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A CONDRLIsULLICN 2O0MARDS LOLVING»EH“ QUSZYION OF THE OCCURKRENCE OF .CHRO=-

T

The fact that sfterp the first historically recorded otservetion of
a flare on September 1, 1859, by Carrir_ton and Hodson and slso afterp

the two consecutive fleres on August 3 g 2, 1872, which were observed

by Young , a strong geomagnetic storm always folloved ', 1led to the hy=
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MOSFHERIC FLARKS BRIOR: GEQOMAGNETIC STORUS.

by Bohunila Bedndiové-Novikovd

Geophysical Institute,
Czecosl. Acad. Sci., Prague

ABST24CT

The incorectness of <he aypelihnesls according to which flares
should be the source of corpuscular solar radiation, which is
responsible for the origir of geoiagnetic storms, is proved on the
basis of Cdetermining tre ruzber o seomagnetic storms not pre-
ceded by any flares. Using the liist of guaranteed large Tlares
from the IGY of C.S. Warwick E;{l and raking an analy:.s of the
solar situstions occuring simultaneousiy with flares but on the
CM or in the centre of the soler disc,'it was shown why some fla-
res Gene followed by e georegnetic storm while after others, on the .
contrary, a pericd of absciute gccmegnetic quiet set i

Te
Since it was shown that geormineiic storns are preccded by changee
in the magnetic fieclcs ir. <ie solar chromogphere and btecause flares .
&1s0 occur curing such'changes, tne Grestion arises, what role
co flares pley here? Are they trhe cause of such changes or are
toey their pisduct 7 Tt is deduced, and observetions confirm this,
cat olthouzh flares ere proguced as a sort of consei . nc. =f
.llnges in the Phiotpspheric Tiells, they can simultaneouel:;, bHe
sezorded o & certain A r-e as the cause of substantisl c.oanges
o -the chreiosphere whicr “ead to - ¢ ermullirng of the field at
least in tooz bompone:t wiich is represented by caromospheric
siruciure and filexents. Their relationship to geophysical effects
of & soler corpuscular origin is, however, quite intlirect and
very limited,
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of geoactive corpusculer radiaticn,

T s B -Approved for Release: 2017/09/11 C06131786

pothesis of a connection between fleres and geomsgnetic storms. This

!hypothc81s was also supported by the classical observetions of G.E.

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

him : a specirohelicgraph and later by means of a'spectrohelioscope.

After the discovery of the radiotelescepe and after it was found by

means of it that in the pericd when a flsre occurs on the Sun,radiation

is sometimes magnified on sone wave~lensths (much longer than the opti-

cal), it was hoped that this meant

an indicator of an effusion of cor-

Puscular radistion haé been found, i.e. such radiaticn which is respon=-

$ible for the origin of geomegnetic disturbances. It was only leter

that it was discoverec that not even this fact cen be used for exem-

ple for prognoses ete.

From the hypothesis on the connection between flares and geomagnetic

storms the opinion graCually d-eloped that flares were the direct sourde o

Fowever, flares in themselves are not

high formations | 1 and than ths::

-

ere observed on the edge of the solar

disc, they do not exhibit any nurxed rise of matter to &any grest helght[?]

They are often accompanied by wising prominences which, as will be Seen

later, may be conceivead as the consequence of changes in the loecal mag-

netic field which occur often vthout flares end sotimes during s flare,

It is this random simulteneity of the two effects which is the cause
¢

of frequent mistakes so that l2:re are some authors who speak of fla-

res but obvicusly have in ming r1sing prominences. That the are two

Guite cdifferent effects, whi: probably have no direct physical

inter-relationshio, is borne o= Oy the fact that Cisappearing filamentsg-
rising prominences occup ExTmkinnrsuniteynednnt x&thxzxE*“*xxxnnlxxazxxaf

very olften in absence of flares, It seems that the two Phenomena are

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

occur simulteneously and other times only cne of them appears,

T S T G PP, VT,
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Flares occur eglz08t universslly in sctiive centres end are thus on=-
ly one part of a complex of events which oceur shortly after one ano-

ther or ai absolutely the same time. From the consequences occurring after

~
“

either a shorter or a 10ger 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-

es occurring on the Sun. If, hovzver, the mechanism of the effusion of
8 ’ ’ ,

corpusculer radisation and its p: sezation towards the Earth is to be found
35 ]

etermined whei s

[

such a phenomenon can be found among

.

