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The Douglas Antarctic Geophysical Observa-
tory (77°51'S. 166°43'E.) at McMurdo Sound be-
gan operation in February 1962. The magnetically
conjugate arctic observatory (68'49'N. 93'26'W.)
at Shepherd Bay, Canada, began operation in August
1963. These stations, at a magnetic latitude of 800
(L = 32), were established to study the characteris-
tics of solar cosmic ray events continuously, at a fixed
location, and at a reasonable cost. The locations
were chosen inside the polar cap regions, removed
poleward from the auroral zones to minimize auroral
interference and geomagnetic cutoff effects.

Radio techniques are used which allow effects
taking place at altitudes from 30 to 90 kilometers
to be observed with ground-based equipment. Rio-
meters are operated which measure the signal
strength of galactic radio noise at 30 and 50 mc./s.
The ionization produced by the interaction of the
charged particles with the atmosphere increases the
electron density so that radio waves passing through
the ionosphere are significantly absorbed. The ab-
sorption of the radio waves at a given frequency is
proportional to the square root of the intensity of
charged particles for a fixed energy spectrum. This
technique is sensitive to protons from about 5 to 100
MeV. Also operating at the stations are 27 kc./s.
spherics receivers and magnetometers.

Extensive theoretical research has been carried
out in order to better understand the relationship
between solar cosmic radiation and the absorption
of galactic radio waves. The response of riometers
to different intensities, energies, and types of parti-
cles as a function of radio frequency has been
determined (Adams and Masley, 1963, 1965, and
1966).

Solar Cosmic Ray Events

The solar cosmic ray events observed since Feb-
ruary 1962 at the Douglas observatories are listed
with related information in table 1 (Goedeke and
Masley, 1964; Goedeke, Masley, and Adams, 1966;
Masley, Goedeke, and Adams, 1965; Masley and
Goedeke, 1966a and 1966b). The radio noise ab-
sorption at 30 mc./s. ranged from 0.2 db. to 4 db.
for the events listed. Several additional events were
observed concurrently with space measurements
but the low absorption level made definite identifi-
cation questionable. Events on April 18, 1965;

June 15, 1965; December 24, 1965; and January 20,
1966, were of this type. The September 21 and
26 1 1963, events were the largest observed during
the period since early 1962. Next in order of size
were the July 7, 1966, and February 5, 1965, events.
A further discussion of these events follows:

September 1963 Events. The period of enhanced
cosmic noise absorption extends from September 14
through September 30, 1963. This period can be
divided into three intervals: September 14-19, when
several small events took place; one large event
from September 21 through 25; and the final large
event from September 26 through 30. Several flares
produced in McMath Plage Region 6964, which
crossed the solar meridian on September 20, 1963,
were responsible for several solar cosmic ray events,
sudden commencements, sudden cosmic noise ab-
sorption events, and Forbush decreases. The follow-
ing is a discussion of the two larger events.

A 2+ flare began at 0706 UT on September 20.
From 2255 to 2351 UT on September 20, flares of
class 2+ and 3 were reported which lasted until
about 0201 UT on September 21. Type IV radio
noise was reported starting at 0010 UT and still in
progress at 0055 UT. The absorption began to in-
crease at 0020 UT on September 21, over an hour
after the later flare series began. The maximum for
this event took place at 1900 UT on September 21,
reaching 2.7 db. at McMurdo and 4.2 db. at Shepherd
Bay.

In the final event of this series, a class 3 flare be-
gan at 0648 UT on September 26 and continued past
1000 UT. Absorption began at 0745 UT at Shep-
herd Bay and continued until 2000 UT. During the
sudden commencement at 1942 UT on September 27,
several spikes up to 3 db. were seen at Shepherd Bay.
The general absorption continued to decrease until
September 30. The events of September 21 and Sep-
tember 26 both decayed exponentially (e_1/t0) with a
t0 of about 10 hours.

