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j A CONTRISULLICN W0nard3 SOLTING gH“ QUIZNION OF THE OCCURKRENCE OF .CHRO=-
NOSPHERIC FLARES BEIOR: GECHAGNETIC STORNS.

by PBohumila Bednaiova-Novdkovs

Geophysical Institute,
Czecosl. Acad. Sci., Presgue

ABST24CT

The incorectness of <he aypeinesis according to which flares
should be the source of corpuscular solar radiation, which is

y -

responsible for the origin o gesiagnetic storns, is proved on the
basis of determining tire rwmber o geomagnetic storms not pre-
} ceded by any flares, Using the iist of 8uarenteed lzzge flares
from the IGY of C.S. Worwick il{l and raking an analy:.s of the
solar situstions oceuring simulteneousiy with flares but on the
CM or in the centre of the soler disc, it was shown why some fla-
Tres ﬁene followed by & georegnetic storm while after others, on the
contrary, a period of absciute geonagnetic quiet set in,

Chad

=~

oy

5 Since it was shown trat geomzneiic storns are precuded by changee
in the megnetic ficlcs ir. the solar chromosphere and tecause flares

[\l

is0 occur curirnz such charges, the question arises, what role

<o flares pley here? Are they the cause of such changes or are
they their pioduct 7 Tt is deduced, and observetions confirm this,
cat olthouzh flares sre proguced as a sort of consei . ac. of

A

R

-longes 1in the photpspheric Tiells, they can simulteneouely de
Tezerdéed 1o & certain Gelroe as the cause of substantizl cuonges

in-the chreiosphere whicn ~¢ad to "¢ annullirng of the fielcd at

} leasV in trhos component wiich is Teypresented by caromospheric
structure and filexents, Their relationship to geophysical effects
) of & solear corpuscular origin is, however, quite intlirect and
| very limited.
! The fact that after the first historically recorded coservation of
a flare on September 1, 1859, by Carriz_ton and Hodson and &slso after
the two consecutive fleres on iugust 3 .- >, 1872, which were observed

by Young , a strong geomagnetic storm always followed , led to the hy-

8
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pothesis of a connection between fleres and geomegnetic storms. This

!hypothesis was also supported by the classical observetions of G.E,

v

Hale, carried out from 1892, using the new instruments developed by

him : a spectrohelicgraph and later by means of arspectrohelioscope.
After the discovery of the radlotelescope and after it was found by

means of it that in the pericd waen a flere occurs on the Sun,radiation

ERTE &SP TSP

EEE-RO'Y SN

is sometimes magnified on some vave~lengths (much longer than the opti-

cal), it was honed that this meant an indicator of an effusion of cor-
’ P

puscular radietion haé been found, i.e. such radiaticn which is respon-

sible for the origin of geomegnetic disturbances. It was only leater

that it was discovered that not even this fact cen be used for exam-

bPle for prognoses etc.

EFrom the hypothesis on the cornection between flares and geomagnetic

storms the opinion gracually d:eloped that flares were the direct sourde o

of geoactive corpusculer radieticn,

high formations | 1 'znd than thzy zre observed on the edge of the solar

~ o

disc, they do not exhibit any xa:rked rise of matter to &any great height@ﬂ.

Fowever, flares in themselves are not

They are often accompanied by rising prouminences which, as will be seen

later, may be conceivea as the consequence of chenges in the loeal meg-

netic field which occur often vihout flares and sotimes during a flare.

It is this random simultaeneity of the two effects which is the cause

of frequen: mistakes so that ti:re are some authors who speak of flg-

resg but otvicusly have in mind rising prominences. That the= are two

Guite @ifferent effects, whi:h probably have no direct physical

inter-relationship, is borme 0u% by the fact that Cisappesaring filaments-
rising prominences occup a&:nituxx:uﬁixxzadxatxathxxxé&:ﬁxxxnnigxazxx&f

