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Five large cosmic ray bursts in connection with solar flares have been observed till
now. Two of them were followed by geomagnetic storms associated with cosmic.ray disturb-
ances when both the phenomena could be closely correlated. Two of the biggest geomagnetic
storms recorded at Alibag have also been considered. Just as in geomagnetism, it was though
that a study should be made not merely of individual flares but also of the evolution and
progress of solar active regions for the above phenomena.

Big cosmic ray bursts along with solar flares occurred when the active regions on the
sun had a long previous history of more than usual activity either when the active region
was near the C. M. or near the western limb of the sun. In the former case a geomagnetic
storm followed which could be closely correlated with a simultaneous cosmic ray disturbance.
In the latter, no such type of geomagnetic disturbance followed. In the case of the two biggest
geomagnetic storms, the active region was more ephemeral in age or history. The large flares
occurred at the period of dissolution of the region soon after its C. M. passage. ‘

The particles responsible for the very big solar flares have atomic numbers neither
too low nor too large in the periodic table and are positively charged. The frequency of
such events being small the elements involved must be from those in the sun whose
abudence is relatively scarce. Detailed spectroscopic examination would decide what these
elements are (Sr, Ba. etc.).

Geomagnetic disturbances and particularly the bigger ones among them
called storms have been studied for a long time in relation to the progress
and evolution of sclar active regions during the sun’s rotation. In most of the
studies of large cosmic ray bursts or sharp increases at the time of or after solar
flares, little attempt has been made to relate the events to the evolution of the
related solar active regions, or the solar rotation. In fact, solar flares which
have been listed as of nearly equal importance in the astronomical publica-
tions [1] have been arbitrarily classified under different categories based
purely on cosmic ray observations [2]. The large events of solar flares and sharp
increases in the cosmic ray ionization at the earth’s surface that have been
recorded are not very many. But still their study in relation to available geo-
magnetic and solar data has shown that some order could be obtained in their
classification.

Among the non-periodic variations in the incoming cosmic rays at the
surface of the earth, a perceptible disturbance — a decrease in general — has,
¢ometimes but not always, been noted about the epoch of geomagnetic storms.
On these occasions, the cosmic ray ionization curve with time followed closely
the corresponding geomagnetic curve. Corresponding to the hump or crochets

in the geomagnetic records at stations on the daylight side of the earth’s

* Revised version VII. 29. 1957.

2 Acta Physica VIII/3.
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hemisphere at the time of solar flares or chromospheric eruptions, the cosmic
ray curves have occasionally shown abnormal increases at stations away from
the geomagnetic equator. FORBUSH, STINCHCOMB and ScHEIN [3] gave four
instances (Feb. 28th and Mar. 7th 1942 ; July 25th 1946 and Nov. 19th 1949).
Recently a fifth instance has been added to the list and was commented upon
even in the B. B. C. news broadcast. Even at low geomagnetic latitudes, the
cosmic ray curves got affected very significantly.

The solar flares of Feb. 28th 1942 and July 25th 1946 were followed
within 24 to 48 hours by geomagnetic storms with closely relatable cosmic ray
changes. The solar flares of Mar. 7th 1942 and Nov. 19th 1949 were not follow-
ed by geomagnetic storms which could be correlated with contemporary
cosmic ray changes. After the great solar flare of Feb. 23rd 1956, a geomagnetic
storm was recorded on Feb. 25th. FENTON, MCcCRACKEN, PARSONS and TrosT
[4] report that there was no drop in cosmic ray ionization during the period
of this geomagnetic storm. SARABHAI, Duccar, Razpan and Sastry [5]
who reported cosmic ray changes at Ahmedabad and at Kodaikanal and Tri-
vandrum (very near the geomagnetic equator) did not notice any cosmic ray
changes during the geomagnetic storm on Feb. 25th 1956.

