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J by Bohumila Bednarova-Novékové 
‘

-

I Geophysical Institute, 
Czecosl. Acad. Sci., Prague 

ABSTRACT 

The incorectness of the hypothesis according to which flares should be the source of corpuscular solar radiation, which is responsible for the origin of geomagnetic storms, is proved on the basis of determining the number of geomagnetic storms not pre- ceded by any flares. Using the list of guaranteed large flares from the IGY of C.S. Warwick Elf; and making an analysis of the solar situations occuring simultaneously with flares but on the CM or in the centre of the solar disc, it was shown why some fla- res were followed by a geomagnetic storm while after others, on the_ contrary, a periodxof absolute geomagnetic quiet set in. Since it was shown that geomfinetic storms are preceded by changes in the magnetic field; in the solar chromosphere and because flares .

II 

also occur during such changes, the question arises, what role do flares play here? Are they the cause of such changes or are they their product ? It is deduced, and observations confirm this, ;:at olthough flares are produced as a sort of ccnseclwncl of llanges in the photpspheric fields, they can simultaneously be regarded to a certain degree as the cause of substantial changes in the chrcnesphere which lead to Y;e annulling of the field at least in that component which is reoresented by chromospheric structure and filaments. Their relationship to geophysical effects of a solar corpuscular origin is,.however, quite indirect and very limited. 

\ 

The fact that after the first historically recorded observation of 3 flare on September l, 1859, by Carrington and Hodson and also after the two consecutive flares on August 3 and 5, 1872, which were observed 
by Young , a strong geomagnetic storm always followed 

, led to the hy- 
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3;. pothesis of a connection between flares and geomagnetic storms. This K 
~_'\* 

lhypothesis was also supported by the classical observations of G.E. ' 

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

‘'‘-‘ 

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

~- 

-‘ 

means of it that in the period when a flare occurs on the Sun,radiation 
is sometimes magnified on some wave- F4 "3 '1 C1) ct {T U) 

y 

(much longer than the opti- - 

cal), it was hoped that this meant an indicator of an effusion of cor— - 

puscular radiation had been found, i.e. such radiation which is respon— , 

!.' 

1 sible for the origin of geomagnetic disturbances. It was only later ' 

that it was discovered that not even this fact can be used for exam? 
ple for prognoses etc. 7 

From the hypothesis on the connection between flares and geomagnetic - 

storms the opinion gradually developed that flares were the direct sourde o 
of geoactive corpuscular radiation. However, flares in themselves are not r,‘ ' high formations Li and than they are observed on the edge of the solar ' -1

. disc, they do not exhibit any marked rise of matter to any great height[?]. They are often accompanied by rising prominences which, as will be seen
l 

later, may be conceived as the consequence of changes in the local mag- 
netic field which occur often uthout flares and sotimes during a flare. 
It is this random simultaneity of the two effects which is the cause 
O"; W frequent mistakes so that tiers are some authors who speak of fla- ‘ 

res but obviously have in mind rising prominences. That theaiare two 
quite different effects, whizh probably have no direct physical

, 

inter-relationship, is borne out by the fact that disappearing filaments- Tising Pfominsncss occur siznits:2zunigxandastxsthrzxtizazxxnnigxanaxai
- 

vei often in absence of flares" It seems that the two henomena re 3 P 
_ a 

‘J 

like‘ the consequences of one and the same cause. Sometimes the ‘ 

*3
Y occur simultaneously and other times only one of them appears. 

