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All c .lrcj of p~ r~mmcn~cr mth high .kc rlvlcy wnc* rollrrtcd I I or11 1 (: 1 Sold1 At t11 ity Krpo~ 1 
Sclics in ordc~ tc) f 111d our ilicu pml~lc '\\u~ ~ALICIII with t i a t  i (5ti i:rl c.!Ic( t\ ~ I ~ I ~ . L I  10 ~11c ~ h t *  oIK(b~vcd 111 1 1 1 ~  
t dw: ol toLr fl.~rcr Spccld C ~ L  wd\ ~ A c n  in \t*lrc t~on  ol c d\Ph (11 pnrnimcbnt fi so '1s t o  .~voal tllc. ovcmt- 
l.rpp~ng cnri 1.. 01 any u~1.u LLun L'he +tucl) t c  \pcb4ilt (1 t11d .rbout c)oU,,  o i  ( .r\ts\ ol .rc t1vtb p~orn~nvi~t  n wcbic 
1ollc)wccl hy \)ill \t\ ol v~l,u ~ a c l s n  ertli.it~t~u, ,rl)out Oo':,, by p&u liLrl 01 ( oul~pl~ k b  + h o ~  twdvr t ~ ( I I O  I . ~ ~ c o I I ~ +  
and .~lxntl 7 lo 20 '),, 01 otllrt S I I)'\ 1Ata S.E A , SC:NA rtc ' l ll~\n 11 is ~ec.11 th.\t plotlrelc nc P\ ol hlglh 
dctlvity arc alvo \our cm of tbnhtist td +nldr I i\cllo-rtidl.rtioii .md X-t,lys, and ,rlc p ~ o l ~ ~ i l ~ l y  11( 111 unpol- 
t.u~cr to th'r~ 01 so1.r~ Il'it r 5  Sonic t111 (b( 1 f ~ l ) \ ~ r s  L ~ t ~ o ~ ~ , l l  c ~ ~ d t  t8\ . u ~ l  t11e-t)~ v11( dtl c O I I \ I C I ~  I + I I I O I ~ \  .itv . i Iw  

pvea 111 +nppor t ol the nl>ovcb t o u t  l u ~ l o ~ i  

Introduction 

Solar 11 .~1  tb\  a11d PI tmln~clic c \ 1\11) of thc impor 1.111 t indriili \t1it 10115 oI l,ol.i~ .U i t )  Solu  
fla~ er, whit 11 oc c ut in ttic nngl~bourl~ood ol .u tlvr spot+ ant1 c tn~fintul tc j  thc url~qrc~t n,t)c\, .11 r \Bar t- 
lived chtotiiosphc~u rxpltnlon~ t h.vi.ictrtiml by +uddnl rmirnon of cbllot Inom a1at111n~ ol cb1lc ~y 111 thc 
folm or electt o-m.rqnctu ~ n c l  c 01 pwc dnr ladintlon Prumninmt rc, on ihc othn 11.11lc1, .cl r o\,\r~ \ ul tlt)r 
only in the sunrpoi ronrr l ~ u t  ,115o 121 h1~11c1 la~tudcs right up to ihc poln TIich) r \hlbit .i 111ul l~pllc liy 
ot forrnp such a\ APR, HSI, LISI) rtc Howcvci, thr energy output in h c  c a9r oi proinintblli c+ t otlsc- 
qucnt to eruption ir v c ~ y  mu& lowcx than that of rolar flarcr 

Whcn a flai c occun, bimultancou+ly mlh it\ cah pliare, ( 1 1 ~  cnhonc rd wnvc radiubon 1s dc ti cttd 
at the hunk pol hon ol the e u  th rl5 b~ lqhtctlmq ot the h-idpl~cr line ovr I thr f ld l  r 1 C S I ~ I I ~ ,  I&+ ~1d4kb11 ~01105- 
phmc dis~urbmcn (S 1 U's) and as outb~rrwts of'qolar mdro-rime The  lnrrcuted corpu+cular i~ltli,~tton 
gvec nce to some delayed gcophyurd cflt ct+ ulch .rc th(b ~un)ldl  d1+pl~y1, sudden cnhant rlncnt ol itnrmc: 



rays, and wddcn ( tm~men~rmclrt typc gromagnet~c s1n11n.s ctc , alter a lag idngmg fi om J 
one or two da)\ dl tr I the p c ~ h  phase ol the llue The solar phenomenon icspo~u~blc ~ U I  
s~multancour gcophyura~l cilcc t due to euhdnted wave I achabon a however, much eitw 
Hence J semch ~ U I  only the umultzmeou teiiest~ml efle~tr that arc lkely to bc a9socutcd 
proimenLcr has lxr i~  iinclcrtihctl at prcrcnt rhc effects conrldercd in this study are thl 

