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Whistlers change VLF signal amplitudes
R. A. HELLIWELL

Radioscience Laboratory
Stanford University

As part of a continuing study of the magnetosphere,
sipce 1963 the field strength of the very low frequency
signals of several transmitters has been recorded con-
tinuously at Eights Station (1963 and 1965) and Byrd
Station (1963-1970). During equinoctial periods,
many amplitude anomalies were observed on the VLF
signals, whose paths were all subionospheric. The
anomalies were not associated with solar flares or
with any manmade disturbances that might affect the

Solar cosmic ray events,
1969 and 1970

A. J . MASLEY and P. R. SATTERBLOM

Space Sciences Department
McDonnell Douglas Astronautics Company

During 1970, 14 solar cosmic ray events were ob-
served with riometer absorption greater than 0.4 dB at

D-region. A search through data on natural VLF phe-
nomena, both emissions and whistlers, revealed that a
whistler was present at the exact time the VLF signal
amplitude began to change. This relationship is true
for the approximately 200 events studied so far.

Here are some characteristics of the events: (1) A
triggered VLF emission is sometimes associated with
the whistler. (2) The change in VLF signal amplitude
is usually about 6 decibels. (3) There are as many as
20 events over a period of 6 hours. (4) The VLF sig-
nal amplitude suddenly changes to a new level and
then takes several tens of seconds to return to its pre-
whistler level. (5) Riometer data for some of the
events show absorption of 1 to 2 decibels.

The correlation between VLF signal intensity
anomalies and absorption suggests that the two are a
result of electron precipitation. What is even more
striking in the correlation is that, in fact, the electron
precipitation is caused by whistlers.

The results of this study show that the continuous
monitoring of VLF signals can be used to monitor
electron precipitation.

VLF signal amplitude and whistlers will be re-
corded extensively at Siple Station so that we may un-
derstand the mechanism involved in the whistler-
induced electron precipitation.

30 MHz (see table). This number compares to 21
events during 1969, 20 during 1968, and 16 during
1967. The four largest events were between 3 and 4
dB.

The polar-orbiting OGO-6 satellite was launched
on June 5, 1969. The two largest events in 1969 ob-
served simultaneously by the McDonnell Douglas
OGO-6 and ground-based polar equipment occurred
on September 25 and November 2, 1969.

Solar cosmic ray events in 1970.

Preliminary flare candidates

Date

Jan 29
Jan 31
Mar 6
Mar 7
Mar 23
Mar 29
Apr 16
May 30
Jun 25
Jul24
Aug 14
Nov 5
Dec12
Dec24

Start	 Impor-
time (UT)	tance

1024	 lB
1512	 2B
1321	 IN
0138	 2B
1545	 IN
0032	 2B

0248

18232	 213
1605
	

IN

Position

13 0 S. 420W.
25 0 S. 620W.
14°S. 60E.
12 0 S. 100E.
18 0 N. 620W.
13 0 N. 370W.

8°S. 32°W.

10°N. 8°E.
15 0 N. 730W.

Solar radio
emission
type; intensity

IV-3; 11-3
IV-2
-; II-1
IV
IV-3; 11-3
IV-11

IV-3
IV-2

Maximum
absorption
(dB at 30 MHz)

0.8
3.0
1.0
3.8
0.5
1.8
0.6
1.9
0.8
3.6
2.6
3.5
0.8
0.6

April 15. 2 July 23.
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Figure 1. Event profile for three
OGO energy intervals and the Mc-
Murdo riometer data. Each OGO
data point is obtained by averag-
ing the three highest 3O..secoud
average intensities obtained durir g

a polar pass.
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At 0943 UT on November 2, a major flare occurred
one day behind the west limb. Particles were first
observed during the northern pass at 1100 UT, No-
vember 2. A large increase was seen in the > 80 MeV
proton and > 350 keV electron integral channel. Only
a slight increase was seen in the high energy proton
channels below 80 MeV. The McMurdo riometer
shows the event onset at 1100 UT (fig. 1). During the
next southern pass, beginning at 1148 UT, the spec-
trum is peaked at about 30 MeV, since most low en-
ergy particles have not yet arrived due to velocity dis-
persion.