very ofien in absence of flares., It ceems that the two phenomena are

likely the consequences of onz and the same cause. Sometimes they

oeccur simulteneously and other times only one of them appears,
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Flares occur g£l:z08t universslly in asctive centres end ere thus on=-
ly one part of a complex of events which oceur shortly after one ano-
ther or at absolutely the same time. From the consequences occurring after‘
either a shorter or = 1§éer intervel it is impossible to deduce a conne—
ction with the different effecis separately. This is even more difficult
with geomagnetic storms which e: ibit a longer time lag after sudden chan-
ges occurring on the Sun. If, hoviver, the mechanism of the effusion of
corpusculer racdistion and its picpegation towards the Earth is to be found,
it must first be determined wheter such a phenomenon can be found among
the known expressions of -solar &¢tivity which, in each period and during the
whole cycle of solar activity, woulé be reliasbie indiBator of geomagnetic
storms., It is also necessary tf give physical reasons for each connection
found. One must zlso take intq ccnsiceration an explanation of the fact
that sometines rno connecticp was found. As is clear from the many papers
already published, it was found i=a the Geophysical Institute of the Cze-
choslovak Lcademy of Sciences thest of all the known expressions of solar
activity studied. by optical meirads the best indicators of the origin of
geomagnetic storms are filsments and the fine chromospheric structure under
cer?ain circunstances. 4s will o seen below, in the period of greater
solér activity, i.e. in the pericd of flare occurence, these are erup-
tive and disappearing filements, denoted in the Geophysical Institute by the
une term - unstable iz filements - which, only if they are in a suitable posi
tion, safely indicate whren a gecuagnetic storm with ssc will occur f3]..

This 1is because such phenomens, ss will be seen later, provide direct
information on changes in the megnetic field of the Sun. And it is then

only these changes which are actually the direct indicstors of changes in the
corona and thus also of the oriéin of geomasgnetic storms.

Doubts as to fieres being the source of corpuscular radiation were

-

raised by D.Van Satben T4? » Rel.oliatson 75.}and O.M. Barsukov(G:}. The sta-
~ - - -
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tistical paper by C.S. Wervicy andé R.T. Hansen 7 'shows the not very high*
xima of the Ap-indices after flares in the period of greater solar activity

for flares nesarer to the CM but ¢oes rot ive positive results for the
g

L.

period before the minimum. It con easily be Supposed, and later thisg will_

be quite’clearly proved, that the circunstance can regarded as merely a

statistical pPhenozen, co ifc als +€ar Incm the teble given in [8]‘3

o]
o

the more elements contsirned by tii two series compered, the more frequently
two of them are found which are «:irer simultaneous or follow one another

in a certain time intervail, The oifect i

4]

the same a&lthough one series is
much  more nunerous thon the othey, &s is the case when the number of
Tiares sgreatly exceeds, particulesly in periods of greater activity, the

number of geomconetic storms., It

[¥N

€ Seen Trom Tab. I. and even better

from Pig.l +that a decrease in tie aumber of flares efter the maximum
(1859-60) is Tollowed not by ceciec.uise bus by en increase in the number of
geomegnetic storms whether flare: of grecter importance or whether aka?

all, including those with the smriiest importance, are used for the come

[

or the greatest siorms vaich , according io accepted world opinion, should

be connected with flares but which, ass will be sech later, indicate no poo-

parison, No connection csn be obscrved even if one takes the number of 8sc
|
|
| nouced connection,

} Table I Comnarison between nurser o flsres and number of geomagnetic
|
\
|
\

Storms. K
JWAOETT O TIEre s ITmoer—ofgeomagretorme—
Imp. 3,3+ 2 1 1- total 8ll ssc
Yegr =2 21-  Kpds+
! 165, 2ndhals 25 2053 - - 228 5189 27 17
1958 24 327 -~ - 351 9668 42 24
1959 50 239 2208 9u 269 3387 50 22
‘ 1860 19 118 1490 541 137 2168 72 32
1961 10 %8 787 294 48 1129 35 17

" =~ \LT.
The resuits in the paper by Halenla

ng R IOJ also give rise to doubts
e
a8 to the direct connection between chromospherice £

lares ang geomagnetic storm7

| : -0024 0380001-2 ...
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Tigz. 1. Comparison of number of flares vith number of geowgneﬁic storms
in 1058-61 ; top left: flare = 2, top right: flare = 1-, boi~
tom left: geomagnetic storm Kpnax. E 5+ , dashed line - large

> .
seomagnetic storm Kpmax. = T+, Xpmin. = 5=, bottom right: ssc. ;
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etudying the tTlare activity of diferent sctive centres durlng the whole

ko]
®
2]
[
O
0,
o}
Hy
'TJ

asscge over the soler disc a geomesgnetic storm occurred only
after the CL? of the ective cenire in which fleres occurred tkroughout the |

period. This neans that flsres outside the Ci fell flat. This is in comple=

te egreement with the reculiis of O.05 Jcratkov 6 -, .
In 1961 a paper was publiched by B. 2el 13 from which it is

clear that the conneciion betwesn Tlzres and geomagnetic storms is doubde—
ful if it is guasrenteed y end then only in the relatively long intervsl of
three days, only to 50%. Not even a distribution acéordlng to the megnetic
types of spots, in the nei igh béurhood of which the flares occured, glvea