_,,_- ._m 

O V
1 
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Flares occur elnost universally in active centres and are thus one
1 ly one part of a complex of events which occur shortly after one ano- 

ther or at absolutely the same time. From the consequences occurring after 
either a shorter or a ldger interval it is impossible to deduce a conne- 

1 i
u 

ction with the different effects separately. This is even more difficult 
with geomagnetic storms which exlibit a longer time lag after sudden chan- 

F-1 H:
Y 

(‘F :17’ G) ges occurring on the Sun. hcvever, mechanism of the effusion of 
corpuscular radiation and its prcpagation 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 activity which, in each period and during the 
whole cycle of solar activity, would be reliable indibator of geomagnetic , 
storms. It is also necessary tQ give physical reasons for each connection . 

found. One must also take into consideration an explanation of the fact ' 

that sometimes no connection was found. As is clear from the many papers 
already published, it was found in the Geophysical Institute of the Cze- 
choslovak Academy of Sciences that of all the known expressions of solar

1 

1 activity studied. by optical metbsds the best indicators of the origin of - 

geomagnetic storms are filaments and the fine chromospheric structure under 
certain circumstances. As will be seen below, in the period of greaterI 

solar activity, i.e. in the pericd of flare occurence, these are erup- 
tive and disappearing filaments, denoted in the Geophysical Institute by the 
one tern ~ unstable H filaments ~ which, only if they are in a suitable posi 
tion, safely indicate when a geomagnetic storm with ssc will occur {5} . 
This is because such phenomena, as will be seen later, provide direct 
information on changes in the magnetic field of the Sun. And it is then 
only these changes which are actually the direct indicators of changes in the 
corona and thus also of the origin of geomagnetic storms. 

Doubts as to flares being the source of corpuscular radiation were 
raised by D.Van Sabben T47 , R.A.Uatson T5_}and O.M. Barsukov(6i]. The sta- \ - _ 2 -

.
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_- tistical paper by C.S. Warwick and R.T. sansen~7§shows the not very high 1" xima of the Ap—indices after flares in the period of greater solar activity 
for flares nearer to the CM but does not give positive results for the period before the minimum. It can easily be supposed, and later this will_ be quite clearly proved, that the circumstance can regarded as merely a‘ 
statistical phenomen, as is also clear from the table given in [bi]: the more elements contained by the two series compared, the more frequently 

simultaneous or follow one another 
is the same although one series is 

. two of them are found which are \§ther 
in a certain time interval. The oifect 
much more nunerous than the other, as is the case when the number of flares greatly exceeds, particularly in periods of greater activity, the number of geomagnetic storms. It is seen from Tab. I. and even better i 

from Fig.1 that a decrease in the number of flares after the maximum 
/*\ F4 \O \; XO -60) is followed not by decrease but by an increase in the number of geomagnetic storms whether flare: of greater importance or whether airs?

r 
all, including those with the smallest importance, are used for the comx parison. No connection can be observed even if one takes the number of ssc or the greatest storms which , according to accepted world opinion, should be connected with flares but which, as will be seen later, indicate no pro- nQuQed connection. 
Table I Qomparison between_nu;bg; of flares and number of_geomagnetic 

§E9?@s-
‘ 

t “” number‘of“flare3" t t" ~trnumber—sf:geomagvstorms— Imp. 3,3+ 2 1 l— total all ssc 
“V 

b 
A)

m 
l95Y,2ndhalf 25 203 _- - 5189 "Q7 17 195s 2¢ 42 24 1959 30 259 50 22 1960 19 ll8 

72 32 19o1 10 
35 17 

527 - A ~ 551 9668 
220s 269 5587 
1490 541 137 216s 
787 29¢ 4s 

\O ti 

58 ll29 

\ 
, 105 also give rise to doubts 

FW1 xo 

sf. The results in the paper by\Halenka
J as to the direct connection between chromosoheric flares and geomagnetic storms 

, » 

. 
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, ,>_.€‘ .. , _. .‘.-~ ~. - ~‘ -~.vr- “ ' cs given in ,_ .Tnc cacncr oi u c ?Tcw1@u paper LDeauO 12 that when 5 -4 

~n- __J 
" flare activity of different active centres during the whole9 ,1‘ c. studying 

period of passage over the solar disc s geomagnetic storm occurred only 
('7- ff (D after the CAP of active centre in which flares occurred throughout the 

period. This ~ " 
(- ts‘ <: 

" that flares outside F, (0Q K3 O) ' CZ fell flat. This is in comple- 
V'_ "-\ _~4.'.. .z_*... ...-.:.. .r\ '* ~' '3 ..- 'f \’.'.auL1 'o-.(3 P(".IL’c._'_o$ O- \.).»..;.; .‘1C.l"F.~L.i-CO‘! O ' 0 l . 