it must first be
the known expressions of solzar e&ctivity which, in each period and during the
whole cycle of solar activity, w¢ulé be relisbie indibator of geomagnetic ,
storms., It is also necessary 18 give physical reasons for each connection
found. One must zlso tske intq ccasiceration an explansiion of the fact

that sometines no connectiop was found. As is clear from the many papers
already published, it was found i=a the Ceophysical Institute of the Cze-
choslovak Lcademy of Sciences tlct of all the known expressions of solar

; activity studied. by optical mei-nds the best indicators of the origin of
geomagnetic storms are filsmente and the fine chromospheric structure under
cer?ain circuastances. As will o seen below, in the period of greater

solér activity, i.e. in the pericd of flare occurence, these are erup-

tive ané disappearing filements, dencted in the Geophysical Institute by the
ane tera - unstable zz filsmenis - which, only if they are in a suitable posi
tion, safely indicate when a gecuzgnetic storm with ssec will occur fB]A.

This is because such phencmens, as will be seen later, provide direct

information on changes in the megneticvfield of the Sun. And it is then
only these changes whicnh are actually ihe direct indicstors of changes in the
corona and thus also of the origin of geomsgnetic storms,

Doubts as to fieres being the source of corpusculer radiation were

raised by D.Van Satben f4? y Reloviztson r5.}and O.M. Barsukov(é:}. The sta-
- . - o -

. . ’ i 'l :
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. C o
tisticeal paper by C.S. Wervicx and R.T. Hanseni??shows the not very highfﬁ"
xima of the Ap-indices after flares in the periocd of greater solar activity
for flares nearer to the CK but cdoes rot give positive results for the
period before the minimum. It curn easily be Supposed, eand later this will_

be quite clearly proved, that the circumstance can regarded as merely e

statistical phenomen, cs ic alse <

};.l

car Irocm the table given in [8:]3

the more elements contsirned by ti: two series compered, the more frequently
two of them are found which are « irer simultaneous or follow dne another
in a certain time interval. The «:fect is the same although oné series is

much more DURIerous thon the otk &8 is Ihe case when the number of

"y

S, zarticuler

13
iy
[0
v
(@]
(™)
(‘
(@

Y in pericds of greater activity, the

number of geomernetic storms. It

[N
“

Seen from Tab. I. ard even better

from Pig.l +that g decrease in tre aumber of flares efter the maximunm
(1859-60) is followed not by decresse bui by an increase in the number of
geomegnetic storms whether flare: of grecter importance or whether ﬁfXX?

all, including those with the smeilest lmporiance, are used for the coms

or the greatest storms vaich , according to accepted world opinion, should

be connected with flares but which, ss will be sech later, indicate no pro-

pParison, No connection csn be obscrved even if ore takes the number of gsc
|
| nouced connection,

0 flzres ang nuuber of geocmagnetice

} Table I Comnarison between nurbes
|
\
|
|

storms. A N ‘
JUIOET™ O Tizme s mber—ofgeonmagrestorme—
Inp. 3,3+ 2 1 1~ total ell ssc
Tear Z2  =1-  Kp>5+
195, 2ndhals 25 203 - - 228 5189 27 17
1958 24  sp7 o~ - 351 9668 42 24
1959 20 259 2208 9w 269 3387 50 22
‘ 1560 19 118 1490 541 137 2165 72 32
1961 10 38 787 294 48 1129 35 17
J

vy < am ’\. * T o i "
The recults in the paper by Haienka% 9., le also give rige to doubts
. | -

as to tiae direct connection between chromospheric flares and geomagnetic storms

R > LY
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Fig. 1. Compafison,of number of flares yith nunber of geomagngg;c storms
in 1958-61 ; top left: flare = 2, top right: flare = 1-, bot-
tom left: geomagnetic sto*m ¥pnaxe. = Z 5+ , dashed line - large

geomannetic storm Kpmex. = 7+, Xpmin. = 5-, bottom right: ssc.
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L gaven L Ll WJTho oLuihior of Lo arou nLaper shLwed 12 that when
- pa—

N~

€tudying the flare activily of diifcrent active centres during the whole

period of passage over the solsr cisc a geomggnetic storm occurred only

L L Ce T OPUI .

after the CL? of the ective cenire in whic fleres occurred tkroughout the

period. This means that flares outside the Ci fell flat. This is in comple=-

te egreement wilh the reculis of 0.0, Sorsikov | 6 . .
— -
In 1661 a paper was published by Be 2211 :13  from which it is

clear that the conneciion between flzres end geomagnetic storms is doubs-
ful if it is guarenteed y &nd then only in the relatively long interval of
three days, only o 50%. Not even a Gistribution acéording to the magnetic
types of epots, in the neighbéurhood of which the flsres occured, givea