Satisfectory results. Dospiteé these Facts flares are continually given in d

relation with geomagnetic storms. Sut the guestion of theoreticsal opinions,

in the saze way a5 the question of Frognoses, necessitates a detailed in-
vestigation. For this reason the suthor decicded to supplement the work of
B.Bell and to fird, on <ae contrary, how great g percentage of geomagnetic

storms is preceded by Flares. This king oI research is part of the work

s

of the heliogeo ophysicoli groun o the geomegnetic department of the Ceo-
pPhysical Institute which eius a% leaving rno geomagretic storm unexpleined.

For this purpose the materis:

1957 to the end of 1962

was investlizeted. Only zoiferiel foom these years,thanls to the IGY and IGC,
can be reger’ed as pructical 1y connicte as regards flares. The work was divi-
ded into several stegec,

1) The percent tage of geomsgrnetic storms for Kpmex = 5+ was found which were
not preceded by any flares 2'2 in intervals of 10-48 hours, 10~60 hours,
10-72 hours. These are relatively long intervals. In m eerliier paper théd
bPresent suthor founéd shorter intervals, velid for disapﬁeering filaments,
i.e. 28-=%8 houra. Sircg , however on zceount of the small number of obser-
vetions from which these values sire derived they must be regarded as provi-

sional. Since en interval of thrae days was used@ in the worlk of B.Bell,

such longer time intervals were lc=t in the present paper as well. Indeed

ek T
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#3Ze 2. Percentoge of geomagnetic storms Xpmax. =5+ from 1957 (2nd half),
195it 1959, 1960, 1961 and 1962. Vertical abscissae denot e, from left
;iv ranmtgde of perccente"e for flares from spaces (with respect to
c) 2 0% - 10° , 0% - 20°, 0° - 30° , 0% = 45° | 0° - 60°, 0° - 90°,
T !
From tecp to tottom with respect to commencement of geomagnetic storm
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if it is proved for zueh intarv. ¢, that there 1s no connection between

flares and geomagnetic storms, this is even more likely to be for shorter

intervals.
1)

Altogether 243 seomegnetic storms, obtained from the graphs of sz
indices fronm Gdttingen, were lavestigated in the manner indicated., As

‘ regards flares, American catalogues 1.° » 15, 15 [ 17 were used. Only

- - - — -

g plotted in Fig,1 » where the magni<ude of the numbé£ of percentages is
denoted by the vertical abscissa successively from left to right for the
individual years and for flares considered in the areas defined by the
distances from the Cii: 0°-10° | 0°-20°, 0°~30°, 0°-45°, 0°-60° ana 0%-90°,
apd from the top downwérds for the different time intervals, beginning
with the shortest ana ending with the lcngest, as given above.

not preceded by a flare is consilerable in all cases. Of the large number

+
%

with a gradual increase in flar:zs as the distance from Cu grovis. They
{

8130 decrease gradually and dis.roportionately as the length of the time

.

interval increaced which is &zain connecied with a rise in the number of

flares, the more 11e3y one iz to occur in the critical interval before g

geomagnetic ..iorz, However, such an occurrence need not indicate an intepr-

dependence, It is zerely a statistical matter. If this fact is taken intos
considerztion, it uust be deduced frop the graph in Tig.2 that the conne-
ction between flares and geomagnetic storms can be only random. later thig

this conception will be made somewhat more exact and supplemented,

2) Since it might be objected that it is actually only large geomagne~

tic storms which are connected with flares, it iag necessary to investigate

the Perceantage of the number of geomagnetic storps with Xpmax == 7+ and

Kpmin='5~,In thig Fart of work the Quarterly Bulletins R

-
LIBJ were used in

!
I

5 P R : RDP80- 'A004200380001-2 mfﬁ
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for 1962 was the Quarterly Bulletin “rowm Zurich ~ 18 used - The results are

It is seen that the height of the Percentages of geomagnetic storms

of flares €.8. in the period orf Sunspot mexiamum, there are less geomagnetic
Storms without fiares than in other years when there were less flares (see

