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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 eosmic ray disturb- 
ances when both the phenomena could be closely correlated. Two of the biggest geomagnctic 
storms recorded at Alibag have also been considered. Jus tas  in geomagnetism, ir 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 oceurred when the active regions on the 
sun h a d a  long previous history of more than usual activity either when the active region 
was near the C. M. of near the western limb of the sun. In the former case a geomagnetic 
storm followed which could be closely correlated with a simultaneous cosmie ray disturbanee. 
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 of 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 ate 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.). 

G e o m a g n e t i c  d i s t u r b a n c e s  a n d  p a r t i c u l a r l y  the  b igger  ones a m o n g  t h e m  

called s to rms  h a v e  b e e n  s t u d i e d  f o r a  long  t ime  in  r e l a t i o n  to  the  progress  

a n d  e v o l u t i o n  of se lar  ac t ive  reg ions  d u r i n g  the  sun ' s  r o t a t i o n .  I n  mos t  of the  

s tud ies  of l a rge  cosmic  r ay  b u r s t s  of sha rp  increases  a t  t he  t i m e  of  or af ter  solar  

f lares ,  l i t t l e  a t t e m p t  has  b e e n  m a d e  to  re la te  the  e v e n t s  to  the  e v o l u t i o n  of the  

r e l a t ed  solar  ac t ive  regions ,  or the  solar  r o t a t i o n .  I n  fact ,  solar  f lares  which  

have  b e e n  l i s ted  as of n e a r l y  equa l  i m p o r t a n c e  in  the  a s t r o n o m i c a l  pub l i ca -  

t ions  [1] h a v e  b e e n  a r b i t r a r i l y  c lass i f ied u n d e r  d i f fe ren t  categories  based  

p u r e l y  on cosmic  r a y  o b s e r v a t i o n s  [2]. The  large  even t s  of  solar  f lares  a n d  sharp  

increases  in  the  cosmic  r a y  i o n i z a t i o n  a t  t he  e a r t h ' s  surface  t h a t  have  b e e n  

r eco rded  are n o t  v e r y  m a n y .  B u t  s t i l l  t h e i r  s t u d y  in  r e l a t i o n  to  ava i l ab l e  geo- 

m a g n e t i c  a n d  solar  d a t a  has shown  t h a t  some order  could  be o b t a i n e d  in  the i r  

c lass i f ica t ion .  

A m o n g  the  n o n - p e r i o d i c  v a r i a t i o n s  in  the  i n c o m i n g  cosmic  rays  a t  the  

surface  of the  ea r th ,  a pe rcep t ib l e  d i s t u r b a n c e  - -  a decrease  in  genera l  - -  has,  

some t imes  b u t  n o t  a lways ,  b e e n  n o t e d  a b o u t  the  epoch of  g e o m a g n e t i c  s to rms .  

On  these  occas ions ,  t he  cosmic r a y  i o n i z a t i o n  curve  w i t h  t i m e  fol lowed closely 

the  c o r r e s p o n d i n g  g e o m a g n e t i c  curve .  Co r r e spond i ng  to t he  h u m p  or crochets  

in  the  g e o m a g n e t i c  records  a t  s t a t i o n s  on  the  d a y l i g h t  side of  the  e a r t h ' s  
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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, STINCHCO~B and SCHEI~ [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 reiatable 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, McCRACKEN, PARSONS and TROST 
[4] report  that  there was no drop in cosmic ray ionization during the period 
of this geomagnetic storm. SARABrlxr, DUGGXL, RXZDXN 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 Ÿ as a measure of time fluctuations 
of cosmic rays in analogy with those used in geomagnetism, ir has been shown 
[6] that  while on disturbed days, there was a general trend for both geomagnet- 
ic and cosmic ray Ÿ to increase together, two distinct groupings could 
be recognised as : (a) The cosmie 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. Similarty 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 b;gger 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]. Theyhappened 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 tha t  the Central Meridian (C. M.) 
distance on any day is to within a few degrees only approximate. For ah 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, KXNZELHOHE has assigned 2E while 
Or~DRE~OV 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 re levan t  da ta  have  all been t abu l a t ed  for compar i s ion  of each 
individual  event  : the f ive big cosmic r a y  burs ts  and the  two biggest  geomagne t -  
ic s torms,  seven in all. The Tables  1 to 6 have  been s u m m a r i z e d  in Table  7. 

