
the South Pole, the sealed domes need some freedom of later-
al movement across the aluminum rings or else dome break-
age will occur. In early arrangements to provide this freedom,
it proved unwieldy to install 0-rings 610 mm in diameter in
the cold, and their seating reliability was poor. A subsequent
version employed flat gaskets of low-temperature Dow-Corn-
ing RTV-511 silicone rubber, previously cast in situ on the
acrylic dome rims. These gaskets stayed elastic in the cold but
had awkwardly weak bonding to the treated plastic surfaces.
The overall best seals to date are provided by separate flat
gaskets cut from sheets 3 mm and 6 mm thick. The material is
a silicone rubber blend flexible at -74°C, of hardness 50 and
ZZR765 class 2A, 2B. For final assembly on the roof, the gas-
kets are well lubricated with number 4 Dow-Corning silicone
grease and seated in flat partial recesses that limit gasket
compression to 25 percent when the metal rings are bolted
together to a specified clearance of 1.0 mm. These flexible
gaskets clamp both faces of each dome rim, as shown in fig-
ure 2. The gaskets contain holes for each assembly bolt. Criti-
cal gas inlet holes through them were also bordered by adding
thin 0-rings at the time of roof-top installation.

To maintain dome integrity, approximately the ambient
atmospheric pressure must be maintained in the sealed gap
region in spite of changing temperature and weather. This is
accomplished by constant connection of the gap volume to
dry ballast gas stored below in a limp, large balloon. Protec-
tive connection of this sealed volume by a pop valve to the
surrounding atmosphere is employed as a safety measure.
The dome cross-section area is large enough that a pressure
differential much in excess of 25 mm mercury (Hg), from sup-
ply or meteorological fluctuations, could produce a few hun-
dred pounds of eruptive dome force.

Although neither of these domes can, in use, be expected
to have a homogeneous temperature, no deleterious strains
have been found to be troublesome, either across the wall

thickness or over the full viewing surfaces or from thermal
gradients tending to tilt the flat rims. Dramatic action has
resulted only when the acrylic has been mistakenly hard-
clamped to metal. Caution is always exercised not to score or
scratch the smooth-formed surfaces at any time nor to risk
crazing them by alcohol cleaning. To keep the domes bright
and clear for extended years, a summer shelter box protects
them from sunlight.

Field operation of these double-dome ports has shown
the effectiveness of atmosphere control and of the two ther-
mal barriers. With the present dome dimensions, the internal
closed circulation loop needs no more than about 600 watts
of airflow heating power during most of the year. During mid-
winter stormy periods with high winds, powers up to 1,200
watts have been used.

In summary, a double-walled, clear enclosure for largely
unattended and continuously operating all-sky optical instru-
mentation has functioned well in serving researchers with an
interferometric spectrometer during several winters at
Amundsen--Scott South Pole Station. It uses a suitable con-
centric pair of clear acrylic hemispheres, the arrangement
having been optimized over consecutive seasons to provide
frost-free operations at reduced heating power. The domes
and their arrangement have been described and discussed
here. It is hoped that the features of this proven design will be
particularly useful in the planning of optical experiments at
the station.

This work has been supported by National Science Foun-
dation grant OPP 90-17484. Expert technical assistance at the
University of Washington has been given by H. Guldenmann
and A. Lawrence; at the University of Alaska by L. Kozycki;
and at Amundsen-Scott South Pole Station since 1989 by I.
Gress, S. Kauffman, K. Price, and J. Belinne. Fabrication of all
acrylic domes was carefully executed by Nerland's Plastics
Inc., in Seattle, Washington.

Identifying the source of magnetic pulsations of frequency
between 0.1 and 0.4 hertz (Pc 1/2) measured

at high geomagnetic latitudes
R.L. ARNOLDY, Space Science Center, University of New Hampshire, Durham, New Hampshire 03824

M.A. POPECKI, Phillips Laboratory, Geophysics Directorate, Hanscom Air Force Base, Massachusetts 01731
M.J. ENGEBRETSON, Department of Physics, Augsburg College, Minneapolis, Minnesota 55455

R
esearchers have long studied ground measurements of
magnetic pulsations at high geomagnetic latitudes with

the hope of learning more about the boundary between the
Earth's magnetic field (the magnetosphere) and the inter-
planetary plasma and fields that transport solar energy to the
Earth (the solar wind).