Tab.I ana Fiz.1 ). The percenteges of &eomagnetic storns coniinually decrease
e
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Fig.4. Percontege of geomagnetic storms with sudden commencement not
prececed by flare ( imp. "= 2) at distances from O° to 100

from CM.
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the rope tha?t tie riisber of = r.L wiili be as ceuxplete as possible and ime
> = > . [o)
portances =73 , =2 and = I~ cceurring between 0° to 10 fZom the CM in
intervals of -3 days to -1 Cay with respect to the commencement of the

II ) were considered separately. The

geonagnetic stora first part of Ta
results are plotted in Fig.2. Since the—e were no large geomagnetic storms

in 1962, only nater

evem for large geomagnetic storms the

ial up to the end of 1961 was treated. It is seen that

percentages of cases without preceding

flares were considerable in 1958-51 not only for the largest flares but

also when using flares 2, when
4

centages of large storms without =
in 1961 they slrealy reach
on the conception of 2 large numbe

ximum (see-Tab. I ).

3) For the investigation of o
- o
to be complcie, one nmust also cons

ted with suéden soiar phenonens oa

Tlares

6C%. T

they were above 50%. Although the per-

>
= 1- are zero for 1957 and 1959,

his circumstance cen easily be explained
2 of flares in the years around the ma-

eonagnetic storms in relation to flares
ider sec which are likxely to be connec-

P

tae Ci, such as flares otc. We investi-

gated 128 sz¢ chocen “rom the 3Toohe of pref. J. Bartels. In this part
~ .
of the worlk Fliores of importance =2 waich occurred in the interval from
o .0 e e - . . .
C” to 10° from the CU were Qsed. Lo nelzntes of tre percentages of geo-
magnetic siorus with ssec “ro- 1937-5Z not preceded Uy fliares are plotted
in Fég. 4. Beginning with 1958 thcse are values above 50 %. The maximum
is reached iz 1961 ($%%). It is seen that not even with geonagnetic storms
with a sudden comirnceomznt is ary connection found with fleres in the
neighbourhood of the I,
Teble II. Percentac: of number of larze zeomugnetic storms (Xpaax = 7+,
Kpnine, = 5-). not prect 22 by eny flare from OV -10° ‘rom CM.
Numbop of flares befor. “stoei.
from =3 tc¢ Number of flares
Year of _ w3 =y =il Trom —:o=lday!from0_to+2day before-after
storz nuxzber % number & inumber . =3 =2 El- 10E3E2 rEya ‘EBJ'Ezf’El—
+ : J . - : 1 : .
= i ‘ i ! ' : i '
27 i : ; b : P i
plal i : ‘ ' ! i 1 |
. s : : . 57 ] : i
df 0 7 2 29 1:14 0:C ' ¢ 27 P91 1 2 L5 30 1+7 ’v+22.‘ +61
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968 . ¢ 7 73 5 55 2 221 2 1¢ 59 10, 4 39 1+ +10-! +20
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figedm. Time Cistribution of occurence of larger chromosjheric flapes =2
(deroted Uy horizontal abseissz on correspondiny Zzy), befor (from
=% 1o =1 Cuy) znd after ssc (from O to +2 dey), =t distances from
X 3°  wo 1m 7 Y- in IGY
f 9] 12°  from € - in IGY ané IGC - periods of greater solar

activity. Data of strong storns are denoted by larger letters,
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Fig. S5b, Time distribution of occurrence of larger chromospheric flares

= . .
= 2 ( denoted by horizontal abscissa on corresponding day), be- ‘L
fore ( from -3 to-1 dey) and after ssc ( from O to +2 day), at L
distances from 0° to 10° from cu - periods of smaller solar .

activity. Data of strong storms are denoted by larger letters.
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The second part of Tab. II cozures the number of flares cccurring

in the interval of one to tiiree days before the geomsgnetic storm-

(large storms and flares =3, = 2 end 2 1-) with the number of

(G}

flares not occurring until zfter the commencement of the storm up to the

+2 day. The result is very instructive. The number of flares preceding

is somewhat higher so that thie difrference 1f}he wo numbers gives

! positive numbers except for 1961. For medium and large flares it is
zerc in 1960. It is seen again, primarily for medium end large flares,
that the value of the differcnce decreases with a decrease in the to-
tal number of flares. However, despite everything, there exists on

the averége & sort of predominance of the number of flares occurring kmf

before compared with the numder of flares occurring after the commence~

nent of a georagnetic storm. In order to determine this more exactly for

a larger nucber of cases, a sizilar investi igation wes made for a set of

all ssc. The results are plotted in Fig. 5 a end 5 b ( all storms with.
S§sc¢, appart frowm one large storz on 30.III. 1960, which had gradual
commercenent).It is seen thst here, too, fleres occur both before

and after the commencement of 2 stora. To
i¥ , however, we add up
)i 1 " iy o Rd e
@ll the flares we obtain & nigher number before storms (73) ¢
than alter storms (21) If, in eddition, we consider that

b
. <4y <

"

tage of georagnetic storms no»p*eceded by

.any flarcs (68%) snd simultaneously also a certain percentage when

Tlares cccurred only after the commencement of the storm(7%) then it

be deduced that if there exists a connectlon betweengeomagnetlc storms

with ssc and 1vre° it must be q%te limited and indirect.

