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RESUMO 

As ~ulguraçôes ~êm sido es~udadas há mui~o ~empo e con~inuam 

in~rigando os cien~is~as solares. Nosso trabalho ~rata da relação 
en~re fulgurações e cancelamento de fluxo . O cancelamen~o é um 
~en6meno observacional descoberto usando séries de magne~ogramas 

na linha de visada, que consis~e na aproximação e pos~erior 

desaparecimen~o de ~luxo magnético nas zonas em que polaridades 
magnéticas opos~as es~ão em aparen~e con~a~o e man~ém um al ~o 
gradien~e de campo magné~ico. Alguns aspec~os do ~rabalho incluem: 

1. O es~udo do Sol é rel evan~e ~an~o no con~ex~o das rel açôes 
solares ~erres~res como no da ~isica das es~relas . 

2. Os magnetogramas são um recurso essencial para en~ender os 
~en6menos solares . 

3. Os fen6menos solares em pequena escala são impor~an~es em si e 
porque resul~am em e~ei~os globais . 

4. O cancelamen~o pode melhor 
magne~ogramas de longo ~empo de 
campos magnéticos mui to ~racos, 

campos ~oi- ~es . 

ser es~udado 

in~egração, de 
mas sem perder 

em conjun~os de 
modo a regi s~r ar 
a i n~or mação dos 

5. O uso de imagens di gi ~ais 
a~ravés de ~écnicas de análise 

e a quan~i~icação 

digi~al de imagens 
do cancel amen~o 
con~ribui para 

melhor esclarecer esse ~en6meno . 

6. O cancelamen~o não pode ser in~erpre~ado como mera submergência 
da linha de campo magné~ica, como se ~esse o reverso da 
emeJ-gênci a . 

7. Nosso es~udo da emeJ-gência de campos magné~icos revelou que, 
nas regie:íes de ~luxo emergen~e. ocorrem inúmeros "dipol os 
magné~icos elemen~ares'', que, além de se aglu~inar formando 
dipolos maiores, so~rem signi~icativo cancelamento . 

8. O cancelamen~o in~erno que ocorre nas regiBes 
emergen~e deve con~ribuir para sua al~a emissão . 

d e ~luxo 

9. Filamen~os ocorrem em locais onde campos magné~icos de 
polaridade oposta convergem e onde se cancelam. · 

10 . Circunstâncias identi~icadas como geradoras de al~a incidência 
de fulguraçôes correspondem a circuns~âncias favoráveis à 
ocorrência de cancelamen~o . 

11. A escala de variação ~emporal dos campos magné~icos, inc lusive 
o cancelamen~o. é mui~o len~a comparada com a escala ~emporal das 
~ulguraçôes . 

12. O cancelamen~o. in~erpre~ado como resul~ado da reconexão, 
poderia ~ransformar fluxo magnético radial em fluxo magné~ico 

transversal, criando condiçôes para a formação de filamen~os . 

13. A geome~ria que inferimos para a região dos filamen~os e a 
evolução previs~a pelas nossas observaçôes permi~e que se proponha 
um cenário no qual a ocorrência de cancelamen~o leva a uma mudança 
da es~ru~ura do filamen~o semelhan~e à previs~a em modelos 
teóricos de ~ulguração . 
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ABSTRACT 

Flares have been st.udied roi- a long t.ime and cont-inue t.o 
puzzle solar scient.ist.s. Our work is on t.he relat.ionship bet.ween 
!lares and rlux cancel l at.ion. Flux cancel l at.ion is an 
observat.i q nal phenomena discovered using series OI magnet.ograms OI 
t.he 1 i ne-or-si ght. component.. I t, consi st.s o! t.he encount.er and 
rurt.her disappearance OI magnet.ic r l ux where opposit.e magnet.ic 
polarit.ies are in apparent. cont.act. wit.h each ot.her and maint.ain a 
high gradient. o! magnet.ic rield. Some aspect.s o! t.he research 
i ncl ude: 

1. The st.udy o! Lhe Sun is relevanL, bot.h in t.he conLext. o! solar­
t.erresLrial relat.ionships as in t.he cont.ext. o! t.he physics o! 
st.ars . 

2. The st.udy o! magnet.ograms is essent.ial t.o t.he underst.anding o! 
solar phenomena . 

3. Sma ll scale solar phenomena are import.ant. by t.hemselves as well 
as bec ause t.hey result. in global errect.s . 

4. Cancell a Li on i s bet. t.er 
int.egrat.ion Limes, in order 
way LhaL t.he inrormat.ion on 

st.udi ed in set.s o! i mages wi t.h 
t.o show weak magnet.ic rields, buL 
st.rong rields is not. lost. . 

long 
in a 

5. Usi ng di gi Lal i mages and quanLi ryi ng Lhe cancell aLi on wi th 
digiLal analysis t.echniques conLribut.es t.o a bet.Ler underst.anding 
o! Lhis phenomena . 

ô . The cancellat.ion cannot. be int.erpret.ed as mere submergence o! 
magnet.ic rield line, as ir it. was t.he reverse o! emergence . 

7 . Our st.udy 
emerging rlux 
Lhat., besides 
cancellat.ion . 

o! emerging magnet.ic rields showed t.hat. in t.he 
regions many "element.ary magnet.ic bipoles" occur and 
merging int.o bigger bipoles, t.hey su!!er signiricant. 

8. The int.ernal cancellat.ion t.hat. happens inside emerging rlux 
regions does cont.ribut.e t.o t.heir high emission . 

9. Filament.s occur in places where t.he opposit.e polarit.y magneLic 
rields converge and where t.hey cancel . 

1 O. Ci rcunst.ances recogni zed as 
correspond t.o circunst.ances 
cancell at.i on . 

havi ng hi gh 
t.ha t, r a vor 

i ncidence o! !lares 
t.he occurrence o! 

11. The time 
cancellat.ion, is 
!lares . 

scale o! 
ext.remely 

magnet.i c r i el d changes, i ncl udi ng 
sl ow compared wi t.h t.he t.i mescal e o! 

12. Cancellat.ion, int.erpret.ed as reconnecLion, could t.ranrorm 
radial magnet.ic rlux int.o t-ransversal magnet.ic Ilux, generat.ing 
a ppropriat.e condit.ions ror t.he rormat.ion OI rilament.s . 

13. The geomet.ry inrerred ror t.he region o! the Iilaments and t.he 
evolut.ion predict.ed by our observations allow us t.o propose a 
scenario where cancellat.ion leads t.o a change in t.he st.ruct.ure o! 
t.he rilament.s similar t.o what. is predict.ed by t.heoret.ical models 
o! !lares . 
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I r1"lr·odução 

Uma tese de d o ut-orado tem seu núcleo pr· i nci pal de 

o bservações, cálculos, modelos e outros trabalhos, que pouco 

aparecem no texto, às vezes resumidos a um único número, e a 

elaboração da parte escrita , usualmente mero exercicio acadêmico, 

já que a tese é pouco divulgada . Desejando que esse exer·cicio 

acadêmico possa ter utilização maior, optei por escrever de modo 

mais amplo sobre o tema . sit-uando-o "lanto do pon"lo de vis-La 

hi s t-órico como no con"lex"lo geral da Fisica Solar·. e anexar os 

trabalhos publicados sobre o assunt-o em que part-icipei . 

Apresent-o uma vi são geral do Sol. uma revisão hist-óri ca das 

principais descobert-as r e f'erentes ao Sol e um leva nt- a me nt o elas 

principai s caracteris"licas da a"lmosf'era solar, situando o "lema de 

modo abrangente. Os f'en6menos observados são muito variados e sua 

nomenclat- u ra ex"lremamen"le vas"la, pois variou signif'icativamente ao 

1 ongo do "lempo • conf'or me os instrumentos e as interpret-ações 

of'erecidas . Por isso considero que o reconheciment-o dos f'en6menos 

solares a que me ref'iro na "lese e nos ar"ligos possivelmente 

consist-iriam na maior dif'iculdade na sua lei"lura. Além disso, "live 

o problema de encont-rar "lermos adequados em port-uguês, por f'al"la 

de li"lera"lura em nossa lingua. Elaborei então um glossário, que se 

avolumou na medida em que inclui f'en6menos que talvez não constem 

explicitamente nos art igos da "lese, mas que descrevi a partir de 

minha experiência ao examinar as imagens do Sol e f'azer as 

correl ações en"lre f'il"lrogramas e magnetogramas. Ness e sen"liclo, a 

des c ri ção desses f'en6menos se integrou em meu "lrabal ho de "lese . 

Ap ós "l e r abordado dessa f'orma uma proporção signif'icativa de 

fenômenos na f'aixa óp"lica, decidi complet-ar o glossário, incluindo 

o u "lr os as p ect-os dos f'enómenos abordados e lodos os fen6me n o s 

solares relativos à f'aixa óptica que pudesse identificar a par"lir 

de o utr os glossários ou de indices temáticos de livros. Desse mo do 

o glossár io ganhou independênci a do "lema res"lri"lo da "lese . 

Os procedimentos de análise digit a l de imagens e os fen6menos 

mais diretamente ligados ao tema da tese, como fulgurações 

e conf'iguração dos campos magnét-icos são "lra"lados na par"le f'inal, 

com as observações principais e as interpret-ações corrent-es. A 

e vol u ção dos c ampo s magnét-icos roi d esc ri-La no Sol qui e l o e m Li v i 

e "l al. C1985) e numa região a"liva em Mar"lin et al . C1985), com 

1 
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ê nfase nos padrões em pequena escala e sua con~ribuição em e scalas 

maiores . Es~udamos a correspondência dos campos " magné~icos com as 

fulguraçõe s em diversos ar~igos CMar~in e~ al. 1984; Mar~in, Livi 

e Wa ng 1985 ; Li vi e~ al. 1989. Mar~in e Livi 1 9 92), ~endo 

es~abel eci do a relaçã o com o fenómeno de cancelament-o. Es~e foi 

es~ udado i sol adamen~e no con~ex~o de sol qui e~ o C Li vi e~ al . • 

1985, Wang et- al.. 1988. Mar~in e Li vi, 1989) e de sol a~ivo 

C Mar~in, Livi e Wang. 1985). Também con~ribuimos no es~udo da 

e me r gênc i a de campos ma gnét-icos na fot-osfera solar CMart-in e t- a l . , 

1 984, Ba r 1:.-h a nd Li vi , 1 990) . Est-e conj un~o de ar ~i gos abrange o 

es~udo da e volução dos campos magnét-icos e das configurações 

magnét- i cas em que obs e rvamos a libe ração d e ene rgi a na at-mos f e ra, 

t-ant-o de mo d o br u sco ( f ulguraçõe s) como gradua l . A rel ação e n t.. r e 

as f ul g u rações e o c anc elament-o começa a ser reconhec i da CZi r in 

1989 , Moore 1 9 92) . Est- e conjun~o de ~rabalhos repr esen t-a um es~udo 

p i o n ei r o do cancel a ment- o e das relaçõ es ent..re fulguraç ões e campos 

magnét-icos em cancelamen~o . 

2 
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II Esquema geral do Sol 

É comum que aspect-os inerent-es à relação Terra-Sol sejam 

mist-urados e con!undidos com propriedades in"Lrinsecas d o Sol; 

cons"La"Lei que a es"Lru"Lura propost-a em alguns curriculos de 

primeiro grau t-razia incorreçBes des"Le "Lipo. Mesmo os "Lex"Los mais 

gerais e abrangent-es "Lêm es"Lru"Luras mui "Lo diversas na 

apres ent-ação, con!or·me seu en!oque e a especialidade de seu au"Lor . 

Por isso considerei especialment-e relevant-e explicit-ar um esquema 

con cei "Lual geral sobre o Sol, que apresent.o a segui r . Após a 

versâo inicial, cujo resumo foi apresent-ado em forma de tex"Lo na 

Reunião Anua l d a Sociedade Ast.ronómica Bras il e ir a e rn 1 9~13 , e u o 

rees"Lru"Lurei com base no depoiment-o de as"Lrónomos e est.udan"Les de 

As"Lronomi a nela present-es . Ele sal i ent.a o cont.ex"Lo as"Lron6mi co 

mais abrangent-e em que se si-Lua o Sol e deve servir como 

o ri ent.ação básica para os diversos aspect.os que vão ser 

apresent-ados nos t.ex"Los que seguem . 

3 
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REFERÊNCIA 
espaço e tempo 

ESTRELA 1----1 fábrica de elementos 
~----,,----~ químicos 

PADRÃO 
evolução estelar 

modelo de interior 

"alternativo" 

4 

sistema planetário 

VIDA 
fotossíntese 

LUZ E CALOR 
na Terra 
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III - Pr·opriedades g-erais do Sol 

1) O Sol como Estrela . 

O Sol parece incômodo para os astrônomos estelares: além de 

impedir a observação das demais estr·elas durante o dia e iluminar 

a Lua, atrapalhando as observações noturnas, mostra 1enômenos que 

complicam as teorias simples elaboradas para as demais estrelas . 

Sendo puntuais mesmo nos mais poderosos telescópios, as estrelas 

em principio poderiam ser tratadas como es1eras per1eitas em 

equilibrio . 

Entretanto, mesmo criando pr·oblemas com seu comportamento 

complexo e inusitado, o Sol acaba 1ornecendo os parámetros básicos 

para os modelos das demais estrelas, por permitir um estudo 

detalhado do espectro e da super1icie, impossivel em outros casos . 

Na medida que os instrumentos se aper1eiçoam, os 1enómenos 

observados no Sol também são inferidos no comportamento de outras 

estrelas, indicando que o Sol é um objeto comum, em uma fase 

duradoura, denominada Seqüência Principal. Entr·etanto, as estrelas 

apr·esentam g-rande variedade nas características básicas tais como 

massa <de 0,1 a 100 M 0 ), fases de evolução, composição quimica e 

binariedade, podendo formar pares e inclusive trans1erir massa 

entre si. Portanto, não é válido g-eneralizar arbitrariamente os 

dados obtidos para o Sol. 

2) Geração de energ-ia no Sol 

A energ-ia emitida nas camadas externas do Sol é g-erada em seu 

núcleo, onde se estima que a temperatura <1,5 x 10
7
K) e a pressão 

são su1icientemente altas para ocorrerem reações nucleares de 

fusão do 

combinação 

elétrons 

hidrog-ênio. 

de 

para 

quatro 

1ormar 

Nesse processo o resultado final é a 

núcleos de hidrog-ênio 

um núcleo de hélio 

<prótons) 

<particula 

e dois 

alta). o 
processo envolve uma cadeia de reações nucleares em que se 1ormam 

elementos intermediár·ios (deutério, hélio 3) que são destruidos 

nas reações subsequentes, de particulas de antimatéria (pósitrons) 

que imediatamente encontram seu correspondente <elétrons) e se 

aniquilam, liberando energ-ia, e de particulas de massa desprezivel 

<ou nula), os neutrinos, que escapariam do Sol. As reações 

nucleares ocorrem em uma razão extremamente lent.a, produzindo 

5 
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variaçeíes impercep"liveis na est-rut-ura solar em vários milheíes de 

anos. A energia liberada por reação corresponde à di~erença de 

massa ent-re quat-ro hidrogênios C4 x 1,00828 = 4 1 03312 unidades de 

massa) e um hélio (4,00392 unidades de massa), gerando um "lo"lal de 

6,6 x 10
14 

J/kg de mat-éria processada. sendo processados 6 x 10
11 

kg de mat-éria por segundo. Os neu"lrinos cont-êm uma pequena ~ração 

da energia C2%) e a levam para ~ora do Sol porque at-ravessam 

ime n s a quan"li dade de ma"lér i a sem i n"leragi r, pois sua seção de 
-41 -2 choque é cerca de 10 em . 

A maior part-e da energia, inicialment-e liberada como radiação 

gama, in"lerage com a mat-éria ambient-e. Os element-os de radiação 

C~ó~ons) só conseguem a~ravessar poucos cen~ime~ros an~es de 

so~rer a próxima int-eração e ser reemi"lidos em ou~ra direção. Os 

~ó"lons, inicialment-e de alt-a energia C raios gama) logo se 

~ermalizam, ist-o é, se "lran~ormam em um número mui~o maior de 

~ó"lons de energia menor. Depois de muitas coliseíes, a energia 

desses ~ótons seguirá uma distribuição estatistica, caracteris"lica 

da tempera~ura do ambien~e. A densidade da radiaç~o é tant-o maior 

quanto maior a temperatura, de modo que a troca de radiação entre 

camadas causa um ~luxo liquido de energia das camadas mais quentes 

(internas) para as camadas mais ~rias (externas). Desse modo a 

energia gerada no interior é lentamente transportada para cama das 

mais externas do Sol at-ravés da radiação. Entende-se que o 

equilibrio será es~abelecido de modo que a radiaç~o não mai s se 

acumula nas regieíes centrais do Sol: apenas man~ém sua alta 

~empera~ura . As condiçeíes ~isicas em cada camada permanecem 

praticamente sem al~eraçeíes por periodos ex~remamen~e longos 

C mi 1 heíes de anos) . Assim sendo, se costuma tra~ar o Sol como 

formado de sucessivas camadas es~éricas concêntricas em 

e qui 1 i br i o . 

3) Convecção no Sol 

O Sol é um tipo de est-rela em que o transport-e nas camadas 

internas é principalment-e radiativo, mas nas mais exlernas 

(envelope) é convectivo, isto é, com o deslocamento sistemát-ico de 

matéria mais quente para as camadas externas e da mat-éria ~ria 

para o interior. As células de convecção são evidenciadas no Sol 

pela granulação, vi si vel em luz branca e com escala de 

aproximadamente 700 km e duração de vários minutos, e pela 
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super~ranulação, detetada através do efeito Doppler, com escala de 

cerca de 30 000 km e muitas horas de duração . As células podem 

reduzir-se ou ampliar-se, dividir-se ou juntar-se, de modo que as 

fronteiras entre células deslocam-se lentamente e a superfície 

vis ivel do Sol (fotosfera) é sempre deline ada pelas células de 

c onvecção . Nos magnet.ogramas de alt.a s e nsibilidade possivel 

infe rir a super~ranulação tanto pelo movimento radia l de peque nos 

ele ment-os ma~nét-icos int-ernos à célula, como at-ravés da 

conc entraçã o dos campos ma~néticos nas borda s da célula, criando a 

ma lha ma~nética ( "ma~netic network"). Através do ere ito Do ppler, 

que mostra o deslocament-o radial da matéria, é possi v e l contirmar 

que a super~ranulação ocorre em toda a superfície, mesmo quando os 

campos magnéticos não são suficient-ement-e int-ensos para demarcar 

as células . 

A convecção, além de transpor·tar ener~ia, redistribui os 

element-os químicos na est-rela. Como a própria mat-éria é 

t-ransport-ada, a convecção mistura os element-os, homo~eneizando a 

composição química das camadas. Dependendo da massa da estrela, o 

centro das est-relas é convect.ivo em dete rmina das f a ses, o que 

facilit.a o processament-o das reações nucleares , pois h a verá 

renovação do hidrogênio na região central mais quente, onde é 

t.ranst-ormado em hélio . Em :fases subsequent-es será repr-ocessado em 

carbono e out.ros elementos mais pesados. A energia liberada é 

transport-ada para as camadas mais ext.ernas por radiação ou por· 

convecção . As cama das que :!oram convect.ivas cont.inua m com uma 

di s tribuiçã o homo~ênea dos elementos químic os, s e n ã o s o fr e rem 

r eações nuc leares posteriores. Em sua f ase inicia l , a nteri o r à s 

primeira s reações nucleares, a est-rela contrai, t-ransformando a 

energia gravi tacional da 

Nessa íase ela t.ende a 

queda em energia 

ser complet-ament.e 

t-érmica e 

convect.iva, 

radia ção. 

levando 

a uma c omposiçã o qui mica inicia l homo~ênea. Assim sendo, quando a 

radiaçã o corre spondent-e a det.erminado element-o químico, como o 

hídro~ênio ou o cálcio, não tem brilho uniforme na superfície do 

Sol, as variações são int.erpretadas pre:ferencialment.e em t.ermos de 

dife r e nças n a s 

elementos, como 

condições físicas a que 

temperatura ou pressão, 

estã o submetidos esses 

e não em termos de 

diferença de 

circunst-âncias 

composição qui mica. Podem ocor·rer, 

especiais em que haja maior· difusão 

entreta nt.o, 

de alguns 
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element-os e que sua dist-ribuição não seja ri~orosament-e homo~ênea . 

Um papel import-ant-e at-ribuido à convecção é a criação de 

c a mpos ma~nét-icos at-ra vés do deslocamenLo orde n a do d as car~as 

elét-ricas do plasma e da concent-ração post-erior das linhas de 

campo ma~nét-ico arrast-adas junt-o com a mat-éria. Est-relas 

convect-ivas em suas camadas exter·nas, como o Sol, mostram 

renômenos int-erpret-ados como sendo decorrentes da existência de 

campos ma~néticos, como manchas solares e íul~urações . 
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IV Revisão hist.órica do est.udo do Sol . 

1) Int.rodução 

Desde as civilizações mais ant.i~as se t.em r-econhecido a 

import.ância do Sol. As relações Terra-Sol det.erminam as condições 

exist.ent.es em nosso planet.a, essenciais para a vida, e dependem 

Lant.o da posição est.rat.é~ica da Terra como das caract.erist.icas do 

Sol. Seu aspect.o mais not.ável é a re~ularidade da t.rajet.ória 

aparent.e do Sol no céu e a const.ância de seu brilho e t.amanho 

aparent.e. A variação do diâmet.ro aparent.e do Sol indica a 

excent.ricidade da órbi t.a da Terra, que é pequena. O brilho do Sol, 

observado diret.ament.e ou inferido a part.ir das condições vi~enLes 

na Terra, evidencia que o Sol t.em se mant.ido prat~icament.e 

const.ant.e por longos int.ervalos . 

2) Primeiras observações das manchas solares 

Ant.i~os chineses e babilônios observaram um f"enómeno inerent.e 

à nat.ureza do Sol que passou quase desaper·cebido na t.r·adição 

ocident.al at.é 1611: a exist..ência de manchas em sua superíicie 

visivel (íot.osíera). Em 1611 quat.ro cient.ist.as as ident.iticaram 

indépendent.ement.e: Fabricius, Galileu, Scheiner e Harriot. . Embora 

a mot.ivação de Scheiner tosse a busca de um planet.a int.erno a 

Mercúrio, seus est.udos !oram os mais complet.os e culminaram em 

1630 com a publicação do "Rosa Ursina si v e Sol". Galileu to i um 

dos primeiros a reconhecer que as manchas eram caract.erist.icas do 

Sol, pois alt.eravam seu aspect.o e se detormavam ao aproximar-se do 

limbo de modo incompat.ivel com a aparência de planet.as ou objet-os 

semelhant-es t.ransi t.ando sobre o disco solar. Galileu publicou 

··rst.oria e Dimonst.razione int.orno alle Macchie Solari ·· em 1613 . 

As observações desses precursores !oram r e i t.as corn 

t-elescópios primit.ivos ou com câmara escura, mas permit-iram que 

fossem descobert-as al~umas propriedades essenciais das manchas 

solar·es, a saber: 

most.ram uma zona mais int.erna e mais escura, a umbra, e out.ra de 

brilho int..ermediário, a penumbra; 

- ~iram com o Sol com um período sinódico aproximado de 27 dias; 

ocorrem em duas faixas aproximadament-e equidist.ant.es do equador 

solar, ent.re 5° e 45o de lat.it.ude (zonas reais); 
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pela variação de seu movi ment.o de r ot.ação ao 1 ongo do a no, 

i n!ere-se que o plano do equador sol ar n ã o coincide com a 

ecliptica, estando inclinado em cerca de ?o~ 

- a rotação não é rigida e o periodo é menor no equador solar; 

têm variações significativas em uma rotação e evoluem, 

aparecendo, mudando de forma e desaparecendo; 

tendem a ocorrer em grupos . 

Embora não !osse necessário maior instrumental para obser var 

que o número de manchas visiveis varia periodicamente, essa 

caracteristica só roi descoberta após dois séculos . Foi anunciada 

p o r Schwabe pela primeira vez em 1843, mas só teve reconhecime nto 

ao s er publicada no Kosmos de Humboldt em 1851. quando o periodo 

médio de cerca de onze anos ficou estabelecido. Nesse ínterim roi 

obtido o primei r o daguerreótipo ( fotogra!i a pr i mi ti va) do Sol por 

Fizeau e Foucault e estabelecido o número relativo de manchas por 

Wo l! em 1849. Seu valor é: R= K C10 g + 1 ), sendo: 

K =fator de correção instrumental, caracteristico para cada 

observatório, que leva em conta tamanho do telescópio, condições 

atmos!éricas e observador~ 

g número de grupos de manchas; 

f = número de manchas individuais . 

A partir de 1861 começa a !etografia sistemática de manc has 

solares em Kew, Inglaterra, mas em 1858 Carrington já h a via 

descoberto a lei de deslocamento em latitude das manchas. A região 

onde as manchas ocorrem vai mudando ao longo do ciclo solar • 

!icando inicialmente em latitudes de até 40° nos dois hemis!éri os 

e depo i s s urgindo cada vez mais perto do equador sol a r . A !igura 

que r epresent a ·~rafi c amente a l ei é c h amad<l d i agra ma " borb.::->l cta " 

devido ao seu aspecto. Essa é uma propriedade essenci a l do ciclo 

de atividade solar . 

3) O Ciclo Solar através dos tempos e sua influência . 