February 5, 1965, Event. A class 2 flare (7°N.
25°W.) began at 1750 UT on February 5, 1965.
Type IV radio emission was observed between 1810
and 1905 UT. The event was observed by 30 and
50 mc./s. riometers at both McMurdo and Shepherd
Bay. The absorption began at about 1850 UT at
Shepherd Bay. At McMurdo, the start of the event
was obscured by solar radio noise during the
flare, but absorption did begin at about 1900 UT
(cf. fig. 1). The delay time from flare start was about
50 minutes. The absorption reached a peak of 1.8
db. at 2200 UT on February 5. The event was ob-
served in continuous sunlight at McMurdo.

July 7, 1966, Event. A 2B flare (30°N. 35°W.)
began at 0020 UT on July 7, 1966, accompanied
by Type IV radio noise beginning at 0026 UT. At
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about 0030 UT an SCNA was observed at Shepherd
Bay. The SCNA reached a maximum absorption of
1.6 db. at 0039 UT. When the SCNA decreased to
0.4 db., at 0115 UT, absorption due to solar
cosmic rays continued to increase to a peak of 2.1
db. at 30 mc./s. at 1215 UT, July 7 (cf. fig. 2).
The event was still in progress on July 11, with ab-
sorption over 0.2 db. This event was observed in
continuous sunlight at Shepherd Bay.

Propagation Conditions
A number of solar cosmic ray phenomena give in-

formation concerning charged particle propagation
conditions in interplanetary space. Table 1 shows
delay times between the flare and the observation
of particles near the Earth. The observed delays of
40-90 minutes correspond to rectilinear travel times
for 10 to 30 MeV. protons.

All events where accurate start times could be de-
termined, originated at west solar longitude. Half of
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the west solar longitude events near the last solar
maximum had less than a 90 minute delay time
and half had a longer delay time. All of the west
longitude events shown in table 1, which includes
the period since early 1962, have less than a 90
minute delay. This comparison, added to the fact
that we are considering lower energy particles dur-
ing the minimum period, indicates that propaga-
tion conditions are somewhat better during the
solar minimum period for west longitude events.

When considering east solar longitude events, it
appears that the "garden. hose" magnetic fields in
space are still active in their influence on propaga-
tion near solar minimum. Table 2 gives the dis-
tribution of originating flares and overall flare num-
bers for the 15 largest events from February 1962
to 1966. There is a greater number of east longi-
tude flares than west longitude flares during this
period. In spite of this, west longitude flares were
predominant in producing events observed near
Earth. That it is easier to see particles from west
longitude flares is consistent with observations near
solar maximum. If propagation conditions are in-
vestigated by comparing the time-intensity profiles
of events due to east longitude flares to those due
to west longitude flares, the results are similar for
solar maximum and solar minimum. Events origi-
nating in west longitude flares typically have a short
delay after the flare (about one hour), a sharp in-
crease to maximum intensity in a few hours, and
a gradual decay for several days. East longitude
events have a long delay and a broadened profile
without a sharp maximum, since the particles are
forced to diffuse across the magnetic lines of force.
It is because of this effect that it is difficult to get
accurate start times for the small solar-minimum,
east-longitude events.
Summary

Twelve solar cosmic ray events have been ob-
served at the Douglas observatories since February
1962. The absorption ranged from 0.2 to 4 db. and
the peak intensities for protons with energies greater
than 0.5 MeV. range from about 10 to 7000 pro-
tons/cm. 2 sec. ster. for the events. Eleven of the
events were flare associated, while one was due to a
recurring region. The events near solar minimum
are in general of lower intensity and lower energy
than solar maximum events. Charged particle propa-
gation appear to be somewhat better during the
minimum period for west solar longitude events.
Propagation continued to be difficult from east
solar longitude events.
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Table 1. Solar Cosmic Ray Events Near Solar Minimum