4) Jhaf\ihls interdependence may have y can be determined as

follows. It was shown earlier that a geonagnetic storm occurred after

& flare if an unstable filsmert op active centre with unstable filaments,

surges etc., were simultaneously on the Cil or even better in the centre

of the solar disc i20—\\_21. Since the opinion is still held that large
flares are afier

er all connected with geomagnetic storms, an investigation

of the solar situations during the occurrence of large flares was made
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Fig. 6. Course of Ap~indices after large flare (imp. z 3-) during simultaneous
. presence of unsteble filement in centre of visible solar dise (day of

occurrence of flare is zero day) year 1957

logue C.S.Warwick)
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Fig.7. Cource of AP-indices zfter large flare (imp. = 3-) during si-
multaneous presence of unstable filament in centre of visible solar

year
disc ( dey of flare occurrence is zero day 77\1958 (flere from

corrected catalogue of C.S.vwarvick ).
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Fig. 8. Course of aversge AP-indices (method of superposed epochs)
after large flare in period of IG!. a) 1q presence of unstable
filement (8 cases), b) during sinultaneoun AP of active centre
without essential changes (2 cases), c) 1n centre” of solar ;
disc no unstable filament or other phenomenon en day when

4
flare occurred (10 cases), d) CMP of unstable filaments was not ’
» - - "
\ " simultaneous with flare (23 cases),
\ B - - o
i [ ' ' S X " %
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‘ at the suggectgl.ox; of C.S. Varwick, who kindly ouppliecd the reworked ca-
talogue of large 4flares from the IGY. Krom the list of days on which large
flares certainly occurred, the following groups were chosen: 1) with 6i-
multaneous occurrence ( in the limits of one day) of filements in the 3

! centre of the solar dise rogardleee-of the pogition of tho fiare aond ite ~

‘ diotanco from tho CM and aloco firom the filamont, 2) with cimultonoous CMP 7

i of the active centzat%ithout flare activity, 3) without the presence of an

|

unstable filament, and likewise in the absence of other phonomena, 4) tho

occurrence of unstable filaments was not oimultancous, tho filoment either. s
preceded or followed the day when large flare occurred. The resultc are
given in Fige 6-7 which show the course of the Ap~indices plottod for ~

the different days characteriged by the occurrence of at least onc flare

TN

from 1957 (2nd half) and 1958 for group 1) , i.e¢., for ths cascs when ¢n .

il
unstable filoment wne present in the centre of the colnr dise. \Piguroe <!
8 a,b, ¢ and 4 are valid successively for all above-montionod . Froups; :‘f“

in them are plotted the courses of the averoge Ap-indices calculated on ‘
the basio of the method’ of superposed epochs. It 40 coen from all the graphé}\j
6 -8 that an unstable filament was necesbary in ordor that o goomeggnotic ’
storn might occur; the presence of a flare was not doeicive. If o filomont
was not present a decrease occurred in the Ap-indicos aﬁ:ox@ flarc.

In Fig. 8 4 the maxima are not pronounced and arc dioplaccd oo a conse- e

- Wy
— R _ .

quence of the uncorresponding and displaced Panotged of unstoblo filemonts.
s In the cace of Fiﬂg. 8 b the decrease ic caused by tho C:P o2 tho ac.tivo ‘j
centre which does not vary very much. It is ceon from all thic tha$ flnores )
cannot be directly connected with the occurronco of gcomagnotic otorfﬁ:s.. The }
slight traco of connection, based on the faet that there ioc o J.Oz‘gex‘%umlag& j

of flareo before the commencement of a otorm than aftor 1t, By bo € ! )
the consequence only of on directi— conncotion wvith which wo ohall doal A
-in the analysis of the resultgc. :u”');
' i dg

5

Aj/

-
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Recapitulation end enalysis of results,

<t must D¢ borne in mind that 1) a direct connection between flares andl

Zecmaznetic storms is disputable if it is considered that is obtained in o-”?