By assigning characteristic indices as a measure of time fluctuations
of cosmic rays in analogy with those used in geomagnetism, it has been shown
[6] that while on disturbed days, there was a general trend for both geomagnet-
ic and cosmic ray indices to increase together, two distinct groupings could
be recognised as : (a) The cosmic ray index was relatively high while the geo-
magnetic index was not very large e. g. Feb.—Mar. 1942 and (b) The cosmic
ray index was not very large but the geomagnetic index was high, e. g. Mar.
1941. Similarly while during the epoch of the geomagnetic storm of July
26th 1946, cosmic ray changes showed close correspondance, no such simultan-
eous changes have been reported in the case of the very much bigger geomagnetic
storm of Mar. 28th 1946. The geomagnetic storms of Mar. 1st 1941 and Mar.
28th 1946 are the two biggest recorded at the Alibag Bombay Magnetic Obser-
vatory[7]. They happened while routine cosmic ray observations were avail-
able but yet no outstanding changes in the incoming cosmic rays have till now
been reported at those epochs. As the two or three biggest cosmic ray changes
without corresponding geomagnetic effects have to be considered, it would be
justifiable to include the two biggest geomagnetic events without cosmic ray
effect in this study.

[It may be especially pointed out that the Central Meridian (C. M.)
distance on any day is to within a few degrees only approximate. For an iden-
tical very important flare even near the C. M. the active region No. 17 of the
first quarter of 1956, at the same time, KANZELHOHE has assigned 2E while
ONDREJOV assigned 10 W, a variation of 12° in the coordinates on the sun.
This active region gave later the big solar flare of Feb. 23rd 1956.]
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The relevant data have all been tabulated for comparision of each
individual event : the five big cosmic ray bursts and the two biggest geomagnet-
ic storms, seven in all. The Tables 1 to 6 have been summarized in Table 7.

Discussion

Re : active region No. 7. of 1941, the chief points to notice are that the
region hardly lasted a week with C. M. distances 28K to 53W. Flares of impor-
tance 3 were reported towards the end of its life, i. e. when its age was about 6
days. The region was then situated midway between the C. M. and the western
limb of the sun. The geomagnetic storm followed 43 hours after C. M. passage
and it was perhaps the biggest one as far as geomag. storms are concerned
recorded at Alibag/Bombay.

Re : active region No. 12 of 1942, it was observed when it first appeared
at the eastern limb of the sun as of importance 3. It was a return of active
region No. 5. which had C. M. passage on Feb. 1. 7. The region No. 12 continued
active in its progress and even returned a third time as No. 17 with C. M. pas-
sage on Mar. 27. 4 with 17 observed distinct flares. The first cosmic ray in-
crease occurred on Feb.28th 12 U. T. when the active region No. 12 was near the
C. M. of the sun. The geomagnetic storm that followed on Mar. Ist 1942 could
be closely correlated with the cosmic ray time curves at the same epoch. The
geomagnetic storm showed rapid fluctuations in the initial phase.

The second cosmic ray increase of active region No. 12 occurred on Mar.
7th when the active region was near the western limb of the sun. No geomagnet-
ic storm with fluctuations which could be closely correlated with cosmic ray
curves were recorded.

Re : active region No. 15 of 1946, though its age has been given at the
time of C. M. passage as >6 in the I. A. U. Bull,, only three independant flares
have been recorded in its passage from 44E to 5E (in C. M. distance). The
flares towards its end were of importance 3. No cosmic ray phenomenon has
been reported. The geomagnetic storm that followed was the second biggest
recorded at Alibag/Bombay and was associated with radio fade-outs and dis-
location of submarine telecommunications.

Re : active region No. 51 of 1946, this could be observed when it was
near the eastern limb of the sun (within a day) and the flares through its
progress had importance 2 and 3. The cosmic ray increase occurred on July
25th 1600 U. T. when the active region was near the C. M. of the sun. It was
followed next day by a geomagnetic storm whose fluctuations could be closely
correlated with Cosmic Ray curves with time. When the active region was
nearing the western limb, though it continued to be active, relatively to its
previous history, it was less marked.
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SOLAR FLARES, CONCURRENT COSMIC RAY BURSTS
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Re: activeregion No. 23 of the fourt hquarter of 1949 its age at the stage
of C. M. passage is given inI. A.U. Bull. as — 1 day. But it had been observ-
ed thrice within the three previous days of its crossing the C. M. (14. 1. Nov.
1949) i. e. from Nov. 11th. It has also been stated to be a fresh formation on
its return of an earlier active region No. 13 with C. M. passage on Oct. 18. 8.
No cosmic ray or significant geomagnetic phenomena were recorded at the time
of the C. M. passage of the region. The region became more active towards
the period of its approaching the western limb of the sun. The cosmic ray burst
occurred when the active region was about a day’s journey from the western
limb of the sun. No geomagnetic storm nor marked correlatable cosmic ray
decrease has been reported, subsequent to the flare, The sharp increase in cosmic
rays at Climax was the largest till then recorded and drew wide attention.

