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ACTIVE PROMINENCES AND ASSOCIATED TERRESTRIAL FFFECTS

Abstract

All cases of prommences with hugh activity were colleeted hom TGY - Solar Adctinity Repont
Series 1 order to find out theu posuble association with tenestuial ellects smmlar to those observed m the
case of solar flares  Special care was taken m selection of cases of prommences 50 as to avoud the over-
lapping cflects of any solar flares  he study revealod that about o, of cases of actve prominences wete
followed by buists of solu radio-tadiation, about 6%, by partdal or complete shortwave radho ladeouls
and about 7 to 20 %, of other ST Iihe S.E A, SCNA ete Thus it 18 seen that promincnces of hugh
activity arc alvo sources of enhanced solar 1adio-radiation and X-rays, and atc probably nest m tmpor-
tance {o that ol solar flares Some dinect obsersational evidences and theoretical consdarations are also
given m support ol the above conclusion

- ——— - —

Introduction

Solar radio-nomge butsts at dulerent {requencies were reported by Dodson and  Donselman(?),
Das and Sethumadhavan(’), Davies(?) and others w the case of certiun volated eruptive pronunenc es
with high vdloaty ejections An atlempt v now made 1o collect ltom the TGY data all cases of pronu-
nences with high activity and determine therr conrelation with tenestiial (ffects sumlar o those of solat
flares Fllison (*) has also menuoned about the deqrability of such an mvestgation  The cflects duc o
the promincnues are, however, cxpected to he comparatively less conspuuous

Solar flaes and prommences are (wo of the unportant manilestations ol solar activity  Solar
flares, which occur 1 the neighbourhood of active spots and confined to the sunspot zones, are short-
hved chiomosphetic explosions chatacteuzed by sudden emission of enormouns amount of encrgy m the
foum of elecio-magnetn and corpuscular 1adiation  Prominences, on the othet hand, are observed not
only 1 the sumpot sones but also m higher lattudes 1ght up to the poles They eshibit a multpleaty
ol forms such as APR, BSL, DSD etc Howevel, the energy output 1n the case of prommences «ouse-
quent to eruption 15 very much lower than that of solar flares

When a flai ¢ occurs, simultancously with 1ts peak, phase, the enhanced wave radiation 1s detccted
at the sunlit portion of the earth as bughtening of the H-alpha hine over the  fare r1egion, as sudden tonas-
pheric disturbances (8 1 D’s) and as outbursts of solar radro-noise The increased corpuscular 1achation
gves rise to some delayed geophysical eflects such as the auroral displays, sudden enhancement of cosmue
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rays, and sudden ¢ ommencement type geomagnetic stoums ctc , alter a lag 1anging fiom a
one or two days altc1 the peak phase of the flare The solar phenomenon 1csponsible [ux
simultancous geophysical elfect due to enhanced wave 1adiation 15 however, much eas:
Hence a seaich o1 only the simultancous ierrestuial eflects that arc likely o be associated
prommences has been undertaken at present  The effects consudered 1n this study are th

I Buists of solar 1acho none at diflerent reqquences,

2 Short wave radio-ladeouts (SWE),

3 Sudden cosine nose absption at 18 Mcfs (SCNA),

1 Sudden cnbancement of atmosphetics at 27 Kefs (SEA), and

5 Magnetic aochets

The Last fowr cases  are some of the types of sudden wonosphere distarbances (S 1D %),

Afatenal for study

Che observational matoal used hare s conlined to the period of the [IGY (]
December 1958) dwmg winelua spectally ntensiliced patrol on diflerent solar and associated
phenomena was undettahen on a world=wide scale amd a large amount of useful data s m.
through different bulletns and repoits, publshed by o number ol observatotes and 1 (
Duuing (hus perodd the activity ol (the sun bad also been lound o be very great The data
analysis have been collected from vartous 1epotts, bulletns and records as shown 1 the {

Tanrn I
No Ty of phenonxnon Data collccted fre
1 Actrve prommences A, (Nos 1,2,8,5
2 Solu flares A, (No 12), B, C
3 Busts of solar vadio-none B, ¢, I, N
4 Short wave 1adio Lade outs GN T
5. Sudden cosmie nowe absaption » R
6 Sudden «nhancement of wmeospheries G N
7 Magnt tac Crochets G, M