(YJ

f)
(]

,

5 of the cases E}ﬁ]; 2) if geomagnetic storms exist in periods wha .5

<
b3y

ly 5
flzres do not occur, & direct connection must be considered dgubtful s

7/ in no cese did fleres prove sultable as an indicator of geomagnetic
8torni in progrnotes ;  4) statistical papers dealing with the connection
setween Tlares snd geomagnetic storms and giving results based on the averagi
values of Ap-indices, exhibit low snd unpronounced mexims [9];[10]. This
~act in itself reises doubdbts as to the hypothesis on the direct connection
Luwieen gecnaznetic storzs and fiares 11_‘ . 5) The fact that in the, periocd §
ce ard after winimum no conrcction between flares and geomagnetic storm3Q 

Lo obinined 73 i3 a confirmaticn of the incorrectness of the flare hypothe-
he slightest connection between the importance of a flare and 4

Lne occurrence of & geomagnetic storm wes obtained in any convincing manner.f 
“here sre wany large geomagnetic storms preceded only by the weakest flarc.
apart Jrom this there are also the results of the pres.nt paper whert
moterizl from 3C.VI. 1957 to the 2nd of 1962 was used. It was fm& th&*“’?
there exizt high percentages of the aumber of gooﬁagnetic storms before whie
So1  a gingle flare was observed coven in relatively long interyals (ap toﬂh,;
tiree days bafore). The percentaz»s decrease if the chosen interval is 10n~1
T and more flares are taken ints cons*deration, and increase with a Gecreo
L@ im owee mamber of flares (they also dmpend on lidtatione as erqi a1§ta-
co from CH and importence &nd on the period of the il&venryet cyclel. %’4
-t ie thus c¢leer that we have to o with only a atatistical effect. The l€§~
“he aumber of elements beirng compared, the more frequently it happens that
-»ia Tall simultaneously into the chosen time intervel and this *s even more |
iikely if & longer interval 1s clwsen. When there is & large number of flsrc
taee Teb. I. Fig 1) it is more likely that one will occur by chanes in the

i
.

:nterval of three days before a gecusghetic storm beyond ths naximum then 38

W_._.v‘,,_m_%.,..,_,.wk.,mw . S .
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beyond or before the minimum, when the number of flares disproportionate-
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ly falls, while the number of gromagnetic storms decreaaes much less, This
fact was proved for all geomagnotic stoms : from Kpmax = 5+, and for lar- .
ge storms: Kpmax é T+ and Kpmin '— 5-, and als¢ for all 85¢.If the percen-
tages of sudden commencemgnts wilthout a flare are compared with other storms
the lotter are somewhat lower although they are etn} large, 8) The apparent
connection between flares and gcomagnetic storms can bn explained by the w
multaneous occurrence of* other ¢ffects on the CM and poaa!blv directly in the
centre of the solar disc, as has been shown earlier Lzo], [B’l .

-The somewhath large;‘antﬁnber of flares occurring before geomagnetic
storms compared with that following after the commencement of a storm indi-.
cates a ellig;xtvconnection, although this is limited eompered with the high
percentages .of storm occu:;;;‘cnce without.a flere.This is Jjust v.:hat- can dbe

found from the observations: that during a flare there is sometimes a 3 <9
['S

greate} probability of the occurrence of a geomagnetic stom altholigh at 2R,
other tiges this is not true at ell.It seems that not always but only sometizg

mes do flares have the tendency to precede the ocourrénce of a geomagnetic 'ﬂl}
stom. And this is just what, ac a consequence of point 8), ia the cause |
of t% rise in Ap-indices after a flare. Bhe indirect connection can de :
explained by the presence of other affects. These are pr "11y‘un$table.ﬁla !
ments ; their change from filements of other types shows ‘ not even ; v,
here is there a simple connectiox but that a profounder algng.ficanco muat be i
aecribed to this circumstence. This means a completely new Jin of the o~
lations betweon solar and geomagnetic aotivity. flares ococur m:tly in® lctgﬂ
ve centres. In such places tt}ere are strong magnetic ﬁelda'whioh are mahi-"
fest, although with smaller intensity, also in the chromosphbre "end in ithe
corona. The way in thich such fields are distriduted -in tho spece above % ‘;
activc centres is designed b’ the chromospheric structure and the shapes ]
of the ﬁlﬁenta-prominences. When changes occur in the local magnetic ﬁeld
@ change takes place in the chromospheric and coronal strictures and thia