Discussion 

Re : act ive  region No. 7. of  1941, the  chief points  to notice are t h a t  the 
region ha rd ly  las ted  a week with  C. M. dis tances 28E to 53W. Flares  of impor-  
tance  3 were r epor t ed  towards  the  end of  its life, i. e. when its age was abou t  6 
days.  The region was then  s i tua ted  m i d w a y  be tween  the  C. M. and  the western  
l imb of the sun. The geomagnet ic  s t o rm  followed 43 hours  af ter  C. M. passage  
and  it was pe rhaps  the  biggest  one as far  as geomag,  s to rms  are concerned 

recorded at  A l ibag /Bombay .  
Re : ac t ive  region No. 12 of 1942, ir was observed when it f i rs t  appea red  

at  the eas te rn  l imb of the sun as of  impor t ance  3. I t  was a r e tu rn  of act ive  
region No. 5. which had  C. M. passage on Feb.  1.7.  The region No. 12 cont inued 
act ive in its progress  and even re tu rned  a th i rd  t ime as No. 17 wi th  C. M. pas- 
sage on Mar. 2 7 . 4  wi th  17 observed dist inct  flares. The f i rs t  cosmic r a y  in- 
crease occurred on Feb.  28th 12 U. T. when the act ive region No. 12 was near  the 
C. M. of  the  sun. The  geomagnet ic  s t o rm  tha t  followed on Mar. I s t  1942 could 
be closely corre la ted  with the  cosmic r ay  t ime  curves at  the same epoch. The 
geomagnet ic  s t o rm  showed rapid  f luc tua t ions  in the init ial  phase.  

The second cosmic ray  increase of  act ive  region No. 12 occurred on Mar. 
7th when the  ac t ive  region was near  the  western  l imb of the  sun. No geomagne t -  
ic s t o rm  with  f luc tua t ions  which could be c lose lycorre la ted  with  cosmic r a y  

curves were recorded.  
Re : ac t ive  region No. 15 of 1946, t hough  its age has been given a t  the  

t ime  of C. M. passage  as > 6  in the I. A. U. Bull., only three  independan t  f lares  
have  been recorded in its passage f rom 44E to 5E (in C. M. distance).  The 
f lares towards  its end were of impor t ance  3. No cosmic ray phenomenon has 
been reported. The geomagnet ic  s t o rm  t h a t  followed was the second biggest  
recorded a t  A l i b a g / B o m b a y  and was associated with  radio  fade-outs  and dis- 
locat ion of submar ine  te lecommunica t ions .  

Re : ac t ive  region No. 51 of 1946, this could be observed  when it was 
near  the eas tern  l imb of the sun (within a day) and the f lares th rough  its 
progress had  impor t ance  2 and 3. The cosmic ray  increase occurred on J u l y  
25th 1600 U. T. when the act ive region was near  the C. M. of the  sun. I t  was 
followed nex t  day  b y  a geomagnet ic  s t o r m  whose f luc tua t ions  could be closely 
correlated wi th  Cosmic R a y  curves wi th  t ime.  When  the act ive  region was 
near ing the  wes tern  l imb, though it  cont inued to be act ive,  re la t ive ly  to its 

previous h is tory ,  i t  was less m a rked .  

2* 
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Re : act ive region No. 23 of the four t  hqua r t e r  of  1949 ; its age at  the s tage  
of C. M passage is given in I.  A. U. Bull. as d 1 day.  But  it had been observ-  
ed thr ice  within the three  previous  days  of its crossing the C. M. (14. 1. Nov.  
1949) i. e. f rom Nov.  l l t h .  I t  has also been s ta ted  to be a fresh fo rma t ion  on 
its r e tu rn  of an earlier act ive  region No. 13 with C. M. passage on Oct. 18. 8. 
No cosmic ray  or significant geomagnet ic  p h e n o m e n a  were recorded at the  t ime  
of the C. M. passage of the  region. The region became more act ive towards  
the period of its approach ing  the western l imb of the  sun. The cosmic r ay  burs t  
occurred when the act ive region was abou t  a day ' s  j ou rney  f rom the western  
i imb of the sun. No geomagne t ic  s to rm nor  m a r k e d  correlatable  cosmic r ay  
decrease has been repor ted ,  subsequent  to the f l a re .The  sharp increase in cosmic 
rays  at  Cl imax was the largest  till then  recorded and  drew wide a t t en t ion .  