As manchas são apenas a manifestação mais visivel do ciclo 

sol ar que. por· serem observáveis em 1 uz branca. !ornecem a rnai s 

extensa base de dados diretos de que podemos dispor. Reanalizando 

os registros antigos dos chineses é possi vel encontrar 

periodicidade semelhante à atual CWit.tmann e Xu, 1987). A análise 

de registros históricos de auroras boreais também mostra que um 

ciclo auroral comparável ao atual existia na antigüidade, pelo 
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menos no século II AC CSlolher s 1979) . Por meios indiretos , 

através do estudo de anéis de troncos de árvores que foram 

abatidas há centenas de anos ou de rochas sedimentares com 680 

milheíes de anos (formação elalina na Austrália do Sul), 

encontram-se evidências de variaçeíes que seriam decorrentes do 

c i c l o sol ar e que vêm se mantendo há 1 onga da la. C Wi lli ams, 

1 985). Isso indicaria que o ciclo s olar contribui de modo s u ti l no 

ambi enle ler r eslr e. Enlr elanlo, a i nler prelação dessas var i açeíes 

como decorrentes de variaçeíes inlrinsecas ao Sol não é consensual 

e os ciclos na formação elalina foram reinlerprelad os como d e vi dos 

a flutuações de marés CSonnel el al. 1988) . Os indicies de 

variações de clima na Ter r a com o ciclo sol ar são mui lo sul i s, 

mostrando variaçeíes diferentes para dislinlas latitudes 

CGiovanelli 1984) . 

Ainda que as evidências da ocorrência do ciclo solar em 

épocas remelas sejam pouco conclusivas, não é plausivel que ele 

seja uma caraclerislica apenas do momento atual ou que seja um 

fenómeno mui lo peculiar . Outras estrelas mostram vari açeíes 

semelhantes, indicando a existência de manchas em áreas muit o mais 

extensas do que no Sol. CTorres, 1983) 

O aumento do número de manchas é rápido, mas a queda é mais 

gr a dual; a duração do ciclo é variável, bem como o valor do pico . 

Enlrelanlo parece que houve periodos em que o número lolal de 

manchas no Sol manteve-se muito baixo; é possivel que esla lenha 

sido uma das causas do retardo na descoberta do ciclo solar. Esses 

periodos de inatividade leriam correlação a inda mais fort e com 

variações c limáti cas do que o próprio ciclo de 11 a nos; e les 

também são denominados minimos . sendo mais conhecidos o de Maunder 

e o de Sporer . 

4) Inicio das observações espectroscópicas . 

A descoberta da ocorrência d e linhas escuras no espectro do 

Sol foi feita por Wollaston em 1802 e independentemente por 

Fr aunhofer em 1814, que iniciou o reconhecimento sistemático das 

mesmas . Mostrou-se que elas eram caracleristicas d os elementos 

quimicos da atmosfera solar . 

permitiu sua interpretação . 
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Pierre Jules Janssen começou a est.udar o espect.ro sol ar no 

inicio da década de 1860 e descobriu em 1868, que, com o auxilio 

de um espect.roscópi o, era possi vel ver prot.uberânci as f' ora de 

eclipse. Essa descobert.a f' oi f' e i t.a i ndependent.ement.e por Nor man 

Lockyer . Em um breve int.ervalo durant.e a f'ase de t.ot.alidade de um 

eclipse aparece uma emissão avermelhada além do limbo do Sol, a 

cromos:fera e, projet.ando-se além dela, as prot.uberânci as. A 

cromos:fera t.em um espect.ro de emissão . 

A part.ir do est.udo das linhas espect.rais, propriedades 

f'isicas da at.mosf'era solar puderam ser det.erminadas. George Ellery 

Hale mont.ou um laborat.ório espect.roscópico no Mo nt.e Wil son, 

Cal i f'ór ni a, e est.udou a dependência das i nt.ensi dades das 1 i nhas 

com a t.emperat.ura. Obt.eve espect.ros da umbra, comparando-os com os 

provenient.es da f'ot.osf'era adjacent.e, que usou como comparação~ 

most.rou que manchas correspondem a regieíes de t.emperat.ura mais 

baixa . 

Com o desenvolviment.o do espect.roeliógraf'o independent.ement.e 

por Ha le, Des landres e Evershed, conseguiu-se imagens do Sol nas 

linhas espect.rais . Hale sensibilizou placas f'ot.ográf'icas para 

poder regist.rá-las na linha Hcx. Uma dessas f'ot.ograf'ias most.rava 

uma mancha com aspect.o de vórt.ice, o que o t.eria levado a s upor a 

possibilidade de que a event.ual preponderância de ions posit.ivos 

ou negat.i vos pudesse dar origem a um campo magnét.ico . Linhas 

duplas já haviam sido o bservadas em manchas e Zeeman recent.ement. e 

descobrira o ef'eit.o que leva seu nome. As sim, Hal e logo mont.ou um 

romboide de Fresnel, que agia como uma lâmina d e quart.o de o nda, e 

um pri s ma de Nicol Cpolarizador), acima da f'enda do espect.rógr a fo . 

A int.ensidade relat.iva das component.es das linhas duplas revert.ia 

quando o Ni col era rot.ado por QQo, de acordo com o e:feit.o Zeeman 

longit.udinal, pois as duas component.es t.êm polarizaçeíes circulares 

opost.as. Essas observaçeíes, obt.idas em 25 de junho de 1908, 

demonst.raram que as linhas eram duplas devido ao campo magnét.ico . 

Os est.udos do grupo de Hale most.raram a dependência magnét.ica 

do ciclo solar . Dipolos magnét.icos emergem orient.ados quase 

paralelament.e ao equador solar, mas há assimet.ria na orient.ação e 

na concent. r ação dos campos magnét.i c os dos di pol os . As manchas 

maiores e mais compact.as, que se f'ormam primeiro e duram mais 

t.empo, ocorrem na part.e precedent.e em relação à rot.ação do Sol, 
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enquan~o na maioria dos casos a par~e seguidora ~em manchas mais 

espalhadas ou sequer forma manchas. Apesar disso, o fluxo ~o~al de 

cad a uma das polaridades deve ser igual, o que .é confirmado pelas 

o bser vaçê5es . Hal e denominou de " manchas i nvi si vei s" essas r· egi ê5es 

em que os campos magné~icos es~ão menos concen~rados . Elas 

cor respondem a pl ages, que, sendo mais ext.ensas, podem acumular 

igua l fluxo magné~ico que as manchas . 

A polaridade magné~ica da par~e preceden~e de um hemisfério é 

opos ~a à polaridade preceden~e do ou~ro hemisfério . 

Há reversão das polaridades em ciclos solares sucessivos, de 

modo que a polar i da de pr eceden~e de um ciclo ser á segu_i dor a no 

s eguin~e . Des~e modo um ciclo magné~ico comple~o ~eria 22 anos. A 

descober~a dessa reversão foi enunciada por Hale e Nicholson em 

1925 . 
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V A a~mosfera solar 

1) As camadas observáveis do Sol: fo~osfera, ci~omosrei~a, coroa . 

A divisão da a~mosfera solar em fo~osfera, cromosfera e coroa 

~em origem observacional. A fo~osfera é a região visivel em luz 

branca, de onde provém a maioria da luz. A nilidez do limbo e a 

impossibilidade de observar regieíes mais in~ernas mos~ram que a 

opacidade sofre significa~iva variação na fo~osfera. Apenas nas 

linhas escuras de Fraunhofer e em de~erminadas faixas de rádio, as 

regieíes superiores da a~mosfera solar apresen~am significa~iva 

opac idade; de um modo geral a radiação escapa sem al~eraçeíes . 

A superficie visivel do Sol é um gás ionizado. Os elemenlos 

escuros C manchas) ou brilhan~es Cfáculas) são regi eles 

dis~ingüiveis devido ao seu contraste. As fáculas, por exemplo, 

são mais notáveis no limbo. As camadas aparentes do Sol formam a 

f o tosfera, que é ex~remamente fina e dá a impressão que o Sol tem 

uma superfi cie bem definida. Isso é apenas um efei~o óptico, não 

havendo descontinuidade na densidade nem em composição quimica 

ou tempera~ura. Ao nos referirmos à " superficie" do Sol, ~emos em 

vis~a basicamente um efei~o de opacidade . 

A fo~osfera compreende uma região onde as condiçeíes são ~ais 

que a opacidade das camadas mais baixas é mui~o alta, de modo que 

um fóton emi~ido abaixo da fo~osfera tem al~a probabilidade de ser 

absor·vi do, mas os fótons reemitidos para fora da :fo~osfera 

fac ilmente escapam, porque as camadas acima são transparentes para 

a luz visivel. Embora a opacidade seja uma função da freqtiência da 

luz, sua vai~iação nesse caso não é mui~o significativa, de modo 

que as camadas mais i n~ernas são opacas a todos os tipos de 

radiação, que provém no máximo de 400 km de profundidade. Apenas 

os neut r·inos , que são emitidos em algumas das reaçeíes nucleares 

que ocorrem no núcleo do Sol, sofrem ~ão poucas interaçeíes que 

p o dem escapar. Sua dificuldade em interagir com qualquer ~ipo de 

ma~éria, entre~anto, ~orna mui~o dificil sua de~ecção, que seria 

uma maneira de ~es~ar as ~eorias referen~es ao in~erior do Sol. Há 

séria con~radição, pois o número de neutrinos calculado pela 

teoria é significa~ivamen~e maior que o ob~ido nas observaçeíe s, 

i ncl u s i ve com alguns i ndi c i os de variação com o ciclo sol ar. Uma 

das possibilidades é que os neutr i nos tenham propriedades ainda 
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não reconhecidas, sorrendo erei~os que os rariam ressonar enlre um 

~ipo e o ou~ro ao longo do caminho. A~é o momen~o. os neu~ri nos 

~êm ~razido mai s con~rovérsias que e l ucidações. · 

As camadas acima da fo~osfera, a cromosfera e a coroa, são 

v i si vei s em eclipses . Também podem ser de~ec~adas em r ádio. A 

c r omos rer a é mui~o rarerei~a para emi~ir em luz branca, mas qua ndo 

o di sco da Lua ~apa a ro~osrera duran~e um eclipse, aparece um 

a nel avermelhado devido principalmen~e à emissão dos á~omos de 

hidrogênio, na linha Ho. O espec~ro da cromosrera é um espec~ro de 

emi ssão, chamado relàmpago ( " f l ash " ), por sua curta duração ao ser 

observado duran~e eclipses. o cen~ro da linha H o ~em um 

comprimen~o de o nda de 656,3 nm ou 6563 A, ver melho in~enso. Ele é 

e mili do p e l os ál o mos de· hidr ogênio , quando o elé~ron passa do 

nivel 3 C2 o es~ado exci~ado) para o nivel 2 (lo es~ado exci~ado) . 

Essa é a linha rundamen~al da série de Balme r, que corresponde às 

lransições de niveis superiores para o prime ir o es~ado exci~ado . 

Os ró~ons emi~idos nas ~ r ansições para o es~ado rundamen~al Csérie 

de Lyman) não são visiveis na região óp~ica porque o comprimen~o 

de onda emi~ido é ul~raviole~a . 

Como o hidrogênio é o elemen~o mais comum na a~mosfera solar, 

o s ró~ons Ho emi~idos na ro~osrera sempre irão in~ercep~ar algum 

á~omo de hidrogê nio da cromosfera, exci~ando-o. Após, os á~omos da 

c romosrera reemi~irão os ró~ons Ho em ~odas as direções . P o r isso, 

o espec ~r o con~inuo provenien~e d a ro~osrera ~er á uma 

signirica~iva redução de ró~ons de comprimen~o de onda 6563 A que , 

a p ó s s er·em abs o rvidos pela cromosrera , em sua maior par~ e roram 

reemitidos em out r a direção. Desse modo, quando a Lua tapa apenas 

a f o t os fer a . os rótons reemitidos pela c r omosrera na linha Ha e em 

o utr·as l inhas de emissão podem ser detetados. Usand o um 

es p ec l ros cópi o o u um rillro mui~o es~rei~o. para isolar uma d essas 

1 i nhas, ob~ém-se uma imagem da cromosrera do Sol . 

res pec~ivamen~e. espec~roeli ograma ou fi l~rograma . 

denominada, 

A e mi ssão da coroa , a camada mai s ex~erna e de menor 

den s ida de , é mui~o ~ênue para ser observada jun~o com a luz solar 

espalhada pela a~mosfera da Terra . A coroa aparece dur an~e os 

eclipses totais do · Sol, ou se for usado um instrumento 

especial , o coronógrafo, que cobre a fo~osfera e ~en~a isolar os 

r ó~ons proveni en~es da coroa, us a ndo fil~ros em linhas coronais. 
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Deve ser colocado em locais alt-os , onde a pert-urbação devida à 

at-mosfera da Terra seja rninima. A coroa t-ambém é det-et-ada com 

inst-rument-os no espaço, em raios X ou out-ras emissões em que a 

cont-ribuição da f'ot-osf'era não é signif'icat-iva. Ao cont-r·ári o do 

esperado , a t..emper·at-ura da cromosf'era aument..a com a a l t..ura, e a 

t..emperat-ura d a coroa é s uperior a Ainda n ão há expli cação 

convincent-e para ess e f'en6meno, que parece f'erir a lei b ásica de 

que o cal o r não pode f'luir de um corpo ma is f'rio para um mais 

q u enl.e . Enlret..ant..o, corno a energia necessári a para e l evar a 

lempel-atura de um determinado volume d a coroa é muito pequena 

devid o à sua baixissima den sidade , não f'alla energia na f o t- os f e ra , 

e m diver s a s f o rmas. L. Biermann, E . Schalzmann e M. Sc h warz c hild 

s ugeriram que a f o nt..e seria a energia mecànica dos movimenlos 

convect..i vos. o pr obl ema é achar um mecani s mo ef'et-ivo d e 

t-ransferência , que não pode depender simplesmenle d a diferenç a de 

t..e mperat.ura, como ocorre no t.ransporte radi at-ivo. Os processos 

envol vendo o ndas acúst- i cas , que se propagariam par·a c ima e se 

dissipariam event-ual ment-e f'or am a explicação básica inicial ment-e 

aceit-a , mas vem sendo cont-est-ados at- ualment-e. As dif'iculdades de 

elaboração t..eórica dos modelos é grande, mas os que incluem 

det-alhes hidrodinâmicos most-ram que as ondas se dissipariam l ogo 

o u seriam ref'let-idas ant-es de at-ingir alt-uras coronais . 

Do lado observacional, novas evidências surgiram com as 

imagens em raios X e ult-raviolet a distante, obt idas acima da 

a t..mos f'era Lerrest-re. Verif'icou-se que a cor oa é muit- o es trut-ur a da 

e que a emissão s e concent-ra principalme nt-e em arcos que delineiam 

o s ca mpos magnét-i cos ac ima das r e giões at-ivas . ~~os pr i rnei r os 

model os de aqueciment-o da coroa o p apel dos campos magnét-i cos e ra 

considerado pouco relevant-e. O probl ema a inda n ão f'oi r eso l vido , 

mas at-ualment-e é dif'icil escapar d a evidência, obt-ida at-ravés da 

comparaç ão e nt-re as me didas em raios X e os campos magnét- i cos , que 

est-es devem ler um papel import-ant-e, se n ão essencial . Ent-ret-ant-o , 

os p rocessos que envolvem campos magnéticos e sua dis s ipação, como 

as f'ulgurações, a inda não foram suf'icient-ement-e esclarecidos e as 

medidas em raios X só complicaram o cenário tradicional . Ao 

a ument- a r a resolução das medidas dos c ampos ma gnét-icos ficou 

cont-undent-e que os modelos idea lizados , em que a coroa e ra t-ratada 

como esf'ericament- e simét- rica e as f'ulgurações como um arco único, 
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poucas de r·epr·esent.a.r· os aspect.os essenciais do 

problema, poi s o confinamen~o do ma~erial nos ~rcos coronais e a 

evolução e in~eração en~re arcos é ingredien~e básico nas 

observações . 

2) Est.rut.ura magné~ica da at.mosfera solar . 

Os campos magnét.icos na fo~osfera do Sol são bast.an~e 

concen~rados nas regiões regiões a~ivas, com valores en~re 2000 e 

4000 gauss nas manchas. Isso é possivel de medir com um 

espect.rógrafo, 

longi~udinais, 

at.ravés da separação 

que são circularment-e 

Zeeman das 

pol arizadas 

component-es 

em sent.idos 

opost.os e deslocadas simet.r i cament.e em rel ação à posição normal da 

linha na ausência de campo magnét.i co . O desl ocarnent.o Zeeman é 

diret.ament.e proporcional ao campo magnét.ico e ao quadrado do 

compriment-o de onda normal da linha . 

Os campos magnét.icos mais fracos, que ocorrem ent.re as 

regiões at.ivas e em element.os das próprias regiões at.ivas, t.~m a 

separação Zeeman ent.re component.es significat.ivament.e menor que a 

largura das linhas usadas para realizar as medidas . Para obt.er 

magnet.ogramas (imagens dos campos magnét.icos) at.ravés do efeit.o 

Zeeman nesses casos é necessário const.ruir magnet.ógrafos 

especiais. Neles são obt.idas as diferenças da int-ensidade das duas 

component-es ci rcul armen~e polarizadas em direções opost.as em uma 

faixa est.reit.a de compriment-os de onda sit.uada na asa de ambas as 

linhas . ond e a int-ensidade das linhas varie o má x imo com o 

cornpr i ment.o de onda. O magnet.ógrafo separa as duas c omponent.es 

c ircularment.e polarizadas em direções opost.as at.ravés de uma 

l â mina de quart.o de onda Cou um KDP, que é um analisador 

elet.ro-6pt.ico) e de um polarizador linear (um prisma de Ni col ). É 

possivel demonst.rar que, no caso de efeit.o Zeeman em uma linha de 

absorção e nas condições de campo fraco, a diferença de 

int-ensidade ent.re as component-es Zeeman será proporcional à 

component.e do campo magné~ico na l.inha de visada e ao quadrado do 

compr i ment.o de onda normal da linha . C Bray e Loughhead, 1965) . 

Para obt.er uma imagem que represent-e a int-ensidade e a polaridade 

magnét.ica em cada pont.o é feit.a a diferença ent.re a imagem na 

component-e circularment-e polarizada em um sent.ido e o negat.ivo da 

imagem na component-e circularment.e polarizada em sent.ido opost.o 
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CZirin, 1988) . Se o campo magné~ico na l inha de visada ror nulo, 

ob~êm-se cinza médio nesse local. Escolhendo-se_ apropriadamente as 

p o l a rizações , obtém-se em branco os campos magné~i cos pos i ~i vos 

Cpar a rara do Sol) e em negro os campos nega~ivos Cpara den~ro do 

S o l ) . Essa é a representa ção usual . 

Os fil~r ogramas n a linha Hcx mos~ram a es~rutur a d a c r o rno sfera 

do S o l . Como a densidade e a ~empera~ura s ã o mai s baixas n a base 

da c r o mos fera, a densidade de energia ~érmica é menor que a 

magnéti c a . O campo magné~ico da fo~osrera tem con~inuidade na 

c r o mo sfer a , onde, embora divirja levemen~e. a energia magn é tica 

l o rna - s e d o rni na n~e. As es~ru~ur as nas linha s c r o mo s f (;- r i c a s 

d e lineiam o campo magné~ico, permi~indo que se infira sua direção . 

Essa inrormação complemen~a os magne~ogramas usuais, que fornecem 

apenas o valor do rluxo magné~ico na linha de visada . 

Os campo s magné~icos são varridos pelos movimen~os 

convectivos e se acumulam nas bordas das células de convecção. O 

"congelamen~o" dos campos magné~icos pela matéria ocorre quando 

a c o ndulividade elé~rica é al~a e a energia ~érmica (linearmente 

pr o p o r c i o n a l à densidade e à lempera~ura) é bem menor q u e a 

energia magné~i ca C proporcional ao quadrado do campo magnéti c o) . 

Na cr o mo srera essas concen~rações de campo magnético são notáv eis 

por lerem maior brilho e serem rodeadas por ribrilas C "' ribril s "' ), 

que são pequenas r i bras alongadas, geral men~e escuras, que se 

dis~ribuem em vol~a dos elemen~os magné~icos. O conjunto das 

f i br i 1 as ao redor desses e l emen~os magné~i c os ror mam as r o s e~ as 

C"r oset. t.es"). As linhas de rorça, delineadas pelas fibrilas, 

len d e m a ser radiai s na bas e da c romosr e ra, mas se inc lirt a m, 

f o rmando ar c os. Como é comum que uma polaridade magné~i ca domine 

ext. e n sas zonas d a s uperficie solar, as linha s d e f o rç a ger alrnen~e 

ultrapassa m várias células at.é che gar ao e l e men t. o d e pol a ri dade 

opost.a onde re~ornam às regiões in~ernas do Sol. Nos ril~rogr amas 

não é poss1vel seguir lodo o seu ~raçado, pois as ribrilas marcam 

apenas as regiões mais baixas da cromosrera, mas é poss1vel 

inrerir o que ocorre examinando o arranjo e a sime~ria individual 

d a s r o set.as . Co m a experiência acumulada observando a evolução dos 

elemen~os em 

corres pondência, 

a~mosrera solar . 

fil~rogramas e magnelogramas e fazendo sua 

roi sendo est-abelecida a es~ru~ura básica da 
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3) Correspondência en~re elemen~os da cromos~era e conriguraçâo 

magné~ica local . 

As ribrilas, geralmen~e escuras, delineiam os campos 

magné~icos, mas apenas as bases e as pernas dos arcos sâo 

a par en~es , por que em geral as r i br i 1 as nâo se es~endem de modo 

visivel a~é elemen~os magné~icos de polaridade opos~a. Geralmen~e 

as fibrilas deixam de ser visiveis em dis~àncias inreriores a uma 

célula da malha C "ne~worl< ") e as células são limi~adas por 

elemen~os magné~icos de mesma polaridade. En~re~an~o. se no ou~ro 

lado a polaridade magné~ica for opos~a. o arco ~erá ~ipicamen~e a 

ex~ensão de uma célula. Esse úl ~imo caso Foul<al C1971) denomina de 

"t-hread" crio) . Quando a malha não é limi~ada por element-os 

magné~icos de polaridade opost-a, os elemen~os ult-rapassam diversas 

células e são chamados "rilamen~s" Cfilamen~os) . Fibrilas, fios e 

filamen~os indicam conexôes magné~icas . Os filamen~os ~endem a se 

des~acar mais que as fibrilas e os fios, por seu maior con~ras~e 

e ext-ensão. A ex~ensão dos filamen~os é mui~o variável; os grandes 

filament-os se ex~endem por par~e considerável de um hemisfério 

solar . Os grandes rilamen~os t-endem a ocorrer em uma conriguraçâo 

magné~ica peculiar, pois parecem separar zonas de polaridade 

magnética oposta. Esses filamentos sâo acumulaçôes de ma~éria mais 

fria e densa, acima das regiôes de inversâo de polaridade 

magnética . Quando a ro~ação solar os desloca na direção do limbo, 

podemos inrerir sua estru~ura. Além do limbo solar são vistos como 

protuberânc ias baixas e alongadas . 

Existem várias es~ru~uras de aspec~o rilamen~ar que são 

genericamente denominadas rilamentos, mas não evidenciam a mesma 

configuração magné~ica. En~re elas es~ão os sistemas de filamentos 

em arco C"arch filament sys~ems") que são sistemas de arcos quase 

paralelos ligando polaridades magné~icas opostas e ocorrem na rase 

de emergência de regiôes a~ivas, e os 

C"post-rlare 

bandas de 

1 oops ") , que são 

uma fulguração, 

estruturas em 

que se elevam 

aros pós-fulguração 

aro 1 igando as duas 

a al~i~udes mui~o 

s uperiores às dos rilamen~os e ocorrem após fulguraçôes de duas 

bandas. Ambos ligam dire~amen~e regiôes adjacen~es de polaridades 

magnét-icas opos~as . 

A grande variedade d e l- e rmos n a n o me n c l a Lur· a b<i s i c ~l d os 
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fen6menos solares dificult-a muit.o o iniciant.e. Independent-e dos 

dom1nio dos "lermos. ent.ret.ant.o. é necessário acumular experiência 

corr-elacionando magnet.ogramas e filt.rogramas para reconhecer os 

padrões nas diferent-es imagens. O moviment-o relat.ivo de separação, 

o brilho int-ensificado das est.rut.uras básicas, a direção das 

est.rut.uras filament.ares ligando polaridades magnét-icas opost.as e 

seu alt.o cont.rast.e geralment-e indicam campos emergent-es; a 

int-ensidade em H~ geralment-e diminui quando o campo magnét-ico pára 

de crescer. Filament-os separando polaridades opost.as ocorrem nas 

fases seguint-es, t.ant.o int.ernament.e às regiões at.ivas . como 

separando-as dos campos adjacent-es de polaridade magnét-ica opost.a . 

Uma discussão mais complet-a da configuração magnét-ica dos 

filament-os est.á apresent-ada no it.em 5) modelos de pr·ot.uberâncias e 

na par t.e VI . 

4) Prot-uberâncias . 