-
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can be studied with great certeinty on hydrogen masses above the active i 1
centre and its neighbourhood. Under certasin conditions the filements and chrod:
mospheric structure disapear altogether. It can be deduced from this that in ! ‘
such cases chenges occurred in the given. layers which had the posult that fl,fli
the field was " diseppear " there. This apparently, primarily g?ncerns one of
its components.It can occquud@enly or gradually, tcmporarfﬁy or pormanently. :}
During such changes flares often, though not always, occur. Since the "disép;‘fi
pearance" of the local magnetic field in the centre of the colar disc - unaéf'fg
certain conditions also outéide the centre but on tho Clf - alwayc moan3 thc }i;
advent of a geomagnetic storm :213] ,@2] ,\:&3:( flarcs are aloo classified - 3
among processes which occur around the seme time as the commencement of the
geoangnetic storm appears on the Sun. ? J:}s
The question remainé, whet is importent from the point of yigy of b
theoré%ical opinion as well as for practical use: are flares the cause of .;?
changes in local msgnetic fields or their con:equence ? This will certainiy .
be the subject of discussion for a long time to come, until the very naturé"fg
of flares is known. A flere as the cause of a disturbance of magnetici field o ‘
in the chromosphere is alsoﬂconsijered by M.A. Ellison [@4] . Perhaps this:
question could be answered by the conception of & combination of magnetin

N
and electric conditions in the oiter solar layers. }f
It §§ also necessary to :xplain some facts which, if incorrectly

) ]

interpreted, might lead to controversies. This is primarily the question ;
of changes and the possible annulling of chromospheric fields. These occur -

sometimes during a flare and at o.her times simply without it. Fleres occur ;
in the majority of cases above ac*ive centres with a complex structure of g
zmagnetic ficlds. It can be expected that a very effective interferance will J
be required to annul chromoépheric fields which in this case have conside-

ratle intensity. And it is during ¢ flare {often regaxkeaa of the importance)

that the dieappearence of chromospleric structure end filamento can be obser-

ved in diffirent places. On the other hand, if the fields mmrx are very weak

e ‘——:-,'“ -

~ - v e mr e e s e B+ R - . —
« (a2 ~ ——— ————

i

I NS
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such as those distributed above facular Zrees without sunspots a quiétia ‘émﬂa
change is enough to bring ebout such an effect. In such cases quite insi~"
gnificant flares ere usuallyg present in the active. region,Br its surmbun-
dings or flares ao not occur there at all. . . 3 -
It 1s certein, of course, that sometimes, after @ certein time

aftor a figfe, the chromospheri~ structure is restored to what it was be
and the filaments also appear a3 though they had not diseppeared at all.
This happens if it he region above strong photospheric fields. As soon ag
after a flere in the outer layers above the active centre is rencwed th .
normal state, i.e. the state they had before, than the hydrogen msses, ‘
partly still unionized and partly already recombined, begin to rewin® '
around the lines of force of the still ~existing magnetic field reaching
here from the photosphere. Tis cgould explain the ceronal origin of pro-

minences considered by K.0. Kiepenheuer ['25]
Another objection to considering flares as the cauae of changes inmill

netic fields might be the fact “lat the changes in local megnetic fields
actually occur before :the flareu. But , according to our own subJjective
impressions obtained duripé observations, the changes befdre flares are
of a different kind to thode obuerved immediately after them. Befofe a ° '
flare there is an "imrea;e in intensity end extent of the ‘field which J '
becomes more and more complicated. Then surges and small filements are -
produced. These aréLphenomena of ghort duration. It depends on the aspect
from which we explain the process leading to the annulling of the field.
In any case, howeyer, we nust admit{hat we have here the conditions for t
superposition of fields and their temporary compenaation, wl}ach is manifes
differently in different places. These are changes nppearing rather as
isolated cases. While large and "extensive changes occur only during the ,ﬁ;ﬁ
re and after it. If an active centre is observed Juat efter ‘a flere, it can
be said that a considerable and very striking simplification of the chro-~ -
mospheri¢c structure has taken plaoe and sometimes it completely disappecard |

T

over large areaa. Anyone who deals with the obaervntion and study Jf fine

’ e . ‘ ‘ S

. ,; ’ v
- . RV;Q <

-
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chromospheric structure and filements cen find this difference himself an®”;