Date	Time of Flare	Imp	Position	 Type IV

Feb. 20, 1962

Sept. 26, 1963

Mar. 16, 1964

Feb. 5, 1965

Mar. 24, 1966

July 7, 1966

1222 Feb. 19	2
1245E Feb. 19	2
18 11 Feb. 19	2
2134 Feb. 19
0548 Feb. 20	2
0815 Feb. 21	2

1642 Oct. 23	2

Recurring Region

1034 Apr. 15	2
1603E Apr. 15	2
1143 Apr. 30	2
0513 May 1	3+

—14 Flares Class 2

0706 Sept. 20	2+
0713 Sept. 20	2
2255 Sept. 20	3
0039E Sept. 21	2
0300E Sept. 21	2
1438 Sept. 24	2

0638E Sept. 26	3+

1553E Mar. 16	2+

1750 Feb. 5	2

0233 Mar. 24	3B

)020 July 7
	2B

(E = in progress)

N10 E79
S08 E78
N10 E90
SlO E90
SlO E81
S09 E60

NO2 W71

SIO W07
Si! Wi0
N16 E56
Ni3 E46

(Several S

N15 E05
N04 Wi2
N10 W09
N18 W04
N13 W09
N16 W52

NiS W78

N04 W74

N07 W25

N18 W37

N30 W35

Max db	Delay Time

0.7

	

0.9	'-45 Mm.

0.6

	

0.9	86 Mm.

0.2

0.8

4.0

—85 Mm.

	

4.0
	

57 Mm.

	

0.2	>40 Mm.

	

1.8	—50 Mm.

	

1.6	— 30 Mm.

	

2.1	<50 Mm.

Oct. 23, 1962

Feb. 9, 1963

Apr. 15, 1963

Apr. 30, 1963

Sept. 14-19, 1963

Sept. 21, 1963

1656- 18 13

a11 Events)

2410-2455D

1604-1722

1810-1905

0026-0036

Table 2. Flare and Event Distribution
West	East

Events	 11	4
Flares	2	85	121

this work. Assistance of all members of the Douglas
Geophysical Observatory Program Staff is appreci-
ated. Special assistance from J. W. McDonough is
acknowledged.

References
Adams, G. W. and A. J. Masley. 1963. Utilization of multi-

frequency cosmic noise measurements for ionospheric and
solar cosmic ray studies. Paper presented at the Third
Western National Meeting of the American Geophysical
Union, Boulder, Colorado, December 26-28, 1963. Ab-
stract published in American Geophysical Union. Trans-
actions, 44: 882.

Adams, G. W. and A. J. Masley. 1965. Production rates and
electron densities in the lower ionosphere due to solar
cosmic rays. Journal of Atmospheric and Terrestrial
Physics, 27(3): 289-298.

Adams, G. W. and A. J. Masley. 1966. Theoretical study
of cosmic noise absorption due to solar cosmic radiation.
Planetary and Space Science, 14(3): 277-290.

Goedeke, A. D. and A. J. Masley. 1964. Observations in
the Antarctic of solar cosmic ray events in 1962 and
1963. Journal of Geophysical Research, 69: 4166-4169.

Goedeke, A. D., A. J. Masley, and G. W. Adams. 1966.
Polar observations of solar cosmic ray events during the
IQSY. Douglas Paper 1-520, presented at the 7th Inter-
national Space Science Symposium (COSPAR), Panel on
Polar Cap Experiments, May 11-17, 1966, Vienna, Aus-
tria; to be published in Space Research VI!.

Masley, A. J., A. D. Goedeke, and G. W. Adams. 1965.
Recent Solar Cosmic Ray Events. In: High Latitude Par-
ticles and the Ionosphere, edited by Maehium, Logos
Press.

Masley, A. J. and A. D. Goedeke. 1966a. Characteristics of
solar cosmic ray events, solar minimum versus solar
maximum. Douglas Paper 1-530; presented at the Doug-
las Aircraft Company Symposium on Recent Advances in
Cosmic Ray Research, Huntington Beach, California,
April 4-6, 1966; to be published in the Proceedings.

Masley, A. J. and A. D. Goedeke. 1966b. Solar cosmic ray
event characteristics: solar minimum vs. solar maximum.
Douglas Paper 1-517; presented at the 7th International
Space Sciences Symposium (COSPAR), Panel on Polar
Cap Experiments, May 11-17, 1966, Vienna, Austria; to
be published in Space Research VII.

192	 ANTARCTIC JOURNAL