Do pont.o de vi st.a observaci onal, "qual quer nuvem vi si vel em 

H ex a c i ma do 1 i mbo do Sol pode ser denominada pr ot. uber ânc i a " 

CZirin, 1988). Isso inclui os filament-os propriament-e dit.os, t.anto 

os de regiões at.i vas como os formados ent.re campos magnéticos 

remanescentes de regiões que já decairam, bem como mat.erial 

associado a fulgurações. Esses últ.imos incluem os aros 

pós-fulguração C " post.-:flare loops " ), as vagas C " surges " ), mat.éria 

ej et.ada ao 1 ongo de 1 i nhas magnét.i c as que r et.or nam pela mesma 

t.rajet.ória, e os borri:fos C " sprays"), que são ejet.ados e escapam 

da at.mos:fera, geralment-e se :fragment-ando. As prot-uberâncias 

c aracterizadas a seguir não incluem esses :fen6menos, que têm 

nat.ureza complet.ament.e diferent-e . 

As condições :fisicas das prot-uberâncias são peculiares: elas 

t.êm densidades e t.emperat.uras semelhant-es às da cromos:fera, mas 

persist-em na coroa. Uma prot-uberância ti pica 

ent.re 

com a 

6 000 e 9000 K e densidade 
-z pressão de gás ent.re 10 e 1 

elet.r6nica 

di na em -z. 

possui 

de 10
9 

t-emperatura 

a 10J.z cm- 3 

Um campo magnét-ico 

di na em -z. Assim de apenas 5 G geraria uma pressão magnét-ica de 1 

sendo, a pressão magnét-ica em geral deve superar a pressão gasosa 

(proporcional à densidade e à t.emperat.ura), mas no caso limit.e a 

pressão gasosa t.alvez não seja suficient-e para garant-ir a 

sust.ent.ação da prot-uberância . As observações indicam padrões 
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organizados nos campos de velocidades, que variam em forma e 

amplitude durante uma hora CWiik, Heinzel, Sc~mieder, 1992) . 

As protuberâncias qui escentes podem durar várias rotaçê:Ses 

solares, alterando pouco sua :forma básica. Sequências de imagens 

C"time-lapse :films") mostram que há constante movimento de matéria 

ao longo dos arcos e linhas, com material elevando-se e caindo 

constantemente. Os arcos descem até a :fotosfera em algumas colunas 

ou pernas C"legs"), mas nem sempre o material é igualmente 

brilhante em todas as alturas. ~ importante lembrar que a ausência 

de conexão e vi dente ou o desaparecimento parcial ou total de um 

arco não pode ser necessáriamente entendido como inexistência ou 

alteração da linha de :força magnética. Se as condiçê:Ses do plasma 

não forem adequadas, o material não terá suficiente contraste para 

ser observado. Assim é importante acumular o máximo de in:formaçê:Ses 

em todas as regiê:Ses do espectro . Obser vaçê:Ses em r a i os X e em 

radio, além das obteniveis com coronógra:fos e em eclipses auxiliam 

a completar o conhecimento da estrutura da atmos:fera solar . 

5) Modelos de protuberâncias 

Atribui-se a estabilidade das protuberâncias à uma estrutura 

magnética que permite a sustentação de material :frio nas regiê:Ses 

quentes da coroa. Esse material pode ser oriundo da cromos:fera • 

que é su:ficientemente densa e :fria para provê-lo. ou se originar 

por condensação e esfriamento de material da coroa. Na 

protuberância, ele tenderá a se deslocar ao longo das linhas de 

força da con:figuração magnética, :ficando relativamente isolado do 

material quente da coroa . 

radiativo . 

Na coroa o transporte dominante é 

Uma caracteristica básica da configuração magnética das 

protuberâncias quiescentes é que elas se situam ao longo da "linha 

neutra" ou, mais adequadamente, linha de inversão de polaridade 

magnética. Medido na :fotos:fera, o campo magnético longitudinal se 

anula, tendo polaridade magnética oposta em cada lado da linha de 

inversão magnética. O campo magnético transversal não apresenta 

ligaçê:Ses diretas entre polaridades opostas, como se esperaria de 

um campo magnético potencial, mas se alinha ao longo da linha de 

inversão, como se tivesse havido intenso cisalhamento nas linhas 

de campo magnético C "magneti c shear "). Embora se possa imaginar 
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que tal conf'i guração deva ocorrer porque as bases das 1 i nhas 

magnéticas na f'otosf'era se deslocaram movimento de 

isto é em sentidos opostos nos dois lados da c i salhamento. 

protuberância. as observaçôes mostram que há um movimento de 

convergência dos elementos magnéticos de polaridades opostas que 

provém de cada lado da protuberância de maior magnitude que os 

movimentos laterais . 

ô) Padrôes básicos de emergência. deslocamento e decaimento 

Os padrôes básicos de movimento observados nos magnetogramas 

da c omponente na linha de visada da f'otosf'era do Sol estão 

suscintamente descritos a seguir. Cada um desses movimentos cria 

um padrão de distribuição dos campos magnéticos com uma escala a 

eles peculiar . 

a) mo vimentos radiais atribui dos à convecção. a lém do que 

causa a granulação. a saber: 

a1 ) movimentos radiais de supergranulação atribuidos a padrôes de 

convecção com escala de cerca de 30 000 km de diâmetro. que marcam 

a malha; 

a2) movimentos ordenados pref'erencialmente radiais ao redor de 

manchas sol ares. identif'icados nos 

f'ragmentos magnéticos em movimento • 

campos mais f'racos ao redor da mancha; 

magnetogramas através dos 

que deixam um "f'osso" de 

b) movimentos organizados ao 1 ongo de um eixo. atribuidos à 

emergência: 

b1) padrBes de emergência em pequena escala. f'ormados por dipolos 

magnéticos elementares em aglomerados organizados. que surgem com 

orientação pref'erida e se movimentam no sentido de af'astamento das 

polaridades magnéticas opostas. como se arcos provenientes do 

interior estivessem emergindo na superf'icie visivel com orientação 

estabelecida. def'inida previamente. Tais dipolos magnéticos 

elementares são os menores elementos magnéticos observados em 

regiôes ativas. não mostrando di~erenças essenciais entre os que 

f'ormam regiôes ef'êmeras complexas. os que geram pequenas regiôes 

ativas com manchas e poros. ou os que originam regiôes de f'luxo 

emergente em regiôes ativas já existentes. Esses dipolos 

magnéticos têm o mesmo aspecto que as menores regi ôes ef'êmeras 

observadas • isto é. parecem um dipolo simples CBarth e Li vi. 
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1990). Como a de~eção em ambos casos es~á limi~ada essencialmen~e 

pela resolução e sensibilidade dos magnetógra~os atuais, não 

podemos dis~ingui -los adequadamente e confirmar se eles ~êm a 

mesma natureza . 

b2) padrôes de emergência em 1 arga escala, capazes de formar 

grandes regiôes a~ivas pela emergência sucessiva de aglomerados 

organizados de dipolos magné~icos . 

b3) o aparecimento sistemá~ico de diversas regiôes ativas na 

mesma 1 ongi ~ ude origina complexos de a ~i vi dade ainda maiores. A 

es~ru~ura dos dipolos magné~icos observados na superficie do Sol 

parece obedecer a padrôes que se repe~em semelhan~emen~e em 

diversas escalas . 

c) movi men~os si s~emá~i cos globais, como ro~ação diferencial e 

circulação meridional ou peculiares à assime~ria: 

c1) movimentos gerais de ro~ação diferencial que dis~orcem as 

reg~ôes ativas, pois elemen~os em la~i~udes diferen~es se deslocam 

com velocidade radial diferen~e; 

c2) deslocamen~os devido à circulação meridional, caracteristica 

básica do ciclo solar, que tende a deslocar elementos em maiores 

la~itudes na direção dos pólos e os da faixa equa~orial na direção 

do equador; 

c3) padrões peculiares não necessàriamen~e inclui dos nas 

ca~egorias acima, em pequena ou em larga escala, que poderiam 

explicar a assime~ria en~re a zona preceden~e e a seguidora nas 

regiões a~ivas e o surgimen~o even~ual de regiôes de polaridades 

magné~icas inver~idas; 

d) evolução e decai men~o conforme o encon~ro en~re polaridades 

magné~icas opos~as, que ocasiona o cancelamento e desaparecimento 

do fluxo magné~ico da fo~osfera, ou seja: 

d1) diferen~es padrões de evolução das regiões a~ivas, conforme o 

compor~amen~o dos polos magné~icos opos~os na emergência, a 

dis~ribuição dos campos magné~icos adjacen~es pré-exis~en~es no 

local, e a dis~ribuição das células de convecção, que fragmen~am 

os campos magné~icos, dis~ribuindo-os nos limi~es da célula; 

d2) decaimen~o a~ravés do cancelamen~o. que ocorre quando 

elemen~os de polaridade magné~ica oposta confluem . 
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VI A relação en~re cancelamen~o e rulgurações . 

1) A es~ra~égia geral e a ~écnica de análise digi~al das imagens . 

Es~a ~ese abrange a descrição de alguns f'enómenos 

rundamen~ais que ocorrem no Sol, como emergência e cancelamen~o . e 

que vem con~ribuindo para que surjam novas idéias sobre o seu 

compor~amen~o . Especial impor~ância roi dada ao que ocorre e m 

pequena escala espacial e cur~os in~ervalos de ~empo. Embor a com 

a s ~écnicas ~radicionais de ob~enção de magne~ogramas pos sam 

passar desapercebidos, esses even~os de menor in~ensidade têm 

impor~ância na reconriguração dos campos magné~icos pois, por 

serem muito rreqüên~es, seu ef'ei~o é considerável . 

No Observa~ório Solar de Big Bear, a técnica de ob~enção dos 

magnetogr a mas era digital, mas essa caracteri s~ica s e p e rdi a ~ois 

eles ri c avam regis~rados em rilme, perdendo as vant..agen s de 

1 i near· idade e as condições de serem analisados numer i came rtle . 

Foi necessário en~ão cons~ruir um programa de análise de imagens 

capaz de tratar as imagens digi~ais dire~amen~e das f'itas 

magnét..icas onde eram even~ualmen~e regis~radas e de in~egrar os 

valores dos pixeis das regiões de in~eresse, que f'oram demarcadas 

por poligonos arbi~rários . O desenvolvi men~o desse conjunto de 

programas especiais mos~rou-se necessário por vários motivos: 

a) os "paco~es" de programas en~ão disponiveis, e que tent..amos 

usar. eram especiais para análise de dados de radioastronomia , 

con~endo diversas e~apas desnecessárias para a análise de dados 

6~icos ; 

b) os element..os que queriamos i sol ar t..inham forma baslan~e 

complexa, sendo necessário delimi~á-los por uma f'igura geomé~rica 

com c ar ac ~er i s li c as mais ar bi ~r· á rias que as exi s ~ent..es naque les 

programas; 

c) os magnetogramas cont..inham valores posi~ivos e nega~ivos, 

correspondent..es às polaridades magnét..icas opost..as, e quer i amos 

integrar separadamen~e os valores de mesma polaridade. Desse modo 

poderiamos calcular ao mesmo tempo o fluxo magnético de ambas as 

polaridades de um elemento dipolar relativamente isolado de seus 

vizinhos, OU, quando os limites de um elemento eram muito 

complexos, deixar que no poligono que o delimitava estivessem 

incluídos elementos de polaridade opost..a, que não ser iam 
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anulados , uma vez que o soma~ór io dos valores de polaridades 

opos~as era calculado separadamen~e. Também incluimos no programa 

um va l or minimo C "~hreshold " ), ~al que os pixeis com valor· me nor 

não eram incluidos no soma~ório. Desprezando esses valores mui~o 

baixos ~i nhamos um modo uni voco de calcular o f' 1 uxo magné~i co • 

independen~e da :forma exa~a do poligono que usa vamos para 

del i mi ~ar os el emen~os, desde que eles não inclui ssem par~es de 

elemen~os vizinhos. Esse valor "de fundo" geralmen~e corres pondia 

a um c ampo magné~ico médio de 5 gauss . 

d) o s i s~ema que regis~rava os valores dos pixeis dos 

magne~ogramas ~inha apenas 8 bi~s. o que dava um i n~er valo 

dinâmico mui~o pequeno para a análise que desejávamos fazer . 

Assim . o númer o de image ns digi~ais que podiam ser ac umuladas a~é 

que o pixel de valor mais al~o ficasse sa~urado era r ela~ ivamenle 

pequeno . Para poder observar os niveis mais bai xos dei xávamos que 

o si s~ema acumulasse imagens di gi ~ais por um ~empo mui ~o ma is 

longo que o de sa~uração dos picos dos elemen~os de ma ior flu x o 

magné~ico . Em principio . poderiamos deixar que essas regiões de 

sa~uração ficassem com um valor máximo uniforme, mas S ara Mar~in 

já ~inha criado uma maneira que nos permi~ia inf'erir o valor dos 

pi x ei s dessas regiões sa~uradas, conseguindo acumular os valores 

em 1 0 bi~s e após regis~rando apenas os 8 bi~s me n os 

signifi ca~ i vos. Os magne~ogramas adquiriam um aspec~o d e " cur·vas 

de ni vel " nas regi ôes de pico de fluxo magné~i co por pixel , que 

e r a bem mais di:fici l de in~erpre~ar n a primeira vi s u a li zação , ma s 

q u e nos permi~ia aumen~ar signi:fica~ivamen~e o in~erval o din â mi c o 

dos magne~ogramas. Nosso programa ~inha , e nl re l a nl o , que 

" reconst...ruir " os valores reais a par~ir dos va l ores r egist... r ados e m 

8 bi~s. Esse programa foi feit...o em colaboração com Jingx iu Wang e 

incorpo rado no sis~ema de análise digit...al dos magnet...ogramas . 

Também !'oram elaborados programas para represen~ar os 

magne~ogramas at...ravés de curvas "i sogaussi anas " , ist...o é, que 

delineava m as regiôes cujos pixeis ~ivessem o mes mo valor de flu xo 

magnét...ico int...egrado na área do pixel. É import...an~e sali ent...ar que a 

t...écnica usada para ob~er os magne~ogramas não permi~e que se 

obt...enha dire~amen~e o campo magné t...ico local, mas apenas o :fluxo 

magné~ico, pois o campo magné~ico é in~egrado na área do me nor 

element... o da imagem Cpixel). Por isso procuramos usar uma escal a no 
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t-elescópio que desse maior resolução espacial às imagens, mesmo 

t-endo que nos limi~ar a uma região rela~ivamen~e reduzida do disco 

solar·. Em alguns dos ~urnos observacionais dos quais par-ticipei 

compensamos essa perda com uma es~ratégia de alternadamente 

adquiri r imagens em regiões con~i guas. Par a isso era necessár· i o 

considerar ~ambém a variação ~emporal dos elemen~os, de modo que a 

di f'erença na evolução dos el emen~os se man~i vesse mui ~o pequena 

en~re quadros. Em ou~ros ~en~amos ob~er conjun~o de dados com o 

máximo número possivel de imagens digi~ais, que mais ~arde f'oram 

t-rat-adas correlacionando-as e adicionando-as pixel a pixel para 

salient-ar os elemen~os de menor f'luxo magnét-ico . 

As t-écnicas de análise f'oram desenvolvidas para inves~igar o 

comport-ament-o dos campos magné~icos sol ares . Além da análise 

digi~al, sempre man~ivemos a sis~emá~ica usual do observa~ório de 

obLer as seqüências de imagens em f'ilme (35 mm) que era usado para 

reproduzir as f'o~os para os ~rabalhos, e em cópias em 16 mm, que 

eram ma nuseadas para examinar visualmen~e a evol uç ão das 

esLru~uras nos magne~ogramas, jun~o com os dados em Ha, geralmen~e 

ob~idos em dois conjun~os em comprimentos de onda levemente 

dif'erent.es: um no cen~ro da linha, outro em uma das asas. Também 

são cost. umeiramen~e adquiridas imagens em luz branca, com o 

t-elescópio refle~or de 26 polegadas, encapsulado em vácuo, embora 

em algumas ocasiões ele ~enha sido usado para ob~er magneLogramas . 

Um ~el escópi o dessa aber~ura geral men~e não chega a apr·esent.ar· 

vant-agens f'rent.e aos ref'ra~ores de menor a bert-ura, pois o "seeing " 

Cef'eiLo da at-mosf'era t-errest-re) disLorce as imagens demasiadamente 

e a t.écni ca de ob~er um grande número de imagens i ndi vi duai s de 

curt-a expos ição par a escolher as de al~a qualidade não se pode 

aplicar nos magne~ogramas em que se devem acumular mui~as imagens 

para obt-er um sinal signif'icat.ivo . 

2) O comport-ament-o dos campos magnét-icos emergen~es e em cancela­

ment-o . 

Essas ~écnicas f' oram desenvolvidas para estudar o 

comportamento dos campos magnét-icos na f'o~osfera, privilegiando a 

evolução rápida observável em pequena escala. Nessa época, 

magnelogramas ob~idos no Marshall Space Fligh~ Cen~er levaram à 

interpret-ação que os elemen~os magné~icos poderiam evoluir como se 
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as polaridades magnét-icas não est-ivessem relacionadas. CTopka e 

Tarbell, 1987) Seria possivel que o fluxo magnét-ico de uma 

pol a ridade crescesse sem a correspondent-e alteração na outra ? 

Mo n o polos magnét-icos elementares nunca foram detetados; obviamente 

n ã o se espera que ocorram nessa escala. Os ren6menos de plasma 

p a r ecem des afiar o senso dos estudiosos do e l e tr o magne tismo 

c láss i co , mas não se supõe que firam a s lei s d e Maxwell. Como a 

evo lução d o s el ement-as magnéticos era t-ant-o ma i s r á pida qua nt-o 

meno res em t-amanho e em r 1 uxo magnét-ico, suspeitamos que alguns 

dos fen6menos inusitados se deviam apenas à falta de resolução e 

sens i b ilidade dos inst-rument-os. Foi então feito um programa 

especial de observação , buscando detetar os campos mais frac os e 

guardando o maior número possivel de imagens na forma digit-al. O 

tratamento 

apr oveit-ar 

d e t- etando 

em computador 

ao máximo a 

element-os em 

das 

alta 

menor 

imagens digit-alizadas p e rmitiu 

sensibilidade do magnei.- ó gr a r o , 

escala. Part-imos e m g e r a l da 

concepção que pequenos dipolos emergentes ou em cancelamento 

seriam os responsáveis por esse comportament-o e procuramos t-r a tar 

os d a dos de modo a ident-ificá - los . 

Uo trabalho "Ephemeral regions versus Pseud o -ephe rne ral 

r-egi o ns" CMartin et. al. 1984b) :foi analisado o c ompo rtamento de 

regi õ e s efêmeras, pequenas regiões at-ivas, com aspec t-o di p ol a r e 

c urt.a duração. Mostramos que elas não podem ser ide n t- i1ica clas em 

um úni co magnetograma e caract-erizamos seu comport- a me nt- o : 

a ) surge um dipolo magnét-ico com os elementos de polaridade oposta 

a djac entes um ao out-ro; 

b ) o dipolo cresce e t-ende a aument-ar em fluxo magnético; 

c) a s epar a ç ã o ent.re os máximos aumenta . 

Os pares de elementos com pol a ridades opos t- as de fluxo 

magné t-i co s emelhante que, examinados em um magne t-ogr a ma, t-inham 

a p a r ê n c ia de regiões efêmer a s ma s não evoluíam c omo e las, :foram 

denominados "pseudo-regiões e:fêmer as ". Seu comportament-o era o 

opost.o: os element.os de polaridade magnét-ica opost-a se aproximam e 

reduzem seu fluxo magnét-ico. A esse :fen6meno denominamos 

c anc el ameni.-o . Esse est-udo foi feit-o em locais afast-ados das 

r e gi õ e s at-ivas, port.ant.o caracterist-icos do " Sol quiet-o " e com uma 

s érie de imagens obt-idas em fi 1 me das quais um número mui to 

r e d u z ido h a via sido regist-rado na forma digit.aliza da. At.r a vés 
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dessas imagens pude mos mos~rar que o gradien~e magné~ico ao l ongo 

d o e i xo das regiôes efêmeras ~ende a ser menor que n a s r· e gi ôes em 

c a n cel amenL o . C Figur a 7 de Mar~in al. 1 984b) . Es sa 

ca r ac ~eris~i ca fornece um indi cio para separar esses d o i s ~ipos de 

fenômenos, mas não é suficien~e e n ão pode ser quan~i f ic ada p o rque 

o gradien~e depende for~emen~e das condições do ins~rumen~o e da 

a~mosfera. Aliás, o problema da variação da qualidade d a s ima g e ns 

ao longo do dia complica bas~an~e es~e ~ipo de ~rabalho. Quando 

queriamos carac~erizar os elemen~os em cancelamen~o, procuramos 

e scolher conjun~os de imagens nos quais as regiões em que 

houvessem elemen~os isolados indicassem aumen~o no fluxo magné~ ico 

desses el emen~os, indicando aumen~o da qualidade d as imagens ao 

longo do ~empo. Assim, a redução do fluxo magné~ico carac ~ er is~ica 

do cancelamen~o não poderia ser a~ribuida a uma de~erioração da 

qualidade das imagens ao longo do ~empo. Desse modo podiamos mais 

f acilmen~ e argumen~ar que o cancelamen~o era um fenômeno 

inLrlns e co da a~mosfera solar. Também se podia s ali e nl a r o Ca Lo 

que o gradien~e aumen~ava à medida que os elemen~os de polaridade 

opos~a se aproximavam, ao mesmo ~empo que o flu xo magné~ico se 

reduzi a , o que n ão se espera que ocorra qua ndo a qualidade das 

image n s se de~er i ora , pois nessas condições os con~or nos f i cam 

menos ni~idos e o gradiente diminui . Es~e ~r abalho, a l ém de 

analisar o cancelamen~o numericamen~e. levan~ava um aler~a para o 

problema de iden~ificação de elemen~os di polar es como send o 

regiões efême ras e sua pos~erior correlação com ou~ros fenômenos , 

por exempl o , pon~os brilhan~es em raios X ou pon~os escuros na 

1 i. nha de He em À. 10830. Também pr oc uramos di s~ i ngui r as r·e gi ões 

efêmeras e os pares ele polaridades opos~as em cancelarnen~ o nos 

fil~rogramas Ha . Isso é bas~an~e dificil lendo em vi s ~ a que 

analisamos elemen~os ele "pequena esca la", cujas fibrilas ~êm cur ~a 

duração e pouco con~ras~e. por~an~o só são ni~idas em imagen s de 

a l ~a qualidade . Mesmo assim, a par~i r dos el emen~os analisados 

pudemos inferir que os dipolos em cancelamen~o cos~umam ~er 

f i 1 amen~os o u conj un~os de f i br i 1 as que separam as polarida des 

magné~icas opos~as, ao con~rário elos sis~emas de filamen~os em 

arco ~ipicos elas regi õ es de fluxo emergen~e que fazem uma pon~e 

enLre polaridade s rnagné~icas opos~as . 

Para o ~rabalho dedicado ao es~udo de~alhado do cancel arnen~o 
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f10 So l qu1E:Lo CLivi c:;,t., al. 1 985) obt-ivemos UJYL c: o n jun lo espe•.:L:.t! d•.s-

dado~ e m seqUéncias com o meno r interva l o pos s ive l 

image ns guardadas em f 'or ma digit-al. Assim sendo pude mos verifi car 

a evoluçâo carac-Lerislica do canc e l a ment-o e m dis"Lin"Los e l e me nt os . 

Ficou evidente a difi c uldade de trat-ar isol adament- e um f e n 6 me n o no 

Sol , princ ipalment- e nas z o n as denominadas "qui e-Las ". onde os 

c ampos magnét-i cos são fracos e variam rapidament-e . Most- r·amos corno 

as regiões efêmer as "Lêm o balanço de fluxo magnét-ico e ntre 

polaridades alt-erado pela ocorrência de cancelament o e m um de seus 

polos . Est-udamos o cancelamento entre elementos magnéti cos que s e 

deslocam radialment-e a part-ir do cent-ro da malha devid o à 

s upe rgranulação, denominados intramalha C " i ntranelwo t- k " ) . 

Con fir ma mos que as propriedades d o cancel amen-Lo não dependem do 

Li p o de e l e men to envolvido . 

O conhec iment o das propriedades do cancelament o é imporlanle 

para que e le possa ser reconhec ido mes mo quando a redução de fluxo 

magnético em ambas as polaridades n ão é evidente . 

Embora o can cel a mento par·eça o inver so da e rne rgénc i a , d.S 

regiões efêmeras nâo cos tumam reverter seu movimento de separ ação 

e cancelar-se . O que se observa norma lmen-Le é o cancelamento de um 

dos p o los da região efêmera com elemen"Los adjacen-Les de polarida de 

opost-a . Os dois polos das regiões efêmeras deve m estar conectados 

en"Lr·e s i . l'Jão -Lendo evi dénci as que os el ementas em cancel ament..o 

est-ejam diretamente conectados magneticamente e -Lendo em vist..a que 

o . can cel a ment..o es tá associado à liberação de energ i a, prefer imos a 

i nter· pr·et..ação de que, o cancelament..o , h á r econ exão 

ma gnél i c a ac ima d a fotosfera. Supomos que a parte s uperi or das 

l inhas reconect-adas se eleva e que o pequeno a r co infer- i o r 

s ubme r g e abai xo da fot..osrera , de modo que o flu xo magn ét i co na 

fot.. os fera se reduz. Essa in-Lerpretação está ilus-Lrada n a Fi gura 1 . 