— — " — - - - - B . e — —

Ablrertalions

A TCGY Solar \tinaty Report Seiies

B TAU Quutetly Bullctm of Solar Activity

(¢ CGRTI Monthly Bullitin (Part B)

T . Bulletns of salar phe nomena, Tokyo Astonomical Obsuvatny

N Solat-gophvsical cata, Netherlands PTL

F ; Kodakanal rccards of Tonospherie Freld Intensity measurements at 6+ 1 Mc/s

I . Bulletiws of howtly sonespherc data of Slough, Ibadan, Port Stanley, Inverness, Smgapore,
Kodatkaual,

R : Traumgs from March 1958 onwards of 18 Mc/s cosmuc nose mtensities from Rensselaes Polyu
Thoy, New York

G . Quarierly reports on geomagnetic acivity msued by the I A G.A
M  Kodakanal magnetograms
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Analysis of data and results

Associated geophysical effects, if any, 1n the case of promnences are much less conspicuous
compared to those of solar flares Hence only promnences of high activity are considezed 1n this analysis
In oider to find out conelation between active prominences and associated geophysical eflects, special
care has been taken 1n the selcction of prominence data so as to avoid any chance of overlapping effects
due to solar flares occurnng at that time. In the I G'Y report series, suitable remarks and classification
of importance are given for every prominence For example those prominences which are categorised
as B, C or D are supposed to be directly associated with solar flares of importance 1, 2 or g respectively
It was, therefore, easy to pich out all prominences of high activity that are not dnec tly associated with any
solar flaie Thcie aie 1go such cases which mcluded 121 APR, 38 BSL, 1g AFR and DSD Further,
the solar flares at any other portion of the sun’s disc also will give 11ve to overlapping gecophysical eflccts
1f he flares occur at the same time of the activity of the prominences A sciutmy of the times of activity
ofthe 1go cases of prominences and the times of all types of flares of 1mpoitance 1anging fiom 3410 I
1&ulted m a further elumination of 55 cases in which there had been overlapping of times of occuriences
of flares and of promimence acuvity Threie are thus 135 active prominences belonging to all categouies
which have been finally chosen {o1 finding out the associaied geophysical eflects The large number of
S [ D’s reported m the bulletins mentioned 1n Table I are effects mostly due to solar flares As the eflects,
if wny, due to prominences are likely to be small, they can be detected only by closer examunaton ol the
ongmal records This was done wherever possible as shown 1 Table I in the case of F,R and M
Inspite of 1t, the data 1n respect of some types of S I D’s connidered here are, 1n fact, inadequate Never-
theless, the cases available a1c useful since they help to confirm some of the conclusions derived from other
olservations

For picking out radio-fadeout data (complete or paitial fadeouts) an exammation has also
been made of the houily 1onospheric values of f~mn reported by seven 10onospheiic stations mcluding
Kodaikanal A significant increase in the value of f-mn above the normal recorded at stations on the sunhit
pcrtion of the earth, 15 taken as a fadeout The available data 1n 1espect of solar radio-nowse bursts are
very exhaustive and adequate for this analyus
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Ot the active prominences undet consideration, as shown in the above histogram, about o9, cases were
followed by bursts of solar 1adio-radiation, about 60%,, by partial or complete shortwave fadeouts;
about 20%, by SCNA, about 7% by SEA and about 2%, by magnetic crochets The coverage of observung
stations m respect of solar radio-radiation 1¢ very large compaied to that of stations making observations
on solar geophysical effects such as SCNA, SEA etc and this fact may partly be responsible for the higher
percentage correlation noticed 1n the case of solar noise bursts compared to SID’s Statistical estimates
of chance coincidences in the case of solar nose bursts and radio-fadeouts have also been made following
the same procedure adopted by Elske V P Smith and McIntosh(®) for a similar analysis made by them.
Instead of go and 6o 1espectively, the peircentage frequency of occuriences after correction for chance
comcidences 1n the case of solar 1adio-bursts and SWF work out to be 71 and 51, which are also very

significant

Drscussion

In this analysis the bursts of solar 1adio emission having time comncidences with the activity of
prominences, covered fiequencies ranging from g500 Mc/s to less than 100 Mc/s including many type
IT and type III bursts However, in the decimetre and metre wave bands, the number of bursts noticed
are comparatively larger This may be due to the following reasons

