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The study of impulsive magnetic and electric-field pertur-
bations has been a topic of extreme interest recently. Attention
was first focused on these perturbations by the suggestion that
they represent the ionospheric signature of flux-transfer events
(Goertz et al. 1985; Sandholt et al. 1986; Lanzerotti et al. 1986,
1987; Southwood 1985, 1987; Todd et al. 1986; Bering et al.
1988; Lockwood, Sandholt, and Cowley 1989). Subsequently,
it was determined that many of these events were propagating
east or west along the auroral oval, rather than anti-sunward,
and that their diameter was 3 to 5 times larger than expected
on the basis of simple flux-transfer-event models (Friis-Chris-
tensen et al. 1988; GlaI3meier, Hönisch, and Untiedt 1989).
Recently, there have been several suggestions made regarding
the possibility that these events are all the result of pressure
pulses in the solar wind passing the Earth (Sibeck et al. 1989a,
1989b; Southwood and Kivelson in press; Fairfield et al. in
preparation). The generation of current vortices by means of
impinging pressure pulses is a well-known model for the gen-
eration of mid-latitude Pc3 events (Yumoto, Saito, and Tanaka
1987). It is certainly possible for similar processes to be oper-
ating at higher latitude; however, the assertion that all high-
latitude impulsive events result from such a process is a state-
ment that seems overly broad. Proving such a sweeping as-
sertion is, of course, very difficult. Disproving it, on the other
hand, is easy. Strictly speaking, it requires only one counter-
example to disprove such a statement. Ultimately, statistical
study of a large set of events is required to determine the
relative importance of pressure pulses vs. other sources in
producing impulsive events in the high-latitude ionosphere.
The purpose of this paper is to present examples of impusive
events that are not accompanied by pressure pulses in the solar
wind.

Database. The electric field data were acquired during the
1985-1986 South Pole balloon campaign (Bering et al. 1987) in
which eight balloon payloads carrying three-axis double-probe
electric-field detectors and X-ray scintillation counters were
launched sequentially from South Pole Station, Antarctica, at
an invariant latitude of 74.5°. The noise level of the electric-
field instrument was approximately 0.4 millivolts per meter,
the digitization increment was 0.1 millivolts per meter, and
the data were sampled at 8 hertz. Balloon payload attitude was
determined from an on-board magnetometer. The high-reso-
lution magnetic field data used for this study were measured
at the Cusp Lab at South Pole Station, Antarctica (Lanzerotti,
Medford, and Rosenberg 1982), and at Iqaluit, Northwest Ter-
ritories, Canada (Wolfe et al. 1986), two stations nominally
conjugate to a distance of order 200-300 kilometers (Lanzerotti
et al. 1987).

Data. The first example is an event that took place at 1627
universal time on 3 January 1986 (Lin et al. in preparation).
This event is shown in figure 1, which displays the electric
field measured by the South Pole balloon (bottom three panels)
and the magnetic-field perturbations measured at South Pole
(solid line, top three panels) and Iqaluit (dashed line). Detailed
model studies of these data and the Greenland chain mag-
netometer data (Lin et al. in preparation) have shown that this
event was a combination of a twin current vortex of the type
discussed by Friis-Christensen et al. (1988) ("towing system")
and a coaxial current system of the type discussed by Lanzer-
otti et al. (1986) ("twisting system"). This event has been found
to have a radius of approximately 284 kilometers and to have
moved eastward at 3.9 kilometers per second. The current in
the towing system was approximately 1.2 x 105 amps and the
current in the twisting system was approximately 2.0 x iO
amps (Lin et al. in preparation.

Figure 2 shows the solar wind ram pressure and interpla -
netary magnetic field magnitude and orientation detected by
the IMP 8 spacecraft between 1550 and 1650 universal time on
3 January 1986. In this figure, 0 is the cone angle of the mag-
netic field about the XGSM axis and ci) is the azimuth angle in
YGSM - ZGSM plane, measured counterclockwise from the pos-
itive Y axis. The data have been shifted by the calculated 616-
second propagation delay between the IMP 8 spacecraft and
the ionosphere above South Pole.

Figure 2 shows that the impulsive event in the ionosphere
was not preceded by an appreciable change in solar wind dy-
namic pressure. Furthermore, the field cone angle indicates
that field orientation was fluctuating somewhat between typ-
ical "garden-hose" orientation and a purely perpendicular ori-
entation. Note particularly that the cone angle did not approach
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Figure 1. The top three panels show 15-second averages of geo-
magnetic field variations observed at South Pole Station (solid
lines) and Iqaluit (dashed lines). The bottom three panels show 15-
second averages of the electric field measured by payload on 1985-
1986 South Pole balloon flight 6 from 1600 to 1700 on 3 January
1986. (nT denotes nanotessla. mV/m denotes millivolts per meter.)
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Figure 2. Solar wind pressure, interplanetary magnetic field strength
and orientation, where 0 is the cone angle of the magnetic field
about XGSM and CF is the azimuth angle in the Y - Z plane (0° +
Y). Figure shows interval from 1550 to 1650 universal time on 3
January 1986. (nT denotes nanotessla. UT denotes universal time.)

00 or 180° during the event. The most dramatic change that
was observed in the solar wind at this time was the brief and
abrupt southward turning of the interplanetary magnetic force
that took place at about 1615 universal time. It seems, there-
fore, that the only variation of solar wind properties that could
be causally related to the impulsive event shown in figure 1
is this southward turning.

A second example is shown in figure 3, which is a two-part
figure, with part A corresponding to figure 1 and part B to
figure 2. This figure shows an event that began at 1242 uni-
versal time on 4 January 1986. As shown in figure 3a, this
event was a typical impulsive event. Figure 3b shows that the
solar wind pressure was essentially constant throughout the
event. Furthermore, the interplanetary magnetic field was not
radially aligned. The interplanetary magnetic field did, how-
ever, turn slightly southward at 1237 universal time (delayed
time).

Conclusions. It is easy to find examples of high-latitude im-
pulsive perturbation events that are not associated with solar
wind pressure variations detectable by the IMP 8 spacecraft.
Therefore, the assertion that all such impulsive events are re-
sponses to pressure pulses is contradicted by the available
data.
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Figure 3. A. Same as figure 1 for the period 1200-1300 on 4 January 1986. B. Same as figure 2 for the same period as panel A. (nT denotes
nanotessla. UT denotes universal time.)
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