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Figure 2. Perturbation of the Siple Station transmitter signal ob-
served at South Pole Station: (a) Spectrogram showing frequency
versus time with amplitude shown by darkness; (b) Amplitude of the
subionospheric Siple transmitter signal received at South Pole; (c)
Amplitude of very-low-frequency noise In the band 0.7-1.3 kilohertz.
Both (b) and (c) were integrated with a 0.3-second time constant.
("1i.V/m" denotes microvolts per meter; "kHz" denotes kilohertz;
is 	denotes universal time.)

and shorter rise times, possibly indicating that most of the
available particles were precipitated by the first noise burst.

Figure 2 shows a different event on an expanded time scale.
The amplitude increase in the Siple signal is clearly associated
with the short-duration noise burst that occurred around

1542:27 universal time (UT). The signal increased by 2 decibels in
5 seconds. Since the noise burst itself was only 2 seconds long,
the precipitation must have been prolonged by particle echoing
or some other mechanism.

The particles precipitated during these events are thought to
be electrons with energies of at least 100 kiloelectronvolts. This
is consistent with previous observations. To account for the
precipitation of such energetic particles by waves with frequen-
cies of 0.5-1.0 kilohertz, however, the wave-particle interactions
must take place at much higher latitudes than even those ob-
served by Dingle and Carpenter (1981). In addition, the events
on 14 July 1982 indicate that precipitation at these latitudes may
consist of both slowly varying events (figure 1) and impulsive
events (figure 2). The amplitude of the Siple signal received at
South Pole Station and the amplitude of the natural noise in the
band 0.5-1.0 kilohertz are well correlated on this day, suggest-
ing that the ambient magnetospheric wave level may play a
primary role in determining the variations if not the absolute
level of subionospheric signals.

The wintering scientists involved with this work were M.
Dermedziew and T. Wolfe at Siple Station and J. Dalton at South
Pole Station. This work was supported by National Science
Foundation grants DPP 82-18219, DPP 83-17092, and DPI'
80-22282.
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As a part of the concentrated United States program at South
Pole Station to investigate in detail the southern magne-
tosphenc cusp region, we have begun magnetic field and very-
low-frequency (VLF) measurements in cooperation with other
U.S. investigators involved with complementary studies. The
intent of the magnetic field and VLF research is to intensively
examine geophysical wave phenomena in the southern polar
cap and cusp region of the magnetosphere. The magnetic field

measurements, made with fluxgate magnetometers, cover the
frequency range from approximately 0.5 hertz to 0 hertz while
the VLF measurements, made with a loop antenna, cover the
range from approximately 0.5 to approximately 50 kilohertz, in
several narrow bands. The analog magnetometer data (three
magnetic components) and the narrow-band VLF signals are
digitized at 1-second intervals and written in computer-com-
patible format on magnetic tape using the University of Mary-
land data-acquisition system (Rosenberg and Detrick, Antarctic
Journal, this issue).

The magnetic field lines originating in the south polar region
can be either closed, connecting to the opposite hemisphere of
the Earth, or open to interplanetary space, where they are
probably interconnected with the interplanetary (solar) mag-
netic field. The field configuration at the South Pole is a strong
function of magnetic local time and of the conditions of the solar
wind (which determine the overall configuration of the magne-
tosphere). During local night, the South Pole is on magnetic
field lines that are often open, whereas during local day hours
the field lines can be open or closed depending on solar-wind
conditions. The solar-wind parameters which control open and
closed dayside magnetospheric field conditions over the South
Pole are as yet incompletely understood but are related to the
conditions of the solar-wind plasma and the embedded mag-
netic field. In this report, we draw attention to the observation
of the occurrence of simultaneous narrow-banded periodic van-
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ations (central period approximately 35 seconds) in the magnet-
ic field intensity and the VLF emissions for an extended interval
of time around local noon hours at the South Pole. The impor-
tance of these observations lies in the fact that although such
simultaneous variations in magnetic field and VLF emissions
occur frequently in the Earth's magnetosphere at lower latitudes
where the field lines are always closed, they have not been
investigated at very high latitudes. Their occurrence indicates
the existence of closed magnetospheric field lines at the South
Pole at this time and thus provides a method of determining the
magnetosphere configuration from the ground.