Satisfactory results. Dospite these facts flares are continually given in d

)

relation with geomagnetic storms. But the question of theoretical opinions,

in the saze way as the Guestion of prognoses, necessitates a detailed in-

vestigation. Fpr this reason the suthor decided to supplement the work of
B.Bell and to firgd, on tae contrary, how grest @ percentege of geomagnetic

: storms is preceded by flares. This king o= research is part of the work

ct

of the heliogeophysicol groun o the geomsgnetic depertment of the Geo~
physical Institute which sizs ax leaving no geomagrnetic storm unexpleined.,
For this purpose ihe materisl “ron 20.7I. 1957 to the end of 1962
was invecilzeted. Only rmoitericl f-om ihese years,thanlts to the IGY and IGC,
can be regalrled as prucyically CoLpicte as regards flares. The work was divi-
ded into several stegec,
cent

1) The per entage of geomsgrnietic storas for Kpmax = 5+ was found which were

h]

not preceded by any flares %‘2 in i

-

tervals of 1C-48 hours, 10-60 hours,

10-72 hours. These are relativel

¥ 1ong intervals. In e eesrlier paper thd
present suthor founé shorter intervals, velid for disspéeering filaments,
l.e. 28~3%8 hourc. Sincg , however on account of the small number of obser-
vetions from wnich these values wcre derived they nust be regarded as provi-
siongl. Since en interval of thrz: days was used@ in the work of B.Bell,

such longer time intervals were i¢f in the present paper as well. Indeed

.

ek .
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Fiz. 2. Percentage of geomagnetic storms Xpmax. =5+ from 1957 (2nd half),
1958, 1959, 1960, 1961 and 1962. Vertical abscissae denote, from left
.:Ep‘lt rannltude of percentage for flares from speces (w1t191 respect to
C‘>.' 0° = 16° , 0° - 20° , QO . %0 , 0% = 45° _ 0% - 60°, 0° _ 90°,
From tcp to bettom with respect to commencement of geomagnet,:ic storm

for intervals of 10~ Approved for Release: 2017/09/11 C06131786




flares ang geomagnetic storms, this is even more likely to be for shorter
intervals.
1)

indices fron G6ttingen, were investigated in the manner indicated. As
regards flares, American catalogues :14: y 15 16.:, 17- were used. Only
for 1962 was the Quarterly Bulletin froz Zirich ~ 18 useé : The results are
plotted in Fig.l , where the nzzgnitude of the humber of percentages 1is
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 Ci: 0°-10° , 0°-20°, 0°%-30°, 0°-45°, 0°-60° ang 0°-90°,

apd from the top dowawards for the different tinme intervals, beginning

not preceded by g flare is concidlerable in &11 ceses. Of the large number
of flares €+8+ 1in the period of sunspot Taexlamum, there are less geonagnetic
storms without fiares than iz other years waen there were less flares (see

Tab.I ana fiz.1 ). The ercentgges of &eduagnetic stocrns continually decrease

with

also

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

flare

geona

dependence., It i

consi

ction between flares and geomagnetic storms can be only random, Later this

this

the

Kpmin='5~-,In this ¥art of work the Quarterly Bulletins

4
»
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1T 1t is proved for zueh interv. ¢, thal there is No connection between

Altogether 243 sceonegnetic storms, obtained from the graphs of Kp:

- - - — -—

— -

the shortest and ending with the lcngest, as given above,

L is seen that the height of the Percentages of geonmagnetic storms

B
the
& gracual increase in fla ®5 a8 ine distance from Cu grovis. They
{

[N

cecrease gradually and isproportionatels as the length of the time

S, the rore 1iely one iz to occur in the criticsl interval before g

grnetic .iorm. However, such an cccurrence need not indicate an inter-

[ 6]

Zerely a statistical Zalter. If this fact is taken intos

deration, it must be deduced from the graph in Fig.2 that the conne-

conception will be nade somewhat more exact and Supplemented,
2) Since it might be objected that it is actually only large geomagne-

storms which are connected with flares, it was necessary to investigate

Percentage of the nucber of geomagnetic storps with Kpmaxiz: 7+ and

e )
L18§ were used in

Approved for Release: 2017/09/11 C06131786. EIRLIRT P,




L2

)
Approved for Release: 2017/09/11 C06131786

————
B e—

1037 1958 1959 1960 7067

Fig. 3, »

e e wCrcentagce o .
" ) S€ 0of 181\6'6 geonarnes

IPningzs-) pot ore Snetic storms ( Kpmax -3“7+

10° frop o Nh-‘.m.eded by flare at distances : o, »

