
1969 SOLAR COSMIC RAY EVENTS
PRELIMINARY FLARE CANDIDATES	SOLAR RADIO

EMISSION
RT TIME (UT)	IMP. I POSITION TYPE - INTENSITY

0706E	28	N20 W09
0900	28	N13 W37	IV-3
0418	28	N13 W46	 11-3
1348	28	N13 W65	IV-3

1735	28	N12 W80	IV-3, 11-3
0125	251	N19 E16	 11-2

ACTIVITY BEYOND WEST LIMB
NORTHEAST LIMB ACTIVITY

0749	254	516 E42	IV-?

0630	3N	N13 W15

0943	?	BEHIND WEST LIMB
1804	38	N29 E31
0914	28	N15 W32
0950	2F	N13 E08
1202	2F	N13 W12

M7 1573A

MAXIMUM
ABSORPTION

(dB AT 30 MHz)
1.4
1.7
1.3
1.3
1.0
0.7

'.4
laD
1.2
1.4
0.4
0.7
3.4
0.4

14.5
1.4
0.7
0.6
1.3
0.4

DATE
24 JAN
25 FEB
26 FEB
27 FEB
28 FEB
12 MAR
21 MAR
30 MAR
11 APR
13 MAY
7 JUN

13 JUL
25 SEP
27 SEP
14 OCT
2 NOV
7 NOV

24 NOV
18 DEC
19 DEC
31 DEC

Table 1.
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cycles per minute. The frequency range of magnetic
fluctuations extends into the audio and even into the
radio-frequency ranges, but the highest frequencies
normally dealt with by geomagnetic observatories are
in the micropulsation range-up to a few cycles per
second.

The diagram suggests some of the types of study
that utilize various portions of the spectrum of geo-
magnetic pulsations. Because of the very wide range
of frequencies, the time scale is logarithmic, expressed
as a function of the period rather than frequency of
fluctuation.
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Figure 1.
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During 1969, 21 solar cosmic ray events were ob-
served with riometer absorption greater than 0.4 db
at 30 MHz (Table 1). This number compares to 20
events during 1968 and 16 during 1967. The events
ranged in intensity from 0.4 db to 14.5 db, which is
equivalent to 1 proton/cm2secster to 2 x 10/cm 2

-sec-ster for greater than 10 MeV. The two largest
events, on April 11 and November 2, were apparently
due to solar activity behind the east and west limbs,
respectively.

Fig. 1 shows the June 7 event as observed by 30-
MHz riometers at Shepherd Bay and McMurdo
Sound and by the McDonnell-Douglas experiment
aboard the polar-orbiting OGO-6 satellite. For about
five hours after the onset near 2000 on June 7,
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significant anisotropies were observed as the satel-
lite crossed a given polar cap. Variations in count
rate up to a factor of ten were observed. From onset
to the second maximum at 1600 on June 8, no
significant asymmetry was observed between the
ncrth and south polar regions. From this point on,
a larger intensity was observed over the north polar
cap. The northern excess was about 50% for several
hours, after which it was reduced to 20% for the
next two days. The decrease in the Southern Hemi-
sphere is not a low-energy cutoff effect but a depres-
sion of the entire spectrum. A regression plot of the
riometer and OGO-6 data indicates good agreement
with A(db) =KI % for both the increasing and de-
creasing phases.

Fig. 2 shows riometer observations during the
November 2, 1969 event. This event reached a peak
absorption greater than any other during this solar
cycle. Although a maximum of 14.5 db was observed
at 30 MHz, the integrated intensity for greater than
10 MeV protons was about equal to that for the No-
vember 18, 1968 event. The sharp increase and unique
spike at the beginning of the event is very similar to
the profile of the November 18, 1968 event. This
feature may be a characteristic of extreme west limb
events and their propagation path to earth. The 1968
event was due to a N21W87 flare and the 1969 event
to a flare one day behind the northwest limb.
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Riometers were operated continuously at frequen-
cies of 30 and 50 MHz at Byrd, South Pole, and
Vostok during the austral winter of 1969, and analy-
sis of the data is currently under way. One of the
principal objectives of the operation was to study
polar-cap absorption events, which are fairly fre-
quent at this time, close to the peak of the solar
activity cycle.

The most outstanding PCA event of the year oc-
curred April 12-16. The absorption profiles of this
event as recorded at the two frequencies at Byrd
and Vostok are shown in Fig. 1 (no data were ob-
tained at South Pole). The event was relatively in-
tense, reaching a maximum at 30 MHz of about 11
db at Vostok, in spite of the small maximum solar
elevation angle of about 5° at local noon (about
0500 UT). The peak absorption recorded at Byrd
was only about 8 db, partly because the maximum
proton flux occurred at a time when Byrd was in
darkness, and partly because the maximum solar
elevation angle there was only about 1°.

This event is of particular interest because it ap-
parently originated in a flare just beyond the east
limb of the sun, which was invisible from the earth,
although its effects were observed by one of the
Pioneer spacecraft in solar orbit well to the east of
the earth. The spiral pattern of the interplanetary
magnetic field, caused by the sun's rotation, tends to
deflect protons to the east as they travel out from
the sun, and hence protons originating in west-limb
flares reach the earth rather easily, whereas east-limb
protons have to diffuse across the interplanetary field,
resulting in a slow buildup in intensity at the earth.
In the April 1969 event, the initiating flare ap-
parently occurred at about 0115 on April 10, but the
peak of the PCA event was not reached until about
0600 on April 13, some 40 hours later, reflecting
this typical slow rise. Nevertheless, the event assumed
major proportions, suggesting that it would have
been one of the largest on record if the earth had
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