Re : act ive region No. 17 of the f irst  qua r t e r  of  1956, it was observed  
when it  approached  the eas tern  l imb of the sun. I t  has been repor ted  
as of  I m p .  3 b y  McMath. I t  cont inued ve ry  act ive  in its passage to the C. M. 
and to the  western l imb of the  sun. While the period could not be described as 
geomagnet ica l ly  undis turbed ,  no geomag,  s t o r m  which could be corre la ted  
with cosmic ray  decreases were repor ted  abou t  Feb.  18 to 19 1956. The  big 
cosmic r ay  increase occurred on Feb.  23rd 1956 when the region was a lmos t  
at  the western  l imb of the  sun. The corresponding solar f lare was also I m p .  
2 to 3. The  geomagne t ic  s t o r m  on Feb.  25th 1956 did not  m a r k  any  cosmic 
ray  decrease nor could ir be correlated with cosmic ray  curves at the  same 
epoch.  

The  numb er  of large events  in cosmic rays  with solar and geomagne t ic  
events  t h a t  have  been observed  has been small.  But  still a separa te  s t udy  of 
t h e m  migh t  be fruitful .  The s u m m a r y  given above  of all re la ted p h e n o m e n a  
might ,  t ak ing  the n u m b e r  of  events  avai lable  into account  be used to d raw 
some conclusions. 

The  act ive regions No. 7. of 1941 and No. 15 of 1946 were ei ther  shor t  
l ived or showed up only a l imi ted  n u m b e r  of chromospher ic  erupt ions.  Towards  
the  end of their  lives i m p o r t a n t  f lares were repor ted .  Solar f lares were also 
repor ted  within  a d a y ( ~  1 day)  of the C. M. passage  of  the region. Subsequen t ly  
within 24 to 48 hours ve ry  big geomagnet ic  stor;~l took  place. 

The  act ive  reg,ons No. 12 of 1942 and No. 51 of 1946 were act ive f rom the 
eas tcrn  l imb to the western  l imb of the sun. Large  solar f lares occurred  when  
these regions were within one day  ( ~ l d a y )  of  the  C. M., cosmic ray  increases 
where recorded at  m a n y  s ta t ions .  Wi th in  24 to .48 hours  in each case a geo- 
magne t i c  s to rm which could be correlated with cosmic r ay  changes at  the  same 
epoch was repor ted .  

The  act ive regions No. 12 of 1942, No. 23 of the four th  qua r t e r  of  1949 
and No. 17 of the f irst  qua r t e r  of  1956 were all ac t ive  near  the wes tern  l imb 
of the  sun, i. e within a day  o f i t  (~:1 day).  Even  No. 23 of the last  qua r t e r  of  
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1949 had an active his tory extending beyond  5 to 6 days. The other  two were 
very  active for more than  11 days. At the stage of these regions nearing the 
western limb ( •  1 day) of the sun, sharp increases in cosmic rays were obser- 
ved to coincide with the t ime of f la res  at many  stations. In the case of the most 
active region, the increase has been recorded even near the geomagnetic  equator .  

I f  it is assumed t ha t  the facts b rought  out  above have more than  part icu-  
lar application,  it may  be concluded tha t  large cosmic ray  bursts  have occurred 
in connect ion with solar flares associated with act ive regions with a long 
history of considerable act iv i ty  at the stage of the active regi0n being ei ther  
near the C. M. or near  the western l imb of the sun. When it was near  the C. M., 
a geomagnetic  s to rm 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 dis turbance followed. The 
very  big purely geomagnet ic  storms followed the C. M. passage of  active regions 
whose his tory of ac t iv i ty  was less marked,  ei ther it had begun only a few days 
earlier or its ac t iv i ty  did not  a t t rac t  much notice. At the stage of dissolution 
soon after  C. M. passage, the active regions showed chromospheric  erup- 
tions of Imp. 3 and the geomagnet ic  s torms of ve ry  great  in tens i ty  were 
recorded.  

Another  point  tha t  may  be noticed is tha t  the t ime in terval  between the 
C. M. passage of the active region and the geomagnet ic  s torm was less in the 
instances when ir followed a large cosmic ray  increase and associated solar 
f lare than  in the case of a purely geomagnet ic  dis turbance.  Even  if the t ime 
after  the solar f lare and succeeding geomagnet ic  s torm is considered, the result 
is similar. The particles for the jo in t  cosmic ray-geomagnet ic  disturbances 
have greater  veloci ty  than  those for purely geomagnetic  disturbances.  

