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Magnetic pulsation observatories have been in operation at
Siple Station, Antarctica, and at the magnetic conjugate location
Roberval, Quebec, for several years. The broad goals of this

program include study of the generation and propagation of
ultra-low-frequency (uLF) waves in the magnetosphere. In par-
ticular, comparison of wave spectra, amplitude, and polariza-
tion at opposite ends of a magnetic field line allows us to see
how well the observed waves resemble the waves predicted in
several theoretical treatments. In August 1981 the DE-1 satellite
was launched. One of the plans for this satellite was a period of
several months during which the trajectory near apogee would
carry the satellite parallel to the magnetic field lines near the
Siple magnetic latitude. From April through August 1982 the
satellite spent several hours during each 7-hour orbit close to
the Siple magnetic field shell. Once a day the orbit was also near
the Siple-Roberval longitude. During the 5-month period, we
found a number of events for which the Dynamics Explorer-1
(DE-1) satellite was in approximate magnetic conjugacy with
Siple and Roberval. One of these events occurred on 14 July
1982 and the Roberval record is shown in figure 1. The pulsa-
tions (approximately 200-second period) are particularly strong
in the x (north) component starting near 1835 and again near
1900 universal time (UT). A weaker response is seen in the Y

component and a small amplitude wave of about 40-second
period can be seen in both x and Y from 1850 to 1900 UT.

The Siple and Roberval magnetometers are search-coil instru-
ments, many turns of wire around a high permeability rod, so
the output is proportional to the time rate of charge of the
Earth's magnetic field (dB/dt) over the range 0.001 to 5 hertz
(Taylor et al. 1975). On the other hand, the DE-1 magnetometer
records components of B and pulsations of sufficient amplitude
can be observed over about the same range (Farthing et al.
1981). Figure 2 gives the response to the 14 July pulsation event
at DE-1. The first segment of the three-part event is strongest in
BO and Br (1832-1840 UT). The third segment (1900-1920 UT) is in
B4 (east-west) while the 40-second wave, relatively stronger
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Figure 1. Record of dBldt from Roberval, Quebec on 14 July 1982. The first segment of the wave event starts at about 1833 and the last segment
near 1855 universal time (UT). X is north, v east, and z up. ("nTis" denotes nanotesla per second.)
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Figure 2. Record of the same event at the DE-1 satellite near the
magnetic equator. ("ILAT" labels the field line that starts at, for
example, 62.60 latitude on the ground. "MLT" is magnetic local time.
"MLAT" is magnetic latitude. "BO" is in the main field direction; "Br"
Is radially outward; and "Bd" is east-west. "Lon" denotes
longitude.)

SIPLE

than at Roberval, is seen in Br and 134. The Siple record, figure 3,
has recognizable waves in each of the three segments men-
tioned above but the amplitude is lower than that seen at
Roberval.

Although firm conclusions await analysis of many other
events, some features of this single event merit discussion.

First, the observations at Siple, Roberval, and DE-1 support
the idea of the waves as a resonant oscillation of magnetic field
lines. DE-1 is not quite conjugate to the ground stations during
the event but is about 2 hours east of them so this indicates that
the waves extend over at least a 2-hour section of the magnetic
field shell. The waves start in the Be and Br components of the
satellite; there is an oscillation of the field magnitude indicating
a compressional wave. The compressional wave decays rapidly
and subsequent waves are principally transverse. The 240-sec-
ond wave, 1900-1920 UT, is an azimuthal, east-west wave at the
equator. The same three t\B4 pulsations of increasing ampli-
tude, 1858-1900 UT, are seen at Roberval in Bx, north-south,
1855-1905 UT. The 90° rotation of the plane of polarization agrees
with that predicted by Hughes and Southwood (1976) and
confirmed by Walker and others (1979).

Second, the 40-second waves are less distinct at the ground
stations than at DE-1 despite the increased high-frequency re-
sponse by the dB/dt detectors. Even shorter period waves,
10-20 seconds appear in the ground records shown since these
were recorded at 10 data points per second while the DE-1 data
shown were 1 point per 6 seconds.
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Figure 3. The event at Siple. X is at top, v is in the middle, and z vertical. ("nTis" denotes nanotesla per second.)
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Third, the 40-second waves, unlike the 240-second compo-
nent are strong in ABr as well as AB. The polarization is linear
at about 45° to the magnetic meridian plane. The nature of this
component is not clear at present. It may be a harmonic field line
resonance, perhaps a 6th harmonic of the 240-second pulations.
If so, it is strange that its duration is only about 10 minutes.