F i.g ura :1 . R epresenlaçã.o do ca.ncela.m en l o como recone x ã.o . 
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---------- ---- --

3) Fulguraç~es solares 

Fulgurações são fenómenos de cur~a duração Cminu~os a horas), 

carac~erizados pelo aumen~o brusco de brilho em uma região da 

superficie, nas proximidades de uma região a~iva . A primeira 

fulguração regis~rada foi observada em luz branca em 1° de 

se~embro de 1859 independen~emen~e por Carring~on e Hodgson, acima 

de um grande grupo de manchas solares, ~endo durado cerca de cinco 

minu~os. mas é raro que 

branca. A emissão ocorre 

a 

em 

i n~ensi dade per mi ~a de~ecção em 1 uz 

ampla r ai xa, desde O, 002 A C 2x1 O -
11 

em, correspondendo à energia de 6,1 MeV) a~é mais de 10 km C106 

em, correspondendo à freqüência de 30kHz), podendo ser con~inua, 

em linhas, ou uma combinação de ambos . 

Os diferen~es ~ipos de radiação vêm de ·diferen~es al~uras 

a cima da fo~osfera solar e de regi~es dis~in~as, sendo observados 

c om várias ~écnicas. Observaçe:ies na linha HOl vem sendo 

~radicionalmen~e fei~as em diversos observa~órios com al~a 

resolução (menos de 1") . 

A linha HOl é essencialmen~e cromosférica; a al~ura média das 

fulgurações observadas no limbo é aproximadamen~e 7.000 km acima 

da base da cromosfera, mas cerca de 30% delas ocorre ~ão ~\o que 

sequer são observadas no limbo Ca cromosfera é essencj..al)menle 

opaca no limbo abaixo de 3.000 km), enquan~o 25% ~em al~ura além 

de 10.000 km, alguns variando en~re 30.000 km e 50.000 km . As 

pro~uberâncias associadas podem ser ainda mais al~as e os efei~os 

das fulgurações se propagam no meio in~erplane~ário, a~ingindo a 

Terra. Assim sendo, além de sua relevância in~rinseca como ciência 

básica, o es~udo das configuraçe:ies magné~icas geradoras de 

fulguraçe:ies pode ser impor~an~e no lado prá~ico da previsão de 

ocorrência dos even~os . 

A emissão 1 i qui da na 1 i nha HOl na fase de máximo de uma 

fulguração ex~ensa (área de 25 graus quadrados heliocên~ricos) é 
Z6 da ordem de 10 erg/s. Como a energia usualmen~e emi~ida nessa 

área em ~odo o espec~ro visivel é cerca de 4x10
29 

erg/ s, mesmo as 

maiores fulguraçe:ies não podem ser observadas em luz branca 

in~egrada, a menos que haja emissão no con~inuo, o que raramen~e 

acon~ece. En~re~an~o no ul~raviole~a ex~remo CEUV), em raios X e 

nas regie:ies de radio do espec~ro, a emissão da fulguração excede 

ou é comparável à energia emi~ida por ~odo o disco solar CSves~ka, 
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1976). Nessas ~aixas do espectro é possivel observar ~ulgurações 

mesmo com equipamento de baixissima resolução, que integra o disco 

inteiro, devido à menor emissão do Sol em comparação com o 

espectro visivel . A reduzida resolução espacial nessas ~aixas é 

compensada pela alta resolução temporal obtida com alguns 

equipamentos; em ondas de rádio tem si do observadas v ar i ações 

muito rápidas , da ordem de dezenas de microsegundos.CKau~mann et 

al. 1984). Assim sendo, as diversas ~aixas do espect-ro ~ornecem 

in~ormações complementares. In~elizmente, como as observações dos 

diversos instrumentos geralmente não são coordenadas e as 

condições ideais de observação raramente coincidem nos di~erentes 

observatórios, a maioria dos dados se restringe a uma região do 

espectro . 
32 Nas ~ulgurações solares mais poderosas, mais de 10 erg são 

dissipados em uma área de 3x1019 cm2 durante 103 ou 104 segundos . 

Nesses casos é comum que sejam eruptivos, isto é, que grande parte 

da energia seja liberada durante ejeções de matéria, como 

protuberâncias eruptivas e vagas C"surges"). 
9 -z -1 

O ~luxo de energia médio é da ordem de 10 erg em s mas 

na ~as e i mpul si va inicial , que dura apenas 1 00 s, o ~ 1 uxo de 

energia é da ordem de 1010 a 101:1. erg em -z s - 1 

Mesmo considerando apenas um aspecto restrito da ~ulguração, 

"rápido abrilhantamento em Hot " observacionalmente se trata de um 

~enómeno tão intrincado que sua bibliogra~ia é con~essamente 

indigesta 

~ulgurações 

C compacta, 

CSturrock e 

C gradual e 

con~inada, 

Coppi 1966). As diversas 

as classes de i mpul si va) , 

térmica, eruptiva), suas 

~ases das 

~ulguração 

relações 

Cempáticas, homólogas), seus componentes Cbandas, núcleos, aros 

pós-~ulguração, vagas, arcos ~ulgurando, borri~os) e ~enómenos 

relacionados (erupção de ~ilamento, onda Moreton, ejeção de massa 

na coroa, tempestade geomagnética), além das classi~icações gerais 

(importância de ~ulguração e indice compreensivo de ~ulguração) 

estão explicados no glossário . 
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4) O con~ex~o ~eórico do es~udo das ~ulguraç~es 

Do pon~o de vi s~a ~eór i co. o assun~o é igual men~e vas~o • 

incorporando várias áreas. 

aspec~os: 

sendo necessário explicar 

a) criação de condições de ~ulguração C~lare build-up); 

b) ins~abilidade~ 

c) liberação de energia; 

d) movimen~os globais~ 

e) aceleração de par~iculas; 

~) radiação . 

diversos 

Parece haver consenso de que a energia da ~ulguração provém 

primordial men~e dos campos magné~i cos. ~an~o que Pr i es~ C 1981) 

de~alha as e~apas como segue: 

a) mos~rar que uma par~icular con~iguração es~ável ~em su~icien~e 

energia magné~ica para suprir a ocorrência da ~ulguração; 

b) achar meios de conver~er essa energia. com su~icien~e rapidez, 

em calor, energia ciné~ica global e energia de par~iculas~ 

c) demos~rar como a liberação é enga~ilhada; 

d) explicar a ~ase an~erior à ~ulguração, a ~ase de " f'lash" e a 

f'ase principal da f'ulguração; 

e) descrever os diversos ef'ei~os secundários da liberação de 

energia CH~. raios X e emissão em rádio) . 

Os processos básicos con~inuam desconhecidos ~an~o na ~eoria 

como na prá~ica, ainda não havendo modo con~iável de prever quando 

e onde uma ~ulguração irá ocorrer. A energia é liber ada de 

diversas f'ormas, mas o aumen~o de brilho na cromosf'era visivel na 

1 i nha H~ é o mais es~udado . Embora devamos reconhecer que os 

campos magné~icos locais não precisam ser obriga~oriamen~e mui~o 

in~ensos, havendo casos em que as ~ulguraçBes ocorrem longe de 

manchas solares Cspo~less-f'lares). podemos dizer que elas sempre 

ocorrem em regiBes a~ivas. Do pon~o de vis~a observacional, 

verif'ica-se que as f'ulgurações se originam ou es~ão cen~radas em 

regiBes de conf'iguração magné~ica peculiar, a linha de inversão de 

polaridade magné~ica Cindevidamen~e denominada "li nha neu~ra"). O 

de~alhamen~o das circuns~âncias leva a ~an~os caminhos 

aparen~emen~e dispares, que não é possivel dis~inguir com ~irmeza 

quais os aspec~os mais relevan~es, que carac~erizariam ~odas as 

f'ulgurações. Os modelos pref'eridos se ~em al~ernado, ora propondo 
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liberação em um único arco magné~ico, ora exigindo in~eração en~re 

pelo menos dois arcos . Recen~emen~e as ~ulgurações ~êm sido 

classificadas em confinadas, que se li mi ~am a um arco, e 

erup~ivas . 

Es~e ~rabalho ocorre em uma época de con~es~ação das 

conc epções originadas a par~ir de observações em baixa resolução e 

de res~rições impos~as aos modelos para permit-ir um LraLarnen~o 

ma~emáLico. Os campos magné~icos, quando incluidos, eram 

considerados uniformes. Nos casos mais elaborados. se considerava 

um arco único, es~á~ico, geralmen~e supos~o semicircular. Mas o 

que se descor~inava nas imagens. ~an~o nos ins~rumen~os mon~ados 

em ~elescópios em ~erra. como nos levados ao espaço, era 

inusi~ado. A coroa é al~amen~e es~ru~urada nas imagens em raios X; 

os elemen~os do di~o "Sol quie~o", quando comparados com a 

evolução das manchas sol ares, que pouco mudam dur ant..e um di a, 

variam rapidamen~e. mudando de posição, forma e fluxo magné~ico . 

A energia de uma ~ulguração seria provenien~e. em últ-ima 

ins~ância, da energia mecânica da zona de convecção, mas há vários 

t-ipos de ~eorias den~ro do principio que a energia da fulguração 

seria ar-mazenada "in si~u" no campo magné~ico da coroa. ou que o 

campo magné~i co ser· ve como condu~or do f 1 uxo de energia que supr· e 

a fulguração . 

5) Configuração dos campos magné~icos e fulgurações solares . 

Es~e est-udo é dedicado à par~e observacional da relação ent..re 

campos magné~icos e fulgurações. ~endo sido realizado basicamen~e 

com magne~ogramas da componen~e na linha de visada em linhas 

fo~osféricas e fil~rogramas HOl. Nossas observações do fluxo 

magnét-ico são feit-as na fo~osfera e as fulgurações observadas na 

linha HOl, onde podemos ver os ~ilamen~os e as bandas da fulguração 

na cromosfera, que são os elemen~os mais ~radicionalmen~e usados, 

por permi~irem resolução espacial adequada e aquisição de dados em 

quant..idade mais si gni ~i ca~i va. 

A maioria dos ~rabalhos sobre fulgurações solares vinha 

enfocando os casos mais in~ensos e energé~icos. com a 

j us~i fi ca~i va de serem os mais di :fi cei s de explicar do pon~o de 

vis~a t-eórico. Essa abordagem ~ambém convinha ins~rumen~almen~e, 

permi~indo que se observe a configuração magné~ica corresponden~e 
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mesmo com magnet.ógraf'os pouco sensi veis. Ent.ret.ant.o novos 

procediment.os experiment.ais f'oram modif'icando a imagem dos campos 

magnét.i cos no Sol e most.rando a i mport.ànci a dos t~ enómenos em 

pequena escala, inclusive quando ef'eit.os globais import.ant.es para 

o ciclo solar são considerados . Esse é o caso do cancelament.o. que 

f' oi est.udado at.ravés de séries de magnet.ogramas de alt.a 

sensibilidade . 

Mesmo considerando os element.os em pequena escala, a evolução 

dos c ampos magnét.i cos medi dos na f'ot.osf'era sol ar é gradual, não 

havendo qualquer observação diret.a de variações do campo magnét.ico 

na escala de t.empo da f'ul guração. Fulgurações são f'enómenos de 

curt.a duração em que grande quant.idade Cat.é 1032 ergs) de energia 

pode ser liberada, e ocorrem em regiôes at.ivas. Embora não seja 

i medi at.a a correlação entre as var i açeíes do campo magnético e a 

ocorrência de f'ulgurações, os campos magnêt.icos s"êi:o a única r·ont.e 

capaz de prover a quant.idade necessária nos eventos mais intensos . 

Por outro lado, a quant.i d ade de energia liberada na f'ulguração é 

uma pequena f'ração da energia magnét.ica disponivel, comparável com 

a imprecisão na medida do campo magnét.ico . A associação de 

f'ulgurações às regiões ativas do Sol vem sendo f'eita 

observacionalmente há longa data . 

Torna-se essencial estudar as regieíes at.i vas e invest.igar a 

conf'iguração magnética que f'avorece as f'ulgurações e as 

circunst.àncias que as det.onam. Tal est.udo sof're várias limit.ações 

observaci onai s . Os campos magnét.i cos são observados na f'ot.osf'era 

solar. embora só muit.o rarament.e a f'ulguração at.inja a f'ot.osf'era . 

Conf'ront.ando os magnet.ogramas e os f'ilt.rogramas H~ vemos que 

as f'ulgurações iniciam em locais onde ocorre cancelamento ou onde 

inf'erimos sua ocorrência at.ravés das propriedades do cancelament.o . 

CMart.in et. al. 1985) O cancelament.o ocorre onde campos magnéticos 

de p o laridades opost.as conf'luem, mant.endo um alt.o gradient. e de 

campo magnét.i co. Est. udos ant.er i ores já haviam i dent.i f' i c a do a l t.a 

i nci dênci a de f'ul guraçeíes em 1 ocai s de al t.o gradi ent.e de campo 

magnét.ico CSeverny 1958, 1960) e em associação com a emergênci a de 

campos magnél.icos . C Rust.. 1 972) . Propomos que a emergência de 

campos magnéticos é um f'at.or import.ant.e na incidência de 

f'ulgurações at.ravés da criação de locais de cancelament.o. As 

polaridades opost.as das regiões de f'luxo emergent.e t.endem a 
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af'ast.ar-se ent.re si, propiciando seu encont.ro com campos 

ma gnét.icos adjacent.es . Quando campos magnét.icos de polaridades 

opostas conf'luem, criam-se as condiçC::Ses adequadas para o 

cancelamento. Assim sendo, propomos que o cancelamento está ma is 

diretament.e relacionado com as f'ulguraçeses que a emergência . 

6) A geometr-ia dos campos magnét.icos nos arredores do f'ilame nto 

e sua relação com o cancelamento . 

Nos locais de cancelamento é comum surgir um f'ilamento, ao 

longo da linha de inversão de polaridade magné t.ica. A geomet.ria 

das linhas de f'orça é conhecida at.ravés da orientação das f'ibrilas 

e das rosetas nos dois lados do canal de f'ilamento . Imediatamente 

adjacente aos f'ilamentos , as roset.as são bastante assimét.ricas, o 

que lhes dá um aspecto de cometas. Nesse caso as linhas de campo 

magnét.i co das rosetas devem est.ar inclinadas com a vert.ical. Como 

nos la dos opostos do canal de f' i l ament.o as "caudas" das r oset.as 

são orientadas em sentidos opostos, a inclinação dos campos 

magnéti cos deve ser oposta nos dois lados. Essa geomet.ria t.ambé m é 

inf'erida através das f' i br i las nos dois lados do f'ilamento. 

Deduz-se que os campos magnéticos ocorrem quase paralelamente ao 

f'ilament.o e que se inclinam em sentidos opostos nos dois lados . 

Martin (1992) propese que o ambiente dos f'ilament.os é uma 

"di scont.i nui dade rot.aci onal ", um tipo de geometria que também é 

observada em plasmas no meio i nterpl anet.ár i o. A f'ormação dos 

f'ilamentos coincide com a convergência, encont-ro e cancelamento 

dos elementos de polaridade magnét.ica opost.a provenient-es dos dois 

1 ados do f' i 1 amento e que est.ão ancorados em ext-remos opostos do 

filamento. Desse modo as roset.as e f'ibrilas f'icam inclinadas e m 

sent. idos opost.os nos dois lados do f'ilamento. Em nosso t.rabalho o 

can cel a ment.o é int.erpretado como uma reconexão dos campos 

magnét.i cos próximos da f'ot.osf'era, com o desaparecirnent. o da 

component.e radial e criação correspondente de uma component.e 

t-ransversal ao longo do f'ilament.o . 

A conf'iguração global dos campos magnéticos coronais é 

inf'erida de out.ras f'ontes, t.ais como f'ot.ograf'ias da coroa durant.e 

eclipses e dados em raios X. Ela compreende uma arcada que liga 

diretamente os campos magnéticos de polaridade magnética opost.a . 

Indícios dessa arcada são os aros pós-f'ulguração em H~. nas 
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regiões mais baixas, e seus corresponden~es em raios X, em maiores 

al~uras. No~e-se que o ~ilamen~o corre perpendicularmen~e à arcada 

e abaixo da mesma. Uma propriedade i mpor~ant..e dos campos 

magné~i c os coronai s é a al ~a velocidade de Al ~vén C proporei onal 

diret..amen~e ao campo magné~ico e inversamen~e a 4 n vezes a raiz 

quadrada da densidade - o que daria valores na coroa de cen~enas a 

mi 1 hares de km/s) para propagar di s~úrbi os magné~i cos . Toda a 

mudança que ocorre em uma par~e do sis~ema a~e~ará rapidamente 

suas ou~ras par~es ao longo das linhas de ~orça . 

Novas linhas de ~orça seriam con~inuamente incorporadas aos 

campos magné~icos que formam o filamen~o. em consequência da 

con~inua convergência e cancelamento de elemen~os magné~icos 

provenientes dos dois lados do filamen~o e orien~ados em sen~idos 

opostos . O cancelamento e correspondente perda de ancoramento na 

.l o Los f'era é um pont..o imporLant..e para desest..abilizar o ~ilamen~o . 

Ou~r o é a criação de t..orções e enrolamen~os en~re as di versas 

linhas de f'orça que so~rem cancelamen~o ao longo do filamen~o . 

a~ as~ando-o da geome~r i a po~enci al de mini ma energia. A segui r 

mos~ramos como Lorções e enrol ament..os nas 1 i nhas de ~orça são 

conseqüências na~urais do ambien~e ao redor de filamen~os . 

Em cada lado do filamen~o os campos magnét..icos são unipolares 

e es~ão dis~ribuidos nas bordas das células de supergranulação que 

criam a malha magné~ica. O cancelamento vai ocorrer nos locais de 

encon~ro de element..os magné~icos de polaridades opos~as que se 

concen~ram nos bordos da malha, em diversos locais ao longo do 

filamen~o CMar~in, 1990). O movimen~o na direção do filamen~o 

s emp re t..em irregularidades devido à conveção; eleme nLos que eram 

adjacen~es vão afas~ar-se, f'icando em lados opos~os da malha e 

chegando em ~empos diferentes à região cen~ral onde ocorre 

c a n c elament..o. A razão de cancel ament..o ~ambém ser á di s~i n~a ao 

longo do filamen~o em conseqüência das variadas condições l ocais . 

Desse modo , linhas de campo magné~ico inicialmen~e a djacentes vão 

~i c ar separadas e vão cancelar -se em ~empos bas~an~e di s~i n~os . 

S upo ndo que elas ~assem originalmen~e paralelas, ~er e mos corno 

result..ado do seu movimen~o previo ao cancelamen~o que elas vão 

ficar enroladas e torcidas quando perderem o ancoramen~o com a 

fo~osfera após cancelarem . 
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- ----------, . . 

O papel do cancelamen~o na criação de ~orç~es e enrolamen~os 

é mui ~o impor~an~e . Apesar disso, ~rabalhos ~eóricos con~inuam 

propondo movimen~os ~o~os~éricos ao acaso ou ro~acionais como 

causa dos enrolamen~os e ~orções que mais ~arde podem levar à urna 

rulguração. Nossa experiência observando o movimen~o dos elemen~os 

magné~icos em magne~ogramas de al~a sensibilidade mos~ra, 

en~re~an~o. que os movi men~os ro~aci onai s propos~os não ocorrem 

comumen~e e que resul~ados semelhan~es podem mui~o ~acilmen~e ser 

explicados com os deslocamen~os observados levando em con~a o 

cancel amen~o. É i n~eressan~e no~ar que, mesmo que o movimen~o 

~os se per~ei~amen~e regular, a con~iguração in~erida para o 

~ilamen~o criaria na~uralmen~e uma ~orção corresponden~e a um 

movimen~o de meia vol~a. Isso é decorren~e do ~a~o que são as 

linhas mais in~ernas, adjacen~es à linha de inversão de 

polaridade magné~ica, as primeiras a so~rerem cancelamen~o e 

reconexão. Assim, se originalmen~e ~inhamos várias linhas 

par al elas nos dois 1 ados do ~i l amen~o e se elas se r econec~ar em 

aos pares, começando pelas mais i n~ernas, no ~i nal o par mais 

in~erno ~icaria ligado no meio da nova es~ru~ura, mas as linhas 

adjacen~es a seguir es~ariam ancoradas em locais cada vez mais 

a~as~ados do cen~ro, uma de cada lado, como se o si s~ema se 

~ivesse ~orcido por meia vol~a . A evolução do cancel amen~o e 

corresponden~e ~orção das linhas es~á na Figura 2. 

seguin~e . 
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Fi-gura. 2. E5quema. da. confi.gura.çõ.o ma.gnét.i.ca. de pro lu berô.nci.a. . 

Os pés da.s \.Lnha.s de força., ancora.da.s na fotosfera, convergem para 

a. regi.õ.o cenlra.t onde a. po\.a.ri.da.de ma.gnéti.ca. se inverte. A s f\.exas 

indicam o sentido do movimento e os sinais + representam a 

po\.aridade magnética. positiva; os sinais a negativa . A \.inha. 

tra.ceja.da. corresponde à. t i nha. de i.nversõ.o de pota.rida.de magnética . 

Inicia\.mente se reconecta.m os pontos :1 e :1 ', após reconecla.m-se 2 

e 2 ' , e ass1.m por diante. A pa.rte superi-or da tinha. se teva.nta e o 

pequeno a.rco inferi or submerge abaixo da fotosfera. O abautamento 

da. tinha. magnética favorece que a matéria circundante se deposite . 

O movi-mento de conf\.uência dos arcos e posterior reconexõ.o causam 

uma. lorçõ.o de 180 graus nas \.inhas magnéticas . 
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O sistema do ~ilamenlo e d a arcada acima do mesmo vai evoluir 

na medi da que o cancel amenlo ocorre. Como nunca observamos o 

cancelamento se reverter, o desaparecimento da componente radial e 

o acúmulo de campos magnéticos transversais no ~ilamenlo acima dos 

locais de cancelamento é inexorável. Esse acúmulo vai alterar o 

equilibrio de lodo o sistema coronal com a elevação do ~ilamenlo . 

Noss o trabalho incorpora as propostas de que as ~ulguraç~es 

ocorram quando houver uma reconex:ão rápida entre as linhas da 

arcada que se dislendeu com a elevação do ~ilamenlo. Sucessivas 

alleraç~es desse equilibrio levam a um cenário em que o ~ilamenlo 

erupci o na e ocorre uma ~ ulguração. Ele leva em conta o 

comportamento das ~ul guraçeíes em r ai os X e outras radi açeíes que 

não podemos observar. Assim sendo, não podemos desenvolver mais 

delalhadamenle essa parte do processo . 

Assim nosso trabalho CMarlin e Livi 1992) liga event.os 

observados na ~olos~era Ccomo o cancelament-o), com out.ros que 

ocorrem nas camadas mais altas da coroa, usando os modelos 

baseados nas evidências observacionais disponiveis . É conhecido de 

f'ot.os de eclipse que prot.uberáncias quiescent.es sâo situa das 

abaixo de cavidades coronais, acima das quais ocorrem de um a 

cinco aros coronais concêntricos e um elmo coronal que se abre nas 

camadas mais externas . Isso indica uma mudança de regime de uma 

estrutura ~echada na baixa coroa para uma estrutura aberta 

dominada pelo ~luxo radial do vento solar . 

Fotos em r ai os X obli das pela Skyl ab C Ser i o el al . , 1 978), 

mostram bandas longas e escuras ao longo da linha de inversão de 

polaridade magnélica. Uma ~ração de 0,2 a 0,6 dessas bandas 

escuras conlém 1ilamenlos ou segmenlos de ~ilamenlos; 

As dimenseíes médias desses ~ilament.os são: 

compriment-o: 

espessura: 

a llura superior: 

60 x10
4 

km Cde 20 a 300x10
4 

km), 

6 x104 km , 

6 x10
4 

km, 

Nas bandas escuras sem ~ilamenlo , a pressão gasosa seria 0,04 din 

ser i a cerca de 3 x1 0 8 em - 3 mas a 
-z 

e m e a densidade elelrónica 

melade em áreas c om 1ilamenlo. Isso poderia indicar que o malerial 

c i rcundanle s e condensa para f'orma r os f' i 1 amenlos. As di me n sêíes 

dessas áreas e as densidades calcul a das, enlrelanlo, deixa m essa 

possibilidade em aberto, pois alguns dados pareceriam indicar que 
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não haveria mat-erial suf'icient.e na cavidade, enquant-o out-ros 

ar gume nt...am o cont.r ár i o . Como a densidade da coroa é basL~H1Le 

baixa. a possibilidade de condensar mat-erial a part-ir de camadas 

mais a lt-as é pouco f'avoreci da. Nós propomos que, ao ocorrer o 

cancelament...o e a reconexão correspondent-e , uma cert-a quant-idade de 

mat-eri a l poderia ser "cat.apult.ada" para cima ao longo das linhas 

de campo magnét-ico que se reconect.aram . 

Para um maior det-alhament-o desse cenário seria necessária uma 

maior invest-igação da est.rut.ura global do filarnent.o, 

principalment-e do acoplament-o ent-re as est.rut.uras cromosféricas e 

da coroa . O número de f'ot.os obt.idas em eclipse que most.ram essas 

cavidades é reduzido; a simet.ria ent.re a prot.uberància e a part.e 

ext...erna do elmo coronal não é muit.o acent.uada : eles t.endem a est.ar 

descent.rados e a se inclinar em relação à vert-ical: de 30 a 

50 graus em periodo de minimo e de cerca de 20 graus e m máximo , 

mas os arcos fechados t.endem a t-er um cent.ro comum e a t.er· um 

moviment...o de expansão; uma das veloc idades inf'eridas é de 2 km/ s . 