St VRIS sirip i ipoam ~ 88 Trom 0% to

pmtance =3 . lightl
’ Y dasheqd

Strip : =5 .
coi p. ¢ ; desheq strip @ T4
feides with 1igntly dasneq strip, Tor 1959-61 wnite strip
D..

Approved for Release: 2017/09/11 C06131786



S Approved for Release: 2017/09/11 C06131786
: : LA

700

80+

60+

40-

1957 1958 1959 1960 1961 1962

Fig.4. Pe
preceCed by flare ( imp. = 2) at distances from O° to 100
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rceantege of geomagnetic storms with sudden commencement not
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the rope thet tinc rusber of 20 o~ wiLll Dé oS cempletie as possible and im+
> == = . o o
portances =3, =2 and = ]~ cecurring between 07 to 10” from the CM in

intervals of -3 days to -1 day with

geonagnetic stora

in Fig.2.

results are plottied

in 1962, only nmaterial

<~

ever for large geomagnetic storms the

flares were considerzble in 1958-51 not

. _
also when using flares <= 2 R
?

centages of large storms without

in 1961 they salready reach 60%.

on the conception of a large nuzb

ximum (see.Tab. I ).
3) For the invest
to be complcce, one nust

alco

ted with sucéen soizr prenonaenz ca

gated 128

e e e
v:\J.. -

of the

O O .
~ 10 e

to froz

first part of

Sin

woen

- .
O see

b
-

espect to the commrncement of the

m.
Py

. I ) were considered separately. The

ice there were no large geonagnetic storms

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

rercentages of cases without preceding

only for the largest flares but

ithey were above 50%. Although the per-
>

= 1- are zero for 1957 and 1959,

B RN
—aGa 2O

“cunstence cen easily be explained

(u

zres in the years around the ma-

e

relation to flares
11Ae1y to be connec-

T

el o
A1 ]

The such as fleres otc. We investi-

pX o Bartels. In tnis

part

. A
e.u...pi.

occurred in the interval from
percentages of geo-
oy fiares are plotted

The maximum

r-l

ues above 57 ¢

- e
L S

ég. Begianing v e én A
1s reached in 1961 (S33). It is seen tre- oot even with geomagnetic storms
with a sudden comirnceomsnt is ary connection found with flzres in the
neignbourhood of the Coo.
Table II. Percenta~: of pumber of lerme seomagnetic stormc (Xpmax = 7+,
Kpmin, ) flare from O -20° fron CM.
1z
' Number of flares
Year of __ ”vjm_“m ’=2 ... ¥i= ifronm - /vo-¢day,¢rom0 to+Zday,befoLe-after
storz nuxber % number % number 5. T3 =p [EENTS ;.~3 =1~ | 31 -2,’21-
¢ ' B 1 ]
i : i i ! : t
27 5 S | { ? : P |
d : ‘ : 1 : |
» ! . : - i ' ,
Lt 7 2 9 114 0 ¢ ¢ 27 {91 121 5 3o 1+7 4221 +571
, : i 1 ! ! | i
. - o, . ! ! f :
% 9 T8 5 55 2221 2 2 59 {0 ! 4 59 ex.is+10) wao
. ° [ . ‘ H ;
S e . - c : ) i ;
ane . & 4 56 4 30 0.C . s AL &L 10 0 4 17 tes +7 ' +47
N ! [} ’ . !
faFin] Il [ [ fing lrd ~ hand ! H : !
ST 7 53 788 3 75 2 T 56 12 10 46 143 =30 T
AU - e v o f i ] :
PIORR 5 iGo 80y 6S C O 116 0 1017 f 0 =~-2 j -1
. 1 ,
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>
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= periods o5f greater solar
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Fige. Sb,. Eime distribution of occurrence of larger chromospheric flares
= 2 ( denoted by horizontal abscissa on corresponding' day), be- '
fore ( from -3 to-1 day) and after ssc ( from O to +2 day), at
distances from 0° to 10° from CM - periods of smaller solar
activity. Data of strong storms are denoted by larger letters.
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The secoand part of Tab. II 2:zures the number of flares occurring
in the interval of one to tiiree days before the geomagnetic storm-
\