Re : active region No. 17 of the first quarter of 1956, it was observed
when it approached the eastern limb of the sun. It has been reported
as of Imp. 3 by McMath. It continued very active in its passage to the C. M.
and to the western limb of the sun. While the period could not be described as
geomagnetically undisturbed, no geomag. storm which could be correlated
with cosmic ray decreases were reported about Feb. 18 to 19 1956. The big
cosmic ray increase occurred on Feb. 23rd 1956 when the region was almost
at the western limb of the sun. The corresponding solar flare was also Imp.
2 to 3. The geomagnetic storm on Feb. 25th 1956 did not mark any cosmic
ray decrease nor could if be correlated with cosmic ray curves at the same
epoch.

The number of large events in cosmic rays with solar and geomagnetic
events that have been observed has been small. But still a separate study of
them might be fruitful. The summary given above of all related phenomena
might, taking the number of events available into account be used to draw
some conclusions.

The active regions No. 7. of 1941 and No. 15 of 1946 were either short
lived or showed up only a limited number of chromospheric eruptions. Towards
the end of their lives important flares were reported. Solar flares were also
reported within a day (+-1day) of the C. M. passage of the region. Subsequently
within 24 to 48 hours very big geomagnetic stor:u took place.

The active regions No. 12 of 1942 and No. 51 of 1946 were active from the
eastern limb to the western limb of the sun. Large solar flares occurred when
these regions were within one day (4-1day) of the C. M., cosmic ray increases
where recorded at many stations. Within 24 to 48 hours in each case a geo-
magnetic storm which could be correlated with cosmic ray changes at the same
epoch was reported.

The active regions No. 12 of 1942, No. 23 of the fourth quarter of 1949
and No. 17 of the first quarter of 1956 were all active near the western limb
of the sun, i. e within a day of it (41 day). Even No. 23 of the last quarter of
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1949 had an active history extending beyond 5 to 6 days. The other twou were
very active for more than 11 days. At the stage of these regions nearing the
western limb (41 day) of the sun, sharp increases in cosmic rays were ohser-
ved to coincide with the time of flares at many stations. In the case of the most
active region, the increase has been recorded even near the geomagnetic equator.
If it is assumed that the facts brought out above have more than particu-
lar application, it may be concluded that large cosmic ray bursts have occurred
in connection with solar flares associated with active regions with a long
history of considerable activity at the stage of the active region being either
near the C. M. or near the western limb of the sun. When it was near the C. M.,
a geomagnetic storm which could be correlated with a contemporaneous cos-
mic ray changes also followed. When the region was near the western limb,
no such closely associated geomagnetic cosmic ray disturbance followed. The
very big purely geomagnetic storms followed the C. M. passage of active regions
whose history of activity was less marked, either it had begun only a few days
earlier or its activity did not attract much notice. At the stage of dissolution
soon after C. M. passage, the active regions showed chromospheric erup-
tions of Imp. 3 and the geomagnetic storms of very great intensity were
recorded.
Another point that may be noticed is that the time interval between the
C. M. passage of the active region and the geomagnetic storm was less in the
instances when it followed a large cosmic ray increase and associated solar
flare than in the case of a purely geomagnetic disturbance. Even if the time
after the solar flare and succeeding geomagnetic storm is considered, the result
is similar. The particles for the joint cosmic ray-geomagnetic disturbances
have greater velocity than those for purely geomagnetic disturbances.
Conclustons. As the cosmic ray bursts are associated with solar active
regions of long history and of abnormally large chromospheric activity, the
particles responsible for cosmic ray changes can be assumed to have been
accelerated over many days in those abnormally active regions. The particles
emitted near the sun’s C. M. would be normal to its surface while those at the
limbs may be expected to be tangential to it. The purely cosmic ray bursts
(i. e. not associated with geomagnetic storms related to cosmic rays) happened
when the active region was near the western limb of the sun, even though at
the eastern limb the same active region showed great aectivity, perhaps
greater activity as shown by solar figures than when on the western limb,
no cosmic ray burst has been reported. The particles must have definite
polarity or charge and we may expect that the particles responsible for cosmic
ray bursts when the active region is near the C. M. of the sun are also charged.
As the particles have to retain their identity at the stage of being
accelerated for many days in the sun’s active region before emission into
space, the particles or atoms would neither be on the side of low or very
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high atomic numbers and would be positively charged. As the frequency of
solar flare cum Cosmic Ray bursts have not been many, if group II elements
be considered, one will have to look for Strontium or Barium atoms, consti-
tuting only 0.03 per cent of the amount in the sun compared with Calcium
being emitted. It would therefore be necessary to look for these or other
unusual elements in the spectrum of the solar flare on these special occasions.