_J ... 

te agreement 
In 1961 by s. Bell T15 i which it isw8e a paper was L. (T 

.,- .'.' “v\._' .. .o— 
, ,, .4. 

clear that the COuHGCtlOn between ilares and geomaénetic storms is doubt~ 
ful if it is guaranteed , and than only in the relatively long interval of 
three days, only to 50%. Not even a distribution according to the magnetic 

.4. S
_ 

" 
v ~ - 1 ' J, 1 1 ‘ t es of soot in the neianbournooo of which the flares occureo ivel A Y _2 

’ 8 
esults.ADcspite <+ ts‘ <'> n r> satisfactory r

_ 

relation with geomagnetic storms. But the question of theoretical opinions, 
in the some way as the question of prognoses, necessitates a detailed in- 
vestigation. ‘ reason the author decided to supplement the work of *s (7U (-9- £3 Q»!- (t 

B.Bell and to find, on the contrary, how great a percentage of geomagnetic 
storms is preceded by flares. This kind of research is part of the work 

D’ (U }._J P. of the 'ogeophysical group of the geomagnetic department of the Geo- 
physical Institute which aims at leaving no geomagnetic storm unexplained. 

"n . . ‘d\ .: -. .-.' _ _' -~ .».~ , ,: ror tnls purpose tn " _al iron ' Pu £4 {L rF (D *5 \O I ‘I. 1957 to the end of 1962 
was investigated. Only material from these years,thanks to the H C) P4 and IGC, 
can be regaried as prccticallv conolete as rewards flares. The work was divi- > u A CD 

. .

- 

deo into several stages. 

-~ facts flares are continually given in déh 

1) The percentage of‘geomagnetic storms for Kpmax-255+ was found which were 
not preceded by any flares 2'2 in intervals of lO-48 hours, 10-6O hours, 
10-72 hours. These are relatively long intervals. In an earlier paper the 
present author found shorter intezvals, valid for disappearing filaments, 
i,e. 28-58 hours. Since , however on account of the small number of obser- 
vations from 
sional. Since an interval of threw days was used in the work of B.Bell, 
such longer time intervals were left in the present paper as well. Indeed

Ir 
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if it is proved for such interv,'e, that there is no connection between flares and geomagnetic storms, this is even more likely to be for shorter intervals. 
1) Altogether 248 geomagnetic storms, obtained from the graphs of Kpz indices from Gottingen, were investigated in the manner indicated. As regards flares, American catalogues '14; 

, 15 
, 16 , 17 were used. Only '_ 

¢- ¢- d __ _- 
.._ __ ,... . 

for 1962 was the Quarter" Bulletin "' n Zurich 18 used . The results are 
LJ 

plotted in Fig.1 
, where the magnitude of the number of percentages is 

)- I’?Q 

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 c;~.:= 0°-10° 

, 0°-20°, 0°-30°, 0°-45°, 0°-60° and 0°-.-90°, and from the top downwards for the different time intervals, beginning with the shortest and ending with the longest, as given above. 
"-1 (F is seen that the :3. (D 

1- 
3. (F H of the percentages of geomagnetic storms not preceded by a flare is considerable in all cases. Of the large number of flares e.s. in the eriod of sunspot maximum there are less eoma netic 

Q 
a 7 

rf If (3 

storms without flares than in other years when —re were less flares (see Tab.I and Fig.1 ). The percentages eomagnetic storms continually decrease the 
.*. with a gradual increase in flares gas the distance from CI grows. They