Conclusions. As the cosmic ray  bursts  are associated with solar act ive 
regions of long his tory  and of abnormal ly  large chromospheric  act ivi ty ,  the 
particles responsible for cosmic ray  changes can be assumed to have been 
accelerated over  m a n y  days in those abnormal ly  active regions. The particles 
emi t ted  near  the sun's C. M. would be normal  to its surface while those at the 
limbs may  be expected to be tangent ia l  to it. The purely cosmic ray bursts  
(i. e. not  associated with geomagnet ic  s torms related to eosmic rays) happened  
when the active region was near  the western limb of  the sun, even though at  
the eastern l imb the same active region showed great  ac t iv i ty ,  perhaps 
greater  ac t iv i ty  as shown by  solar figures than  when on the western limb, 
no cosmic ray  burs t  has been reported.  The particles must  have defini te  
polar i ty  of charge and we may expect  t ha t  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 re ta in  their  ident i ty  at the stage of being 
accelerated for m a n y  days in the sun's active region before emission into 
space, the particles of atoms would nei ther  be on the side of low or ve ry  
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high  atomic numbers and would be posit ively  charged. As the frequency of  
solar flare cura Cosmic Ray  bursts have not  been many,  if group II elements 
be considered, one will have  to look for Strontium of Barium atoms,  consti- 
t u t i n g  only  0.03 per cent  of  the amount  in the  sun compared with Calcium 
being  emitted,  h would therefore be necessary to look for these of other 
unusual  elements in the spectrum of the solar flare on these special occasions. 

I thank Professor K. R. DIXIT and Professor D. D. KOSAMBI for helpful 
discussions. 
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0 COBFIA,/2EHHH YCH.FIEHHblX K O C M H q E C K H X  .FIHBHEIYl C CO .H H EqH blMH  
BCFIblHJI-(AMH H O FIOCJ-IE)2YlOIJ2HX F E O M A F H H T H b l X  BYP5:[X 

LI/. ~1. MAJlYPKAP 

P e 3 ~ M e  

~ o  cHx nop Ha‰ Fl:ffTb 602lblflHX ~ffBHefi KOCMHqecK0rO ~3J~yqeHHff, CBfl3aH- 
HbIX C COIIHeqHblMH BCHblmKaMH. 3a  aByMa ffoc~eRoBanH reoMaFHHTHble 6ypa cOnyTCTBy~O- 
mHe noMexaM B KOCMHqeCKOM H3~qyqeHHH, KoFRa Me>Kf[y O‰ ~IBJ'IeHFIffMH Mor~a ‰ ycTa- 
HOB~qeHa TecHafl CB,q3b. ,/:[Be H3 CaMblX ‰ FeoMarHHTHbIX 6ypb, Ha6n~~aeMb~x B Aan6ar ,  
rlpH 3TOM TOH<e HpHHHMaJIHCb B pacqeT. KaK B FeoMaFHeTH3Me, Ta]< H 3}leCb Ka3anocb yMecT- 
HbIM HCC.qe~0BaTb He TOJIbKO OTAeflbHb~e BC]flb[IJJKH, HO TaK~<e H npouecc pa3BHTH~ aKTHBHblX 
C0.rIHeqHblX 06~acTe~ 3THX ~IBYleHH~. 

BOnbturle KOCMHqecKHe .rIHBHH npH Ha.J'IHqHH CO.qHeqHblX BCnb[meK HO~IBHJ]HCb, ecaH 
flKTHBHble O‰ Ha CO~HRe HMe.qH ,/][.rIHHHylO npe~2blCTOpHro FIOBblH]eHHOH flKTHBHOCTH, H.rlM, 
KOrRfl aKTHBHa~I O£ ‰ 6.rIH3Ka K I~eHTpy T~~<eCTH H.rIH K 3flHa~HOMy Kpfl~O COhHRa. 
B npeRb~RytueM c~yqae noc:~e~oBa~a reoMaFHHTHa~ 6ypfl, KOTOpy}O MO)KHO ~bUfO KoppeJ~Hpo- 
BaTb C O~I, HOBpeMeHHbIMH IIoMeXaMH B K0cMHqecKoM H3.rlyqeHHH. BO BTOpOM c~yqae TaKHX reo- 
MflFHHTHblX Bo3MymeHH,~ He 6birlO. B cnyqae caMb~X fioabmHx FeOMflFHHTHbIX 6ypb BpeM~ 
)KH3HH H HCT0pH~I aKTHBHO.~ 06nflCTH 6b~~a 60aee KOpOTKa. Bonbmne BCHblUIKH Ha6~~oRanrtct, 
B nepHofle Hcqe3HOBeHH~I 06JIflCTH, cKopo noche ee nepexo~a qepe3 lAeHTp T~I)I<eCTH. 