P Shoi t w.11 c iarcllo-l~~t l ~ t ) u t \  (S WlJ), 

1 bucldcn ( r~h.incrmcnt 01 ~ t l ~ ~ o y ~ l l r ~  I C ~  '11 27 Kr/5 (SEA), and 

I'll(. t ll)u I \ 1 1 1 1 0 1 k ~ 1 I  lll.ll( 1 1 1 1 1  LI \ I  1 1  11( 1 4 .  I \  r OllIllll*(l 1 0  llir PCI l0d of 1111m I Cr Y ( ] 
llacmlxt~ ~ c ) r , l l )  (1111 1 1 1 ~  wlllt 11 L I  upc  t 1.ill) talt- nili it t l  p ~ l ~ o l  o11 dilkc1ci1t 501.~1 a i d  JYYOC 1.11cd 
phcno~imj~ W.L\ ~ua1i.l t.rlrt;r~ on r wo1 lcl-wltle u ah .wtl .L 1.rtgc arnuutlt ol mclul cl.rl~ 1q 111. 
Lh1ougl:l1 cl~lrci~b~u l~~rllrt 1 1 ~ 5  .rrlrl I c . 1 ~  rill, pt111b~lrcrl by .r ilu~nbcl 01 ol)\i*l v d o ~  lcr, atid L ( 
Drulng ~111s pci~tnl tlic .L( Ilvlly 01 lhtb \IIIL bald .rluo buru lound lo be v c ~ y  gnb.rt 'rhc d a l ~  
ULL~Y,I\ ll4wtb b t ~ w  t ~111t~t  tihcl l I t lttl  vd11011~ i C ~ O L  11, ~U~IL*I  1119 rt~1it L C C O ~ ~ Y  shown m thr 1 
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Antlgsu of data and rmlts 

Associated geophys~~al effects, if any, in the case of prommnenca are much less conspicuous 
compared to those of solar flares Hence only prommnenccs of hgh acbvity are considaed m t h ~  nnalysls 
I n  older to find out conelahon between achve pronunenccs and assouatcd geophysical dccts, speu.11 
care has been taken in the sdcctloll of prominence data so as to avold any chance of ovulapp~ng effects 
due to sol= flares occurring a t  that bmc. In the I G Y report sencp, witable remarks and clns9ificatlon 
of importance are pven ~ O I  every piominence For example thobe prorn~nences whlch are categonsed 
as B, C or D arc supposed to be directly asqoc~ated w ~ t h  solar flares 01 in~portanre I, 2 or 3 rcspcctwely 
I t  was, thelefore, easy to pick out all prominences of hgh activity that are not &lec tly assoclatcd wth any 
solar flale Thcie ale rgo s u ~ h  cases which Included I 21 APR, 38 BSL, 19 AFR and DSD Further, 
the solar flares at any othei porhon ofthe sun's d ~ r c  also will gibe lire to overlapplng gcopliyvcal efIccts 
If he flares occul at the same trmc or the nctivlty of the prominences A sci utlily or thc t l~nn of act ~ w t y  
01th~ I go case5 of p~ormnences and the hmes of dl types of flara or imp01 hncc 1 nnpng fi on1 3 +Lo I 
iaulted in a furlher elunmamon of qg cases in whch there had been overlapplng or tlrnch of occul1enLw 
of flareb and ol prominence activ~ty Threte are thus 135 actlve prominenLeq belongmg to all categmles 
whch hmc been finally h e n  iol finding out the a~loclatrd gcophysicd effects l'he large numbel of 
S D's reported m the bulleons mentioned in Table I are e f fec~  mobtly due to bolar flatcs As tlie esects, 
If my, due to plomencea are Uely to be small, they can be dete~tcd only by closer exammaton or the 
onpnal records Thw was done wherever poss~ble zu shown m Table I m the c.ue of F , R and M 
Inspitc oht ,  the data 1n respect of some typea of S I D's considered here are, in i a ~ t ,  inadequate Never- 
theless, the cases avadablz alc weful since they hclp to confirm wme of' the conclurlons clen~vcd from other 
ohservabonq 

For pichlng out radlo-fadeout data (complete or pnltlal fadeouts) irn wcaininat~on ha5 also 
been made of the hou~ly ionospher~c values of f-rmn reported by sevcn ionosphalc stahon5 u l ~ l u d l n ~  
Ibdmhanal A vgn~fi~ant  mcrease in the value of f-rmn above the normal rccolded at st.a(lons on the sunlit 
pcrt~on or the earth, 15 taken ar n fadeout The available data in icspcct or 9olar radio-noire burst9 ale 
vay exhaustive tmd adequate for thi5 ana lps  