1. The number of stations operating on these frequencies may be very large
2 These bursts are more pronounced and aie therefore, more easily detectable

3 The majonty of prominences, because of their great heights may probably give rise to radio-
radiations emanating from fairly high regions in the corona

The percentage frequency of association between solar radio-bursts and active prominences

18 é‘ound to be nearly the same, about go, in each of the three types of prommences stz APR, BSL, and
DSD

The possibility of prominences also giving rise to enhanced radio-radiation has been considered
by several authors According to Pawsey and Smerd(*) the solar radio-noise bursts are supposed to be
gencrated by plasma oscillations of coronal matter excited by corpuscular radiation onginating 1n the
inner corona Haddock (?) suggests that these bursts originate under special conditions by a high speed
exating agency hike an expanding magneuc field. Kiepenheuer(®) 15 of the opimion that all promi-
nences whether 1n the vicimity of sunspots or far away 1n high latitudes are related somehow to the
photospheric magnetic fields and that sudden changes in those magnetic fields activate the otherwise
quiescent prominences and stable filaments The activation caused by the hydromagnetic waves or
shock waves 1s displayed either as an eruptive ascension of matter outwards nto the corona, or stream-
ing down of matter into the chromosphere From dn analysis of delay times of several bursts of solar
radio-cmussion at different frequencies, Davies(®) has found that the disturbance onginates first at a
level say about 15000 Km above photosphere giving rise to radio emissions at a frequency of about
goooMc/s The matenal then paitly moves up and partly down from that level simultaneously genera-

ting radio crmussions of lower and highet fiequencies respcctively Portions ol prominences are
certainly located in this region of imitial disturbance

Wild, Sheridan and Ticnt('%) uung a swept [requency interferometer have for the first time
established that type IT and III bursts are generated bv rapidly ascending disturbances which along
their path excite clectromagnetic oscillations i the successive layers of the corona A more direct ob-
scrvational evidence showing that «ctive prominences also can give rise to bursts of sola1 radio-radiation
has been provided recently by Giovanell and Robetts(1) from their analysis of records obtamned with the
40~—240 Mc/[s Dapto radio spectrogiaph They weie able to 1dentify three cases of prominences ejected
from the hmb and two cases of disappeaning filaments which are responsible for type II bursts
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It has been shown from 10cket expuinwnts by Friedman(*) cic that it 15 mainly the X-
radiation emutted at times of chromospheric flaxes that causes enhanced iomization below the normal
D-layer which 1s responsible for many types of SID’s Regaiding S I D’s accompanying active pro-
minences considered 1n this analysis, there are a fairly laige number of cases of SWF (partial or complete)
and the percentage comncidence 18 found to be 60 The data in respect of SCNA, and SEA are somewhat
mconplete and hence the time comncidences noticed are small The material regarding magnetic data, 1s,
howeser, complete, but 1t 1s difficult to disinguish and separate out all probable magnetic crochets
from highly agitated magnetograms obtained during the I GY (Even 1n the case of solar fares, only a
small percentage of them are known to be accompanied by cleat cut magnetic crochets ) The fewer
time comcidences of SCNA, SEA and magnetic crochets by themselves may not afford complete proof
of exhanced X-radiation from prominences, but they ceitamnly help to suppoit that conclusion arrived
at by 60%, association noticed between prominence activity and SWF

Instances of active pronunences being accompanied by S I D’s have been noticed by some
worlers recently Kleczek and Krivsky (3) have studied 1n detail a system of loop prominences which
qucdy developed between about 1000 U T and 1130 U T on May 4, 1960 and found that the optical
cvent was followed by significant SEA at 27 Kc/s, radio fadeout, bursts of solar radio-radiation and also
an ncrease of cosmic ray nucleonic component Later 1t was known that a solar flare of importance g
(N12 , Wgo®) was observed between 1015 and 1105 U T. along with sub flare at 1155 U T on the
sam¢ day It 15 possible that the flares might be responable to a large extent for the terrestrial effects
notced by the authors But some more invesiigations made by the same authors showed that a number
of active promuinences were accompanied by SEA at 27 Kcfs, and they therefore believe that at least
som¢ limb surges and loop prominences are likely sources of X-radiation