To determine what information is possibly contained in
the high-frequency range of ultra-low-frequency (ULF) waves

[greater than 0.1 hertz (Hz)], data from ground sensors locat-
ed at Sondre Stromfjord in Greenland and at South Pole and
Siple Stations in Antarctica were analyzed over a period of 1
year in spectrogram format to give the frequency character of
the ULF signals from these sites. Sondre Stromfjord and
South Pole nominally sample the poleward border of the
auroral oval or the cusp/cleft region on the dayside and are
fairly conjugate within 2 hours of local time. Siple Station is a
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plasmapause station measuring ULF wave activity deep with-
in the magnetosphere. This magnetospheric measurement is
critical because there is no assurance that the measurement
of ULF waves, say at the cusp, means that they were generat-
ed at the boundary of the magnetosphere. The high-frequen-
cy ULF waves can propagate either in the anisotropic mode
(left-handed polarization) along magnetic field lines or prop-
agate from a source at a much different latitude across mag-
netic field lines in the isotropic (right-handed polarization) in
a waveguide centered on the F-region of the ionosphere. The
identification of the source of ULF waves measured on the
ground at a given site is indeed a very difficult problem. We
feel, however, that we have identified the source region of a
very large percentage of the high-frequency ULF waves mea-
sured at the high-latitude stations.

Figure 1A presents the frequency distribution of the wave
events measured in 1986 at Sondre StromIjord as a function of
universal time, and figure lB presents the number of events in
the frequency interval 0.1-0.4 Hz measured by all three sta-
tions as a function of local magnetic time. As seen in figure
1A, the vast majority of high-frequency ULF waves measured

Sondre Stromfjord
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Figure 1. A. (Top) Frequency vs. time spectrogram of all the wave
events measured at Sondre Stromfjord (SS) for which magnetic
noon is 1330 UT. B. (Bottom) Occurrence plot of Pc 1/2 (0.1-0.4 Hz)
pulsations against magnetic local time for SS, South Pole (SP), and
Siple Station.

Magnetic Pulsations

Figure 2. Spectrogram segments from all three stations clearly
showing the structure that can be present in the Pc 1/2 events.

at the high-latitude stations fall within the frequency band
0.1-0.4 Hz. This is not the case for the Siple data set; here the
majority of ULF waves measured have frequencies above 0.4
Hz (data not shown). The strong diurnal variation of the Pc
1/2 waves seen at all three stations is nicely ordered according
to magnetic local time. Because South Pole has no solar day,
the Pc 1/2 diurnal variation can be related not to sunlit condi-
tions in the ionosphere but rather to a local-time-dependent
magnetospheric source.

The Pc 1/2 spectrogram data often reveal considerable
structure in the waves that cannot be resolved because the
waves are ducted to the high-latitude stations (as well as
Siple) from many sources. Occasionally, repetitive structured
elements can be resolved, as is the case for the data presented
in figure 2. The predominant polarization of the waves seen
by all three stations was plane, suggesting that none of the
stations was under the source field line, but rather that the
signals were ducted to all the stations. The dominant feature
in the data in figure 2 is the repetitive rising structures sepa-
rated in time by about 200 seconds (s). A cross-correlation of
the Siple and South Pole data collected in the same hemi -
sphere shows that these structures are in phase. A cross-cor-
relation of the opposite-hemisphere data, however, collected
at Sondre Stromfjord and at South Pole, given in figure 3,
shows that the rising structures are 100 s out of phase, which
is half of their repetitive period.
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Figure 3. Cross-correlation of the Pc 1/2 events given in figure 2 for
the opposite-hemisphere stations, Sondre Stromfjord and South
Pole.