I thank Professor K. R. DixiT and Professor D. D. KosamB1 for helpful

discussions.
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O COBIMAOEHHUU YCHJIEHHbIX KOCMHUUECKUX JIMBHE# C COJIHEUHbIMH

BCIbIIKAMU MU O TMOCNEAYIOUWHMX F’EEOMATHUTHDBIX BYPSAX
L. Jl. MATTYPHKAP

Peswme

Ho cux mop HaOGM0AAN0Ch NATh GONbUIMX JUBHEH KOCMHYECKOTO W3NyYeHUS, CBA3AH-
HbIX C COJIHEYHBIMM BCHBIUKAMH. 33 ABYMS NOCIEI0BANM T'€OMArHUTHbE OypH CONYTCTBYIO-
LHE MOMEXaM B KOCMHYECKOM M3JTYUEeHHH, KOTa Me)XXIy 000MMH SIBIEHUSIMKH MOTNIA ObiTh yCTa-
HOBJIEHA TecHas CBs3b, [lBe U3 CamblX GONIBIIMX IeOMArHUTHBIX Oypb, HAOmonaembix B Anubar,
MpH 9TOM TOXKe MPUHUMANMCh B pacdeT. Kak B reoMarHeTusme, TaK M 3[1€Cb KasajoCb yMecT-
HbIM HMCCJ/IE0BATH HE TOJBKO OT/eJIbHbie BCIBILLUKH, HO TAKXKe U MPOLECC PA3BUTHA AKTHBHBIX
COJIHEYHbIX O00JAaCTel 3TUX SIBJIECHHH.

Boabluge KOCMHYECKHME JMBHH NPH HAJTMYMH COJIHEYHBIX BCTBIILEK MOSIBHIIHCh, €CIH
AKTHBHbIE 00JaCTH HA COJIHLE UMENH JJIMHHYI0 MPEABICTOPHIO MOBLIIEHHOH aKTUBHOCTH, WM,
KOIJ1a AKTUBHAsST 0071aCTh OblIa 0JIM3KA K LEHTPY TSDHKECTH WIM K 3aMIaJHOMY Kparw COJIHLA.
B npenpiayiuem ciy4ae rocjieoBasia reoOMarHUTHast Oypsi, KOTOPYIO MOYKHO GbLI0 KOPPEIHpo-
BATh C OJIHOBPEMEHHLIMH NTOMEXAMH B KOCMHUECKOM H3JyueHMH. Bo BTOpOM Ciyuae TaKHX reo-
MarHMUTHBIX BO3MylIeHMH He Obiio. B ciyyae cambix GOJIBIIMX TeOMarHMTHBIX Oypb Bpemsi
YKH3HH M UCTOPUS AKTHBHOM o6sacty Gbuia Honee KopoTka. Bonbuixe BCMblLKY HAGTI0AATHCH
B A€pHOJIe HCYE3HOBEHHSI 00JIACTH, CKOPO MOCHEe ee Mepexo]a yepes LEHTP TSHKECTH,