)

there are certainly many who have already observed it. |

However , there should be no misunderstanding. The question of

whether a flare is‘the cause or consequénce of changes in magnetic fields
in the chromosphere cannot for the time being be deqided even by the argum
ments given heﬁe. It should elso be borne in mind that, whatever the ca- '
se, one cannot in any case speak of a direct end universal connection betéfT
~ ween flares end geomagneiic storms. This might be permissible perhaps
. only in very limited cases when annulling of the fields occurred in the
active centre just in the centre of the solar dis¢ or under certsin con-
ditions on thé?M and vhen flares also occurred just in this centre. But ‘
‘even then the connection would be indirect. The actual and nearest indi-
cators of this fact are always unsteble filaments. This can be explained J
by means of the known rélation between filaments énd coronal formations -
extending above them. As has already been shown [}] a geomagnetic st;rm
occurs when some coronal formation is directed toward the Earth. TMe densjit
“ ty of the coronal plasma, in other words the densii%%éﬁhghacular streams
is apparently directly related to the magnitude of the geomagnetic storm J

and vice versa. A filament and the chromosphere obviously contribute by -1

their messes so that after their ionization, which oceurs in certain

layers of the corona - apparen:ly layers at heights to, which the rising

»

: minences reach - the coronal plssma becomes denser. As was” to be ixbeétedr‘

perhaps, there definitely exis-s no simple relation between she oize of

K
ol

a filament and the magnitude o:' & geomegnetic stowm. This is naturai gince

) ; , .
the main question here is to whst percentage the atoms were ionized. It “
is not impossible, howeier, that. the necessary parameters could be defermin

ned by a detailed study, e.g. by determining the amount of madees which
¢ .
returned to the chromospere atc. : f 1

On the basis of the above considerations and whole series of working.
hypotheses and using the resulie of observations » & new method of fore~

1

3
<
- e
o

n

e

——T——— Beo hatat s s s
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casting geomagnetic activity, disturbences and quiet, was elaborated[?6].

Its successful try-out in practice proves the correctness both of the !
method itself and of the corresponding hypotheses. In order to ;

o abde 3

to forecast every geomsgnetic storm with maximum accuracy, a co}rect and

e

continuous obékvations of the Sun is required. Only in this way is it

possible to record all@udden and of short duration phenomena which pre-
cede the occurrence of geomagnetic storms. And only in this waJ will it
be posaible to fbrecqat each period of absolute geomagnetic quiet which féi

. and_also &bave whic
lows after the CMP of an active centre inQWEIEH*’fﬁa"'TEEEEEE?E field was ..

not annulled.. . L

Table III. The connection between flsres end some soler and geophysicel
phenomena as_seen from the results obteined hitherto. .

a) Inmediste results : ) t

1) disappearing filaments exist elso no dependent limited
rising prominences without flares g;;gg::gc:n indirect
. ‘ of flare connection 7

+

2) . SFE ) exist only dependent . posdible
directly on
with flare direct
. importance of connection
flare -~

.

%) Dellinger effect . exist only dependent . "possible
: : , directly on direct
with flare iflgortanco of connection .-
re

b) Later results:
. : L4

4) geomagnetic storms exist also not directly limited
without flares dependent on ¢« indirect | ¥
(high percen- importance connection”
tege well abo- of flare
ve 50%) ) '
not all flares ' -
are followed ’ K.
by geomegnetic )

storms (50%)

. PR . . P2 - r
5) polar aurorae are accompanwing phenomenon of gcomagnetic atoma and the

same holds for them as for storms.

.
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To bum ap, it must be explained what form the connection between,
flares and some solsr and geophysical effects, has Jndgl.& lv.wh;t

we have had the opportunity to observe. The snalysis id giwen in ‘l‘tb.II}li
according to which the SFt and Dellinger effect begin immediately after o

a flare, depend on the magnitude of its importance and are thms 4i-

in time - and often absolutely simultanecusly [27] - m,' 1iks the

effects occuring after it in a longer tims interval, i.es geomagnetic e
i
storms and polar aurorae, indirectly related to the flare. In order

T ';
rectly related to it. Meanwhile, however , the disappearing filsmente~

-rising prominences, deepité the fact that they occur near to the ﬂlro'

»

"

-

e

to supplement Tab.III the connection between flsres and radio out- )
bursts will have to be verified in a radical manner. According to the el
work of J. Halenka LZBJ » ‘One could deduce a certain dependence on . ‘
the presence of a fialemnt. i
t . 9
. |
- 9
r-s
|
Yl
I
|
i
TRy

N ,,pi

-

t

/
K ]
2
v ’ ‘
|
’ |
{
»
. ' . ] o
' ‘ C oy !
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