This measurement of similar ULF waves 1800 out of
phase at opposite-hemisphere sites is not new to pulsation
research and is generally understood as bouncing ULF wave
packets between the opposite-hemisphere ionospheres. If the
signals do not diminish in amplitude after several bounces,
one invokes continued amplification of the ULF waves as they
cross the equatorial plane by the appropriate proton popula-

tion that will be in cyclotron resonance with the waves. The
rising structures are due to the dispersion of the waves as they
propagate in the left-handed mode between hemispheres,
high-frequency waves traveling slower than the low-frequen-
cy waves. If the waves make several bounces, then the accu-
mulated effect of the dispersion should decrease the slope of
each successive structure. Because this effect is not apparent
in the data of figure 2, the waves appear to be strongly ampli-
fied at each equatofial crossing.

The figure 2 data are important because they give the
bounce period of the waves, which can be calculated for a
given magnetic-field and plasma-density model. For a dipole
magnetic field and the gyrofrequency- density model, the 200-
s bounce period for the wave structures of figure 2 corre-
sponds to a source region on the L=7 field line, suggesting
that the pulsations are generated on L-shells intermediate
between the South Pole/Sondre Stromfjord and Siple field
lines and are horizontally ducted to these stations. The duct-
ing accounts for their lack of any predominant polarizations
as well as for often very irregular structure because of ducting
from multiple sources. Unfortunately, this result means that a
large percentage of the high-frequency ULF waves measured
at high latitudes do not reflect what is happening at the
boundary of the magnetosphere but rather are generated
deeper within the magnetosphere.

This work was supported by National Science Founda-
tion grant OPP 89-13870.

Six-hour zonally symmetric tidal oscillations of the
mesopause over South Pole Station

G.G. SIVJEE, Space Physics Research Laboratory, Embry-Riddle Aeronautical University, Daytona Beach, Florida 32114-3900
R. L. WALTERSCHEID, Space Sciences Laboratory, The Aerospace Corporation, Los Angeles, California 90009

M
iddle- atmosphere dynamics constitute a crucial com-
ponent of an environmental studies program. Most of

the observational and modeling efforts in this area have
stressed studies of the low- and mid-latitude regions because
classical atmospheric-dynamics models predict very small
amplitude oscillations in the polar mesopause. Yet, limited
measurements in Spitsbergen (79°N) show large-amplitude
diurnal waves (Walterscheid et al. 1986; Sivjee et al. 1987).
Investigations of such high-latitude, long-period mesopause
oscillations require continuous [24 hours (h) per day] remote
sensing of their optical signatures for several days. Because
the austral winter mesopause over the Amundsen-Scott
South Pole Station is continuously dark (that is, below the
solar shadow height) for 6 months, measurements at South
Pole Station can provide the necessary database for atmos-
pheric-dynamics investigations.

We operate a near-infrared [1.0 micrometer (i.tm) to 1.7
tm] Michelson interferometer (MI) at South Pole Station to

record the intensities and rotational temperatures of the
hydroxyl (OH) Meinel (3,1) and (4,2) band emissions from the
mesopause. Changes in intensities and rotational tempera-
tures reflect corresponding variations in the air density and
the kinetic temperature of the mesopause region (Sivjee
1992). A continuous 24-h recording of intensities (I) and rota-
tional temperatures (T) on 24 May 1992 indicates a 6-h tidal
oscillation, a Krassovsky's ratio (1=(AI/<I>)/(AT/<T>)) of
about 9±3 and a phase lag between intensity and rotational
temperature of 10±5 0. These values are consistent with non-
migrating 6-h zonally symmetric tidal oscillations with wave
numbers 0 and 1. Intensity and rotational temperature mea-
surements also indicate the possibility of highly nonlinear
atmospheric disturbances leading to different periods of the
dominant periodic variations in intensities and rotational
temperatures.

A portable and rugged MI with a thermoelectrically
cooled, low-noise (noise equivalent power 1015 watt)
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