
the evening hours and the fall data mainly in the
morning hours.

Both the fall data and the spring data show that the
auroras over Alaska are generally brighter than the
auroras observed south of New Zealand, thus indicat-
ing a hemispherical asymmetry in the particle precipi-
tation. The intensity difference may be related to the
difference in the magnetic field strength along the
flight path between the two hemispheres; if so, this
strongly indicates the existence of a longitudinal de-
pendency in auroral displays that has largely been as-
sumed nonexistent in previous work on auroral mor-
phology. Consequently, our present concept of auroral
morphology may have to be revised.

The conjugate flights were made possible through
the cooperation of many groups. The Geophysical In-
stitute's participation has been funded by National
Science Foundation grants GA-4466 and GA-20212.
The Los Alamos Scientific Laboratories, Sandia Cor-
poration, General Dynamics, and E.G.& G. Corpora-
tion worked under the auspices of the Atomic Energy
Commission. The aircraft were operated by the U.S.
Air Force and were funded by the Nevada Operations
Office of the Atomic Energy Commission.
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Micropulsations at geomagnetic poles
V. P. HESSLER1 and R. R. HEACOCK

Geophysical Institute
University of Alaska

and
V. A. TROITSKAYA

Institute of Physics of the Earth, Moscow

The writers have been cooperating for several years
in a polar cap micropulsation program involving joint
analysis of data from a global net of stations ranging
from low latitudes to the geomagnetic poles. The
South and North Pole stations are operated coopera-
tively with the Soviets at Vostok Station and with
Danish scientists at Qanaq, Greenland. This year the

Also guest worker at the Geomagnetism Laboratory, Na-
tional Oceanic and Atmospheric Administration, Boulder,
Colorado.

Vostok induction magnetometer system is being oper-
ated by the U.S. exchange scientist, Mr. Dale Vance.
The Boeing Scientific Research Laboratories have
cooperated in this project since its inception in 1964.

Part of the analysis program at the University of
Alaska consists of making continuous Rayspan fn--
quency-time displays from the Vostok and Qanaq
magnetic tape records. These data are then scaled for
statistical studies and scanned for significant events in
connection with similar data from auroral and subai-
roral zone stations. The figure presents the Vostok and
Qanaq sonagrams of a period of unusual micropulsa-
tion activity. The form of the event shown, a Pi burst
followed by the rising frequency IPDP event, is typical
of auroral-oval activity as observed in Alaska and Fin-
land but rarely appears in the geomagnetic pole data
(Heacock, 1971). Further, the event occurred during
a severe geomagnetic storm (K = 9 ) and thus a
major distortion of the magnetosphere. It was accom-
panied by strong Pi micropulsations but no indication
of IPDP at the aurora! oval. This unusual event is of
significance in studies of IPDP source mechanisms.
Since the closed field lines are expected to lie inside L
= 4 when K = 9 , and since the auroral oval and
polar cap ionospheres were highly disturbed, it is not
likely that the events shown in the figure propagated
to the poles via the ionospheric duct from the closed
field-line region. Hence this is considered an example
of similar micropu!sation events originating nearly si-
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nultaneously on the northern and southern open field
lijhes.

Several unusually large amplitude ( 100 milligam-
mas), structured Pc 1 events were registered at Vostok
during 1969 and 1970. Because this activity must be
ducted from the closed field lines, it is usually atten-
uated to a few milligammas at the Pole. The large
amplitude made it possible to determine clear, relia-
ble, three-dimensional wave polarizations of the arriv-
ing signal. The results are being studied to determine
the polarization characteristics, as observed on the
ground, for waves propagating in the ionosphere's
horizontal wave duct to the Pole. Several years of Vos-
tok and Qanaq frequency-time displays have been
scanned for the type of activity occurring in the first
hour following magnetic storm sudden commence-
ments. Comparison of this polar activity with simulta-
neous activity at the auroral oval in Alaska and Fin-
land permits the separation of micropulsation signals
originating within the polar cap from the signals
propagating horizontally to the Pole sites from auroral
ova! locations.

Troitskaya and Bo!shakova (in press) are studying
P 3 (regular pulsations 10 to 45 seconds long) at the
Geomagnetic Pole stations. The incidence and ampli-

tude of these pulsations are readily scaled from the
strip chart records of the U.S induction magnetometer
at Vostok. Preliminary results show that the activity
occurs during the day, a little before geomagnetic
noon, corresponding to the usual auroral-zone and
middle-latitude distribution. The curves for the diur-
nal variation in amplitude and diurnal variation in
frequency of occurrence of the Pc 1 activity are very
similar in form. There is also a marked seasonal varia-
tion in amplitude and frequency of occurrence. The
study showed that more than 50 percent of all regis-
tered Pc 3 occurred during the Vostok local summer
as opposed to less than 10 percent during the local
winter. Similarly, the mean summer amplitude of the
activity was found to be more than four times the
winter value. Similar results are indicated for Qanaq.
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Earth tides and earth's free vibrations:
observations at the South Pole
L. B. SLIcHTER, C. L. HAGER, E. SYRSTAD,

B. V. JACKSON, and W. E. ZÜRN

Institute of Geophysics and Planetary Physics
University of California, Los Angeles

During the past year (July 1970 to July 1971),
gravity tide observations at the South Pole were con-
tinued with meters 4 and 6 by Mr. Erik Syrstad and
(after December 1970) by Dr. Bernard Jackson. Digi-
tal readings on magnetic tape at 1-minute intervals
were obtained throughout most of this time. Tapes
brought back and being studied by Syrstad indicate
that observations of high quality are being obtained.
In the figure, a short portion of a 48-day sequence of
data is plotted to illustrate these observations. Each of
the points, plotted at 2-hour intervals, represents a
least-squares straight-line fit to the 120 1-minute read-
ings in this interval. The span of the error flags rep-
resents twice the standard deviation of the 120 read-
ings from this straight line. The minor 24-hour rip-
ple of 1.5 microgals amplitude, noted by B. Jackson
last year, again is clearly apparent.

Of the 576 points in this 48-day sample, 61 percent
have standard deviations less than 0.1 gal, or less
than about 2 in 1000 of the double tidal amplitude
being measured—a satisfactorily low noise-to-signal
ratio.

In a gravity earth-tide measurement, or in a tidal
tilt observation, by far the largest component is the
corresponding reading that theoretically would have
occurred on a perfectly rigid earth. This theoretical
rigid-earth tide forms the basis for defining the
sought-for residual tidal signal caused by the yielding
of the real earth. Unfortunately, errors of unaccepta-
ble magnitude may occur in computing the basic rig-
id-earth tide by usual computer programs. These er-
rors arise from faulty descriptions of the motion of the
moon by the approximate lunar theory adopted. For
example, during 4 days each in October and Novem-
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