2 end = 1-) with the number of

i)

(large storms and flares 3

]

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

Sl

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

AY
is somewhat higher so that tae di ‘erence inthe two 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 evefything, there exists on |
the averége & sort of predominance of the number of flares occuwring,huf
before compared with the nuuder of flaeres occurring after the coﬁmence-

ment of a zeomagnetic storm. In

(@]

rder to determine this more exactly for
a larger nucber of cases, a sizilar investi igation was made for a set of
all ssc. The results are plotted in Fig. 5 a and 5 b ( all storms with
8sc, appart frowm one large storz on 30.ITTI. 1960, which had gradual
commercenent).It is seen that here, too, flares occur both before

and arfter the commencement of & stora. To
“~L ho".yev er y we add up

& nigher number before storms (73) °

o

than after storms 21) . if, in eddition, we consider that

-~ —~ -~ . . - a.r
=fiiage oI georagnetic storms notpreceded by

.any flarcs (68%) and simultaneo usly also & certsin percentage when |

-= e AN . XN
lares cccurred only after the commencement of the storm(7%) then it

Oe decduced that if there exists a connecblon betweengeomagnetlc storms

with ssc and flares it must be q%te limited and indirect.
from

4) What\this interdependence mey have
fo 110‘\‘!’8 L]

y can be determined as

It was shown earlier that a geomagnetic storm occurred after

& flare if an unstable filement or active centre with unstable filaments,

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

of the solar disc L?d\\_Q% .Since the opinion is still held that large

-© - - P -
Tlares are after ali connected with oeomcﬂnetlc 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 disc (day of
occurrence of flare is zero day) year 1957 (flare from corrected cate-

logue C.S.Warwick) '
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Fig.7. Courze of 4AP-indices after large flare (imp. = 3-) during si-

multaneous presence of unstable filament in centre of visible solar

year
disc ( éay of flare occurrence is zero day 5?\1958 (flere from

corrected catalogue of C.S.waivick ).
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Fig. 8. Course of average AP-indices (method of superposed epochs)
after large flare in period of IGY. a) in presence of unstable
filament (8 cases), b) dyring sinultaneouo” of active centre

without essential changes (2 cases), c) in centre’of solar
disc no unstable filament or other phenomenon en day when

flare occurred (10 cases), d4) CMP of unstable filaments was not
- e -
\ " simultaneous with flare (23 cages),

1 . . - S
. 3 ‘ « N . . .
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at the suggeotion of C.S. Varwick, who kindly oupplied the reworked ca-
talogue of largetflaree fron the IGY. Pyom the lioct of days on which large
flares certainly occurred, the following groups were chosen: 1) with si—
multaneous occurrence ( 14 the limits of one day) of filements in the 4
centre of the solar dise¢ rogardless of the pogcition of tho flarc and ite ~o
distance from the CM and alce from the filamont, 2) with cimultonoous CMP 7
of the active centn{@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 nrot eimultanscouo, the filoment eitheré;»
preceded or followed the day when lange flare occurred, The resulto are
given in Figes 6-7 which show the course of the Ap~indices plottod for
the different days characteriged by the occurrence of at least ono flare
from 1957 (2nd half) and 1958 for group 1) , i.0. for ths cascs when ¢n H
unstable filament wne present in the centre of the color dise. Pigurcs <

o

LIS

LS
3

8 a,b, ¢ and d are valid successively for all above-montionod . Broups;

in them are plotted the courses of the average Ap-indices calculated on

the basio of the method’ of superposed epochs. It i0 coen from 011 the graphs™
6 -8 that an unstable filament was necesbary in ordor that o goomegnotic

J

storm might occur; the prosence of a flare was not doeioive. If o f£iloment ]
was not present a decrease occurred in the Ap-indicos afto#é flaro. i
In Fig. 8 & the mexima are not pronounced and arc dioplaccd as a conse- .- J
quence of the uncorreeponding and displaced pacoagos of unstablo filamente. ?
In the caoe Qf Fig. 8 b the decrease is caused by tho G oZ tho activo 4

centre which does not vary very much. It is oceon £from all thio tha€ finrerfj
cannot be directly connected with the occurronco of gcomagnotic otoriic. The }
slight traco of connection, based on the fael that therc io a larger numbep j

of flares before the commencement of a ostorm than aftor it, moy bo & ;
the consequence only of on directi— conncotion with which w0 ohnll doal J
-in the analysis of the resulto. ‘ 1)
' . ﬁg

a 2 ) {}

T": & T /f

/>/~ ‘//J

C e e TN bom e oo e .i*—*‘%
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“hie nuzber of elexents being compared, the more frequently it happens that

interval of three days before a geomagrietic storm beyond ths naximum then B
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Recapitulation end snalysis of results,

