observed at Siple to be associated at times
with pulses in optical instrumentation (Arnoldy et al. in prepa-
ration). Often, the magnetic field variations accompanying the

10W	 50W	O°W	50E

Figure 1. Locations of Northern Hemisphere magnetometer-riome-
ter stations (solid circles) and Siple conjugate points (open circles)
calculated from three different magnetic field models. The station
locations are: Glrardvllie, Quebec (Gv), LaTuque, Quebec (LT),
Pittsburg, New Hampshire (PB), and Durham, New Hampshire (Du).
The magnetic field models are: Polar Orbiting Geophysical Observa-
tory 1969 model (PoGo'69), International Geomagnetic Reference
Field (IGRF), and Barish and Roederer model (BR). L = particle drift
shell parameter.
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Figure 2. Magnetic field and rlometer variations for a 10-minute Interval on 1 June 1980. The magnetic field data have been filtered In the band
5-30 seconds. SI = SIple; nT = nanotesla; db = decibel; see figure 1 for explanation of other abbreviations.

riometer variations have a predominant east-west component;
the time profile of the magnetic variations often tracks the time
dependence of the precipitation pulse as recorded by the riome-
ter. The magnetometer and nometer data at Siple, together with
the latitudinal array of stations in the Northern Hemisphere,
has given us a good understanding of the spatial extent of these
particle precipitation phenomena at subauroral latitudes.

Examples of the magnetic field and riometer variations are
shown in figure 2. Plotted at the bottom of both panels of this
figure are the 30-megahertz riometer data measured at Siple
station for a 10-minute interval (1350-1400 universal time) on 1
June 1980. The sharp onsets of the increases in the absorption of
cosmic noise, followed by the slow decreases, are seen
throughout the interval.

In the left panel of figure 2 are plotted the H-component
(north-south) magnetic variations measured at Siple (top trace)
and the Northern Hemisphere stations, from highest to lowest
latitude in descending order. In the right panel of the figure are
plotted the D-component (east-west) magnetic variations from
the same stations. The magnetic field data have been filtered in

the band 5-30 seconds. The magnetic field variations at Siple are
seen to occur primarily in the east-west component of the mag-
netic field. In the Northern Hemisphere, the magnetic field
impulses also appear primarily in the east-west component, but
out of phase with the Southern Hemisphere variations. Some
evidence of variations in the north-south component occasion-
ally is obvious in the Northern Hemisphere data as well.

There is evidence of magnetic field variations at least as far
south as Pittsburg, New Hampshire (particle drift shell
parameter, L, approximately 3.5). Thus, the impulsive pre-
cipitation resulting in magnetic field changes is a rather wide-
spread geomagnetic phenomenon, although data for locations
farther north than Girardville (L approximatey 4.4) are not
available.

The impulsive magnetic field changes and particle precipita-
tion occurred during moderate geomagnetic activity and per-
sisted for more than 4 hours during local morning. The H- and
D-component magnetic field variations as well as the riometer
signals for an 8-hour interval (0800-1600 universal time) on 1
June are shown in figure 3. The period during which particle
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Figure 3. Magnetic field and riometer variations for an 8-hour interval on 1 June 1980, showing the level of geomagnetic activity during the
Impulsive precipitation events. The left panel shows the north-south (H) component variations, the middle panel the east-west (D) component
variations, and the right panel the riometer (A) variations. SI = Sipie; nT = nanotesia; dB = decibel; see figure 1 for explanation of other
abbreviations.

precipitation and magnetic field variations similar to those in
figure 2 occurred are indicated by the horizontal bars. The
magnetic field at subauroral latitudes was disturbed at this time,
and enhanced particle precipitation, as evidenced by the en-
hanced absorption of cosmic noise by about 2 decibels, was seen
at Siple and over the two most northern conjugate stations.

In summary, the Siple magnetic field and nometer data,
together with data from the conjugate hemisphere, illustrate
new aspects of particle precipitation and magnetic field fluctua-
tion phenomena at subauroral latitudes. Further study of these
data and similar data obtained on other days will provide new
insights into the nature of magnetosphere particle precipitation
phenomena.

Logistics support for the Bell Laboratories work at Siple Sta-
tion was provided by the National Science Foundation, Division

of Polar Programs. The work at the University of Maryland is
supported by National Science Foundation grants DPP 80-12901
and ATM 80-06496.
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As part of a continuing investigation of ultra-low-frequency
variations in the Earth's magnetic field, we have investigated a
class of irregular magnetic pulsations known as Pi 1 (frequencies
in the range .025-1 hertz) using the search coil detector at Siple
Station (geographic coordinates, 76°S 84°W).

Although Pi 1 pulsations have been studied for decades with
magnetometers of the type employed in this study, the Siple
search coil magnetometer has the twin advantages of (1) highly
accurate 12-bit digital recording and (2) high time resolution of
20 vector samples per second. This instrumentation has allowed
us to observe clearly and quite frequently a class of asymmetric
pulsations during geomagnetically disturbed periods.

Shown in figure 1 are normal- (inset) and high-resolution
plots of typical but rather "clean" asymmetric pulsations ob-
served during a sustained Pi 1 event on 10 June 1980. The high-
amplitude peaks near 80 and 120 seconds in the X (north-south)
component appear much more symmetrical in the low-resolu-
tion plot than when plotted at full 20 points per second
resolution.
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