
fer to the dayside magnetosphere occurs during the
recovery phase (AkasofLi, 1972).

Another fascinating opportunity to study auroras re-
cently was provided by simultaneous observations of
auroras by personnel at South Pole Station and by an
image device aboard the U.S. Air Force's DAPI' satellite.
The figures show two examples of these auroral observa-
tions. Each DAPP photograph shows the afternoon half of
the auroral oval. The corresponding circular photograph
was taken at South Pole Station when the DAPP satellite
passed nearest to the South Pole.

The significance of such simultaneous observations is
that behaviors of midday auroras can be studied in
conjunction with those of auroras in other local time
sectors, pattictlarly the midnight sector. The shift of
midday auroras indicates the net transfer of magnetic
fluxes. The all-sky record from South Pole Station pro-
vides this information on a continuous basis for several
hours each day, while the DAPP satellite gives informa-
tion on auroral activity along the entire afternoon sector
(approximately every 90 minutes).

Both data currently are being investigated in an at-
tempt to elucidate relationships between the magnetic
flux transfer and auroral activity. Such information is
vital to an understanding of the basic processes associated
with triggering magnetospheric substorms.

I would like o thank Major A. L. Snyder for his
discussion of the results. This Project is supported by
National Science Foundation grant GV-29355.
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The antarctic Unmanned Geophysical
Observatory magnetic micropulsation

experiment
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A geomagnetic micropulsation experiment was in-
cluded aboard the Unmanned Geophysical Observatory
(u(;o) in early 1972, when field tests of the assembled
observatory commenced. The experiment consisted of a
single axis magnetic micropulsation remote observatory
designed by the University of Washington and the Boe-

Formerly of Boeing Scientific Research Laboratories, Seattle.
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the DAPP satellite provides
snapshots of the oval every
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all-sky camera continuously
records auroral activity in a

limited local time area.
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Figure 1. Long-period micropulsation activity at McMurdo, in
mid-January 1973.

ing Scientific Research Laboratories. It provided nearly
1 year of high quality, moderate resolution data. During
the austral summer of 1972-1973, the experiment was
extended to two geomagnetic field components and the
amplitude resolution increased by an order of magnitude
through the adoption of an internal digital format. What
follows is a description of the two component system
design, and examples of magnetic data from the earlier
single axis system.

The UGO

An unmanned observatory that provided a limited
amount of electrical power (nominally 5 watts), a room
temperature environment (10 0 to 30 0C.), a small elec-
tronics package space (typically 5" x 5" x 10"), and a
data communications linkage to the continental U.S. via
a communications satellite (Intelsat IV, in the McMurdo
Station-Stanford University case) was designed and

tested by a group from Stanford University.
The UGO data system sampled each experiment's out-

put approximately four times per second, converted it to
an 8-bit digital word, and transmitted these via an Intel-
sat IV channel to Jamesburg, California. Then the data
was sent to Stanford University and recorded on a master
magnetic tape. Subsequent processing of the master tape
was required to separate UGO housekeeping" data and
to prepare an individual tape for each experiment. The
use of the stationary satellite relay permitted reception of
data from the Antarctic within a few days, rather than
the traditional 6 to 9-month delay.

It would have been possible to process the data within
a few seconds, essentially in "real time". For economic
reasons, however, digital magnetic tapes and the U.S.
mail were used to distribute the data from Stanford
University to individual experimenters, a process requir-
ing from I to 3 weeks.

The magnetic micropulsation experiment
A 400,000 turn coil wound on a high permability (mu

metal) rod 1 inch in diameter and about 2 meters in
length was used to sense changes in the component of
the earth's magnetic field aligned with the rod (Collison,
1973). A preamplifier with a nominal voltage gain of
25,000 was required near each sensor. The pick-up coils
and preamplifiers were 500 to 700 feet from the uco
and were oriented approximately magnetic east-west and
north-south.

A major problem in the design of high gain, low
frequency preamplifiers is drift of the operating point
with changes in temperature. These preamplifiers have
a measured input thermal drift of 3.5 microvolts per °C.,
which was close to the state-of-the-art at the time of their
design. Drift was removed from the data by use of a
high-pass filter that rejected frequencies below .001 hertz.
Low pass filters with a rapid attenuation starting at 0.5
hertz were used to avoid spurious response from under-
sampled "high" frequency signals. A separate high fre-
quency channel (.05 to 4.0 hertz) was used to monitor
high frequency activity levels. Preamplifier noise was
measured and found to be well below expected signal
levels.

