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Balloon flight summary—Roberval, Quebec, Canada,
July 1975.

Launch Terminate

	

Date	(UT)	(UT)	Instrumentation Remarks*

	

5	0426	1340	X-ray/E-field	Q

	

9	0828	2023	X-ray/E-field	DX

	

11	0844	1340	X-ray/VLF	DXV

	

15	0932	1725	X-ray/VLF	DXV

	

18	0920	1643	X-ray/E-field	DX

	

22	0802	1400	X-ray/E-field	Q

= quiet conditions. DX = geomagnetically disturbed en-
hanced X-rays. DXV = geomagnetically disturbed enhanced
X-ray and VLF emissions.

electron precipitation associated with natural wave-
particle interactions and the occurrence of mag-
netospheric substorms.

A sequence of correlated X-ray and VLF bursts
that occurred on 15 July is being analyzed in de-
tail. A model that appears to account satisfactorily
for the temporal relationships in these bursts has
many features similar to the cyclotron resonance
model used previously (Rosenberg et al., 1971;
Foster and Rosenberg, 1976) to explain correlated
bursts observed at Siple Station. The new data, in
addition, indicate the possible occurrence of natu-
ral electron echoes associated with magnetospheric
wave-particle interactions. Other correlative studies
are in progress. In a joint study with isis satellite
particle experimenters, we are examining profiles
of precipitated electron flux versus magnetic lati-
tude obtained during balloon flights from Roberval
in 1975 and 1973 and from Siple Station in 1971.
These profiles could provide evidence that en-
hanced electron precipitation (energies over 40,000
electron volts) just outside the plasmapause is char-
acteristic of the subauroral response to mag-
netospheric substorms.

The research at the University of Maryland was
partially supported by National Science Founda-
tion grant DPP 74-01704. Additional support for
operations in Canada was provided by the Office
of Naval Research under contract N00014-67-A-
0239-0033.

References

Foster, J . C., and T. J. Rosenberg. 1976. Electron precipita-
tation and VLF emissions associated with cyclotron resonance
interactions near the plasmapause. Journal of Geophysical Re-
search, 81: 2183-2192.

Rosenberg, T. J . , R. A. Helliwell, and J . P. Katsufrakis. 1971.
Electron precipitation associated with discrete very low fre-
quency emissions. Journal of Geophysical Research, 76: 8445-
8452.

Sudden impulses in the magnetic
field at high latitudes

R. R. HEACOCK
Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Operation of the three-component induction
magnetometer and associated data recording sys-
tems at the Soviet Union's Vostok Station (78°28'S.
106°48'E.) continued in cooperation with Soviet
scientists of the Arctic and Antarctic Scientific Re-
search Institute, Leningrad. An identical induction
magnetometer system was also operated at Thule,
Greenland.

FIgure 1. Amplitude spectra for an SSC that occurred at 2118
Universal Time (UT), 3 January 1973. Amplitudes were Inte-

grated over a 6-minute Interval.
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12 DEC 1972, 2001 UT
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We studied micropulsations associated with mag-
netic storm sudden commencements (SSCs) and
sudden impulses (SIs), and impulses not included
in the published ssc and si lists. Those micro-
pulsation effects are divided into two categories:
the impulse, itself, and the events of few minutes to
an hour in duration that commence with the im-
pulse. It is well known that many SSCs trigger pul-
sation events of types Pc- 1, Pc-2, Pc-3, Pc-4, and
Pc-5 (see review in Saito, 1969). Further, our work
has shown that SSCs that trigger magnetospheric
substorms (Kawasaki et at., 1971) have type Pi pul-
sation events commencing with the ssc.

Prince et at. (1965) determined the theoretical
impulse response of the magnetosphere, isotropic
mode, and Heacock (1969) gave evidence for iso-
tropic mode propagation of the impulse, also not-
ing that the impulse often contains energy to 0.5
hertz. Our discussion is confined to Pc-3 and Pc-4
frequencies (0.007 to 0.1 hertz). The impulse wave
packet, propagating across field lines in the iso-
tropic mode, may couple into the anisotropic mode
in localized regions, for example at the plasma-
pause (Chen and Hasegawa, 1974). Spectral peaks
thus could be found in data from sites on closed
field lines that are not present in the simultaneous
Vostok or Thule data. A search for such localized
oscillations at College, Alaska, was made with gen-
erally negative results. In most cases, the College
spectra are very similar to those for Thule and
Vostok in the gross features, although fine struc-
ture differences always exist. Figure 1 shows ampli-
tude spectra for an impulse that was reported as
an ssc by many magnetic observatories.

In some events, marked differences were found
between the H and D spectra for the same site (for
example, Vostok, figure 1). This characteristic was
also reported by Fukunishi (1975) in data recorded
at lower latitudes. Our data suggest that the spec-
trum for waves coming from the morning sector of
the magnetosphere is not necessarily similar for a
given impulse to that for the afternoon sector. If,
for example, the H sensor points into morning and
the D into afternoon, the spectrum sensed in H may
differ significantly from D.

Figure 2 gives spectra for an impulse not listed
as an ssc or an si. As in most cases, the spectra are
flatter than for SSCs; that is, there is relatively less
energy in the lowest frequencies. Energy must be
prominent in the lowest frequencies to recognize
the impulse on ordinary magnetograms. The oc-
currence frequency of unlisted impulses is so high
that their total contribution to Pc-3 and Pc-4 ac-
tivity is significant, consistent with the suggestions
of Lanzerotti et at. (1975).

Sugiura (1965) found from theoretical con-
siderations that the rise time of a given ssc should
be about the same throughout the magnetosphere.

Figure 2. Amplitude spectra for an unlisted impulse that oc-
curred at 2001 UT, 12 December 1972.

This study's observed similarities in steepness of
the spectra for Vostok, Thule, and College (figures
1 and 2), i.e. quicker impulses have more abundant
high frequencies at all sites, support Sugiura's pre-
diction and show that some characteristics of im-
pulses at the magnetopause can be determined
from observations at a single site. Source spectra of
the impulses, as measured at satellites near the
magnetopause, are needed to extend this work.

This research was supported by National Science
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Foundation grants Gv-41 157 and ATM 71-00617.	Cosmic ray intensity variations
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MARTIN A. POMERANTZ and SHAKTI P. DUGGAL
Bartol Research Foundation of the Franklin Institute

Swarthmore, Pennsylvania 19081

In the last year we have made progress in under-
standing two diverse phenomena: (1) transient pro-
duction of relativistic cosmic rays (approximately 1
gigaelectronvolt) in the solar system, an exceed-
ingly rare occurrence, and (2) transient reduction
of the galactic cosmic ray intensity, a commonplace
occurrence.

Interplanetary acceleration. The extraordinary se-
quence of solar and interplanetary events that oc-
curred in August 1972 was noted earlier (Pomer-
antz and Duggal, 1973, 1974a). On the basis of
available geophysical and space data, we attributed
the abnormal intensity versus time profile observed
at South Pole to the arrival of relativistic cosmic
rays that had been accelerated in interplanetary
space, rather than at the sun (Pomerantz and Dug-
gal, 1974b). In particular, we suggested that the

Figure 1. Calculated evolu-
tion of the nucleonic in-
tensity enhancements at
South Pole and McMurdo
produced by relativistic
cosmic rays accelerated in
Interplanetary space. The
curves differ because the
atmospheric cutoff at the
higher altitude (about 0.9
gigavolt) is lower than that
at sea level (about 1.1 giga-
volts). FD-2 represents the
onset of a Forbush de-
crease produced by the
passage of the second
shock of the pair between
which the particles were

multiply reflected.
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