A more direct observational evidence in favour of emission of X-radiation fiom active pro-
munence was provided by Chubh, Friedman and Kreplin(*) from their 10cket firlngs dwing ~ﬁﬂy-
Sepember, 1959 Employing suitable detectors for recording the flux at dufferent speciral regions 1n
the short wavelength range, they have flown successfully seven rockets One of them went up comcident
in time with'the occurrence of an acuve prominence BSL of class 3 (0g° N and go® E) The X-ray flux
meaured 1n this case was relatively much higher compared to the values obtained 1n the cases of firings
made when there was no flare or prominence activity on the sun This experniment showed that active
promnences also emit enhanced X-radiation similar to solar flares but on a smaller scale De Jager(s)
has recently suggested that type III radio-bursts and X-rays {from flaies are caused by accelerated clec-
tron jets and the acceleration mechamsm 1n principle 13 independent of the existence of flares and also,
thai the required acccleration of the electron jets 1s possible 1n the case of cven the quiescent promi-
nences with knots According to him the prominences often appear between two oppositcly polansed
tracks of an activity centre where they are supposed to be held by local magnetic lines of force which are
shightly concave I two such fields approach each other, the changing magnctic ficld induces electric
ﬁe?ds which provide necessary acceleration of the particles to yield X-1ay encrgies of the order of 1o%ev.

In this analysis the probable effect of secondary radiation from the highly energetic particles
of the newly discovered Van Allen Belts on the geophysical phenomena Minnacit (1), and the possi-
bility of associated tcrrestral effects of some large flares conjectured 1o be occuriing behind the sun’s
limb even up to go° as mentioned by Hansen(1?) were not taken mto account We may sull jusufiably
conclude that the prommences of ligh activity are also likely sources of enhanced solar radio-radiation
and X-raysand are probably, next in importance to that of flares
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SRAATA FOR sODATAANAL OBSERVATORY BULLETIN NO.CLLVI

Part 1.
Page Title Date Column Read For
3 Table I February 3 80.5 81.0
February 4 139 138
June 3 58 2 53.3
1st Quarter 3 323.0 323.5
1st Juarter 4 639 638
2nd Quarter 3 311.6 311.7
1st half-year 3 634 .6 635.2
1st half-year 4 1192 1191
3 Distribution 2 289.8 2898
of Prominences 3 344 .8 3448
4 Para 1
Line 4 heudon huedon
Bart II.
______________________________ Magnetic Data.
Top Table No. Line/Date Hour/Column Read For
bage
278 19 - - This should come under
page 316
280 1 ) Date 9 4+t 9 g
280 1 16 09 38.0 36.
231 1 25 Mean 37.8 37.4
281 1 Mean ¥ 18 38.3 39.3
283 2 Mean 22 38.2 338.0
287 -3 23 man/liag. 35.7 36.5
287 3 26 Rahge B 3.9,
288 4 22 0 38.4 88.4
801 5 23 21 39,3 38.3
294 7 27 04 566 556
293 7 30 Max./Time 05 1T 15§ 11
293 7 Mean ++ 17 476 576
294 8 2 08 590 690
295 8 18 Date 18++ 18
295 8 20 Date 20;3 20;
297 9 27 Range 2 24
303 12 28 Date 28; 28;1-
304 13 Mean 1t 11 24 24
307 14 25 Date 25% 25
308 15 neanyg 03 269 259
310 16 8 08 231 243
¥l2 17 25 Date 2 5 25
312 17 25 09 2 242
313 17 Meant 20 256 250
314 18 ‘4 10 233 333
e o e e e [ v e e S v e o B o e e e = s o = - o H-I--—n—-:l-——--—-l-—---——;"' ---------------
J
| lonospheris Data. .
Y o P W S s e o G N e D e WP W > e e oy D e, e - TS P D S S S o = T e e o - o S W P -
Top page Table No.  Line/Date Hour/Column Read For
-—‘v-ﬂh-‘q---—n-q—p————-—qn—--- --------------- - NP W oy o e - e o g o o = o
118 26 contd. 3l 1130 8.8 9.8
122 23 25 0800 2.1 .21
16Q 37 contd. count 0830 6 0
176 41 coatd. 183 1030 200 220
189 44 contd. 1730 2.568 2.40
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