I

0 H> 0:1 

also decrease gradually and disproportionately as the } -J 5'; U52 ("F F’-4 . of the time interval increased which is again connected with a rise in the number of flares, the more likely one is to occur in the critical interval before a geomagnetic ntorz. However, such an occurrence need not indicate an inter- dependence. It is merely a statistical matter. If this fact is taken into. consideration, it must be deduced w8s the graph in Fig.2 that the conne- ction between flares and geomagnetic storms can be only random. Later this this conception will be made somewhat more exact and supplemented. ‘ 2) Since it might be objected that it is actually only large geomagne- which are connected with flares, it was necessary'to investigate 
tic sto "H F. 
the percentage of the number of geomagnetic storms with KpmaxZZ= 7+ and

\ 
KDmin;:5-.In this part of work the Quarterly Bulletins F187 were used in L _i

I
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The second part of Tao. II c;;gures the number of flares occurring 
in the interval of one to three days before the geomagnetic storm-_ 
(large storms and flares ‘%3y :5 2 and :3 1-) with the number Of

i 

flares not occurring until after commencement of the storm up to the <2D (D 
+2 day. The result is very instructive. The number of flares preceding

L 

iv 

a 
1 Q - I fr \ ' \ 

! is somewhat higher so that tne diiierence intne two numbers gives , . 
-

KI 

:1 

5 
. 

l 
positive numbers except for 1961. For medium and large flares it is 

L . 
‘.

1 

1 
zero in 1960. It is seen again, primarily for medium and large flares,'

1 

1 that the value of the difference decreases with a decrease in the to-

1 

tal number of flares. However, despite everything, there exists on'
l 

the average a sort of predominance of the number of flares occurring Raf 
1 - . . _ .

' 

5 
before compared with the number of flares occurring after the commence- 

i 

ment of a geomagnetic storm. In order to determine this more exactly for
i 

1 a larger number of cases a~similar investi ation was made for a set of Q ) 

C3 |,_J ;.J ssc. The results are plotted in Fig. 5 a and 5 b ( all storms with __ 
ssc, appart from one large storm on 50.III. 1960, which had gradual

0 P4 (F ()- C. commencement) is seen "at here, too, flares occur both before 
and after the commencement of a storm. 

I-1W 
, however, we add up 8 Qt‘. fj 'r ~' 

- P; ‘/\ ' . ll he iares me obtain a higher number before storms (73) 0 
than after storms (21) , If, in addition, we consider that 
this graph gives a high percentage of geomagnetic storms noepreceded by 

v~. -.'~"1¢- -_». / ‘_ '.,,,_ ,_ _ ‘H ‘__ A ___ _ _any i_ar-s (68%) and simultaneously also a certain percentage when 
H: ‘.1 (D res occurred only after the commencement of the storm(7%) then it 
' “:. ‘ .",_ - 

1 , 
be QpdUC€d that if there exists a connection betweengeomagnetic storms 
with ssc and flares it must be“ 

from 
4) What\this interdependence may have , can be determined as 

>Q;~ 

/F.

“ 

<+ (D limited and indirect.

I follows. It was shown earlier that a geomagnetic storm occurred after 
a flare if an unstable filament or active centre with unstable filaments, 
surges etc., were simultaneously on the CM or even better in the centre » -1"'\- oi the solar disc L?é1A_2l:t$lDCe the opinion is still held that large 
flares are after all connected with geomagnetic storms an investigation 1 '

7 
- of the solar situations during the occurrence of large flares was made
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» In the case of Fig. 8 b the decrease is caused by the G3? of the active 