T4

<t must 5¢ borne in mind that 1) a direct connection between flares :-Q»

Jecmagnetic storms  is disputable if it is considered that is obtained in o.“é
ly 50 % ¢f the cases 2}5]; 2) if geomagnetic storms exist in periods w ﬁ:
fleres 4o not occur, & direct connection must be considered déubtful ; |

7/ in no cese did fleres prove sultable as an indicator of geomagnetic

gtrormi in prognotes ;  4) statistical papers dealing with the connection

“aCt in ltsell relises doubts as to the hypothesis on the direct connection
tuuieen geonaznetic storzs and flares 1i1 5) The fact that in the, pericd 48
celore and after minimum no conrcetion between flares and geomagnetic storms§

+5 obliuined ! 7 i2 a confirmaticn of the incorrectness of the flare hypotne-if
Giie 6) Not t @ slighiest connection between the importance of a flare and £

tne occurrence of a geomagnetic storm wes obtained in any convinecing mannef.fi
Jnere &re many large geomagnetic storms preceded only by the weakest flarc.:'r
apart Jron this there are also the results of the preennt paper whert
moteriel from %L.VI. 1957 to the °nd of 1962 was uaed. It wae fou& ha*'w'/
taere exlst nigh percenteges of the number or goomagnetic storms before whie .
2ot a gingle flere was observed oven in relatively long 1nteryals (up toﬁw,f
taree daye bafore). The percentar:»s decrease if the chosen interval is lcn; 
Toand more flares are taken into cons*deration, and increase with a aecreo
L@ Ln e namber of flares (they also dmpend on lidxations as 38rq§ di?faﬂ;
co from CHf and importence &nd on the pericd of the ilevenryea cycle). "§?,'
<t ie thus c¢ieer that we have to 20 with only a statistical effect. The li§;'

7 &

ceih Tall simultaneously into the chosen time intervel end this !s even nore |

3 "l

likely if & longer interval 1s clwsen. When there is & lexge number of flane

{ace Teb. I. Fig 1 ) it is more likely that one will occur by chanes in the

R

L ¥

e g ey . a— ..T -~ ’ o - ; *;(,w » - nii ik dadland LR i )
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beyond or before the minimum, when the number of fleres disproportionate-

ly falls, while the number of gromegnetic storms decreaaea much less. Thia

»

fact wes proved for all geomagnot: ic storms : from Kpmax = 5+, and for lal‘- .
ge storms: Kpmax = 7+ and Kpmin = 5—, and aleo for all ssc,If the percen-
tages of sudden commencements without a flare are compared with other storms
the latter are somewhat lower although they are etil} large, 8) The appargnt "
connection between flares and gcomagnetic storms can be explained by the a@.m’
multeneous occurrence of other cffects on the CM and poaazbly directly in the"
centre of the solar disc » 88 has been shown earlier Lao], [8. 1 .
-The somewhat¥ large;_‘ontimber of flares occurz;in& before geomagnetic

storms compared with that following after the commencement of a storm indi-
cates a siight ‘connection, although this is limited eompered witf the high )
percentages of storm occur;‘?nce without.a flere.This is Jjust u;hatt can be

L%
found from the observations: that during a flare there is sometimes a
[
greate} probability of the occurrence of a geomagnetic astorm altholigh at g,

other tiqee this 1s not true at e211.It seems that not élways but only sometisg

P 4

Rt

mes do flares have the tendency to precede the ocourrénce of a geomagnetic ﬁd!