A digital processor was built into the experiment's
electronics to extend the amplitude resolution of the
system beyond that available from the 8-bit UGO data
format (256 discrete levels). The processor sampled the
magnetic signals and generated 2 output voltages com-
posed respectively of high-order and low-order bits from
a 12-bit (4096 discrete levels) data word. These voltages
were presented to the uco data system as analog data
and converted into two 8-bit words, Reconstruction of
the original 12-bit data from the 16-bit UGO data requires
careful analysis but the selected scheme is relatively
error free through the use of redundancy in the code.
This elaborate technique was required because the origi-
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Figure 2. Relative micropulsation power as a function of uni-
versal time on 4 August 1972 (day 217), for spectral bands
(in hertz) centered as indicated by the y axis coordinates. An
arbitrary graph scaling factor of 1/2048 was used. Day 217

ends at the x axis asterisk.

nal U(;O design made no provision for digital signals
from an experiment. Future uco designs should accept
both analog and digital experimental data. Fig. 1 dis-
plays the time variation of signals recorded during the
installation of the expanded system. This was not an
unusually active time and it illustrates the long period
activity at McMurdo station.

The geomagnetic micropulsation data has been proc-
essed on a digital computer to derive frequency spectra
for selected time intervals. In particular, a fast Fourier
algorithm was used to obtain power spectra

(dB/dt)2/ L f

normalized to a unit frequency. For sample intervals
of about 10 minutes the useful frequency band is ap-
proximately from 0.003 to 0.1 hertz, in steps of 14
millihertz. Rather good time resolution of the power
spectra thus is available for comparison with other geo-
physical effects. Fig. 2 shows the results of computer
analysis of data from an active period: the large magnetic
storm following the August 4, 1972, solar flare event.
The plots are of micropulsation power observed in the
spectral region centered about the indicated frequencies
as a function of time of day. The gaps in the curves are
loss of data due to system overloading. A scaling factor
of 1/2048 was used in the preparation of this display.
During normal times the required scaling factor is 1/4 to
1/32. This is indicated in fig. 3, taken during a quiet
time prior to the solar flares of the August event.

In order to compare the results with the well known
KJ) index of geomagnetic activity, the micropulsation

Figure 3. Relative micropulsation power as a function of time
for 2 August 1972 (day 215). Day 215 starts at the position

indicated by the asterisk. Graph scale factor is 1/8.
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Figure 4. Geomagnetic micropulsation signal contours as a func-
tion of frequency and time of day, recorded at the UGO station
near McMurdo. The power levels are proportional to (dB/dt) 2/ f.



power was averaged over 1 -hour intervals. In addition,
the power was averaged over several frequency steps in
each Fourier spectrum. The resulting power contours for
a typical day, as a function of frequency and time of day,
are displayed in fig. 4. The corresponding K 1 , index also
is displayed for comparison.

Several daily plots of power contours must be com-
pared in order to derive meaningful patterns of micro-
pulsation activity and its relation to other activity indices.
For example, it is not appropriate to conclude that energy
in the frequency band 0.1-0.2 hertz is necessarily corre-
lated with K 1 , on the basis of one illustrative figure. In
fact, the power enhancement at higher frequencies that
occur around 0700 probably is related to a diurnal varia-
tion in certain routinely occurring magnetospheric proc-
esses.

We are preparing an average quiet day power contour
pattern for the station for use in normalizing the plots.
The resulting residual activity then should relate more
directly to anomalous magnetic activity and related geo-
physical processes. If successful, the micropulsation ac-
tivity will provide a good diagnostic for magnetospheric
and solar wind variations.
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Observations of geomagnetic
micropulsations, 1972
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Operation of the 3-component induction magnetometer
system at Vostok Station continued through 1972, in co-
operation with Soviet scientists of the Arctic and Ant-
arctic Scientific Research Institute, Leningrad. Another
system simultaneously was operated near Thule, Green-
land, in cooperation with the Danish Ionospheric Labora-
tory, I.yngby. Scientists of the Institute of Physics of the
Earth, Moscow, are helping to analyze the Vostok data.

Periodically-structured Pc 1 micropulsation events re-
corded at either pole site were utilized in studies showing
that these events strongly tend to occur during the latter
part of the ring current recovery phase. This suggests that
the waves are produced in the intersection region of the
ring current and the filling plasmasphere (Heacock and
Kivinen, 1972; Heacock and Akasofu, 1973).

Results of analyses of Vostok and Thule Pc 1-2 data
are consistent with the existence of two main magneto-
spheric regions of Pc 1-2 generation, the outer portion of
the plasmasphere and the dayside cusp region. We have
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