_ _ 5 
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at the suggesticn.of C.S. Warick, who kindly supplied the reworked ca- J 

talogue of large flares from the IGY. Prom the list of days on which large 
flares certainly occurred, the following groups were chosen: l) with si- 
multaneous occurrence ( in the limits of one day) of filaments in the J 
centre of the solar disc regardless of the position of the flare and its 9;, 
distance from tho CM and also from the filament, 3) with simultaneous CH? '> 

of the active centntitvithout flare activity, 3) without the presence of an 
unstable filament, and likewise in the absence of other phenmena, 4) the 
occurrence of unstable filaments was not simultaneous, the filament eitherzfe 
preceded or followed the day when large flare occurred. The results are 
given in Figs 6-7 which show the course of the Ap-indices plotted for C 

M the different days characterized by the occurrence of at least one flare 
from 1957 (2nd half) and 1958 for gsoup 1) , i.e. for the cases when an 5 

unstable filament was present in the centre of the solar disc.\Piguros e 
1 

:5 8 a,b, c and d are valid successively for all above-mentioned. groups; 3 
in them are plotted the courses of the average Apwindices calculated on '

\ 

‘~
1 

the basis of the method°of superposed epchs. It is seen from sll the graphsi’ 
6 -8 that an unstable filament was necessary in order that a geomagnetic “ 

storm might occur; the presence of a flare was not decisive. If/a filament "1 

was not present a decrease occurred in the Ap-indicos aftoné flare. .
Y 

In Fig. 8 d the maxima are not pronounced and are displaced a a conse- :{4 
quence of the uncorresponding and displaced passages of unstable filaments.

' 

o »

( 
up 

\_:_

_ 

centre which does not vary very much. It is seen from all this that flares

Y 
L__i_, 

=4 

‘*1 

\‘A‘:i 

cannot be directly connected with the occurrence of geomagnetic etonhs. The 
slight trace ef connection, based on the fact that there is a largerfnumheg<

1 of flares before the comencement of a stor than after it, may be firm 
the consequence only of an direct£:3 consction with which we shall deal 
sin the analysis of the results. 
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It must be borne in mind that 1) a direct connection between flares =-v 
geomagnetic storms is disputable if it is considered that is obtained in o» 
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.1 1» 

fiecgpitulatggn and analysis of reogltg; 

y N or t e cases 113 , if geomagnetic storms exist in periods w 1 1 50 ~"*-n 2)
i flares do not occur, e direct connection must be considers déubtful ; 

5} in no case die flares prove suitoble as an indicator of geomagnetic 
acorn; in prognoses ; 4) statistical papers dealing with the connection 
oetween flares end geomagnetic storms and giving reaults based on the aver ; 

values o.1”Ap-indices, exhibit low and unpronounced maxima [91;E._0]. This e 
\_., 

zoo: in itaelf raises doubts as to the hypothesis on the direct connection 
F 1 .,Luoen geozngnetic storms and ilaree ill} . 5) The feet that in the_pericd 

before aco after minimum no conrection between flares and geomagnetic storms 
'1‘ o“ ~'~/'v'1 f to ocolneo L 4 e a con irmaticn of the incorrectneaa of the flare hypothe- 

oio. e; Not the slightest COBD8CClOD between the importance of a flare ano 
one occurrence of a geomagnetic storm was obtained in any convincing manner.

i fncre are many large geomagnetic storms preceded only by the weakest flare.1 
-H. part from this there are also the results of the present paper where’ 

' my 
1‘ 

,.-»..-,1 

‘- materiel from 3S.V1. 1957 to the end of 1962 was used. It was fbG§§*that“w7 
€-L 

£1‘ on 

. , it-=~ not a single flare was observed oven in relatively long interyals (up to WA 
three oeye before}. The percentages decrease it the chosen interval is lon—f 

_ 0‘ 7,,‘ 16 
-" qp-.>.. re exiet h*'h ercent ec f t‘ .5 p eg 0 o no number of geomagnetic storms before whit 

_1,r one more flares are taken int: consideration, and increase with a tecreo 
.e ;n CA6 number of flares (they oleo depend on lidtations as ‘gar ' dicta 

o‘,~'
1 

firozz. 05;; and importance end on the period of the §1even§-yea cycle).
1 

It is thus clear that we have to io with only a otatistical effect. The 1!? 
be number of elements being compared, the more frequently it happens that 
.;;n roll simultaneously into the chosen time interval and this ls even more 
llrely ii e longer interval is chosen. when there is a lerge number of flaret 
inee Te 

zntervn 

I-Q‘ EH #13 £0 

,1 
*1 O w £1 2. 