stom. And this is just what, ac a consequence of point 8), is the cause

of t% rise in Ap-indices after a flare. The indirect connection can be

explained by the presence of other affects. These are pr Fily, vndtable fila-}
ments ; their change from filements of other types shows not even "
here is there a simple connectiorn but that a profounder aign}.ficanca must be :5
ascribed to this circumstance. This means @ completely new v'iew of the re-7?
lations betweon solar and geomagnetic aotivity. flares ocour m:tl.y in® nctig‘
ve centres. In such places t!}ere are strong magnetic ﬁ_elda'which are max;:.‘.—
fest, although with smaller intensity, also in the chromosp?‘re'and in ghe |
corona. The way in thich such fields are dietribntod in the spece above

activc centres is designed b’ the chromospheric ltmcturc and the shapes

.
3 -

of the ﬁl&ments-prominences. When changea occur in the loca:l. magnetic ﬁeld

a change takes place in the chromospheric and coronal stractures and thia

Rid

e

- o v e — " " g -*-—1"'*':-

Approved for Release: 2017/09/11 006131786 ads

‘-“J-M —




o Approved for Release: 2017/09/11 C06131786
12 : . )
can be studied with great certeinty on hydrogen masses above the active ?
centre and its neighbourhood. Under certain conditions the filements and chros-
mospheric structure disapear altogether. It can be deduced from this that in !»i

such cases chenges occurred in the given leyers which had the posult that o

the field was " disgppear " there. This apparently, primarily ggncerns one of;
its components.It can occquud@enly or gradually, tcmporarfﬁy of pormanentlxg»ff
During such changes flares often, though not always, occur. Slnce the "disép;‘;;
pearance" of the local magnetic field in the centre of the ocolar disc - \,11'16e,'i*a:»"‘;t
certain conditions also outside the centre but on tho Cl - alwayo moan3 fﬁg };i
advent of a geomagnetic storm :2123 ,@2] ,[&3_] flarecs are aloo clossified - f
among processes which occur arouné the seme time as the commepcement of the

. N
geoamgnetic storm appears on the Sun. N

of |

The question remainé, wvhet is importent from the point of yigw
theoretical opinion as well as for practical use: are flares the cause of

2y
° . N ‘
changes in local msegnetic fields or their consequence 7 This will certainly .
be the subject of discussion for s long 2ime to come, until the very nature '°
of flares is known. A flere as the cause of a disturbance of magnetic.field o

in the chromosphere is also consiiered by M.A. Ellison [Bﬁ] » Perhaps thia:"-

question could be answered by the conception of a combination of magnet&s
and electric conditions in the oiter solar layers.

=

It }g also necessary to :xplain some facts which, if incorrectly }
interpreted, might lead to controversies. This is primarily the question . f

of changes and the possible annulling of chromospheric fields. These occur '
sometimes during a flare and at ovher times simply without it. Flares occur ;
in the majority of cases above active centres with a complex structure of 3
zagnetic ficlds. It can be expected ‘that a very effective interferance will }
be required to annul chromoépheric fields which in this case have congide-
ratle intensity. And it is during ¢ flare {often regaﬁ&eaa of the importance)

that the dieappearence of chromospleric structure and filamento can be obser—

ved in diffrent places. On the other hand, if the fields =z are very weak -

" \-I
~ N
— e "
R —

N
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such as those distributed above facular Sreas without sunspots a quiié‘ééé
change is enough to bring ebout such an effect. In such ceses quite insi-
gnificant flares ere usuallyo present in the active. region,br its surrbun-
dings or flares ao not occur there at sll. : . -
It is certain, of course, that sometimes, after € certein time
aftor a figfe, the chromospheri~ structure is reatored to what it was be
and the filaments also appear a3 though they had not disappesred at all.
This hsppens if it 37\& region above strong photospheric fields. As soon a
after a flere in the outer layers above the active centre is renewed the.
normal state, i.e. the state thay had before, than the hydrogen masses, .
partly still unionized end partly already recombined, begin to rewinab
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 ass the cause of changes ip,me

netic fields might be the fact “lat the changes in local magnetic fields
actually occur before ihe flaret. But , according to our own subJective
impressions obtained duripé observations, the changes befére flares are
of a different kind to thode obuserved immediately after them. Befofe'a ° '
flare there is an °increaee in intensity and extent of the ‘field which ‘a
becomes more and more complicated. Then surges and small filements are o
produced. These ar%Phenomena of ehort duration. It depends on the aspect
from which we explain the process leading to the annulling of the frield.
In any case, howeyer, we must admitﬁ?at we bave here the conditions for th
superposition of fields and their temporary compenaation, wgich is manifes
differently in different places. These are changes appearing rather as
,hgu“;solated cases. While large and 'extensive changes occur only during the;ﬂtﬁl
re and after it. If an active centre is ob.erved,Juat efter a flere, it cen

be said that a considerable and very striking simplification of the chro~ -
mospheric structure has taken place and sometimes it completely diaappe T8

over large areae. Anyone who deals with the obaervation and study éf fine

4 . - 1
_u-;- . - .- - — . —— B B - i - - N -
.