Dynamic spectral analyses of the magnetic field components
in the north/south (H-component) and east/west (D-component)
directions and the VLF emissions in the 0.5-1.0 kilohertz range
are shown in the figure. The dynamic spectra were calculated
using 30-minute intervals of 10-second data. Power spectra for
each of the three geophysical quantities for 30-minute intervals
were calculated with a fast Fourier transform algorithm after
first treating the data with a prolate spheroidal data window
(the Thomson window; Thomson et al. 1976). The 30-minute
time intervals of data were then shifted by 5-minutes and new
spectra were calculated. The spectral amplitudes were color
coded and gray-scale coded to provide a representation of the
spectral power as a function of frequency and of time. During
much of the local night hours, approximately 00-08 universal
time (UT), on the day illustrated there were relatively few geo-
magnetic and VLF fluctuations in the frequency interval shown.
However, beginning shortly after local morning, at approx-
imately 08 UT, the magnetic field fluctuations began to increase
in intensity. At approximately the same time the fluctuation
levels in the VLF signal also increased. For several hours begin-
fling about 1000 UT and spanning local noon there was a signifi-
cant enhancement in the fluctuation levels of both the magnetic
field and the VLF variations with a central period of approx-
imately 35 seconds. An interruption in the banded variations
occurred at approximately 18 UT, coinciding with a burst in the
higher frequency (10-15 kilohertz; not shown here) VLF signals.

Variations in VLF emissions with periods of about 30 seconds
have been termed quasi-periodic (QP) variations and have been
extensively studied at lower latitude antarctic stations such as
Syowa, Byrd, and Eights (e.g., Sato et al. 1974; Sato 1980; Ho
1973), as well as in the areas conjugate to these stations, Iceland,
Great Whale River, and Baie St. Paul, respectively. Such QP
emissions associated with geomagnetic pulsations (GP) (as in
the figure) have been statistically shown to be predominantly
local daytime phenomena. Qualitative models of the QP/GP phe-
nomenon require closed magnetosphere field lines (e.g., Sato
1980). Thus, we would not expect to observe such QP/GP emis-
sions at South Pole Station if the field lines at local noon ex-
tended into the magnetospheric cusp and polar cap. Therefore,
during the particular day shown in the figure the field lines
originating over the South Pole are most probably closed
through the dayside magnetosphere, intersecting the northern
hemisphere in the conjugate region near Frobisher Bay,
Canada.

Preliminary results obtained from calculations of the size of
the expected southern polar cap region on this day, using actual
measured values of the interplanetary magnetic field and under
the assumption that there is total interconnection of the Earth's
magnetic field with the interplanetary field, shows that the
South Pole should indeed have been located on closed magne-
tospheric field lines during the time of the QP/GP emissions were
observed. Confirmation that closed field lines exist at the South
Pole during such interplanetary conditions will come with si-
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Dynamic spectra of data from South Pole Station for 5 January 1982.
The top two panels are for the H (geomagnetic north-south) and D
(geomagnetic east-west) components of the magnetometer; the
lower panel is for the 0.5-1.0 kilohertz very-low-frequency (VLF)
channel. The open (solid) triangles mark magnetic local noon (mid-
night). The simultaneous enhancement in the magnetometer and
the VLF at approximately 0.3 hertz (quasi-periodic/geomagnetic
pulsations) beginning at approximately 12 universal time Is a phe-
nomenon associated with closed magnetosphere field lines and is
the first occurrence observed at the South Pole. ("mHz" denotes
millihertz; "KHz" denotes kilohertz; "UT(h)" denotes universal time
(In hours).]

multaneous measurements planned for 1985 for Frobisher Bay.
Further discussion of this particular event and its physical im-
plications for hydromagnetic waves and VLF emissions at very
high geomagnetic latitudes on closed magnetospheric field
lines will be published separately.

During the next year or two, magnetic field and VLF measure-
ments such as these will be continued at South Pole Station. In
addition, similar measurements will begin at Arrival Heights
near McMurdo Station. This geomagnetic location should al-
most always be connected to open magnetic field lines in the
southern polar cap region of the magnetosphere. Comparison
of data between South Pole and McMurdo Station under various
interplanetary conditions will provide further understanding
on the control of magnetosphere configurations by the solar
wind.

The logistics support for the magnetic field measurements
was provided by the National Science Foundation, Division of
Polar Programs. The VLF measurements were supported by
National Science Foundation grant DPP 82-18219 to Stanford
University.
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