FIG. ( I )  &togram shomng percbtltoge jrsqrrancy of occurrancw fl assocaacdd e&ect~ nohceable on the smlh mth 
aetzva f i t  omsnarrcss 



Of the achvc prornmcnccs undct conaderatlon, a3 shown in the above histogram, about 90% c a m  were 
followed by bunts oof solar ladlo-r~diatlon, about 6 0 % ~  by partla1 or complete shortwave fadeouts; 
about 20% by SCNA, about 7% by SEA and about 2 % by magnettc cmchetl The coverage of obsening 
stattons in respect of solar radlo-rachatlon 1s very large cornpaled to that of stahons malung observabons 
on 5ola.r geophy9icnl effects such as SCNA, SEA ctc and. thu fact may partly be responsible for the hgher 
percentage correlabon notlccd m the case of solar noise bmts compared to SID's Statlsttcal e s w t a ,  
orchance coincidences m the case ol solar noue bursts and radio-fadeouts have also been made followmg 
the same procedure adoptcd by E15kc V P Smith and McIntosh(5) for a similar anal~7is made by them. 
Instead of go and 60 tmpec~vely, the pncentage frequency or occunenca after cotrechon for chance 
colncidcnccs In the c35c of qolar ladto-bunts and SNrF work out to be 71 and 51, whch are also very 
slgdicant 

In &IS malysls the bbursts of solar la&o emuuuon hamg hme comc1dences wlth the actlvlty o r  
prominences, covered ftequencles ranqnp; from 9500 Mc/s to lurs than xoo Mclr lncludrng many type 
I1 and type I11 bursts However, in the dcclmetre and metre wave bands, the number of'bmts nohccd 
are compnrahvely larqer . r h b  may be due to the fouowng reasons 

I. The number of stations opera- on these fjrequenues may be very large 

P Theae burst5 are more pronounced and me therefore, more eauly detectable 

3 The majonty of prormnenceq, because of therr great hughta may probably e v e  m e  to racho- 
rahahons emanating from fairly high regions in the m n a  

The percentage frequency of' nfimabon between solar radro-bunk and acbve rom~noncrs 
a round to be nearly the =me, about go, in each of the thrce types of promlnencm mz AP , BSL, and 
DSD 

f; 

The pwsibhty of prormnenccs also ~ I W R  me  to enhanced radio-radiation has been comidcred 
by several authon Acco~ding to Pawsey and Smerd(') the rolar radio-noise bursts are supposcd to be 
~encratcd by pla+ma orcxllabons of coronal matter excited by corpuscular radiation onginatm m the 
inner corond Haddo~h (') suggestb thdt h e  bursts o n p a t e  under speual conditrons by a hlg 7, sped 
errihng agency Lke an expanhng lnagnchc field. IOepenhcuer(8) v of' the opmion that all pronu- 
nentes whether in the \iwnity of sunspots or fkr away m hlgh latitudes are related somehow to he 
photospheric magnehc fields and that sudden changes m t h e  magnetlc fields actlvatc the o t h e m e  
qmcscent prommencrs and qtable filaments The actlvatzon caused by the hydromagne~c waves or 
qhock wahcq 16 duplayed athcr as an eruptwe ascension of matter outwards Into the corona, or stream- 
Ing down of matter into the chromosphere From analysu of' delay tmes of w e r d  bursts of solar 
rad~o-cnilruon at different frequencies, Dav~es(~) has found that the dlsturbancc ongrnates first at a 
level bay .rbuut 15000 Km above photosphere pvmg nqe to m d ~ o  emrsions at a frequency of about 
3oooMc/s 1 he matelial then partly moves up and partly down from that In cl 91multaneously genera- 
hng radio crmssions or lowet and hghcl rxequencie~ respcchvely Porhonr ol prolnlnencca dm 
cei t a d y  located in thils rcegron or lnltial dnturbance 

Wdd, Sheridan and T1cnt(lo) usmg a swept frequency lnterfcrometei have for the fimt time 
eqtablshed that type I1 and I11 bursts are generated bv rapidly a<cending duturbances whlch dong 
their path acute clectromagnehc osc~lldt~om m the succemive hyerc of the corona A more dvect ob- 
suvat~onal cvldcncc thowng that ,rchve pmmlnencn alw, can gve nse to bursts of solai radio-radiaaon 
 ha^ been provlded recently by G~ovanelh and Kobet ts(ll) from thwr analysi~ of records obtamed mth b e  
4-40 Mc/s Dapto radio ppcctropaph They wcte able to iden* three cases of' promnences ejected 
from the 11mb and two cases of dnappcanng filamentr whlch are rcllponaible for type II burs$ 