1 ) it is more likely that one will occur by chance in the 
ee days before a geomagnetic storm beyond tho maximum than >¥ 

1 
,.. 

~n

J 

‘Q 

t §~ 

=11 ; ~'»“ e = Q-,\4 
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i beyond or before the minimum, when the number of flares disproportionate- 
ly falls, while the number of geomagnetic storms decreases much less. This 

.> fact was proved for all geomagnetic stoma : from Kpmex = 5+, and for lar- 
ge storms: Kpmax <‘-= 7+ and Kpmin = 5-, and also for al1'ssc_.If.the percen- 
tages of sudden commencements without a flare are compared with other storms 
the latter are somewhat lower although they ere still large. 8) The apparent 

3"’ connection between flares and geomagnetic atoms can his explained by the sand 
.‘ s 

multaneous occurrence of other effects on the CM and gossihly directly in the 
. __ 4

' 

centre of the solar disc, as has been shown earlier L20], E81. 
“The somewhati largeronumber of flares occurring before geomagnetic 

stoma compared with that following after the commencement of a storm indi- 
cates a slight connection, although this is limited compared with the high 3, 

percentages of storm occurrfnce without.a flare.This is Just whath can be . ‘ “ 
>‘ 

found from the observations: that during a flare there is sometimes a <4’8 greater, probability of the occurrence of s geomagnetic storm althofigh at at-3. 
other times this is not true at ellllt seems that not envoys but only eometi-_-4,, 
mes do flares have the tendency to precede the occurrence of e geomagnetic 
stonin. And this is Julst what, as a consequence of point 8), is the ceuse ' 

of rise in Ap-indices after a flare. The indirect connection can be 
explained by the presence of other; affects. These are pr ’ily‘un$tsble_f1 
ments ; their change from filaments of other types not even ‘. 

here is there a simple connectiorrbut that s profounder Iglflflifiéllldl must, 
ascribed to this circumstance. This means a completely new 41.515: the re- 
lations hetween solar and geomagnetic activity: flsres occur with in""$ct'i_.~? 
ve centres. In such places there are strong magnetic fieldsinhich are 
fest, although with smaller intensity, also in the chromosphtrelnd inthe 
corona. The way in thich such fields are distri|\utsd~in the‘ specs above 

3' active centres is designed by the chromospheric structure end the shapes 
of the when changes occur in the local magnetic fiel

I a change takes place in the chromospheric and coronal structures end this 

b _' M _ _ ‘___ I , 1 . . _ ¢-_.__ 

» ‘$3. 

..~.-. 
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can be studied with great certainty on hydrogen masses above the active 
centre and its neighbourhood. Under certain conditions the filaments and chr 
mospheric structure disapear altogether. It can be deduced from this that in 
such cases changes occurred in the given layers which had the result that, N 

the field was " disappear " there. This apparently, primarily concerns one of 
1 its components.It can occulsuddenly or gradually, temporsrffiy 0? P0Tmfin@nt1Jé 
During such changes flares often, though not always, occur. Sines the "disap—‘ 
pearance" of the local magnetic field in the centre of the solar disc - under 
certain conditions also outside the centre but on the CU - always moans the 
advent of a geomagnetic storm Q21?) J2-’?_] ,1-L83] flares are also classified" '- 

among processes which occur around the same time as the commencement of the
O geoamgnetic storm appears on the Sun. ' 

The question remains, what is important from the point of'y{éw Qf 
theoretical opinion as well as for practical use: are flares the cause of .