The 5.3 to 6.1 MeV intensity reached a maximum
of 210 per sq cm-sec-ster-MeV, the 11 to 16 MeV in-
tensity reached a maximum of 95 per sq cm-sec-ster-
MeV, and the 49 to 78 MeV intensity reached a max-
imum of 5.8 per sq cm-sec-ster-MeV all during the
1420 UT north pass (fig. 1).

Large variations in intensity were observed across
the polar caps. Stable features in the polar intensity
profile that could be recognized from pass to pass per-
sisted for about 24 hours. The maximum variation
across the polar cap for 30-second average points was
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Figure 2. OGO 5.3-6.1 MeV pro-
ton channel polar cap average
and riometer profile for the Sep.

00	12	00	12	00	tember 25, 1969, solar cosmic ray
11 869	 11969 event.
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285: 1 for the 5.3 to 6.1 MeV channel during the south
pass at 1337 UT on November 2. This ratio decreasd
to about 1.5:1 at 1000 UT on November 3.

The September 25 event began at about 0800 1.T
having only high energy particles present with a subse-
quent classical buildup of the spectrum as lower n -
ergy particles arrived (fig. 2). At 0350 UT on Sp

-tember 27 a 3B flare was observed. The major
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crease due to this flare was observed beginning at
2125 UT concurrent with a sudden commencement
(SC). This event, with particles confined behind the
shockwave, demonstrated very little velocity dispersion
as all energies were present from the beginning. A
final increase was observed coincident with the SC at
0453 UT on September 29. The spectral shape was
identical before and after the SC, but the total inten-
sity increased. The two events reached a maximum of
0i7 and 3.4 dB absorption at 30 MHz. The intensity
dcreased rapidly about 16 hours after the second SC
si ilar to the April 1960 and May 23, 1967, events.

Auroras over the South Pole and
interplanetary magnetic field changes

S.-I. AKASOFU

Geophysical Institute
University of Alaska

One of the most interesting problems in auroral
physics is to explore mechanisms that control auroral
activity—in particular auroral substorms, one of the
manifestations of magnetospheric substorms. It has
been inferred that the southward-directed component
of the interplanetary magnetic field causes the growth
of auroral substorms.

The South Pole auroral station is well suited for
studying this relationship continuously for about 3
months each year without the hindrance of sunlight,
since it is located near or under the auroral oval for
most of the day. In particular, the station provides an
excellent opportunity for studying auroras in the day-
side of the oval. At an auroral-zone station, far from
the oval and in sunlight during the noon hours, such
an observation is not possible except during midnight
hours.

We have operated a 35-mm all-sky camera at the
South Pole since 1968. Recently, interplanetary mag-
netic data for 1968, obtained from Explorer 35, a
lunar orbiter, have become available for a preliminary
study of the relationship we are interested in; the
nagnetometer was operated by the Ames Research
Cnter, National Aeronautics and Space Administra-
tibn. Thus, the South Pole station has provided the
first opportunity to make a detailed study of the re-
sponses of auroras to changes in interplanetary mag-
ntic fields. The figure shows a typical example of the
response of auroras to changes of the interplanetary
magnetic field vectors. The sudden activation of an
aurora over the South Pole was associated with the
turning of the interplanetary magnetic field vectors
frbm the northward to the southward direction. There
is little doubt of the correlation: the auroras were sud-
denly activated at about the time of the turning after
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An example of sudden activation of afternoon auroras over the
South Pole, apparently triggered by turning of the interplanetary
magnetic field vector from northward to southward direction.
Also shown is the simultaneous magnetic sector during the event.
A negative bay began about 1 hour after the moment of turning.

a prolonged period of northward-directed interplane-
tary field during which auroras were quiescent and
very faint. There are numerous other examples.

The figure shows also the magnetic record from Ki-
runa, Sweden, which was in the midnight sector when
the event took place. One interesting feature is that
there seems to be a significant delay in the onset of
magnetic bays (also a manifestation of magnetospheric
substorms) after the moment of the turning of the in-
terplanetary field vectors. It is not yet possible to con-
clude whether the delay is true or simply apparent.
We are also examining general features of the respon-
ses of auroras in terms of local times. In particular, we
are interested in the responses of the midday auroras
(those that occupy the midday part of the oval),
which are expected to manifest effects of the merging
of the interplanetary magnetic field and the geomag-
netic field lines. Our preliminary study indicates that
the responses are complicated ones, and it may be nec-
essary to investigate the interplanetary discontinuities
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