I t  h a  been shown from locket c\pcr~rl~t 11r5 by Fr1edman(lJ) ctc that it is malnly the X- 
rahation emtted at bmes of chromosphenc flaxes that causes enhanced iomzauon below the normal 
D-laycr whlch is responsible for many types of S I D's Regruchng S I D'b zcompanymng active pro- 
mences considered in t l i ~  analysis, there are a furly l age  number of cases of SWF (parhd or complete) 
and the percentage colncldence is found to be 60 The data in respect of SCNA, and SEA are somewhat 
mcornplete and hence the bme coincidences nowed are small The materid regarding magnebc data, q 
howwu, complete, but it u ddlfficult to hstlnguish and separate out all probable magncbc crochets 
fromhghly agtatcd magnetograms obtruned dunng the I G Y (Even in the c ~ s e  of solar flares, only a 
small percentage of them are known to be accompanied bv clear cut magnetlc c~ochets ) Thc fewer 
 mec coincidences of SCNA, SEA and magnebc crochets by tlienlselves may not afford complcte pmof 
of e~hanced X-rad~atlon from promnences, but they celta~nly help to suppoi t tliat conclusion arrrved 
at bl 60% assoclatlon noticed between prominence actlvlty and SWF 

Instances of actlvc pronunences b a g  accompanied by S I D's have been notlccd by some 
worlera recently Kleczek and Knvsky la) have stuched in detail a system of loop promlnences whlch 
qmcdy developed between about ~ o o o h  T and I 130 U T on May 4, 1960 and found that the opbcal 
event was followed by sqgndicant SEA at 27 Kc/&, radio fadeout, bursts of solar radio-rad~ahon and also 
an ilcruLse of cosrmc ray nucleonic component Later it wns known that a solar flare of' Im ortance g 
(N12 , WgoO) was observed between 1015 and I 105 U T. along with sub flare at  1 155 d' T on the 
same day It L( posslble that t l~e  flares mght  be responsible to a large extent for the terrebtnal effects 
notced by the authors But some more investlgatlons made by the same authon bhowed that a number 
of attlve promnences were accompmled by SEA at 27 Kc/s, and they therelore beheve that at least 
some kmb surges and loop promncnces are hkely bources of X-radlabon 

A more dlrect observabonal evidence in favour of emlsslon of X-rdiabon Tlom actrve ro- 
rmnmce was provided by Chubh, Fnedrnan and KrepLn(ld) from thar lockct h n g s  dumg J%y= 
Sepkrnber, 1959 Employmg suitable detectors for rocordrng the flux xt hfferent spectral repons m 
the bort wayelength range, they have flown mcceas€ull seven rockeb One of them wcnt up coincident if m time with the occurrence of an actwe promnence B L of clua 3 (09' N ancl go0 E) The X-ra flux 
rnubured m thu case was relabvely much higher compared to the values obtn~ned m thc cases of Lnga 
made when there was no flare or prormnence actlwty on the sun ThLs experiment bhowed that active 
promnences abo crmt enhanced X-radzaoon slmdar to solar flares but on a smaller scale De Jnger(14) 
has recently suggested that type I11 radlo-bursts and X-rays from flaicb are caused by accelcmted clcc- 
tron jets and the acceleration mechamsm in principle i q  independent of the existence or flares and also, 
h i  the requved accclera~on of the electron jets is posslble m thc case of cven the quiescent prom- 
nemes with knots According to h ~ m  the prormnmcea oRen appear between two opposltcly polansed 
tradrs of an activity centre where they are supposed to be held by locd magnctlc lines ot rorce which are 
ah htly concave If' two such fields approach each other, the changing rnognchc field induces electric 
fief& whch provlde necessary acctlerahon of the partldcs to yield X-lay encrgres of thc order OF loseev. 

In  this analpla the probable 6 c t  of secondary r a b t l o n  from the highly energcbc particla 
of the newly drscovercd Van Allen BJts on the geophpcal pheno~ncna M~nnaci t (la)), u d  the pwl- 
bdiy or associated tcrrcbmal effecta of some large flares conjccturcd to be occunmng bchnd thc sun's 
kmb even up to 30' as menboned by Hamen(l7) wcrc not taken into account We may still lluat~fiably 
conclude that the promlnences of hgh actlvlty are also hkely sources of enhanced solar radlo-radiahon 
and X-rays and are probably, next in importance to that of flares 

The author wiahes to express hia grateful thanks to Dr. M K Vainu Bnppu, Director, 
Astrophys~cal Observatory, Kodaikanal, for h~ lund cncouragcment and helpful discussions dunng the 
prcparaQon of t h a  paper. 
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