Para complement-ar adequadament-e os dados é necessário obt...er 

fot...ografias de um mesmo filament-o em perspect-ivas diversas . Isso é 

ext-remament-e dif'icil. Tendo em vist.a a grande dist.ància ent...re a 

Terra e o Sol, nossa perspect-iva é prat.icament.e f'ixa. Ent...ret.ant.o a 

evolução d e filament.os quiescent.es é relat.ivament.e lenta e podemos 

inf'erir sua est...rutura observando-os durant.e sua rot-ação no Sol . 

A grande dif'iculdade em conf'rontar esse modelo com 

observaçôes est-á em obt-er a o mesmo t-empo imagens da cromosfera e 

da coroa . 

7) Perspect-ivas e conclusões 

Em 3 de novembro de 1994 haverá um eclipse t-ot-al do Sol cuja 

Lotalidade será de quase 4 minut.os, próximo do limi t.e ent-re Rio 

Grande do Su l e Sant.a Cat-arina . Em principio será possivel a 

realização de experiment.os para observar os filament.os que est...arão 

no 1 i mbo por ocasião do eclipse durante sua passagem pelo disco 

solar. Complement-ando os dados do eclipse, deverão ser obt-i das nos 

dias imediat~ment.e ant.eriores e post.eriores imagens em Ha bem como 

magnet.ogramas na linha de visada, de modo que possamos inferir a 

evolução da est.r ut. ur a magnét.i c a nos di as ant.er i ores e possamos 

confront.ar a est.rut.ura inferida com as imagens obtidas durant.e o 
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eclipse. Além disso, ~alvez seja possivel con~ron~á-las ~ambém com 

imagens em r ai os X ob~i das por sa ~él i ~es . Desse modo poder i amos 

verifi c ar melhor a con~iguração propos~a . 

No ~rabalho CMar~in e Livi 1992) em que exploramos o papel do 

cancelamen~o nas ~ulgurações propomos um cenário no qual: 

a ) o c ancel amen~o é i n~erpre~ado como uma reconexão de campos 

magné~ i cos em c amadas rela~ivamen~e baixas da a~mosfera sol a r; 

b ) essa r eco nexã o causar i a a ~r ans~erênc i a de ~ 1 u xo magné~ i c o 

dessas c amadas para as camadas superiores da coroa , 

a c umul a ria energia nos ~ilamen~os; 

c) a energia acumulada seria liberada quando o 

o nde se 

filamen~o 

erupc ionasse, gerando uma "~ulguração erup~iva " , is~o é, ~an~o os 

even~os observados em H~ na cromos~era e baixa coroa, como ou~ros 

a el a even~ual men~e assoei ados. Não 'lemos condições de observar 

even~os ~ais como ejeções de massa na coroa c o m o s i ns~r umen~os 

dispo nivei s no Observa~ório Solar de Big Bear, p o is seriam 

n ec e ssári o s c o ronógrafos ou observaç õ es d e sa~ éli~es . 
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Glossário de fenômenos solares 

1) I nt-r oduç~o 

Por sua proximidade, o Sol é a única est-rela que permit-e uma 

invesligaç~o de fenómenos at-mosféricos com alt-a resoluç~o. o que é 

feit-o em luz branca ou isolando faixas est-reit-as correspondendo às 

princ ipais linhas cromosféricas, como Hcx, H e K do Cál c i o , 03 do 

Hé li o , e out- ras. Os fenómenos observados nas di ver sas f aixas do 

espect-r o visivel est-~o relacionados ent-re si e com os das d e ma is 

!~ai xas do espect-ro. Vários foram descobert-os no inicio das 

observaç~es t-elescópicas, a part-ir de 1609, muit-os na época em que 

se const-ruiram os primeiros espect-roeliógrafos , cE.•rca de 1 900 . 

o ut-ros t-ant-os mais recent-ement-e, na faixa de rádio, o u, at-ravé s de 

inst-rument-os n o e spaço, em ult-raviolet-a e raios X. A cada inovaçâo 

inst-rument- a l s u rgiam novas caract-erist-icas a ident- ifi car . 

Nem sempr e é possivel definir as corr es p o ndê nci as com 

pr ecisão e , mesmo quando i sso é feit-o, geralment-e o s t- er mos 

equivalent-es cont-inuam sendo usados por raz~es hist-ór icas ou para 

ident-ificar o t-ipo de observação efet-uada . Isso cria uma ext-ensa 

nome nclat-ura, que se t-orna uma grande dificuldade o 

iniciant-e . No caso da lit-erat-ura em port-uguês, o problema aument-a 

pela pouca t-radiç~o de pesquisa na área, a consequent-e falt-a de 

t-ext-os especializados. At-ual ment-e sofremos fort-ement-e i nf l uênc i a 

do inglês , sendo comum adapt-ar os t-ermos diret-ament-e, sem 

preoc upação de t-raduzi-los. Nessa cat-egoria est-~o os t-ermos flare, 

flash , prominence, spray e muit-os outros. Ent-r e t-ant. o , ainda no 

ini c io dest-e século est-ávamos dominados p e la lit-eratura em 

fr ancês . lingua em que se publicou import-ant-es trabalhos 

o ri gi n a i s . que levaram ao reconhec iment-o int-ernac iona l d e a l g uns 

lermos , os q uais se mantiveram nessa lingua, corno "pl age " , 

" disparit. i o n brus que" e "st-ruct-ure rnagnet-ique evolulif". O fr a ncês 

t-ambém serviu de base na adaptação dos "lermos para o p o rt-ug u ês • 

como em pr otuber â n c ias . Além disso. lemos a antiga t-radição 

c l áss ica, mant-endo as denominaçôes em lat-im, c o mo ma c ula e fa c ula, 

e s tabelecidas d esde as primeiras observações t-elescópicas por 

Ga l i 1 eu, Schei ner e outros precursores, que t-ambém nomear·am zona 

real . 

Em meus t-rabalhos usei principalmente dados obtidos na f aixa 

do v i si vel , só event-ual ment-e complementando com ul t-r avi ol ela o u 

1 
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r ai os X . Senti absoluta necessidade de estabelecer um c r i tér i o 

para criar versões em português das denominações dos ~enómenos que 

~oram apresentados . Minha preferência seria manter na lingua 

or iginal os que internacional mente se estabeleceram desse modo, 

mas optei por acentuar as palavr·as e usar as regras d e nossa 

lingua para ~ormação de plurais: uso então mácula C com plural 

máculas, ao invés de maculae), ~ácula, ~áculas, etc. Fiz o mesmo 

com a palavra ~rancesa plage, mantendo-a, embora nada signi~ique 

em nosso idioma, sem traduzir para praia. Nesse e noutros casos, 

li stei ambas palavras, colocando a explicação na que c o n s idero 

mais adequada . 

Finalmente, com os novos termos cr-iados em inglês. us e i o 

critério de traduzi-los mais ou menos liter-almente , procurando, de 

pr· e~erênci a, dei xar claro seu s igni~i cado . Quando tive que 

escolhe r, mantive o termo mais tradicional, obedecendo ao uso 

estabeleci do internacional mente. Há casos, entretanto, em q ue a 

escolha é arbitrária: malha ou rede; faixa ou banda? Pr-ocur-ei 

veri~icar qual a escolha feita em trabalhos anteriores Cmalha), 

mantendo-a. Além disso, escolhi termos parecidos com o espanhol 

Cbanda, protuberância) . Infelizmente a literatura disponivel é 

extremamente reduzida e as traduçôes n ão tem sido cuidadosas . A 

despeito de seus i números erros e i nc o nsi stênci as, con sul "lei o 

Dicionário Enc i cl opédi c o de Astronomia e Astronáutica, de R. R . 

Mourão, tendo colocado neste glossário todos os termos re~erentes 

a ~enómenos solares intrinsicos que lá encontrei, identi~i cando a 

~onte. Vasculhei também livros e dicionários especializados 

procur-ando arrolar "lodos os termos da área que encon t r ava . 

Como há vários especialistas em r a dioas"lronomia solar no 

p ais , e eu não t-rabalhei com radiotelescópios, não me preocupei em 

esgotar os termos especificas dessa área. O mesmo se aplica aos 

~enómenos solar-es ter-restres. Dentro do campo res"lrito que 

e nf o quei, entretanto, busquei list a r a maioria das denominaçôes 

apresentadas para os fenómenos importantes, com explicaçôes 

bastante extensas, especialmente quando alguns t e rmos tiveram 

di~erentes s ignificados ao longo do 

tr-abalho s e mostre suficientemente útil 

v ida própria, independente desta tese . 

2 
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2) Lista dos termos em inglês e seus equivalentes em português: 

AFS 

AR 

arcade 

ar c h 

active 

active longitudes 

active region 

active sun 

activity center 

arch filament system 

blast wave 

bright point 

bright rings 

bright surge 

BSD 

BSL 

bur·ni ng pr·ai r i e 

burst 

bushes 

butterfly diagram 

cancellation 

canopy 

Carrington longitude 

CFI 

c hr o mosphere 

chromosph e ri c network 

CME 

complex of activity 

compact 

confined 

sistema de filamentos e m arco 

região ativa 

arcada 

arco 

ativo 

longitudes de alta atividade 

região ativa 

sol ativo 

centro de atividade 

sistema de filamentos em arco 

onda Moreton C= Moreton ou "flare wave") 

ponto brilhante 

anéis brilhantes Cao r edor de man c h a s) 

vaga brilhante 

vaga brilhante no disco 

vaga brilhante no limbo 

termo antigo para o conjunto dos espiculos 

erupção, explosão Cem radiofreqtiências) 

aspecto das rosetas perto do limbo = moita 

diagrama borboleta 

cancelamento 

dossel 

longitude Carrington 

indice de fulguração compreensivo 

cromosfera 

malha cromosférica 

ejeção de massa na coroa 

complexo de atividade 

compacta (veja con~ined) 

confinada Cclasse de fulguração) 

comprehensive flare index -indice de ~ulguração compreensivo 

carona 

coronagraph 

coronal 

coronal condensation 

coronal green line 

coronal hole 

coroa 

coronógrafo 

coronal, relativo à coroa 

condensação coronal 

linha verde da coroa 

buraco coronal 

3 
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coronal l oop 

coronal mass eject-ion 

coronal rain 

coronal streamer 

coronal 1:-ransient, 

coronal whip 

crinkle 

delt-a 

different-ial rot-at-ion 

- aro coronal 

ejeção de massa na coroa 

chuva coronal 

est-rut-ura coronal 

transient-es na coroa 

chicot-e coronal 

ruga Cou dobra); est-rut-uras em U 

delta (refere-se a mancha solar) 

rotação diferencial 

disappearing solar filament- - erupção de filamento 

disk 

disparit-ion brusque 

DSD 

EFR 

eject-ive 

disco (do sol) 

erupção de filament-o 

vaga escura no disco 

região de fluxo emergent-e. 

eject-iva 

element-ary magnet-ic bipoles - dipolos magnét-icos element-ares 

Ellerman bombs 

emerging flux region 

erupt-ing arch 

erupt-ing filament 

bombas de Ellerman 

região de fluxo emergent-e 

arco em erupção Cnão é t-ermo padrão) 

filament-o em erupção 

erupt-ion chromosphérique - erupção cromosférica = fulguração solar 

er·upt,i ve 

erupt-ive prominence 

Evershed effect-

Evershed flow 

erupt,iva (classe de fulguração) 

prot-uberância erupt-iva 

efeit-o Evershed 

corrent-e de Evershed, efeit-o Evershed 

evolving magnet,ic feature - est-rut-ura magnét-ica evolut,iva 

F component, 

F corona 

f-spot, 

FTA 

facula 

facular granules 

fi br i 1 

fi bri lles 

filarnent, 

filament- channel 

filament- erupt-ion 

field transition arches 

fi 1 i gr·ee 

component-e F da coroa (coroa F) 

- coroa F 

- mancha seguidora 

- arcos de transição 

- fácula 

grânulos faculares 

fibril a 

fi brilas 

filament-o 

canal de filamento 

erupção de filamento 

- arcos de t-ransição 

filigrana 

4 
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filt.ergram 

flare 

flare loops 

flare wave 

flaring arches 

flash phase 

flash spect.rum 

flocculus 

flux cancellat.ion 

follower spot. 

foot.point.s 

fragment.at.ion 

F'TA 

geomagnet.ic st.orm 

Gleissberg period 

gradual 

grain 

granulat.ion 

granule 

Hale's law 

halo 

helmet. st.reamer 

high-speed st.ream 

homologous flares 

hot. spot.s 

import.ance Cof flare) 

i mpul si ve 

IN 

K component. 

K carona 

kernel 

L component. 

leader spot. 

light.-bridge 

limb 

limb darkening 

l oop 

loop prominence syst.em 

macrospicule 

·-----------------·- - --·----

filt.rograma 

fulguraç ão Cem Ha e ~enérico) 

- aros pós - fulguração 

- onda Moret.on C= Moret.on ou flare wave") 

arcos fulgurando 

fase relâmpago Cde uma fulgur ação) 

- espect.ro relâmpago 

f'lóculo 

cancelament.o de f'luxo 

mancha seguidora 

pés Cint.ersecção fot.osfera ou cromosfera) 

fragment.ação Cde manchas ou elementos) 

arcos de t.ransição 

t.empest.ade geomagnét.ica 

- periodo de Gleissberg Cde 90 anos) 

gradual Cref'erent.e à f'ulguração) 

grão Cbrilhant.e em Caii. escuro em Ha) 

granulação 

grânulo 

lei de Ha le Cde polaridade magnét.ica) 

halo Ct.ambém nome ant.igo da coroa solar) 

elmo coronal Cest.rut.ura em f'orma de elmo) 

- corrent.e de alt.a velocidade 

f'ulgurações homólogas 

pont.os quent.es Cnos cent.ros de at.ividade) 

import.ância Cde f'ulguração) 

impulsiva Cref'erent.e à fulguração) 

int.ramalha 

component.e K da coroa (coroa K) 

coroa K 

núcleo 

- componenle L da coroa 

mancha precedent.e 

ponle de luz 

limbo 

escureciment.o do limbo 

aro 

aro pós - fulguração 

- macroespi c ulas 

5 
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1'-1 region 

macula 

magne~ic inversion line 

magnê~.ica 

magne~ogram 

Maunder minimum 

merging 

meridional circula~ion 

meridional flow 

mesogranula~ion 

moatJ 

mo~ ~ le 

More~on wave 

mound prominence 

rnoustJache 

n aked 

ne~wor k 

neu~ral line 

neu~ r· a l r· eg i on 

osci l ação d e 5 minu~os 

P -spo~ 

p-sunspo~ 

penumbra 

pho~osphere 

pl age 

pl age~~e 

plage cor r i clor 

pleochroid halo 

plume 

p o l ar c rown 

polar plume 

polar s ~r eamer-

pore 

pos~-flare l oop 

precursor 

p r e rl are 

prehealing 

prominence 

pro~on flare 

região M Ccorresponde a buraco cor onal) 

mácula 

linha de inver são de polaridade 

magne~ograma 

minimo de Maunder 

aglu~inação 

circulação meridional 

- circulação meridional 

mesogranulação 

r osso 

salpico 

onda de tvlore~on 

pro~uberância em mon~e 

bomba de Ellerman 

- nua Creferen~e a manchas) 

ma lha 

linha neu~ra, Cde inversão de polaridade) 

regi ão neulra; superficie neutra 

5 rrdnu~e oscilla~ion 

mancha precursora 

- mancha solar precursora 

penumbra 

- fotosfera 

plage 

plage~e. diminu~ivo de plage 

corredor de plage 

cor oa sol a r 

- pluma 

coroa de filamentos polares 

pena polar· 

pena polar 

poro 

- aro pós -rulgur ação 

precursor 

pré-fulguração 

pré-aquecimento 

protuberância 

fulguração com protons energéticos 

6 
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quiescent 

qui e t 

qui e l s un 

quie t s un region 

remo l e brightening 

r emate pat c h 

r·ever s ing l ayer· 

r ibbo n 

r·o ya l zone 

r- osetL.e 

rudimentary 

R z o nes 

s a t e lites 

SG 

S ID 

s mooth e d s uns p o t number 

s n owpl o w mo del 

s o l ar· a c l i v iL. y 

s o l ar c onnection 

s o l ar cyc le 

solar maximum 

solar minimum 

solar rotation rate 

sol ar· a c t i vi ty 

solar wind 

s pectroheliograph 

spe c L.r o helioscop e 

spi c ule 

s p r a y 

S p o r e r' s l a w 

calmo, quiescente 

quieto 

sol quieto, sol quiescen~e 

região de sol quieto 

brilho remoto "remate patch " 

elemen~o remo~o Cde uma íulguração) 

c amada de reversão 

- banda Cd e fulgur aç ã o ) 

zona real 

roseta 

rudimentar (relativo à penumbra) 

zonas R Cna coroa) 

satélites Cr eíerente a manchas) 

super granulação 

dis~úrbio ionos!'érico r e p e ntino 

número a li s ado d e ma n c h as s o l a r es 

modelo limpa-neve Cde manc h as sol a r e s ) 

atividade s olar 

conexão s olar 

ciclo solar; cic l o de aL.ivida d e sol a r 

máximo de atividade solar 

minimo de atividade solar 

razão da rotação solar 

atividade solar 

vento solar 

espectroeliógraÍo 

espec~roelioscópio 

espiculo 

borriío 

lei de Sporer 

s udden ion osph e ri c di s tu r banc e - di stúrbi o ionos íéri co repen L.ino 

s un s p o l - ma n c h a s o J a r 

s uns p o L. g r o up grupo d e ma n c h as s ol a res 

s uns p o t number 

sunspot prominence 

sunspot radiation 

s upergranulation 

supergranulalion cell 

super penumbra 

número d e manchas s o lares 

aro pós - íulguração CL.ermo antigo) 

radiação de mancha solar 

supergr a nulação 

célula de supergranulação 

super penumbra 

7 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

sur·ge 

sympaLheLic rlare 

Lhermal 

Lhread 

two-ribbon rlare 

umbr·a 

umbral granule 

umbral dots 

umbral rlashes 

- vaga 

rulguração empáLica Ccom afinidade) 

- Lérmica (referente à rulguração) 

- rio 

- fulguração de duas bandas 

- umbra 

- o mesmo que " umbral dots " 

- ponLos brilhantes na umbra 

- oscilação de 150 segundos na umbra 

unipolar magnetic region - região magnética unipolar 

whiLe carona 

white lighL rlare 

winking rilament 

Wilson erfect 

WLF 

Wolf number 

- coroa branca 

- fulguração de luz branca 

- filamento piscando 

- efeito Wilson 

- fulguração em luz branca 

- número de Wolf 

8 
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GLOSSÁRIO: 

Aglut.inação = "merging" - processo em que element.os inicialmente 

s eparados se junt.am. Observa-se na rormação de manchas a part.ir de 

poros. e em magnet.ogramas na concent.ração de element.os magnét.icos 

de mesma polaridade que se acumulam. somando seu rluxo magnét.ico • 

o que pode levar à rormação de poros . 

AFS Carch rilament. syst.em) = sist.ema de rilament.os em arco . 

Anéis brilhant.es rodeando manchas solares = "bright. rings around 

sunspot.s" 

i nder i rü dos • 

zona brilhant.e dirusa além da penumbra. com limit.es 

que circunda manchas solares bem desenvolvidas. 

mais not.ável em luz violet.a . 

AR Cact.ive region) = região at.iva . 

Arcada = "arcada" - conjunt.o de arcos quase paralelos ent.re si • 

que ligam polaridades magnét.icas opost.as . 

Arco de t.ransição = "rield t.ransit.ion arch" el ement.o de um 

sist.ema de arcos escuros Cem 

Ha ) que rormam uma arcada 

ligando elementos de pola­

r idades magnét.icas opost.as 

de uma região at.iva. 

cruzando diret.ament.e a linha 

de inversão de polaridade . 

Arco em erupção = "erupt.ing arch" - prot.uberância solar em forma 

de arco. na fase de erupção. Cnão é uma classe padrão) 

Arco rulgurando = "flaring arch" component.e de algumas 

fulguraçêíes em que mat.erial em emissão é vist.o subindo para a 

coroa, onde percorre uma t.rajet.ória em arco e desce. ret.ornando à 

cromosfera em outro pont.o. Observado em Ha. pode est.ar associado a 

mat.erial emit.indo em raios X. que geralment.e precede a maior part.e 

do mat.erial em Ha. Mart.in e Svest.ka C1988) relat.am que o pont.o 

C pé) onde r et.or na pode br i 1 h ar mesmo ant.es de ser vi si vel a 
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chegada da emissão em raios X duros. mas emissão adicional pode 

ocorrer quando a emissão em raios X o a~inge. Arcos ~ulguran~es se 

assemelham às vagas C "surges"). mas enquan~o nelas a maioria do 

ma~erial re~orna à cromos~era pela mesma ~rajet.ória. nos arcos 

conseguem a~ingir máxima al~ura e seguir ao longo do arco • 

re~ornando em ou~ro pont.o da cromos~era. Nos borri~os. por ou~ro 

lado. a maior part.e do mat.erial t.em velocidade superior à de 

escape. não permanece colimado e não re~orna à cromos~era. sendo 

ejet.ado no meio int.erplanet.ário . 

2330:00 2336:30 2338:30 2342:30 

Aro coronal = "coronal loop" aro que a~inge a coroa. mais 

visivel em EUV Cul~raviole~a dis~an~e) e em raios-X moles nas 

regiê:Ses at.ivas ou in~erconec~ando regiê:Ses a~ivas. algumas vezes 

associados a arcos ou aros em Ha; duram várias horas. Alguns 

cruzam o Equador solar . 

Aro pós-~ulguração = "pos~-~lare loop" ou "~lare loop" - o mesmo 

que pro~uberância em aro; elemen~o de um "loop prominence sys~em" . 

aros que aparecem nas ~ulguraçeíes de duas bandas ligando as 

duas ~aixas brilhan~es nos dois lados da linha de inv~rsão de 

polaridade magné~ica e ~armando uma arcada vis~a em Ha como 

~ilamen~os escuros . e/ou brilhan~es. Consist.e em aros sucessivos • 

que iniciam com um rápido aument.o de brilho acima dos aros já 

exist.ent.es. com desenvolviment.o dos nódulos na região mais al~a e 

post.erior deslocament.o ao longo das linhas de campo magné~ico . 

Esses sis~emas de aros são ~armados em al~uras cada vez maiores • 

at.ingindo 100 000 km. Duram várias horas e são mui~o brilhan~es em 

Ha. Em alguns casos a ~empera~ura ul~rapassa 1 000 000 K. Também é 

visivel em ou~ras linhas coronais. Embora o conjunt.o se eleve. a 

primeira condensação visivel ocorre no t.opo e a matéria desce 

pelos aros em direção à ~o~os~era. com velocidades t.ipicas de 100 

km/s. Nem sempre são visiveis em He>t. mas as observaçê:Ses em raios X 

1.0 
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indicam que eles sempre es~ão preseh~es nas ~ulguraç~es. 
'· . 

Imagens em HOl <cenlro> e HOl + o,B A 

Assime~ria azul = "blue asymme~ry" - em uma ~ulguração, quando há 

maior in~ensidade no lado azul Cde menor comprimen~o de onda), que 

no vermelho Cde maior comprimen~o de onda) da linha. Mui~o rara em 

Hot, onde predomina assime~ria vermelha, é observada em raios X, 

quando a in~ensidade das linhas em raios X mole aumen~a em 

resposta à liberação impulsiva de energia . 

Assime~ria vermelha = "red asymme'try" - em uma ~ulguração, a maior 

in~ensidade e ex~ensão da banda na asa vermelha e no centro da 

linha que na asa azul. Essa assimetria é bastante ~reqüen~e e pode 

ser observada tan'to porque o per~il da linha é mais brilhan~e no 

vermelho, como por deslocamen~o Doppler para o vermelho devido à 

matéria estar se a~as'tando do observador. O deslocamento para o 

vermelho só ocorre quando a in-tensidade ótica da ~ulguração ou do 

elemento especi~ico observado es~á aumen~ando . 

A~i vi dade sol ar = "sol ar ac~i vi ~y" o conjunt-o dos ~enómenos 

transit-órios que ocorrem no sol, dos quais os mais caract.eris~icos 

são as manchas, as fáculas e as ~ulguraç~es, que aparecem 

inicialment-e em alt.as lat.it.udes sol~res, mas que depois vão 

surgindo em 1 at.i t.udes cada vez mais baixas, aproximando-se do 

equador solar. Varia em ciclos de 8 a 12 anos . 

A~ivo = "ac~ive" - re~ere-se à época de máximo de a~ividade solar 

ou à região em que há mui'ta at-ividade no Sol. Ver região a~iva . 

11 
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Banda = "ribbon" zona brilhante caracteristica de uma 

f'ulguração, observada em linhas cromosf'éricas como Hot. As mais 

tradicionais f'ulguraçe:íes têm duas bandas, que se f'ormam 

simultaneamente nos dois lados da l~nha de invers~o de polaridade 

magnética, nos pés dos aros pós~f'ulguração. Bandas Hot são vistas 

vá r i os minutos antes dos ar os pós -f'ul gur aç~o, quando eles são 

vi si vei s. As bandas de! i nei am as pl ages ·e não necessàr i amente são 

simétricas ; há casos de geometrias complicadas , com mais de uma 

linha de inversão de polaridade magnética e três ou mais bandas . 

