Magnetic field pulsations at
Vostok Station, 1973

tant that we gain more understanding of the source
of this Pi 1 activity.
This research was supported by National Science
Foundation grant Gv-41157.
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The three-component induction magnetometer and
associated data recording systems at Vostok Station
(U.S.S.R.) continued to operate in cooperation with
Soviet scientists of the Arctic and Antarctic Scientific
Research Institute, Leningrad.
In data analysis, attention was given to broadband
type Pi 1 pulsation events. This activity generally is
regarded as an auroral zone phenomenon (Saito,
1969; Jacobs, 1970). However, we frequently observed Pi 1 events at Vostok and Thule (Hessler and
Heacock, 1969; Heacock et al., 1970), both of which
are near the geomagnetic poles. The stronger events
recorded at Vostok have amplitudes going over 1
gamma and have spectral characteristics that cannot
be reconciled with horizontal propagation in the
ionosphere waveguide (Greifinger and Greifinger,
1968). The prominent Pi 1 events are well correlated
with intensities of E-region current systems in the
vicinity of the pole sites. All of these characteristics
suggest that the more prominent Pi 1 events observed at Vostok have their source region on the
local, open, field lines.
It is difficult to reconcile these Pi 1 events with
certain Pi 1 theories, theories that require the source
to be on closed field lines or at the equatorward
boundary of the plasma sheet (Coroniti and Kennel,
1970). The most direct explanation is that the source
region is in the E-region currents, as has been suggested for auroral zone Pi 1 by Campbell and
Matsushita (1962) and Heacock (1967). It may
prove possible to explain the pole site Pi 1 in terms
of theories that relate the pulsations to electric fields,
to field-alined currents, or to temperature gradients.
The plasma structure and characteristics on open
field lines above the local E-region currents are not
sufficiently defined to permit tests of those theories.
The possibility exists that two or more distant
source mechanisms contribute to the observed broadband Pi 1 activity, and thus the source mechanism
for aurora! oval Pi 1 is not necessarily the same
as for Vostok Pi 1. The similiarity in spectral characteristics, however, forces the tentative conclusion
that the source mechanisms are similar.
In terms of worldwide integrated wave energy
incident on the ground, type Pi 1 activity probably
is the most important kind of pulsation activity. In
view of the current interest in wave-particle interactions and in other pulsation effects, it seems imporSeptember-October 1974
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Transverse magnetic disturb.inces and
field-alined currents
ALFRED J. ZMUDA*
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The TRIAD satellite (1972-069A) was launched on
September 2, 1972, into an orbit with the following
initial parameters; apogee, 832 kilometers; perigee,
750 kilometers; inclination, 90.1'; period, 100.6
minutes. The satellite contains a three-axis vector
Schonstedt fluxgate magnetometer and a 13-bit (12hit plus sign) analog to digital converter providing
field measurements with a resolution of 12 gammas
in each axis with a sampling rate of 2.25 samples per
axis per second (ly - 10- 5 gauss - 10 Wb/m2).
The satellite is stabilized to within about 3° in each
axis and contains a disturbance compensation system
for the effects of forces due to solar radiation pressure and atmospheric drag. Due to an early failure
of an on-board computer, the TRIAD magnetometer
data are received only in real time at College, Alaska
(as of January 1973), and McMurdo Station, Antarctica (as of February 1974).
The vector magnetometer detects field changes
interpretable as effects of currents flowing either
* Died July 14, 1974.
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upward or downward along the auroral oval field
lines and coupling the auroral ionosphere to the
outer magnetosphere. Much of the data acquired at
College, Alaska, have been reduced, and parts are
discussed in various manuscripts. Armstrong and
Zmuda (1973) discovered that the magnetic perturbations are predominantly in the east-west component, secondarily in the north-south component, and
practically absent in the direction parallel to the
main geomagnetic field. The composite of these characteristics form a firm foundation for interpreting
the magnetic effects in terms of field-aimed currents.
Armstrong (in press) reviews the satellite and rocket
observations related to field-aimed currents and also
noted some diurnal differences in the TRIAD magnetic
waveforms and inferred current patterns. Zmuda
and Armstrong (1974) show that the magnetic disturbance region has a relatively narrow latitudinal
extent and a diurnal variation similar to that of the
aurora! oval. The currents flow at all local times and
at all levels of magnetic activity: quiet time, moderately disturbed, substorms, and storms. Armstrong
et al. (in preparation) compare for one satellite pass
field-aimed currents, auroral arcs, and ionospheric
currents across the entire oval. Zmuda and Armstrong
(in press) analyze the gross characteristics of the
vector magnetic field perturbations as a function of
dipole local time under a broad range of magnetic
activity. During the period 1400 dipole local time
(DLT) through dusk to 2300 DLT, the perturbation
throughout the oval is directed eastward; the inferred field-aimed currents flow downward into the
ionosphere in the equatorward part of the disturbance
region, and upward out of the ionosphere in the
poleward part. In the epoch 2400 DLT through dawn
to 1000 DLT, magnetic perturbation is westward and
current flow is upward in the equatorward part and
downward in the poleward part; these characteristics
are reversed from those in the 1400 to 2300 DLT
208