O 
changes in local magnetic fields or their consequence ? This will certainly 
be the subJect of discussion for a long time to come, until the very naturew 
of flares is known. A flare as the cause of a disturbance of magnetic field

L
0 

in the chromosphere is also considered by M.A. Ellison [@§] . Perhaps this:“_ 
question could be answered by the conception of a combination of magnetic 
and electric conditions in the oiter solar layers.

1 

It- is also necessary to explain some facts which, if incorrectly 
u 

interpreted, might lead to controversies. This is primarily the question 
." 

of changes and the possible ann ll u ing of chromospheric fields. These occur v" 
sometimes during a flare and at other times simply without it. Flares occur 
in the ma it Jor y of cases above active centres with a complex structure of A 

very effective interference will . 

be required to annul chromospheric fields whi 

magnetic fields. It can be expected that a 

ch in this case have conside- 
-1. rable intensity. And it is during e flare {often rega§#ess of the importance)' 

chromospheric structure and filaments can be obser- 
ved in diffirent places. On the other hand, if the fields E383 are v

i 

that the disappearance of

/

0 

,_ ._. ’
1

O

I 
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e&*_ isolated cases. while large and extensive changes occur only during the 
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such as those distributed above facular dress without sunspot; a quite es? 
change is enough to bring about such an effect. In such cases quite insi-' 
gnificant flares are usuallyg present in the active. regionjar its sur::bun—

O 

dings or flares do not occur there at all. ~ ».v; 

It is certain, of course, that sometimes, after akcertain time 
.1 

after a flgfie, the chromospheri: structure is restored to what it was baefi 
and the filaments also appear as though they had not disappeared at all. 
This happens if itfigta region above strong photospheric fields. As soon: 
after a flare in the outer layers above the active centre is renewed the, 
normal state, i.e. the state they had before, than the hydrogen masses{~ 
partly still unionized and partly already recombined, begin to rewind5' 

- around the lines of force of the still existing magnetic field reaching 
here from the photosphere. Tia cpould explain the coronal origin of pro- 
minences considered by K.O. Kiepenheuer [25]. _

' 

, Another objection to considering flares as the cause of changes inyl 
netic fields might be the fact first the changes in local magnetic fields

0 

actually occur before the flares. But , according to our own subjective 
impressions obtained during observations, the changes before flares are 
of a different kind to those observed immediately after them. Befofe'a ‘ '~ 

-a 

flare there is an "increase in intensity and extent of the‘ficld which ‘ 

becomes more and more complicated. Then surges and small filesnts are 
produced. These ardphenomena of short duration. It depends on the aspect 
from which we explain the process leading to the annmlling of the field 
In any case, howeyer, we must admitqhat we have here the conditions for t 
superposition of fields and their temporary compensation, which is manife 
differently in different places. These are changes appearing rather as 

;i 
re and after it. If an active centre is observedijust after a flare, it ca 
be said that a considerable and very striking simplification of the chro-

~ 

mospheric structure has taken place and sometimes it completely disappears 
over large areas. Anyone who deals with the observation and study Jf fine 

_ .--_ ._---» -.-~~ e. 
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chromospheric structure and filaments can find this difference himself and" 
there are certainly many who have already observed it O

. 

- 

5;? 

1;-r 

—~%&;_

Y 

However , there should be no misunderstanding. The question of y 

whether a flare is the cause or consequence of changes in magnetic fields 
in the chromosphere cannot for the time being be decided even by the argun‘ 
ments given here. It should also be borne in mind that, whatever the ca-

I . 

Y
‘ 

se, one cannot in any case speak of a direct and universal connection betéls 
ween flares and geomagnetic storms. This might be permissible perhaps d1 

only in very limited cases when annulling of the fields occurred in the
g 

active centre just in the centre of the solar disc or under certain con- i 

ditions on the€M and when flares also occurred Just in this centre. But 
A

1 

even then the connection would be indirect. The actual and nearest indi—
, 

caters of this fact are always unstable filaments. This can be explained
A 

by means of the known“ relation between filaments and coronal fbrmations 
1.