As bandas geral mente se af' astam . entre si , na medi da que núcleos 

brilhantes se f'ormam no seu perimetro externo nos dois lados da 

linha de inversão de polaridade magnética . Concomitantemente. 

novos arcos se f'ormam no topo do conjunto dos aros· p6s-f'ulguração, 

em alturas cada vez maiores, enquanto os aros mais baixos 

desvanecem . 

Bombas de Ell er man = "Ell er man bombs" pontos brilhantes que 

duram algumas dezenas de minutos, notáveis em f'iltrogramas nas 

asas da linha Hot, mas não no centro da linha. Pela f'orma das 

linhas de emissão ganharam a denominação f'rancesa de "moustaches", 

isto é, bigodes. Ocorrem principalmente nas regie:íes de !'luxo 

emergente e ao redor das manchas solares, na região dos f'ragmentos 

magnéticos 

emergência 

em movimento . 

dos campos 

Isso indicaria 

magnéticos • mas 

coneção 

sua 

com padre:íes 

ligação com 

de 

a 

conf'iguração magnética local não está estabelecida. Interpretações 

sugeri das incluem "pequenas f'ul gur açBes na região mais baixa da 

atmosf'era" COe Jager) . Entretanto. há dif'erenças entre bombas de 

Ellerman e f'ulguraçe:íes muito f'racas: na curva de luz. pois têm a 

subida e descida abrupta; na maior largura das linhas. que seria 

devido a ef'eito Doppler com velocidades até 200 km/s, e na 

assimetria azul das 1 i nhas C as f'ul guraçe:íes tem assimetria com 

maior brilho na asa vermelha da linha) . 

Borrif'o = "spray" - material emitido durante uma f'ulguraç~o. com 

velocidade superior à de escape da cromosf'era C670 km/s), usual­

mente observado em Hot além do limbor. O material geralmente se . 

f'ragmenta e muda rapidamente de f'orma; apenas uma parte inf'ima 

retorna. Isso a distingue da vaga C "surge"), em que a maioria do 

material retorna pela mesma trajetória, permanecendo compacta . 

.12 
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Imagens no vermelho, 2 7, 28 e 32 mi-nutos a p os Ln1.c1.o • 

Brilho remot.o "rernole bright.ening" ou ' ' remole palch" ou 

" per·ipher·al :flare pat.ch " - element.o peri:férico de urna :fulg u ração, 

a:fast.ado da zona de inversão de polaridade onde se s it.uarn as 

bandas princ ipais . A emissão é at.ribuida a dist.úrbios qu e s e 

propagam ao longo de arcos coronais que se conect.am com o cent.ro 

da :fulguração . 

BSD = "bright. s urges on disk" - vagas brilhant.es em cont.rasl- e com 

o disco solar . 

BSL = "bright., surges on lirnb" - vagas brilhant.es que s e movem mais 

de O. 1 5 r· ai os sol ar· es além do 1 i mbo . Cal ém do limbo t.oda.s as 

pr ot.tJber ánci as são br i 1 hant.es; no di se o podem ser br· i 1 hantes ou 

escur·as) . 

Buraco coronal = " coronal h ole " - região da coroa onde a emissão é 

e x t.remament.e baixa em EUV Cult.raviolet.a ext.remo) e raios X. Est.à 

assoei ada a ext.ensas áreas de campo magnét.i co :fot.os:fér· i co uni pol a t' 

:fraco, com t-opologia " abert.a " ou divergent.e, ist.o é, cujas linhas 

de :força se ext.endem para a região ext.erna da coroa e são 

arrast.adas pelo vent.o 

sol ar . São a :font.e d o 

vent.o solar de a l ta 

velocidade e aparecem 

mais :frequent.ement.e nbs 

pelos solares, onde são 

maiores e mais 2:1. ago :1.6 set :1.973 

est.áveis . i-magem em ra1.os X 

13 
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Calmo = "quiet." Cem "quiet. sun") est.ado do sol quando suas 

emissC:Ses se reduzem á. component.e de base; cor responde 

sensivelment.e ao periodo de at.ividade minima CMourão). O t.ermo 

"quiet." t.ambém é usado para regie:íes onde não há. at.ividade. embora 

em época de sol at.ivo; como equival·ant.a de zona f'ora das ragie5as 

at.ivas; veja quiat.o . 

Canal de f'ilament.o = "f'ilament. channel" região alongada. 

delineada por um padrão da f'ibrilas paralelas em ambos os lados • 

mas alinhadas em sent.idos opost.os em cada lado. que marcam a zona 

de inversão de polaridade magnét.ica onde irá ocorrer ou onde 

exist.iu um f'ilament.o. A est.rut.ura magnét.ica do . canal de f'ilament.o 

corresponde à que ocorre em um f'ilament.o. com os campos magnét.icos 

ao longo da linha de inversão. mas a mat.éria pode ser insuf'icient.e 

para que o f'ilament.o seja observado. Canais de f'ilament.o sem 

ma t.ér i a podem se ext.ender além dos f' i 1 ament.os ou 1 i gar vários 

f'ilament.os . 

Camada de reversão = "reversing layer" - camada da at.mos:fera solar 

imediat.ament.e acima da :fot.os:fera. com gases mais f'rios e menos 

densos que produzem as linhas escuras do espect.ro no Sol e em 

out.ras est.relas . 

Cancel ament.o = "cancell a t.i on" ou "f' 1 ux cancell a t.i on" f'enómeno 

observado em séries de magnet.ogramas Cna component.e da linha de 

visada). visualizado como a redução do :fluxo magnét.ico nos 

element.os de polaridade magnét.ica opost.a que se encont.ram em 

aparent.e cont.at.o. A redução é gradual e de valor absolut.o 

semelhant.e para ambas as polaridades e geralment.e cont.inua at.é o 

desapareciment.o do element.o de menor f'luxo" magnét.i co. o 
cancelament.o ocorre ent.re element.os magnét.icos de qualquer 

nat.ureza que se moviment.am de modo a ent.rar em aparent.e cont.at.o . 

Dipolos em cancelament.o ilust.rados no verbet.e regie5es ef'êmeras . 

Cent.ro at.ivo = equivalent.e a cent.ro de at.ividade . 

Cent.ro de at.ividade = "cent.er of' act.ivit.y" o conjunt.o das 

est.rut.uras e dos f'enómenos visiveis que acompanham a f'ormação de 

um grupo de manchas solares. Os :fenômenos são int.errelacionados • 

14 
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pois a duraç ão das manchas é menor que a do cen~ro: na descri ção 

de Kiepenheuer Cp. 432), em um cen~ro ~ipico, as manchas dur a m 

cerca de 50 dias, as fáculas se dissolvem em cerca de 100 di as e o 

cen~ro é observável duran~e 270 dias, pelo filamen~o que permanece 

e que migra na direção do pelo, incorporando-se à coroa polar. A 

duração e ~amanho dos cen~r os de a ~i vi dade são variados, mas não 

parecem mos~rar variação sis~emá~ica com o ciclo solar. A ~volução 

dos cen~ros de a~ividade ~ambém se refle~e na coroa . 

CFI = indice compreensivo de fulguração . 

Chi co~e coronal = "coronal whi p" - f'enómeno observado na co!-oa , e m 

emissão na linha verde C5302 A do Fe XIVJ; com movimen~os ~rans­

versos rápidos de estruturas magnéticas f'inas, que corresponderia 

à reconexão magné~ica en~re um arco e a perna de uma linha 

magné~ica que se ex~ende por grande al~ura na coroa, resul~ando em 

um abrilhan~amen~o ao longo da região em que a linha reconec~ada 

se recolhe . 

Chuva coronal = ''coronal rain ' ' ma~ei- i al que se observa em Hcx 

c ondensando-se na coroa e caindo na cromosf'era na direção de 

manchas solares; geralmen~e observado no limbo . 

Ciclo de a~ividade solar ciclo solar . 

Ciclo solar " solar cycle" variação quase-periódica na 

a~ividade solar e da latitude solar onde surgem os fenóme nos , d os 

quais o mais notável é o número de manchas. O periodo medido en~re 

os meses dG número minimo de manchas varia de 8 a 13 anos, com um 

valor médio de 11 , 2 anos, mas como a polaridade magné~i c a d os 

grupos de manchas se invert.e em cada ciclo, o verdadeiro ciclo 

magnético do sol compreende 22 anos. O ciclo solar é melhor 

represe nt.ado pelo diagrama borbol eta C i l ustração no verbete 

corresponden~e). Nele se no~a que o surgimento de manchas em al~as 

l a~itudes, correspondente ao novo ciclo, ocorre concomit.an~ement.e 

com o aparecimento próximo do equador de grupos de ma nchas do 

velho ciclo . Assim sendo, duran~e um in~ervalo per~o do minimo 

coexistem regiões a~ivas corresponden~es à a~ividade de doi s 

15 
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Cl a s s ificação dos grupos de manchas solares = "sunspo t gr o up 

c lassi:fi c ation" - classificação de Zurich modificada: 

A : um único poro ou grupo de poros que n ã o mostr a m c o nfigur ação 

bipolar Cem um sentido morfológico. não magnético) . 

8 grupo de poros em con:figuração bipolar; 

c g rupo bipolar em que uma mancha possui penumbra; 

o grupo bipolar cujas manchas principais têm p e numbra. mas 

menos uma tem estrutura simples e a dimensão do grupo 

pel o 

n ã o 

ultrapassa 10° em longitude heliográfica; 

E : um g r ande grupo bipolar em que ambas as manchas principais 

penumbra e estrutura complexa; pos sui inúmeras manchas entr·e as 

principais; tem dimensôes superiores a 10°; 

F grupo bipolar muito grande. com dimensões além de 16o; 

G grande grupo bipolar com dimensôes entre 10° que não 

c o ntém pequenas manchas entre as principais; 

H uma mancha com penumbra e diâmetro superior a 

J uma mancha com penumbra e diâmetro inferior a 2.5°. 
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A classi:ficação de Zurich para grupos de manchas é 

essencialmen~e evolucionária. Todos os grupos, independent-e do 

tamanho que a~ingirão. iniciam e ~er minam na classe A· . alguns 

grupos passam por ~odas as :fases, mas a maioria nunca a~inge 

grandes dimensões. sendo comuns as seqtiências A B C D C H J A ou A 

8 C 8 A; vários sequer chegam a desenvolver manchas com penumbra, 

res~ringindo-se às classes A e B· • ou~ r os nunca ul ~r a passam a 

classe A. A a~·ividade associada a :fulguraçeíes ocorre mais f'requen­

~emen~e nos grupos O, E e F. CBray e Loughhead, 1965, p.227) 

A 

8 

c 

o 

E 

F 

G 

H 

J 

I&.··- .ç> 

. " 

~ .. ~ .•. 

EJ•" · •. · 

~:··· .. ~ 

.-'4'' 
- ~~· 

Cl.o.ssi.fi.co.ção de Zuri.ch paro. grupos 

... 

m.:',.$ 
~ .. 

• 

~lj)·· ,._ ... 

•· 

r,. . ' · ''M 1.!11 .• •• f}t) 

de manchas, 

exemp\.os de co.do. c\.asse. Oeste fi.ca a esquerda. A esca\.a i.ndi.ca 

g raus de Longi.tude het.i.ogró.fi.co. . 

CME Ccoronal mass ejec~ion) = ejeção de massa na coroa . 

com quatro 

Compac~a 

compac~a . 

= "compac~" ~ipo de 'fulguração: veja 'fulguração 

Complexo de a~ividade = "complex o:f ac~ivit-y" est-ru~uras mais 

complexas e de maior duração que as regieíes a~ivas usuais, que se 

f'ormam em cer~as longi~udes solares em que as regiões a~ivas 

recorrem f'reqtien~emen~e. surgindo onde ainda exis~em remanescen~es 
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de regiões ativas anteriores, criando um centro de atividade de 

maior duração . 

Um grande complexo de ali. vi.dade cruzando o meri.di.ano cenlral 

em rot.ações solares sucessivas, em mai.o e junho de :1990 . 

Condensação coronal = "coronal condensation" - região da coroa que 

emite a radição mais intensamente . 

Conexão sol ar = "sol ar connecti on" relação enti'e o Sol e as 

estrelas; pressupõe que o Sol é uma estrela ti pica e que os 
.! 

fenómenos nele observados servem de guia para o estudo de outras 

estrelas C pelo menos as de mesma classe espectral e de 

luminosidade). Essa concepção teve sucesso em determinar atividade 

e ciclos como os solares em outras estrelas. Fulgurações do tipo 

solar têm sido observadas apenas em estrelas com envelopes 

convectivos . 

Configuração magnética evolutiva= "evolving magnetic feature ." = 

originaria do francês: · "struct.ure magnetique evolutif'" 

conf'iguração magnética dipolar em que uma das polaridades cresce 

em f' 1 uxo magnético ao mesmo tampo em que a pol aJ' ida d e opos L. a 

decresce. Esse comp·ortamento não é possi vel em um di pol o isolado, 

mas ocorre quando um polo de uma região ativa cresce adjacente a 

uma polaridade magnética oposta e ocorre cancelamento consecutivo . 

Os dois pelos estarão em aparente contato e o cancelamento deverá 

estar o c o r rendo em ambas as pol ar i dades , mas essa c onf i gur ação 

ocorrerá se o aumento do fluxo magnético do dipolo em crescimento 

sobrepujar a reduç~o devida ao cancelamento. A configuração 

magnética evolutiva ocorre na fase de emergência e é reconhecida 

como alta produtora de fulgurações . 
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magné~ica evolu~iva ocorre na ~ase de emergência e é reconhecida 

como al~a produ~ora de ~ulguraç~es . 

Con~inada = "con~ined" - veja ~ulguração con~inada 

Coroa = "carona" - uma envol~ura brilhant,e e di~usa, de con~orno 

irregular e es"lru~ura radial, visivel em eclipses solares ~o~ais . 

Também pode ser revelada com o uso de coronógra~os. e a camada 

mais ext,erna 

109 cm-3
) e 

da a"lmos~era solar, de baixa 

al "la ~empera"lura C106 K). · Seu 

densidade Cin~erior 

aspec~o varia com 

a 

o 

ciclo solar, ~endo baixa in~ensidade e pouca ex~ensão no minimo, 

quando mos~ra raios, e muit,o maior in"lensidade e ex"lensão no 

máximo. A coroa se ext,ende por mui~os raios solares e passa para 

um regime de expansão, ~armando o ven~o solar . 

Imagem da. coroa. em Luz branca. 

Coroa branca = "whi~e carona" - coroa solar com espec"lro con~inuo 

semelhan~e à ~o~os~era solar, resul"lado da re~lexão da luz 

ro~os~ér i c a . 

Coroa E = "E carona" - a componen~e da coroa corresponden~e à luz 

combinada das linhas de emissão. Veja ilus"lração dos componen~es 

da coroa após coroa K . 

Coroa F = "F carona" a par"le mais ex~erna da coroa branca do 

Sol; não é polarizada e mos"lra linhas de absorção do espec~ro 

~o~os~ér i co . e concen~rada no plano da ecli~ica Cluz zodiacal 

int,erna). Veja ilus"lração das componen~es da coroa após coroa K . 
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Coroa K "K cor·ona" a pat~ t-e mais int-er na da coroa branca do 

Sol; é polarizada e não t-em linhas de absorção. ê: observada em 

Lodos os ângulos de posição e int-erpt~et-ada como luz cont-inua 

devido ao espalhament-o de elét-rons . Na :figura a seguir est-ão 

ilust-rados os component-es da coroa observados em eclipse . 

o 

loç I _ 1 
disco 

t - 2 1 i l)lbO 

- 3 

- 4 
---c.eu claro c:omnevoa --- --- ---

- 5 

puro ceu azul . 
- 6 ---------------------
- 7 

ceu no meio da 
-8 

-9 I 

brilho da Terra I 

- 10 ~-~-~-~-~-~J~----~------J_------L-----~-
0 

Inlensi.da.de rela.li.va. da.s componenles 

da. di.stâ.nci.a. ao centro do Sol, r, em ra.i.os 

2 3 

da. tuz 
solares . 

Coroa de rilament-os polares = coroa polar 

4 

da. 

5 

coroa. 
~ 

em função 

Cc:w tJa ptJl ar = "ptJlar c:rtJ·.vn " - um c:tJnjunltJ de f"ilamenlo:s em alla:s 

lalit-udes (superiores a 50o), que rorma uma :faixa irregular quase 

cont-inua ao redor do Sol nessas lat-itudes . 

Coróni o = " coroni um" pret-enso e l ement-o qui mico que gerar i a as 

linhas de e~ssão da coroa solar, mais t-arde iden~iricadas como de 

e lement-os alt-ament-e ionizados, principalmen~e :ferro e cálcio . 

Coronógra:fo = " coronagraph " instrumento para observar a coroa 

quando não há eclipses. Usa um disco, maior que o disco solar, 

para obst-ruir o Sol . Consta de um t-elescópio cuidadosamente 

desenhado com discos e anéis obst-rulores para evi lar as 1 uzes 

parasi las, especialmente as di:fra~adas pelo bordo da obje~i va . 

Pode usar :filt-ros monocromá~icos ou polarizadores para isolar as 

linhas coronais . 
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Corredor de plage = "pl age corri dor" espaço na plage 

cromosférica que coincide com a linha de inversão de polaridade . 

marcado por um conj un'Lo de f i br i 1 as ou pequenos f i 1 amen'Los que 

ligam os lados opos'Los . 

Corrent-e de al'La velocidade = " high speed s'Lream" regieíes do 

ven'Lo solar com o dobro das velocidades 'L i picas do ven'Lo solar e 

com menor densidade, que se originam nos buracos coronais . 

Corrent-e de elmo "Coronal s'Lreamer" ou "coronal hel me'L" - elmo 

coronal . 

Cromosfera = "chromosphere " - camada en'Lre a fot-osfera e a coroa 

do Sol, visivel como um arco vermelho brilhant-e, durant-e eclipses . 

poucos segundos an'Les do reapareciment-o da fot-osfera do Sol. Na 

velocidade média dos eclipses, 310 km ou 0 ,44" no Sol são cobert-os 

ou descobert-os em 1 segundo. A cromosfera apresent-a linhas de 

emissão: mui'Las duram menos de 2 segundos. es'Lando res'Lri'Las aos 

500 km mais baixos. As linhasmais in'Lensas persist-em cerca de 40 

segundos, por'Lan'Lo a'Lingem 14 000 km. ~ observável com auxilio de 

um espec'Lroscópio mesmo fora de eclipse , onde é no~ável no limbo, 

mos'Lrando espessura variada. Seu perfil irregular dificul~a uma 

dis'Linção precisa en'Lre a cromosfera e as 
~, 

pro'Luberâricias, que se 

projet-am além des'La. Abe'L'Li C1955) sugere que se consider-e como 

pro~uberâncias apenas as elevaçeíes que se proje'Lam mais de 30" 

acima do ni vel médio da cromosfera . As caracLerislicas da 

cromos:fera devem ser estabelecidas excluindo-se as prO'Luberâncias • 

sendo comum dividi-la em baixa e al'La cromosfera. Na baixa cromos­

fera o hidrogênio é predominan'Lemen'Le neu'Lro, com 'Lempera'Luras de 

5 000 K a 6 000 K; na al'La cromosfera o hidrogênio es'Lá ionizado e 

as 'L emper a 'L ur as sobem a 'L é 300 000 K ou ma i s . A cromos:fera é 

observável no cen'Lro de linhas como Hct, mostrando estrutura 

irregular, onde dominam componentes alongados, alinhados entre si 

por influência do campo magnético. A densidade e temperatura da 

cromos:fera são tais que o campo magnético se torna dominante 

(plasma congelado no campo) . A temperatura aumenta para fora . 

Compacta = veja fulguração compacta 

Confinada = veja fulguração confinada 
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Delt..a = "delt..a" -classe magnét..ica de mancha solar. em que a umbra 

c ent.. r al é ~armada por duas regi~es de polaridades opost..as rode ada s 

p or uma penumbra única. Tende a ser alt..ament..e proli~ica em 

f ulgur a ções . 

Det..onador = gat..ilho 

Di a grama borbolet..a = "but..t..er~ly diagram" - um grá~ico da lat..it..ude 

em que é observado um ~enómeno caract..erist..ico da at..ividade solar • 

g eralment..e manchas. como ~unção do t..empo. MOst..ra a t..endência d a s 

r egi~es at..ivas surgirem cada vez em lat..it..udes 

de um ciclo solar . 
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Dinâmica = vej a fulguração dinâ mica 

Dipolos magnét..icos element..ares = "element..ary magne t..ic bi pol es " 

os menores element.os di polares observados no Sol. ident..i~icáveis 

em séries de magnet..ogramas como duas polaridades opost..as. de ~luxo 

magnét..ico semelhant..es • que surgem junt..as mas se a~ast..am perdendo a 

ident..idade em pouco t..empo por int..eração de cada um dos polos com 

element..os vizinhos. Aparecem em sucessão. com orient..ação 

pre~erencial de modo que os opost..os t..endem a migrar em 

sent..ido s opost..os. acumulando 

polos 

~luxo magnét..ico. o conjunt..o. que 

cresce ~armando uma região de aspect..o geral dipolar. t.. e m zona 

cent..ral com mist..ura de polaridades enquant..o novos dipolos 

magnét..icos element..ares surgirem. Foram det..et..ados na :f' as e de 
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emergência das regi~es a~ivas. ~an~o nas que surgem no cin~urão de 

a~ i vi da de • c o mo nas regi ~es e :f êmer as . As regi~es e:fêmeras sem 

subes~ru~rura. que parecem :formadas por um único dipolo. são os 

menores elemen~os magné~icos 

iden~i:ficáveis como dipolos 

elemen~ares. En~re~an~o. mesmo 

regiêíes e:fêmeras mui~o 

pequenas. 

horas e 

apresen~am 

que 

não 

duram 

:formam 

cara~er 

poucas 

poros • 

complexo 

quando as condiç~es de 

observação são excelen~es. 

Como os menores dipolos 

1 i mi ~e observados es~ão no 

i ns~r umen~al de de~ecção. não 

é poss1 vel a :f i r mar que esses 

dipolos elemen~ares sejam os 

menores elemen~os di polares. 

nem que as menores regi~es 

e:fêmeras sejam cons~i~uidas de 

um único deles . Os dipolos 

elemen~ares indicam um padrão 

de emergência comum a regiêíes 

a ~i vas de ~odos os ~amanhos • 

desde as regi~es e:fêmeras sem 

poros a~é as grandes regi~es 

a~i vas. ma.gnelogra.ma.s de reg\.õ.o efêmera. 

Dis~úrbio ionos:férico repen~ino - " sudden ionospheric dis~urbance" 

SID = desaparecimen~o repen~ino dos sinais de radio ~ransmi~idos 

em onda cur~a na Terra. devido a al~eraç~es da ionos:fera. que 

ocorrem após :fulguraçêíes no Sol. Foram a~r·ibuidas ao acréscimo da 

emissão Ly Cll nas :ful gur açC::Ses. mas hoje considera -se domi nant.e o 

e:fei~o da radiação X mole . 

Dobra = ruga 

Dossel = "canopy" ou "magne~ic canopy" região acima da 

:fot.os:fera. en~re manchas ou em · ou~ros locais onde o campo 

magné~i co é bas~an~e i n~enso • mas se manLém quase paralelo à 

2 3 
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superf'icie. Geralmen~e não são de~e~ados nos magne~ogramas na 

linha de visada, exce~o em c i r cuns~ânci as especiais. como nas 

circunvizinhanças de manchas ?Olares f'ora do éen~ro do disco 

solar. quando a inclinação das linhas de campo magné~ico pode ser 

de~e~ada, pela dif'eren~e dis~orção da sime~ria da mancha, 

comparada com a observada em 1 uz branca. Nos casos extremos, 

observa-se . uma inversão de polaridade próxima a o limbo, que é um 

ef'eito aparente causado pela inclinação das linhas de campo 

magnético, de modo que, ao invés da componen~e ser na direção do 

observador, torna-se con~rária . 

DSD 

~ARA O OBSERVADOR 

O esquema. a. esquerda. i.Luslra. a. i.ncli.no.çã.o no.s Li.nho.s de forço. 

de uma. mancho. solar e moslro. que, para. um observador no. di.re­

çã.o i.ndi.ca.do., há. uma. o.po.renle reversã.o do. polo.ri.do.de mo.gnéli.­

c a. da. regi.õ.o próxi.ma. a.o ti.mbo. O ma.gnelogra.ma., à di.rei.la., lem 

uma. mancho. regular de polo.ri.do.de nego.li.vo. <conlorno prelo) , 

próx ima. ao LLmbo, qu;:; fi.ca. a di.r;:;i.t.a.. A região branca à. dL­

rei.lo. da mancho. corresponde à. reversã.o o.po.renle do. pola.ri.dade 

magnéli.co. do. mancha. Essas linhas i.ncli.no.do.s formam o dossel . 

" dark surge on di sk" vagas escuras em con~r as~e com o 

disco solar. Há casos em que são brilhantes con~ra o disco . 

Ef'ei ~o Evershed "Evershed ef'f'ec~" movimento radial ao r e dor 

das manchas solares, com velocidade de poucos km por segundo, para 

f'ora da umbra na f' o~osf'era, mas para dentro na cromosf'era. 