Part of the TRIAD data pass
Universal Time, February 7, 1974, rc-eivod at McMurdo Station. The invariant
latitude A of the earth intercept of the field line crossed
is marked. Also marked is the
dipole local time of the subsatellite position.
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epoch. Either set can appear in the transition period,
2300 to 2400 DLT.
Data acquisition began at McMurdo in February
1974 but the only data thus far reduced are those
acquired while the receiving station was oeing established. The large body of data subsequently received
and still being acquired by University of Texas
personnel will be reduced and analyzed upon transmittal from McMurdo to the Applied Physics Laboratory, Johns Hopkins University. The figure shows
some of the TRIAD magnetic data for the satellite pass
obtained at McMurdo on February 7, 1974. The data
are for a magnetic component nearly transverse to
the main geomagnetic meridian and in the magnetic
east-west plane. The region containing field-aimed
currents is readily identifiable and marked on the
figure.
Ultimately the McMurdo data will be used in the
following studies: (1) mapping for the first time the
field-alined currents in the Southern Hemisphere
auroral oval; (2) setting the limits for field-alined
current flow at latitudes above those of the oval;
(3) comparing the Northern Hemisphere and Southern Hemisphere results under a variety of local time
and magnetic conditions.
This research was supported in part by National
Science Foundation grant DES 73-00593 (formerly
GA-40755).
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Observed ionospheric scintillations
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Analysis of the doppler data recorded at the
geodetic satellite observatory, McMurdo, continued
during this year. The data recorded and processed
since 1969 are being readied for thorough analysis.
The data recorded and processed in 1969 have been
analyzed and the analysis programs have been expanded based on the results of this initial effort.
The data available for this study are the experimental
doppler data recorded at a ground station and the
residual doppler data resulting from the comparison
of ihese experimental data with the theoretical
dopler data based on a set of Kepler orbital
ts.
behavior of these residual doppler data for

an undisturbed ionosphere is a smooth function
depicting only the noise of the station equipment,
whereas the behavior of the residual doppler data
during all ionospheric distribution is depicted by
large variations in the residual doppler data. Both
conditions are shown (fig.) for a typical set of residual
doppler data. The smooth increase in the magnitude
of these data at rise and set are caused by the
troposphere. The signal paths between the satellite
and ground station penetrated a region of the ionosphere that was scintillated, which caused noise to be
induced on these signals. The location of these ionospheric disturbances was determined for an assumed
350-kilometer height of the intercept of the signal
path and the ionospheric region by using a set of
Kepler orbital elements for the time of day of a
particular pass. Similar data are available for each
set of doppler data recorded at McMurdo. Data for
May, June, and November 1969 were selected for
an indepth analysis while all other data were being
prepared for analysis.
The tentative results of this analysis indicate that
the time of occurrence of these scintillations exhibit
a definite periodic behavior during the austral winter
months. Definite 12- and 24-hour periods are present
during the austral winter, whereas during the austral
summer a definite periodic behavior is not noted.
At this time, it is believed that this phenomenon is
directly related to the lack of presence and presence,
respectively, of the Sun on the polar ionosphere. The
continuous presence of the sun's energy on the polar
ionosphere in the austral summer appears to mask
any periodic behavior; furthermore, the scintillations
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ual doppler data.
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AZIMUTH ANGLE - deg

DAY 174 YEAR 1969
RISE TIME 1114Z
STATION 019
DATA REFERRED TO 108 MHz
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