\ ix 
-**1‘—~ 

in 

extending above them. As has already been shown [#1 a geomagnetic storm
1 

occurs when some coronal formation is directed toward the Earth. The densi 
Q“ 

, of the ' 

ty of the coronal plasma, in other words the densityicorpuscular streams 
is apparently directly related to the magnitude of the geomagnetic storm ‘ 

—- 

and vice versa. A filament and the chromosphere obviously contribute by» I 

their masses so that after their ionization, which occurs in certain 
layers of the corona - apparently layers at heights to, which the rising

J 
minences reach - the coronal plasma becomes denser. As was'to be Ikbecteflrl

m 
..'" 

perhaps, there definitely exists no simple relation between the size of
Q a filament and the magnitude ofpa geomagnetic storm. This is natural since ‘ 

t 

. ' l dd ".1 the main question here is to what percentage the atoms were ionized. It '1
1 

is not impossible, however, that the necessary parameters could be defirmihj 
ned by a detailed study, e.g. by determining the amount of ma es wh ch 1; 

. 6 ~ 1 returned to the chromospere ate. 1 t -fli” 
On the basis of the above considerations and ibole series of working»

_ 

hypotheses and using the results of observations , a new method of fbre-

9
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casting geomagnetic activity, disturbances and quiet, was elaborated Q5 
Its successful try-out in practice proves the correctness both f the ‘ 

method itself and of the corresponding hypotheses. In order to e ab 
to forecast every geomagnetic storm with maximum accuracy, a correct and 
continuous obsrvations of the Sun is required Only in this way is it 
possible to record al udden and of short duration phenomena whdch pre- 
cede the occurrence of geomagnetic storms. And only in this w will it 
be possible to forecast each period of absolute geomagnetic quiet which fo- 

and also ebaye which lows after the CMP of an active centre ingWfiIc5\’the dmagnetic field was." 
not annulled. 

Table III Ihe_congectign between glargs and some glgg and gggphygiggj 
phenomega_as seeghj§9m_thg results gbtaiged hitherto 

lssss22£2..2@2sl£2 

4) geomagnetic storms 

.
r 

disappearing filaments exist also no dependent limited 
rising prominences without flares ?ire§€:gcgn indirect 

of flare connection 

2) FE exist only dependent possible 
directly on with new 1““’°”t°“°° °’ gggggztion 

J) Dellinger effect exist only dependent possible 
directly on direct with flare importance of connection 

b) Later results 

exist also 
‘without flares 
(high percen- 
tage well ebo- 
ve 50%)

u not all flares 
are followed 
by geomagnetic 
storms (50%) 

5) polar aurorae are accompanying phenomenon ot'gsomagnetic storms and the 
same holds for them as for storms. ° 

not directly limited 
dependent on . indirect 
importance connection of flare 

, 
J 
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To hum ap, it met be explained whet torn the connection between‘ ~ 

'
_ 

flares and eome solar and geopluieicel eftecte, hae $1031‘ by.Ih;t »

1 

we have had the opportunity to observe. The analyeie -ii gifln in 1‘ab.II}Ii 
according to which the Sm and Dellinger effect begin immediately after u» 

a flare, depend on the magnitude of ite importance and are time di- 
8 

*_
" 

O 
rm 

rectly related to it. Meanwhile, however , the diaappearing filament» , 

‘ 

,. 

-rising prominencea, despite the fact that they odour near to the flare 
V

a 0 in time - and often absolutely simultaneouely - are,' like the ‘ 

v 
“A 

effects occuring after it in a- longer time interval, i.e: geomagnetic '1"?
I 

storms and polar aurorae, indirectly related to the flare. In order 
to supplement '1‘ab.III the connection between flaree and radio out- J 

bursts will have to be verified in a radical manner. Aocordim to the 
work of J. Halenke , -one could deduce a certain dependence on 
the presence of a tielennt. 
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