Descober~o no Observatório de Koidakanal, na índia, por Evershed, 

que observou o espectro de manchas af'as~adas do cen~ro do disco e 

notou que as linhas espec~rais indicavam movimen~o na direção do 

observador no lado da mancha próximo ao cen~ro e para longe do 

observador no lado do limbo . 
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E:feit.o Wilson = "Wilson e:f:fect." - desigualdade na ext.ensão radial 

da penumbra de manchas quando observadas muit.o próximas ao limbo 

do Sol, em que a par-t.e próxima do limbo é muito mais extensa que a 

próx ima do cent.r-o do disco solar . Foi observado pela primeir-a vez 

em 1759 por A. Wilson, que supos que a urnbr-a seria uma depress~o 

na mancha . O ent.endi ment.o at.ual é que o e:fei t.o é resul t.ado da 

di:ferent.e opacidade da umbra e da penumbra, de modo que a umbr-a, 

s endo t.ranspar-ent.e. per-mit.e a visão de par-t.e da penumbra próxima 

do li mb o . 

o" 10 '' 

l.w.lJ 

Mudanças na aparênci-a de uma. pequena mancha. reguta.r durante sua 

passagem do ti.mbo tesle ao oesle. Cada folografi.a. foi. orientada 

de modo que a projeção lem máxi.ma redução na hori.zonlal. 

~5 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

EFR Cemerging :flux region) = região de :fluxo emergente .. 

Ejeção de massa da coroa = "cor onal 

c oncentraçê:íes 

deslocando-se 

de 

na 

massa 

alta 

c oroa, atingindo veloci-

dade superior à de escape . 

Observando com coronó-

grafos no espaço e 

espaçonaves, se verificou 

s erem relativamente :fre-

quentes C da ordem de uma 

por di a) . podendo trans-

portar considerável massa 

Cde 10-16 M /ano até com-

parável ao vento solar • 

10-14 M / ano). Seus e:fei­

tos podem atingir a Terra . 

mass ejection" CME 

Ejec tiva = veja :fulguração ejec tiva ou protuberância ejec tiva 

C bor r i :f o) . 

Elmo coronal = "coronal hel met" estrutura na coroa, vista em 

eclipse ou com coronógra:fo. que compreende uma base em az' co • 

e rr'.,'8l '.'ida per uma regi3:c ern forrna de cúspide,. que se e x tende para 

:fora do sol até cerca d e dois raios solares. Tem a parte interna 

limitada por arcos que 1 i gam polaridades opostas. em cujo 

i nteri o r se situa uma cavidade com menor emissão . Dentro dessa 

c avida de, na cromos:fera, geralmente encontram-se protuberânci a s. A 

parte externa do elmo é aberta. com linhas que se extendem pelo 

c ampo magnético interplanetário. São observados em luz branca e em 

linhas. Na ilustração da coroa solar há um elmo coronal à direita . 

Equador solar = "solar equator" circulo máximo no Sol. 

determinado pelo movimento de rotação solar observado nas manchas 

e outros traçadores C:fáculas. :filamentos). O equador solar está 

inclinado 7° 10',5 em relação à eclitica, com nodo ascendente 73o 

47' . 
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Er-upção de filament..o = "filament.. erupt..ion" ou "di spar· i ti on 

brusque" Cdo francês, com uso int..ernacional) - <;iesapareciment..o de 

um filarnent..o, que inicialment..e ascende lent..arnent..e e depois 

erupcion~, ejet..ando a mat..éria que est..ava no canal de filamento. Em 

geral a erupção é acompanhada de uma fulguração de duas bandas, 

uma de cada lado do filament..o . 

Erupção solar = do francês "erupt..ion chromosphérique" (erupção 

cromosfér ica) equivalent-e a fulguração solar. Alguns autores 

consideram erupção como t..ermo mais amplo, de modo que fulguração 

!icaria rest..rit..o às observaçêíes em He>t ou à cromosfera. Ent..retant..o 

a t..endência at..ual, que seguimos aqui, é cqnsiderar "fl are " 

C fulguração) como t..ermo genérico, aplicável ao conjunto dos 

fenómenos observados em lodos os compriment..os de onda, e em t..odas 

as camadas da atmosfera solar, e " bursl" (erupção) para as 

mani festaçêíes em rádio. " Burst.." é mais usado quando apenas a 

va r iação t..emporal do fen6meno é regist..rada. Poderia ser aplicado a 

erupção de filament..o C"filament.. erupt..ion") . 

Er upt..i va 

erupLi va . 

"erupt..ive" - veja fulguração erupt..iva ou prot..uberância 

Espect..ro de Flash = o mesmo que espect..ro relâmpago . 

Espectro relâmpago = "flash spect.rum" espect.ro de emissão que é 

observado quando a fot..osfera solar e s t..á t..ot..alment..e eclipsada, nos 

poucos segundo em que a cromosfera do Sol é vis1vel como um arco . 

E s pectro relâmpago obli.do com um pri.s ma objeti.vo. O espectro 

cont.[nuo da. coroa. pode ser vi.st.o n o t opo e na. base . 
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Espec-lr·oel i 6graf"o = " spect.rohel i ograph" i nst.rurnent..o ót..i co que 

usa um espect..rógraro e uma renda para isolar uma linha espect.ral e 

que varre t..odo o disco solar ao deslocar simultAneamente a renda 

de ent..r a da e uma f"enda ant.es de uma placa rotogr á! i c a que i r á 

registrar a imagem do sol. Foi inventado em 1891 independent..ement..e 

por G. E. Hale e por H. A. Deslandres. Pode se obter res ult. a do 

semelhant-e usando riltros monocromáticos, como os contruidos por 

B. Lyot.. . 

Õptica do 
espectrõgrafo 

Espectroeliograma = 

imagens da fenda em 
todos comprimentos 
de onda a ser sele­
cionado pela fenda 2 

imagem 

"spectroheliogram" 

fenda 1 

fenda 2 

1
• di r~ção do 

mov1rnento 

i rnagern do Sol em urna 

linha espectral (geralmente HOl do hidrogênio ou K do cál c io) 

obt.ido com um espect.roe liógraro . 

Espect.r oelioscópio = "spect..rohelioscope" - inst.rum~nt.o semelhante 

ao espect.roeliógraro , desenvolvido por Ha le em 1923 e mais tarde 

modificado de modo que a varredura do Sol fosse reita por dois 

prismas que giram em seu eixo óptico, enquanto as fendas ficam 

rixas. Serve para observaç~es visuais . 

Espect..roscópio de prot.uberância = "espect.roscope ror prominences" 

- espect.roscópio especial para a observação de protuberâncias nos 

bordos do Sol, geralrnent.e com uma renda curva na rorma do limbo 

solar. O inst..rument..o se baseia na descobert.a feit.a simult.âneament.e 

em 1 868 pelo f" r ancês J. J anssen, que observava na :t ndi a e pelo 

inglês por N. Lockyer, na Inglaterra, por ocasião de um eclipse 

t..otal do Sol . Eles notaram que, se a fenda do espect.roscópio for 

colocada paralelamente ao bordo do Sol, será possivel observar 

protuberâncias mesmo !ora de eclipse, urna vez que seja escolhida 

uma raixa adequada do espect..ro, usualrnent.e H01., e o adapt.ararn para 

esse !im. CMourão, 1987) 
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Espiculos = "spiculas" estruturas alongadas na cromos:fera 

observadas acima do limbo. pouco inclinadas em relação à radial • 

de curta duração C4 a 10 minutos). que parecem ser ejetadas em 

velocidades de 20 a 30 km/s e atingem cerca 9000 km. onde 

desaparecem ou retornam. Supõe-se que seguem as linhas de :força do 

campo magnético e que correspondem aos salpicos observados no 

disco; alguns usam o termo espiculo indistintamente para ambos 

:fenômenos . 

Espi.culos 'observados na asa vermelha <Hot + :1 A> 

Estru'turas magnéticas evolutivas = ''evolving magnetic :features'' 

EMF -elemen-tos isolados observáveis em magnetogramas que variam em 

:fluxo magnético. Quando :formam um par adjacente da polaridades 

opostas. em que uma cresce e a outra decresc·a. estão :fortemente 

correlacionados com a ocorrência de :fulguraç~as . 

Explosê:íes = "explosions" re:fere-se a :fenômenos transientes 
~ 

associados ou semelhantes às :fulguraçê:íes solares Cver erupção 

solar). Também é usado como termo mais geral ou. às vezes. para as 

observaçê:íes em radio. Não é especi:fico e é pouco usado . 

FTA CField Transition Arch) - arco de transição . 

Faculae = ":faculae" (plural de :facula. do latim) ":facula" __ .. 
signi:fica "pequena tocha"; termo usado por C . Scheiner e por 

Galileu para as :fáculas e que é mantido na literatura em outras 

linguas . 

Fáculas = ":facula~" C plural de ":facula". do latim)- zonas 

brilhantes irregulares. da estrutura rami:ficada. distribuidas 

sobre grandes áreas nas vizinhanças de grupos de manchas. visiveis 

na :fotos:fera apenas perto do limbo. mas observáveis na cromos:fera 

desde o limbo até o centro do disco • sendo particularmen-te 

no-táveis na linha K do cálcio. Fáculas :fotos:féricas e 

cromos:féricas cor respondem ao mesmo :fenômeno em di:feren'tes 

alturas. As cromos:féricas. observadas na linha de cálcio. seriam 
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equivalentes ao f'r-ancês "pl ages f'acul ai r-es" . For-am denomin~das 

"f'loculi" por- Hale, que julgava haver- dif'er-enças notáveis entr-e 

essas "núvens de cálcio" e as f' ácul as. Abet ti C 1955) inclui os 

"dar-k f'locculi" ou f'ilamentos, consider-ando que "f'locculi" e 

pr-otuber-âncias ser-iam "muito relacionados, se não o mesmo 

f'enómeno" . Embora protuber-âncias e f'ilamentos sejam o mesmo 

f'enómeno, não têm r-elação dir-eta com as f'áculas . 

As f'áculas sur-gem antes e per-sistem após o desapar-ecimento 

das manchas . Tanto podem ser- encontradas em conjuntos densos 

chamados plages, como podem estar- disper-sas na malha 

intensif'icada CZwaan, 1981, p. 167). Tal distinção já estava 

expressa por- Kuiper- (1954): essas r-egi~es concor-dam em ger-al com a 

posição das "plages f'aculaires", mas são comumente menores em 

área; cada ár-ea de f'ácula em luz branca cor-r-esponde a uma "plage 

f'aculaire", mas o inver-so não é necessáriamente verdade, o que 

pode ser devido ao menor contr-~ste na luz br-anca. Estando 

ger-almente associadas às manchas solar-es, ser-iam componentes das 

r-egi~es ativas. Há entr-etanto f'áculas em alt.as lat.it.udes, o que 

levou Abett.i (1966) a separ-á-las nas que compr-eendem os dois 

cint.ur~es de atividade, que se deslocam ao longo do ciclo solar, e 

as de zonas que f'icam per-t.o dos pelos e que ser-iam mais 

est.acionár-ias. Também encont.ramos as f'áculas classif'i~adas em tr-es 

t.ipos. Quando obser-vadas no cont.inuo ou nas asas da linha, com 

resolução espacial moder-ada, as f'áculas e os element.os da malha 

são pouco notáveis, só apar-ecendo br- i 1 hant.es per-t.o do 1 i mbo . 

Observaç~es em resolução espacial muito alta Cmenor que O. "6) 

permitem visualizá-las em todo o disco. Elas correspondem a 

r-egi~es de campo magnético int.enso, 

concentrado que o das manchas . 

por-ém inf'er-ior ou menos 

Fibr-ilas = "f'ibrils" estr-utur-as f'ilamentar-es menores, menos 

estáveis e de menor- cont.raste que os f'ilamentos, notáveis em luz 

monocr-omática, pr-incipalmente H ex. Em conjunt.o, f'ormam uma 

estrut.ura de elementos quase paralelos, que se mant.ém ao redor- das 

manchas, das f'áculas ou em canais de f'ilamentos, embor-a a duração 

dos el ementas i ndi vi duais seja de poucos mi nut.os. As f' i br i 1 as 

per-mitem inf'er-ir- a direção dos campos magnét.icos t.ransversos, pois 

delineiam os campos magnéticos na baixa cromosf'era, mas se limitam 

à par-te inf'er-ior- das linhas de f'or-ça, ist.o é, às per-nas dos ar-cos 

que ligar-iam polar-idades opostas na f'otosf'era. Fibrilas podem ser 

vistas na ilustração de ~ilamento . 
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Fibrilhas = equivalen~e a ~ibrila . 

Filamen~o = "filament." est.ru~ura elongada. escura con~ra o 

disco. mais longa e de maior con~ras~e que as fibrilas. Geralmen~e 

se si ~uam na linha de inversão de polaridade magné~ica e são 

cons~i ~u1dos de inúmeros fios que delineiam campos magné~icos 

transversais. Vis~os no limbo aparecem como pro~uberâncias 

brilhan~es. Cor-respondem a massa gasosa suspensa acima da 

fo~os:fera por campos magnéticos. Costumam "t..er longa duração. e 

tendem a se mover len"t..amen~e na direção dos polos . 

Filamen~o piscando "winking ~ilamen~" - observacionalmente. o 

apareciment.o e desapareciment.o repe~ido de um :filament.o quando 

observado com um :fil "t..ro es~rei ~o; é in"t..erpt~etado como resultado de 

oscilação do filamen~o. pois o e:feit.o Doppler causado pelas 

variações de sua velocidad faz com qu ele entre e saia consecut.i­

vamen"t..e da faixa de comprimento de onda do :filt.ro com o qual est.á 

sendo observado . 

Filigrana = "filigree" - estru"t..ura fina in"t..rincada. que consis~e 

em pontos ou segmen~os alongados brilhantes, cuja menor dimensão 

não ultrapassa 300 km. coespacial com as separações entre os 

grânulos e que ocorre nas :fácul as e nos el ement.os da malha • 

vis1vel principalmen~e nas asas da linha Ha . 

Fi 1 "t..r ogr ama = "fi 1 "t..er gr am" imagem do sol em uma ~ai xa mui ~o 

es~rei~a do espec~ro. usualmen~e cent.rada em Ha. obt.ida a~ravés de 

um filtro monocromà"t..ico de Lyo"t.. ou de um ~il~ro in~er:ferencial . 
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Filt..rograma Hot = "Hot :filt..ergram" - Imagem cent..rada na linha H()( do 

h i dr ogêrü o. As c ar act..er 1 st..i c as e vi denci adas nas imagens dependem 

da :faixa de compriment-o de onda selecionada. A mais t-radicional é 

cent..rada na linha Ha, com alguns Angst..roms de largura, mas 

i n:formaçí:Ses supl ement..ares podem ser obt..i das nas asas da 1 i nha, 

deslocando at..é 2 A, t..anlo para o azul como para o vermelho. Quanlo 

mais 1 onge do cent..ro da 1 i nha Ha, menor será a absorção e o 

conlrasle das est..ruluras cromos:féricas: as imagens vão se 

assemelhando às oblidas em luz branca, onde regi~es mais profundas 

são det..eladas . Maléria em moviment..o, enlrelant..o, será revelada 

pois os comprimentos de onda que ela absorve se deslocam par-a o 

vermelho quando o malerial se a:fasla do observador, e para o azul 

quando se aproxima do observador Ce:feilo Doppler). O desloca ment-o 

Doppler (b:A_) do comprimento de onda cent..ral (Ã.) é proporcional à 

velocidade v con:forme a :fórmula Cnão relali vist..ica) b.Ã. / À. v / c, 

onde c é a velocidade da 1 uz. Quando um :f i 1 amenlo e r upci ona, a 

medida que ganha velocidade, desaparece nas imagens no cenlro da 

1 inha e aparece na da asa azul cuja velocidade cor-responde ao 

compr i ment..o de onda da observação. Osci 1 açC:Ses em :fi 1 ament..os se 

revelam quando eles "piscam", ist..o é, aparecem e desaparec em 

alt..ernadament..e. O desaparecimento do filament..o signi:fica que a 

componenle de sua velocidade na 1 i nha de visada ~, ullrapassou a 

:faixa de observação ou que a mat..éria se dispersou ou saiu do campo 

de visão do inst..rument..o . 

Fil.lrograma em Hot moslra. regi.ões a.t.i.va.s bri. l ha.nt.es, a. cenlra.l 

em fulguração, e fi.l.a.menlos escuros. A eslrulura. i.rregula.r da. 

cromosfera e nolável. . 
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F i o = "t.hr· e a d " est.r· ut.ur· a f ' ilarr.ent.ar· seJnelha n t.e a f ibr·ila, rr-.as 

que t.em ext.ensão igual a u ma c élula de super-gr a nulação e une d o is 

e x t.remos da célula com pol ar· i d ades magnét.icas opost.as . Ela nesse 

caso demarcaria um arco magnét.i co complet. o , enquant.o as fibrila s 

delineiam apenas uma das suas ext.remidades . CFoukal, 1971) T ambé m 

se usa fio para desi gnar sub-est.rut.uras de filame nt.os . 

Fl ar· e t.ermo e m inglês para fulgur ação. 

Floco = equivalent.e a flóculo . 

F l ócu l o "!'l occulus" Cdo l at.im)- s ingular d e fl óc ul os . 

Fl óc ulos = " flocc uli" - t.ermo obsolet.o para "núvens " na a t.rnos fer· a 

sol ar . que podem ser brilhant.es ou escuras e m espect.roeli ogr a mas . 

Fl ócu l os br i 1 hant.es "br· i ght. f 1 occul i " denominação obsol et.a; 

seriam núv ens de cálcio na part.e alt.a da at.mosfera. At. u a lme nle 

e nt. e nde-se q u e a compos ição quimi ca da at.mosfer a é qua s e h o mogênea 

e que os f l óc ulos br i lhant.es são e quival ent.es a p l ages . 

F l óc ul os esc ur·os " dar· k f 1 occ ul i " são ger a. l ment.e al ongados e 

c ur·vos e a p .<t r ecern n a s proxi mi dades ela s man c h ;.:t s . Sàt:> rn -:=ti s rt (" •l. :)vo::;, _i ": . 

n as 1 i nhas de hi dr·ogêni o . Or i gi na.l me nt.e .:.:;onlendi dos como núven s d e 

hidrogênio , hoje seriam c l assificados como filament.os o u fibrilas . 

Fosso = " moat. " - zona de campos magnét.icos fr acos ao redor· de uma 

man c ha sol ar , onde• oc o r~ r· em os fr a gment.os magnél i c os e •n mo vi rner . lo . 

I l ustração nesse verbete . 

Fot.osfer·a = " phot.ospher·e " - a camada do Sol vi si vel em 1 uz br·anc a, 

e em Lodo o ót. ico, c o r· respondendo à mais b a i xa r egião d a 

at.mosfera . Bast.ant.e fin a, Ccerca de 600 km, como se evidenci a pel a 

nit.idez do l i mbo solar) com t.emperat.ura de 5700K e den s idade ele 

1017 cm- 3 
. 

Fragment.ação " fragment.at.ion" processo em que um el ement.o 

apa r e nt.ernent.e integro s e des int.egra em o ut.r·os menores . Quando os 

element.os da malha ma g nética se fr·agment. arn , o f.l. u xo mag n é t ico na 

linha de vi s ada do conj unt. o se c onserva. Nas regiões o n de h .:: ... vi<:tm 

r· e gi ões ativas com ma nchas f i cam as pl ages que se di sper s arn , 
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formando a malha in~ensificada, que vai ocupando uma área cada vez 

maior. A posterior 

de mesma 

dispersão pode gerar extensas regiões 

magnéticas polaridade dominan~e. A fragmen~ação de 

manchas é um fen6meno mais complexo que envolve a c r i ação de 

fragmen~os magné~icos em movimen~o . 

Fragmen~o magné~ico em movimen~o = "moving magne~ic fea~ur' e" - MMF 

- campos magné~icos fracos de ambas as polaridades, que surgem no 

limi~e da penumbra e se afas~am radialmen~e de uma mancha solar . 

Seu cará~er não es~á bem es~abelecido~ podem ser dipolares. mas os 

de maior fluxo magné~ico geralmen~e ~em a polaridade da ma ncha . 

Também são observados na linha de Ca, como elemen~os escuros com 

movimen~o radial . 

Magnetogramas com uma mancha maior, acima, com 

magnéticos em movi.mento ao redor <exceto a di.rei.ta., por 

efei.to de dosse\.). As f\.exa.s i.ndi.ca.m a. di.rec;:ã.o ra.di.a.l do 

movimento de aLguns deLes. A mancha. menor, abaixo, t.a.mbém 

tem fragmentos magnétic os em movimento a.o redor. Em voLta 

de a.m ba.s os campos ma.gnét i coe sã.o fracos, f orma.ndo o f osso . 

Fulguração = ":flare" (espanhol: :fulguracion, 

fragmentos 

i ~ali ano: 

brillamenti; francês: éruption chromosphérique) - evento de cur~a 

duração Cminu~os a horas), em que há brusco aumen~o de brilho em 

uma região. que geralmen~e se espalha para zonas vizinhas. podendo 

criar perturbações que se deslocam por longas dis~ãncias ao longo 

da super:ficie do Sol ou se propagam radialmen~e ou com o ven~o 

solar, inclusive a~ingindo a Terra. Só raramen~e ~êm in~ensidade 

suficien~e para· serem observados no con~inuo (fulgurações em luz 

branca). Isso ocorreu em 1o de se~embro de 1859 quando Carring~on 

e Hogson fizeram independentemente o primeiro registro conhecido . 

A maior i a das observações são fei las em Hot, mas o f'enóme n o se 

revela nas ou~ras linhas cromos:féricas e em diversos comprimen~os 

de onda . desde radio e microondas a~é raios X moles e duros . sendo 
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também observada a emissão de particulas no meio interplanetário . 

As fulgurações iniciam nas i medi ações da 1 i nha de inversão de 

polaridade magnética em regiões ativas e muitas · vezes envolvem a 

erupção de um filamento. São classificadas por sua intensidade, 

pela evolução temporal ou fase Cveja: impulsiva, relâmpago, 

gradual), pela morfologia. pelo tipo de espectro, levando em conta 

determinada linha ou uma faixa espectral, ou por combinações 

dessas . 

Fulguração compact.a = "compact f'lare'·' categoria morfológica, 

originalmente definida para observações em raios X, em que a 

região emissora se restringiria a um único arco. Tipicamente tem 
3 30 curta duração C10 s) e pouca energia C10 ergs): Seria oposta às 

fulgurações de duas bandas. que têm uma morfologia mais complexa, 

maior duração e energia. O termo "compacto" é observacional; essa 

classificação poderia incluir :fulgurações de duas bandas mui to 

pequenas para serem resolvidas. O termo "confinado", é preferido 

como oposto teórico a fulgurações de duas bandas ou "dinâmicas " ou 

"eruptivas" . 

Fulguração confinada = "conf'ined f'lare" f'ul gur ação que n~o é 

eruptiva, isto é, a energia liberada permaneceria restrita ao arco 

original. sem erupção posterior . Teria apenas uma fase, não 

havendo posterior injeção de energia, e se manteria sempre 

'"compacta". Seu oposto; dinâmica ou eruptiva . 

Fulguração de duas bandas = "two-ribbon flare" - tipo morfológico 

de fulguração • que tem duas faixas de emissão cromosf'érica, 

iniciando junto à zona de inversão de polaridade onde existe Cou 

poderia existir) um filamento. Elas primeiro aumentam significa­

tivamente em área e brilho, depois a região interna vai retornando 

ao brilho normal enquanto as faixas continuam se afastando entre 

si, pois em sua periferia continuam surgindo novos focos de alto 

brilho, delineado as regiões de campos magnéticos mais intensos 

Cplages). Nem sempre é fácil identificar as bandas, havendo casos 

onde ocorrem mais de duas 

tipicamente energia superior 

bandas. Essas 

a 10
32 

ergs e 

fulgurações 

dur am mais de 

segundos . Considera-se que há continua liberação de energia 

durante esse tipo de fulguração. Além das bandas, que se situam na 

cromosf'era, elas sempre têm pelo menos mais um componente, os aros 

pós -f' ul gur ação . 
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Erupçã.o a fulguraçã.o . 

Conjunto de HCX mostra .. o. da.s 23 36 UT <tempo 

unLversal> do 

de füamento 

fd.trogramas 

di.a 7 de junho de 

pa.rür 

198!5. 

de 

o f L Lamento <escuro> se 

a levando e 

ta.ntemente. 

LnLcLa. no 

fi.cando mat. s 

vemos 

extremo 

uma 

onde o 

o füamento 

vi.sí.vel à.s 

espesso 

iulgura.ção 

nurn 

<bri.lhante 

füamenlo se elevou 

seus 

e 

e se 

A erupção ocorre por 

<B de junho> Lmagem 

extremos . C:oncomi.-

superespoxlo.>, que 

medi. da. ex tende 

partes. 

central. 

à. 

o que é que 

bem 

do 

(8 

fi.lament.o em 

erupcLona. 

00 19 UT 

erupção são LndLcados 

é do 

lados. 

por 

t.i.po 

EF 

"de 

na Lma.gem à.s 

Resquí.cLos 

00 32 UT 

de junho>. 

notada. 

plage 

assi.metri.a 

mos doi.ID 

A f u Lguração 

nos 

lados 

doi.s 

da li.nha. de 

duas bandas", mas 

correspondente à a.ssi.melri.a. 

i.nvers~o de po leu· i.da.de que 

há. 

da 

o 

íi.la.mento deli.neLa. Note que as duas bandas brühantes se 

axtendem e se afastam entre si.. O materi.al escuro da pa1·ta ba.Lxa 

do fi.lamento . que não erupci.onou i.ni.ci.o.lmente, aparece às u032 

sendo e jeta.do como uma vaga tsurge>, indicada por S nas três 

Lma.gens do. úlüma coluna. lMarti.n. 1989> . 
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Fulguração dinâmica = "dynamic flare" - fulgurações com erupções 

que result-am em ejeção de · massa; correspondem às fulgurações de 

duas bandas, com arcos pós-fulguração e ejecção de massa na coroa . 