Finally, the relatively weaker amplitude at Siple may be due to
low conductivity in the dark winter ionosphere at Siple in July.
Oscillating ionospheric E region currents, set in motion by the
field line resonance, are thought to be responsible for the pulsa-
tions observed on the ground. The sunlit ionosphere at
Roberval should have sufficient conductivity to allow substan-
tial oscillating currents while the low conductivity at Siple de-
creased the current amplitude and thus the ground pulsations.

L. J . Cahill and H. Dolben were in the field in January 1980.
This work was supported in part by National Science Founda-

tion grant DPI' 81-20957 and National Aeronautics and Space
Administration contract NAS 5-25398.
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Recent advances from studies of the
Trimpi effect

W. C. ARMSTRONG

Starlab
Stanford University
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Very-low-frequency (VLF) wave observations first made dur-
ing austral winter 1963 at Eights Station appear to be leading to
an important new technique for studying transient aspects of
magnetospheric wave-particle scattering. The scattering effects
are made evident through electron density changes in the D

region of the ionosphere. In addition, a number of typical
ionospheric perturbation responses have been seen to occur in
less than 100 milliseconds during lightning discharges. Appar-
ently this is a new result; it may represent vertical transport of
charge upward into the ionosphere above a thundercloud, as
suggested by VLF probe signal data. Such a phenomenon would
be an important mechanism contributing to worldwide ex-
change of charge in the atmosphere.

The general method, which is based historically on the ex-
treme stability of subionospheric VLF propagation (Pierce 1957),
with corresponding high sensitivity to preturbations of the
ionosphere (Potrema and Rosenberg 1973), has been exten-
sively used in studies of both large-scale geophysical effects
caused by substorms, solar flares, and polar cap anomalies and
of propagation changes associated with the day/night termi-
nator. Ionospheric variations register such effects by causing
gradual phase or amplitude changes in VLF or other sub-
ionospheric signals. As we will discuss here, recent observa-
tions at Siple and Palmer Stations have shown that faster varia-
tions commonly occur and that significant gains can be made to
resolve further the time structure, altitude, and spatial extent
(latitude/longitude) of single events.

To apply the technique, radio signals propagating in the
Earth-ionosphere waveguide are monitored continuously, re-
corded, and then reproduced for laboratory study using a sys-
tem which is optimized to reject noise only to the extent neces-
sary to pass the particular ionospheric transients being sought.
This flexibility is important because of the rather wide variation
in noise background, especially in the case of impulsive spher-
ics at low frequencies, which sometimes require special pro-
cessing (Davis and Meyers 1976). The original Trimpi amplitude
changes (Helliwell, Katsufrakis, and Trimpi, 1973) are now
known to be representative of a basic transient process com-
posed of two parts: a rise time controlled by the source of the
perturbation and a decay time controlled by the equilibrium
dynamics of the electron population at an altitude characteristic
of the probe signal frequency.

Recent results have extended our knowledge of how the
perturbation details can be expected to vary when this sort of
ionospheric transient is caused by different kinds of magne-
tospheric waves. The waves induce pitch-angle changes of ener-
getic electrons which are precipitated into the lower ionosphere
after the interaction. Originally associated with whistlers on a
time scale with about 2-second resolution (Helliwell etal. 1973),
the VLF Trimpi amplitude changes are now routinely analyzed
to 100-millisecond resolution. Typically the perturbation rise
time is 200 milliseconds for whistler scattering with onset occur-
ring about 1 second after the spheric, and these parameters
repeat with little variation during a period which includes per-
haps 10 or 20 events. In one case, however, the perturbation
onset time was seen to drift slowly toward the whistler by
almost a full second during 45 minutes observing time, all other
characteristics remaining essentially constant. At present, such
changes are assumed to be due to secondary variations in the
details of pitch-angle scattering interactions caused by dif-
ferences among whistlers and in the energetic particle popula-
tion in the magnetosphere. Some rise times as long as a second
have been observed in which the scattering wave is a single,
well-defined whistler. Such cases are thought to result when the
precipitating particle bunch has been spread out in time as a
result of particles mirroring at the conjugate point before pre-
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