— e e - ——

.K : ~n
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- ween flares and geomagne%ic storms. This might be permissible perhaps

even then the connection would be indirect. The actual and nearest indi-
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chromospheric structure and filements can find this difference himself an&’w

there are certainly many who have already observed it. |

S

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 hefe. It should also be borne in mind that, whatever the ca-

se, one cannot in any case speak of a direct end universal connection bet=7

only in very limited cases when annulling of the fields occurred in the
active centre just in the centre of the solar disc or under certasin con- |{

ditions on théSM and vhen flares also occurred Just in this centre. But )

cators of this fact ere always unsteble filaments. This can be explained
by means of the known rélation between filaments and coronal formations -

extending above them. As has already been shown [é] a geomagnetic storm

occurs when some coronal formation is directed towa®™d the Earth. THe densji

of the
ty of the coronal plasma, in other words the densityVcorpuscular atreams

is apparently directly related to the magnitude of the geomagnetic storm

and vice versa. A filement and the chromosphere obviously contribute by»»fi
their masses so that after their ionization, which oceurs in certain

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

minences reach - the coronal plssma becomes denser. A8 was to be itbeéteﬂr

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

S

a filament and the magnitude o:’ a geomegnetic stowm. This is naturai since

. . t - -

the main question here is to whst percentage the atoms were ionized. It "4
is not impossible, howeéer, that the necessary parameters could be deferming
ned by a detailed study, e.g. by determining the amount of ma Bes which

|
returned to the chromospere gtc., t

-

On the basis of the above considerations and whole series of workingz»i

hypotheses and using the resuli.e of observations y @ new method of fore -

: |
o R oo

L g L -,

D
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casting geomagnetic activity, disturbances and quiet, was elaboratedlﬁéj.
Its successful try-out in practice proves the correctness both Ef the !

e abde ¥

to forecasi every geomagnetic storm with maximun accuracy, a co}rect and

ra

method itself and of the corresponding hypotheses. In order to

continuous obgfvations of the Sun i6 required. Only in this way is it

possible to record allPudden and of short duration phenomena which pre-
cede the occurrence of geomagnetic storms. And only in this waJ will it
be possible to forecast each period of absolute geomagnetic quiet which féil

B and_also &bave whic
lows after the CMP of an active centre inQWKIEE\”fEE'"'EEEEEE?E field was ..

not annulled.. ' . “;

Table III. The connectjion between flares and sope solar and geophysical
phenomena as seen from the results obtained hitherto. o

a) immediste results : ' t

1) disappearing filaments exist elso no dependent limited a
rising prominences without flares ?ireg::gcgn indirect
‘ of flare connection
2) . SFE exist only dependent posaible
directly on
with flare direct
, importence of connection
flare
%) Dellinger effect . exist only dependent . "poasible
' : , directly on direct
with flare impottance of connection
flare
b) later results: "
o’ ) Y
4) geomagnetic storms exist also not directly ‘ limited
without flares dependent on ¢« indirect ., us
(high percen- importance connection
tege well abo= of flare
ve 50%) , '
not all flares ‘ S
are followed ) ST
by geomegnetic ‘
‘storms (50%)
de - e R N . r

5) polar aurorae are accompanying phenomenon of’gcomagnetic storms and the
same holds for them as for storms. ‘ ‘

. s - - —-—
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To ism ap, it must be explained what fo; the connection between

flares and some solar and geophysical effects, has Judgi% w'wh;t

we have had the opportunity to observe. The analysis i¢ giwen in hb.II}d
according to which the SFi and Dellinger effect begin immediately aftor‘ .
a f{lare, depend on the magnitude of its importance and are thns 4i- .
rectly related to it. Meanwhile, however , the disappearing filsments~ i
-rising prominences, despité the fact that they occur near to the naro' )
in time - and often absolutely simultaneocusly [8!7] - m,"lih the .
effects occuring after it in a longer time interval, i.es geomagnetic ¢ -
storms and poiar aurorae, indirectly related to the ﬁ’nm. In order |
to supplement Tab.III the connection between flsres and redio out- "'j
bursts will have to be verified 1n a radical manner. According to the
work of J. Halenka LZSJ , -one could deduce a certain dependence on

the presence of a ﬁ.alemnt.

: »
s

= g ot s e ~--«--ﬂ3‘om *M*«mew-‘n'ww -gw
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