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Whistlers have been used extensively in recent
years to measure quasistatic electric fields under
varying geophysical conditions in the equatorial
magnetosphere. These electric fields are potential
fields (i.e., VXE = 0) associated with plasma circulation in a steady magnetic field, and they are discussed in a companion article by Carpenter and
Seely (1975). Here we discuss how the groundbased whistler technique can be used to monitor
rapid (time scales in the order of 1 minute) changes
in magnetospheric magnetic field strength and the
resulting induced electric fields, i.e.

vx=_oo1
This technique will be particularly useful in studying the magnetospheric response to interplanetary
shocks and discontinuities produced by solar flares
and other explosive solar events.
It is well established that sudden changes in solar
wind pressure associated with shocks and hydromagnetic discontinuities cause compression or decompression of the magnetosphere. Figure 1 shows
the noon-midnight magnetosphere in cross section
to illustrate the effects of such changes in solar
wind pressure.
A sudden compression or decompression of the
magnetosphere is accompanied by an increase or
decrease in the geomagnetic field; this is clearly
identified on magnetometer records from satellites
as well as from ground stations. The magnetic
signature of this phenomenon is called a "sudden
impulse" or "storm sudden commencement," depending on whether it is followed by a geomagnetic
storm. Direct satellite measurements of solar wind
parameters have confirmed this correlation, but
quantitative relationships between solar wind pressure and geomagnetic field are not adequately explained by present theory. Whistlers can provide a
unique tool for studying this phenomenon by
allowing simultaneous probing of the remote equatorial magnetosphere over a wide altitude range
extending from 2 to 5 earth radii.
Figure 2 is an example of whistler data during a
sudden impulse event on 9 June 1973. The upper
part of the figure shows records of horizontal magnetic field strength from five medium-latitude sta216
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Figure 1. Cross section of the noon-midnight magnetosphere, illustrating the effects of a sudden change in solar
wind pressure.

tions representing all local time quadrants. They
show a simultaneous increase by 12y (ly = 10
Tesla) starting at 1625 Universal Time (UT) and
reaching a peak at 1635 UT. The lower part of the
figure shows simultaneous whistler data from Siple
Station, Antarctica, plotted against the station's
magnetic local time. Whistlers propagating along
four discrete paths have been analyzed to determine equatorial magnetic field strength (B eq) for
each path. This is shown on the vertical scale at left.
The vertical scale at right shows approximate geocentric equatorial distance based on a steady magnetospheric model, which is appropriate for the
period preceding the sudden impulse (this scale
must be modified following the sudden impulse).
Whistler data in figure 2 show two different effects: rapid changes in B e , associated with the sudden impulse, and subsequent long-term variations
due to radial motions of whistler paths in a more or
less steady geomagnetic field configuration. The
latter behavior is consistent with other published
results. Returning to the sudden impulse, the rapid
increase in Beq at 1625 UT is due to a combina tion of two effects: temporary increase in the geomagnetic field, and inward displacement of the
path as illustrated in figure 1. Consider the whistler
path marked A at an equatorial distance of 4.3
earth radii. If we adopt an image dipole model of
the magnetosphere, it can be shown that the observed increase in B e , by 34y between 1625 and
1635 UT is due in part to a 21)' increase in the
local magnetic field and in part (13)') to an inward
displacement of the path by 0.05 earth radius. The
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Figure 2. Whistler detection of the effects of a sudden impulse. Above are transcriptions of the horizontal magnetic
component at several medium-latitude stations (made available by World Data Center A). Below are results from
whistlers recorded at Siple.

inward drift velocity of the path is 500 meters per
second in the equatorial plane, and the corresponding induced electric field is 0.2 millivolts per meter.
Spatial coverage and time resolution can be
greatly improved in future studies. The versatile
very low frequency (VLF) transmitter at Siple can
be used in these studies to complement natural
whistlers. Such studies hopefully will help to better
understand the dynamics of solar wind-magnetosphere interactions.
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The quiet-time circulation of the plasma within
the earth's dipole-like inner magnetosphere is a
subject of major interest in solar-terrestrial physics.
The plasma in this region is organized by the earth's
magnetic field into tube-like volumes that follow the
magnetic field geometry between conjugate hemispheres and extend several earth radii into space
from magnetic latitudes of 50° to 65°. These
volumes then drift across the magnetic field lines,
preserving their field-alined form but expanding,
for example, as they move into regions of weaker
(typically more distant) magnetic field. During
magnetically disturbed times, this circulation is
apparently dominated (at least beyond a geocentric
distance of about three equatorial earth radii) by
processes occurring in the magnetosphere. During
quiet times, however, it is believed that the principle plasma motions are caused by a "dynamo"
process originating at relatively low altitudes ( 100
to 200 kilometers). This process involves motion
of neutral air across the earth's magnetic field lines
under the influence of solar heating as well as that
of solar and lunar gravitation. Detailed knowledge
of the quiet-time magnetospheric circulation is
needed to evaluate the importance of the dynamo
process. A quiet-time reference description is
needed in studies of the important disturbed
regimes of magnetospheric "weather."
Theoretical predictions of the circulation have
been hindered by the fact that models of the worldwide motions of the neutral air associated ionized
region at —100 to 200 kilometers in altitude are
difficult to construct. Further, it is difficult to make
quantitative measurements from satellites of the
slow motions of the plasma, or to use ground-based
probing techniques for study of slow motions as
they occur at 100- to 200-kilometer altitudes. These
difficulties are usually associated with limits on
system sensitivity or with problems of interaction
between a satellite and the medium.
Whistlers provide an excellent opportunity to
study quiet-time magnetospheric circulation because the signals act as natural probes of magnetospheric field lines. At Siple Station, whistlers occur
in great enough numbers to permit accurate tracking of the slow motions of field-alined ducts, or
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