lines, as evidenced by large amplitudes and correlated particle precipitation effects, the Pi freque ncies extend well below 0.1 hertz with more
integrated power below 0.1 hertz than above.
Pulsation recordings taken at the polar sites
Vostok and Thule disclosed many Pi events with
an apparent low frequency cutoff, generally 0.1
to 0.3 hertz (e.g., figure 1). To identify this frequency as a true low frequency cutoff for duct
propagation of Pi waves is difficult because we cannot confirm that the observed event was propagated to the polar sites from simultaneous Pi
activity observed at auroral oval sites. In structured
Pc-i events, similar features of structure permit
one to identify Pc-i signals that propagate from a
common source region to two or more observing
sites. Despite lack of similar verification for Pi
events, we feel that the evidence strongly supports
existence of a low frequency cutoff for events like
the one in the figure: that is, under some ionospheric conditions Pi signals originating at auroral
oval latitudes propagate to the poles and suffer a
low frequency cutoff in agreement with the prediction of Greifinger and Greifinger (1968). Preliminary evidence suggests that poleward propagation
of Pi signals is more common than equatorward
propagation. The gradients associated with walls
of the main ionospheric trough probably are a
significant factor in inhibiting equatorward propagation.
The banded continous missions of Tepley and
Amundsen (1965) were probably instances of Pi
energy propagating in the horizontal duct to low
latitudes. Some band-limited Pi-1 events of
McPherron et al. (1968) may have been cases where
short-distance propagation was involved, which resulted in some attenuation of frequencies below
0.1 hertz.
Wave polarizations in the H-D plane for events
like that shown in the figure were examined. A
large scatter in the alinements of the major axes
for any given event greater than 45° was observed,
though approximately linear polarization with
constant alinement was observed for some wave
packets. If this scatter indicates scatter in arrival
direction for the Pi-1 waves (Fraser and Summers,
1972), then the observed Pi-I signals probably originated over a significant local time sector of the
auroral oval field lines.
This research was supported by National Science
Foundation grant GV-41 157.
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Example of type Pi-1 activity with a low frequency cutoff near
0.1 to 0.15 hertz. The low-frequency cutoff decreases with
time in this example. The presence of the cutoff may indicate propagation of the P1-1 noise in the F-layer duct.
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For about 10 years the Physics and Engineering
Laboratory, N.Z. Department of Scientific and Industrial Research, has been carrying out a study of
very low frequency (VLF) radio signal propagation
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in the whistler mode. As these signals are transmitted through the magnetosphere, they normally
suffer a doppler frequency shift due to continuous
changes in the effective electrical path length. This
frequency shift can be as much as two or three parts
in 100,000. The accepted method of observing
these signals is to use a receiver with a number of
narrow-band channels that span a frequency band
of about 0.5 hertz on either side of the carrier frequency of the transmitting station.
The N. Z. equipment (code name, "LEDA") uses
25 channels and the data are continuously recorded
on 35-millimeter film. The antenna system is designed and oriented to reject signals arriving by
the subionospheric path.
During the 1972-1973 austral summer, LEDA
equipment was installed at Siple Station. The
winter 1973 results were sparse and disappointing.
During the 1973-1974 summer, however, equipment adjustments and modifications were made.
Film records for 1974 are now being analyzed.
Data acquired over several years in New Zealand
relate to transmissions from station NLK (Seattle,
Washington; magnetic latitude, 53°N.) on 18.6 kilohertz. The receiving station, near Wellington, New
Zealand, is at 47°S. magnetic latitude, and the magnetic conjugate of Seattle is 2,500 kilometers southeast of Wellington, New Zealand.
The VLF signals received at Siple are from station
NAA (Cutler, Maine; magnetic latitude, about
58°N.) on 17.8 kilohertz, and the receiver is at about
61°S. magnetic latitude. The magnetic conjugate
of Cutler, however, is only about 500 kilometers
north of the receiver site. The Seattle-Wellington
path is some 6 hours earlier in solar time relative
to the Cutler-Siple path. Further, VLF background
noise at the two receiving stations is likely to be
very different.
Examination of 1974 Siple records shows a large
number of whistler-mode activity periods and some
pronounced diurnal patterns. The next stage will
compare the Siple records with those from the
Wellington station, looking for similarities and
differences in periods of occurrence, in diurnal
and seasonal patterns, and in types of signals received (particularly the frequency band spread).

High-latitude ionospheric
absorption
H. J . A. CHIVERS
Department of Applied Physics and Information Science
University of California, San Diego
La Jolla, Calfornia 92037
Observations of ionospheric absorption above
Siple Station continued in 1974 using a solid-state
riometer. Data are recorded on an eight-channel
paper chart recorder with simultaneous observations of the magnetic field, magnetic micropulsations, and various very low frequency (VLF) receiving systems. This recording method makes it
possible to compare phenomena observed on different channels without any uncertainty regarding
the relative timing of events.
Since Siple is a low-latitude station (L=4), events
are recorded there only during geomagnetically
disturbed periods (Kp4); unlike the situation at
higher latitudes, therefore, events tend to be well
separated from each other, thus reducing confusion. A typical event occurred on 3 April 1973, and
three channels of the paper chart are reproduced
in figure 1. This is an N event, as described by
Morozumi (1965) from observations made at Byrd
during 1963, because the full record reveals that a
NW
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The 1974 operations were very encouraging and
justified the project's continuation. The work is
being done in close collaboration with R. A. Helliwell and John Katsufrakis, both of Stanford University, and we are grateful for their continuing
interest and help, and for the assistance of Stanford's teams that operated the equipment at Siple.
This research was partially supported by the National Science Foundation.
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Figure 1. Typical night event recorded at Siple on 3 April
1973 around 0500 Greenwich Mean Time (GMT).
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