Ctermo equivalent-e: erupt-iva; opost-o: confinada ou compact-a). 

Nessas fulgurações há cont-inua liberação de energia durant-e a fase 

gradual . 

Fulguração eject-iva = "eject-ive flare" 

ejecção de massa na coroa . 

fulguração assoei ada à 

Fulguração em luz branca ''while lighl flare" component-e de 

fulgurações que são vi si veis no continuo ót-ico ou em luz 

inlegrada. A emissão em luz branca ocorre no in~erior da~ bandas 

brilhant-es em Hot e coincide com a fase impulsiva da fulguração . 

CSvest-ka, 1981) O cont-inuo em emissão é raro e seria causado por 

feixes de particulas energéti~as ao at-ingir a baixa atmosfera; as 

fulgurações desse t-ipo geralment-e são muit-o fort-es em raios X, 

radio e na emissão de part-iculas . 

10:44:09 
10:53 :55 ... . ···-

10:56:4~ 
.} ~ 1~ 

·.~~: 
··r,.., 
í~~ . 
.··~~:· . 

.~.:t.;I~'JIIfr '>, ;_) 
4 f-t 

~.x ·~i . 

Fulguração erupt,i va = "erupt,i ve fl are " si mi 1 ar a fulguração 

dinâmica . Refere-se à fulguração que romperia a eslrulura 

magnélica original, gerando uma fulguração de duas bandas ou 

(segundo Sveslka) ao fenómeno em que a est..rulura magnélica se 

rompe de modo semelhant..e ao que ocorreria em uma fulguração de 

duas bandas, com ejeção de massa na coroa, mesmo que a emissão Ha 

ou a erupção do filamento t,ipicas da fulguração de duas bandas não 

seja observada, por escassez de mat-éria nas regiões onde a 

prot-uberância se deposit-aria . Em compensação, ocorre a ejeção de 

massa na coroa. ~ uma generalização da fulguração de duas bandas 

além das observações em Ha. COpost..o: fulguração confinada) . 
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Fulguraç~o gradual veja gradual 

Fulguração impulsiva = veja impulsiva 

Fulguraçôes empáticas Ca~ins) = "sympa'the'tic ~lares" - ~ulguraçôes 

quase simul-tâneas, que ocorrem em locais distintos do Sol com 

f'reqüência muito superior ao acaso, o que indica que estão 

relac ionadas . 

Gatilho = "trigger" o processo que desencadeia a f'ul guração. 

Observaçôes indicam ~orte correlação com emerlJência de campos 

magnéticos, mas o processo de cancelament-o pode estar mais 

diretamente ligado à ocorrência de ~ulguraçôes que a emergência, 

pois esta gera pos-terior cancelament-o. Não há consenso se existe 

um único ~enómeno que leva à perda ~inal de estabilidade. Há casos 

em que o detonador parece ser a perturbação gerada por outra 

f'ulguraç~o Cf'ulgurações empáticas ou af'ins) . 

Gradual "gradual" diz-se de uma f'ase, componente ou tipo de 

f'ulguração em que o aument-o de intensidade é lento e o brilho se 

mantém por longo 'tempo, decaindo lentament-e e tenda duração supe-

rior a 10 minutos. Uma caracteristica dessa f'ase é a 

uma componente térmica de raios X moles, com energia 

menor que 20 keV e uma temperatura da ordem de 107 K . 

4000 BCS CAXIX 

3000 15000 

2000 10000 

1000 5000 ~, r\~\ , v HXRBS (28· 386 kt>V) 

o " '- · -- o 
L--~2o=-. -=-so=--~- 2~.·o=-o=--~-Wo" ~--2:-:1-=. 2:-::o­

cun 
21.30 

Curva de luz da componente gradual 

e da. componente impulsiva. em rai.os 

da. fulguração de 21 de ma.i.o 

em raios X moles <BCS CaXIX> 

X duros <HXRBS 28-386 keV>. 

de 1980 observada. com 

emissão de 

dos f'ótons 

o 

SMM <Sola.r Ma.ximum Missi.on>. Note que o Lento 

sa.téli.te 

aumento 

em ra.i.os X moles lembra a i.nt.egral da curva em rat.os X duros 

<Neupert., 1969) . 
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Granulação "granulat.ion" - est.rut.ura celular com diâmet-ro médio 

da ordem de 700 km, visivel em ~oda a fo~osfera em al~a resolução . 

Granulação <i.magem em luz branca> 

Grânulo = "granule" element-o da granulação visivel em t.oda a 

fot-osfera solar, t.ambém chamado grão de arroz. Tem forma poligo­

nal, cerca de 700 km de diâmet-ro médio e poucos minut.os de 

duração. ~ decorrent-e de um padrão de conveção, que forma uma rede 

poligonal de t-amanho variado de 200 a 2000 km de diâmet-ro. O 

int.erior brilhant-e represent-a o t.opo das células, onde o plasma 

sobe, enquant-o os limi~es escuros são as regiões onde o plasma 

desce e os campos magnét-icos se concent-ram. São mais fáceis de 

observar no cent.ro do disco, mas ocorrem em t.oda a superficie . 

Grânulo facular = "facular granule" granulação observada nas 

fáculas, mais not.ável próxima do limbo solar, semelhanle à 

granulação fo~osférica . 

Grão = "grain" = pon~os brilhan~es observados em K2 v . 

Grão de arroz = "rice grain" - equivalent-e a grânulo . 
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Grão de café = "cot'ee grain" - denominação dada por J. Rosch para 

caracterizar a granulação solar na fase que antecede o 

aparecimento de manchas solares em determinada região CMourão) . 

Grupo de manchas = "sunspot group" - conjunto de manchas solares 

relacionadas. que usualmente formam uma estrutura magnética 

di polar . 

Homóloga = "homol ogous" caracteristica de fulguraçêSes que se 

repelem no mesmo local da uma região ativa e que lêm estrutura e 

desenvolvimento semelhantes. Pode se referir à fulguração ou a um 

componente dela que se repete, como ocorre com vagas ("surges") . 

Importância de fulguração = "flare importance" - classificação de 

fulgurações baseada no tamanho da região brilhante durante o 

máximo brilho em H~. Suas categorias após janeiro de 1966) são: 

S subfulguração C"subflare") menos de 2,0 graus quadrados; 

- importância 1: de 2.1 a 5,1 graus quadrados; 

- importância 2: de 5,2 a 12,4 graus quadrados; 

- importância 3: de 12,5 a 24,7 graus quadrados; 

1 

2 

3 

4 - importância 4: igual ou acima de 24,8 graus qd:adr ados. 

V d d d C 1 2 1 40 k m) 2 , m grau qua ra o correspon e a igual a 48,5 

milionésimos do hemisfério solar visivel. Antes de 1966 S era 

designado 1 + e 4 era 3 . 

Impulsivo= "impulsive"- fase, componente ou tipo de fulguração 

em que a intensidade aumenta de modo muito brusco, e diminui rapi­

damente, durando de poucos segundos a alguns minutos. Em geral 

ocorre no inicio da fulguração e está associada a uma componente 

não térmica de emissão de raios X duros, com energia dos fólons 

acima de 20 keV (À <0,1 nm) e também em microondas com freqüências 

acima de 10 Ghz. A emissão é localizada em regiões pequenas e bem 

definidas, com diâmetros de 3000 a 10 000 km, denominadas 

núcleos Ckernels) da fulguração. Pode estar superposta a uma fase 

ou componente gradual. Ilustração de componente impulsiva está no 

verbete "gradual" . 
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índice compreensivo de :fulguração = "comprehensive :flare index" -

CFI sistema c r i ado por Hel en Dodson Pr ince e Ruth Hedeman 

C Dodson e Hedeman, 1 971) , que 1 eva em conta várias :faixas do 

espectro para avaliar a importância de uma :fulguração . 

CFI = A + B + C + D + E, onde: 

A = importância da radiação ionizante, indicada pelo SID associado 

(escala de 1 a 3) 

B importância da :fulguração em 

C= log (:fluxo rádio de 10.7 em, 

H~ (1 a 3; 3 para classes 3-4) 

em unidades de 1 O -zz W m -z Hz - 1
) 

D = e:feitos dinâmicos no espectro em radio: explosão tipo II = 1; 

tempestade no continuo = 2, explosão tipo IV = 3 . 

E = log (fluxo em 200 MHz nas unidades de C) 

Intergranular = "intergranular" 

grânulos . 

rel ali vo ao espaço entre os 

Intermalha = "internetwork " - o mesmo que inlramalha . 

I ntramal ha = "i ntranetwork" IN- região interna à malha de 

supergranulação~ campos magnéticos :fracos de ambas as polaridades • 

que surgem na parte central dessa região e que se movem 

radialmente até atingir os limites da malha, onde se acumulam ou 
t, 

cancelam, con:forme sejam de mesma polaridade ou polaridade oposta . 

Ao surgir. os elementos não :formam uma unidade di polar como nas 

regiões e:fêmeras, embora, em média. o :fluxo magnético de ambas as 

polaridades seja balanceado . 

j ato coronal = "coronal jet" - estrutura especial da coroa solar 

que aparece sob a :f'orma de prolongamentos radiais que partem da 

região in:ferior da coroa. Estão geralmente associados a uma região 

ativa ou a uma protuberância quiescente. CMourão) 

Lei de Sporer = "Sporer•s law" desl ocamente durante o ciclo 

sol ar da 1 atitude média onde surgem as manchas. na direção do 

equador. Essa caracteristica, descoberta por Carrington com base 

em observações de 1853 a 1861 e con:firmada por Sporer em 1879, é 

representada gra:f'icamente no diagrama borboleta . 
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Lei de Hale = "Hale's law" - lei que indica a polaridade magnét-ica 

das regiões ativas durante o ciclo solar: as manchas precedentes 

tem polaridade opost-a às manchas seguidoras e sua orientação é a 

mesma em cada hemis!ério e oposta no outro hemis!ério. Essa 

orientação pre!erencial muda no ciclo solar seguinte, de modo que 

o mesmo ciclo magnético só se repete após 22 anos. Assim, se a 

polar i dada magnética precedente no hemi s!ér i o norte em um ciclo 

for positiva ou norte, como ocorreu em 1937 (ciclo de número 17) 

no ciclo seguint-e C18) será negat-iva ou sul. Desse modo, em t-odos 

os ciclos pares, o hemis!ério norte terá polaridade precedente 

negat-iva ou sul e o hemi s:fér i o sul terá polaridade precedent-e 

positiva ou norte, ocorrendo o oposto nos ciclos impares . 
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Aci.ma., curvo. do número de ma.ncha.s sola.res; a.ba.i.xo, mi..gra.çã.o 

dos grupos de manchas e sua polari.dade magnát.i.ca . 

Lei de Joy = "Joy' s 1 aw" Joy mostrou que o eixo de grupos de 

manchas tem uma inclinação média de 5, 6 o em relação à 1 i nha 

leste-oeste, com a mancha precedente mais próxima do equador 

solar, ao estudar 2633 grupos de manchas desenhados por Carringt-on 

e Sporer. CZirin, 1988, p. 307) 

Limbo = "limb" - contorno de um astro; o limite do disco solar, 

correspondendo ao nivel em que a atmos:fera do Sol se torna 

transparente para a luz visivel . 

Linha neutra = "neut-ral 1 i ne" - equivalent-e a "1 i nha de inversão 

de polaridade magnética". 
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Linha de inversão de polaridade magnéLica = "magneLic inversion 

line" limite entre duas regi~es de polaridade magnética inversa, 

que, em projeção, se identi~ica como uma linha ' onde a compo~ente 

longitudinal do campo magnético se anula; os campos magnéticos são 

geralmente transversais e é comum a presença de ~ilamentos . 

LongiLude de alta atividade = "acLive longitude" - longiLudes do 

Sol onde a recorrência de regi~es de ~luxo emergente é muito 

freqüente e a probabilidade de ~armação de regiões ativas é maior, 

gerando complexos de aLividade . 

LongiLude CarringLon "Carr i ngLon 1 ongi Lude" um si sLema de 

longiLudes ~ixas que roLa com o Sol, ' geral menLe C mas 

imprecisamente) usado como longitude heliográ~ica . 

Longitude heliográ~ica = "heliographic longitude" sistema de 

longitude que gira em uma razão ~ixa de 13,2°/dia Cvalor médio da 

rotação do meridiano central observado com manchas solares) . 

Macroespiculas = "macrospicules" - espiculas giganLes que Lem sido 

observadas na região polar da atmos~era solar. 

de altura em poucos minutos, quaL r o vezes 

Atingem 40 000 km 
t 

superior que as 

espi cul as comuns; seu Lempo de vi da é mais 1 ongo, de 40 a 50 

minutos; sua Lemperatura média é de 50 000 K . 

i.ma.gem em He:n: 904 A moslra. ma.croespí.cula.s em ambos polos 

Mácula = "macula" Cdo latim, signi~ica mancha) uma mancha escura 

no Sol .ou em outro corpo 1 umi noso; termo ~ora de uso . 

Magnetógra~o = "magnetograph" aparelho para medir o campo 

magnético; instrumento para mapear o campo magnético do Sol 

baseado no e~eito Zeeman . 

Magnetograma = "magnetogram" - grá~ico da amplitude de uma ou mais 

componentes do campo magnético, em runção do tempo ou do espaço . 
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Magnet-ogramas solares são mapas da int-ensidade e polaridade do 

campo magnét-ico solar, geralment-e da componente longitudinal na 

fotosfera, obtidos através da diferença em · int-ensidade das 

component-es com polarização circular oposta originadas devido ao 

efeito Zeeman longitudinal. Como os magnet-ógraf_os detet-am o campo 

magnético integrado para a resolução efetiva do inst-rument-o, o 

valor obt-ido é o fluxo magnét-ico naquele el ement-a de área C em 

geral cerca de 1" x 1 "). Há indicias, obtidos at-ravés da 

comparação de diversas linhas espect-rais, que os campos magnét-icos 

reais est-ão concentrados em estruturas muito menores que atingem 

kilogauss. Geralmente a polaridade negat-iva ou sul é represent-ada 

em negro e a positiva ou norte em branco, sendo a intensidade do 

campo longit-udinal indicada pelos niveis de cinza, at-é um máximo 

de branco ou de negro . 

Magnelograma do Sot. i.nlei.ro . 

Malha = "network" - est-rut-ura celular cujo diâmet-ro médio é cerca 

de 30 000 km, prevalent-e na super:Iicie do Sol e que é marcada 

por diferenças de brilho na fotosfera observadas em algumas linhas 

de a bsorção, formando a malha :Iot-os:Iérica, ou em diversas linhas 

cromosféricas ou da região d e trans ição CHcx, H e K do Caii e 

out-ras), corres"pondendo à malha cromosférica. Est- á r elacionada com 

a supergranulação, um padrão de conveção observável at-I-avés de 
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dopplergi-amas e que arrast.a os campos magnét.icos para as boi- das 

das células. onde se acumulam • formando um padrão celul ar. 

geralment.e fragment.ado. de campos magnét.icos mais int.ensos. sendo 

então chamada malha magnética. A correspondência entre a malha 

magnét. ica e a supergranulação é mais notável nas regiões em que o 

fluxo magnético é mais intenso. Nos centros de atividade a malha 

magnética fica bem delineada. sendo chamada malha intensificada 

C "enhancéd nelwork "). A malha pode ser discernida faci 1 mente nas 

imagens. como no magnet.ograma acima . 

Mancha sol ar = "sunspot." região escura. por t.er . t.emperat.ura 

inferior e irradiar menos que o rest.o da fot.osrera. de forma 

ar redonda da e poucos milhares de quilómelros de diâmetro. ~ a mais 

not.ável inomogeneidade na fotosfera do Sol e corresponde aos mai s 

a ltos campos magnéli c os rolosrér i c os. entre 2000 e 3500 gauss 

CBray e Loughhead. 1965) . Geralment.e surge em grupos com est.rut.ura 

dipolar e associada a outros element.os. formando as r egiões 

al i vas. Sua duração varia entre poucas horas. para os pequenos 

poros. e várias rot.ações sol ares, p;:u-a as grandes manc has com 

penumbra, que chegam a dezenas de milhares de km . 
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Máxi mo Medi eval "Medieval Max imum" ou "Grand Maximum" - peri odo 

de 1120 a 1280 AD em que o númer o de manchas no Sol ter i a si do 

ext r aordinariamente grande e que ter i a cor respondi do a um cli ma 

bastante quente . 

Máx imo solar = "solar maximum" época do ciclo sol ar em que o 

número médio mensal de manchas solares atinge o máximo. Os mais 

recentes ocorreram em dezembro de 1979 e em julho de 1989. Esse 

máxi mo teve outro pico no lo semestre de 1990 e foi o que teve 

subida mais repentina . 

Mesogranulação "mesogranul a Li o n" uma esLruLur a cel ul a r 

t.amanho intermediário entre a granulação e a s upergranulação 

(escala de 7 Mm) descoberta por November et al. (1·981) . Analisando 

dopplergramas, Wang C1989) encontra estrutura nessa escala. mas o 

padrão de velocidades não most.ra propriedades compat.iveis com 

convecção celular e não se mantém coerente por mai s de uma hora . 

Usando fotometria bidimensional de espectrogramas e fotografias 

diret.as da granulação, Abdussamatov C1993) acha distri bui ção 

espacial est.at.i st.i cament.e não h omogênea dos g rânulos e gr·andes 

aglomei-ados granulares em celulas mesogranulares d e 6 a 9 " . 

Mini mo de Maunder = " Mauder mini mum" - per iodo de 1645 a 1715 em 

que o númer o de manchas registr adas foi muito ~­pequeno , conforme 

descoberto por Ma under em 1893 . Out.ros indices, como a ocorrência 

de a uroras confirmam que atividade solar foi muit o reduzida. Há 

indicias que fenómenos semelhantes ocorreram em outras épocas e 

que esses longos periodos de inatividade do sol est.ão relacionados 

com variações climáticas na Terra . 
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Mini mo de Sporer - per i odo entre 1400 e 1510, em que o número de 

manchas no Sol teria sido muito reduzido . 

Mini mo sol ar "solar minimum" - quando o núme ro médio mensal de 

manchas é minino. Os minimos regul a r es se sucedem em intervalos de 
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cerca de 11 anos, seguindo o ciclo sol ar. Os últimos mini mos 

regulares ocorreram em junho de 1976 e em setembro de l986 . Também 

se denomina "minimo" a periodos mais extensos, compreendendo 

muitos ciclos, quando as manchas só muito raramente seriam 

detetadas, de modo que a própria ocorrência do ciclo se tornaria 

diricil de identiricar: veja Minimo de Maunder ou de Sporer . 

Cogita-se que esses periodos correspondem a épocas de clima muito 

rigoroso, em que as geleiras avançam . 

Moustache termo rrancês para bomba de Ellerman ·, baseado na 

aparência da linha espectral, que parece um bigode Cmoustache, em 

francês), por ter maior intensidade nas asas . 

Núcleo da rulguração = "flare kernel" - component..e muito compacta 

e brilhante em H~. correspondendo à região onde há maior emissão 

de raios-X duros e ao local onde a rulguração inicia. Em H~ a 

emissão desses núcleos geralmente tem duração curta, mas se renova 

à medida que as bandas da rulguração se espraiam. Ela pode ser t..ão 

intensa quanto à das duas raixas extensas de emissão . 

Número de Wol f "Wol f number" termo hist..órico para número de 

manchas solares, originário do procedimento geral !que R . 

inic iou em 1849 para computar o número de manchas no sol . 

Wolf 

Número de manchas solares "sunspoL number" R - indice diário 

de atividade solar, definido como R = k C10 g + s) onde 

s número de manchas individuais 

g = número de grupos de manchas e 

k depende do observatório C = 1 para Zurique) 

Número médio C mensal ou anual) de manchas solares = C ' 'monthly'' ou 

" annual") "mean sunspot.. number " indice de atividade média , 

obt ido a partir de R, mas considerando a média mensal ou anual . 

Número alisado de manchas sol ares "smoothed sunspot number" 

média ponderada, obtida considerando tant..o o periodo vigent.. e 

(geralmente mensal), como o que antecede e o que segue, aos quais 

é atribuido peso menor. O valor médio nos últimos ciclos do número 

máximo de manchas no Sol foi 116 ± 37 anos . 
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Número do ciclo solar = " solar cycle number" números sucessivos 

at.ribuidos ao ciclo solar, começando arbit.rariament.e pelo que t.eve 

máximo em junho de 1761 . 

Q nda Mor et.on "Moret.on wave ou " blast. wave" ou "f'-lare wave " -

dist.úrbio que se propaga horizont.alment.e na at.mosf'era solar como 

uma Írent.e brilhant.e de emissão dif'usa, após uma f'ulgur ação 

intensa . Desloca-se ao longo do disco solar com velocidade tipica 

de 1000 km/s, sendo mais f'acilmente detetada na asa da linha Ho . 

Pode causar a erupção d~ f'ilamentos no seu caminho . 

penumbra = "penumbra" - componente das manchas solares maior es , é 

uma região de brilho intermediário na perif'eria da umbra . Tem 

estrutura radial, com longas f'ibril as escuras e brilhantes que 

partem da umbra, delineando os campos magnéticos divergentes . 

Tende a ser simetrica nas manchas maiores, mas pode ser 

assimetrica, envolvend6 só um lado, nas manchas menores e 

irregulares . Observe a penumbra na ilustração da mancha solar . 

Periodo de Gleissberg ou periodo de 90 anos - componente periódico 

com duração aproximada de 90 anos que modularia o ciclo solar, 

f'azendo que o número máximo de manchas de ciclos ~cessivos seja 

dif'erente, alternando-se em cerca de 8 ciclos de 11,2 anos. Alguns 

atribuem 80 anos a esse per-iodo. Outros per-iodos também se 

salientam nos periodogramas : 5, 8, 10, 22 e 180 anos . 

Pernas "legs" - parte inf'erior, quase radial e pouco curva dos 

arcos ou das protuberàncias, na qual geralmente desce matéria, que 

atinge a f'otosf'era nos "pés" . 

Pés "f'ootpoints" pontos, geralmente brilhantes, que mar cam a 

interseção das pernas dos arcos ou aros com a f'otosf' era . 

Plaga termo adaptado do f'rancês; veja plage. 

Plaga f'acular sinónimo de f'ácula de região aliva; ver plage. 

Plage "plage" Csignif'ica prai a em f'rancês) zona brilhante de 

f' o r ma i r regular , em regi eíes a ti v as, que pode ser observa da nos 
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núcleos cen~rais das linhas, em ex~ensa ~aixa de comprimen~os de 

onda, ~ais como Ha e H~, H e K doCa II . Sua aparência na diversas 

regiões da mesma linha di~ere bas~an~e : são brilhan~es no cen~ro 

de Ha, mas ~ornam-se escuras em relação aos arredores nas asas 

dessa 1 i nha; em H(3 são sempre escuras em relação às regi ões 

viz inhas. Podem se re~er i r às ~áculas C no ~rancês "plage 

fac ul a i r e") em observações nas linhas cromos~éricas e em regiões 

a~ivas , sendo sinónimo de ~áculas de regiões a~ivas. Mas ~ambém 

podem significar elemen~os da ~áculas, correspondendo então a cada 

uma das concen~rações de campo magné~ico su~icien~emenle intensas 

para parecer dis~inlamenle brilhantes na cromosfera, ma s não tão 

concen"Lradas que ~orme manchas ou poros . Nessa concei~uação, as 

fác ul as c romo sféricas das regiões a~ivas seriam um conjun~o d e 

plages; as d e mais fáculas seriam um conjun~o de elemen~os d a malha 

in~ensi~icada . En~re~an~o. não há uma separação bem de~inida en~re 

elas, pois a malha i n~ensi ~i cada é formada principal men~e pelos 

remanescen~es de regiões a~i vas que 1 en~amen~e se dispersam; a 

própria fácula polar ~ambém ~eria origem nos campos magné~icos de 

regiões a~ivas, que ~endem a migrar em direção aos polos. 

Observando um fil~rograma de disco inteiro, entretanto, é fácil 

notar a di~erença de in~ensidade dos dois tipos de ~áculas, as das 

regi ões a~ivas e as do res~o do disco. Modernamenle u sa-se o l ermo 

para emi ssão em todas regiões do espec~ro, correspondendo às 

várias alturas da almos~era. A plage em raios X, "X-t-ay plage " e a 

plage em rádio, " radio plage " , ocorrem em al~uras coron a is b aixas; 

as de ondas métricas, na coroa mais distante . 

Espectroheli.ogra.ma.s na. li.nha. de cá.lci.o mostram a. va.1· i.o.ção 

em á.rea. e la.ti.tude nos di.ferentes está.gi.os do 

i.ndi. ca.dos pela. curva. i.nferi.or 
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Plaget.e = "plaget.t.e" - pequena plage, geralment.e menos brilhant-e~ 

lermo usado como diminut.ivo de plage; as caract.erist.icas são 

comuns . 

Pluma polar = "polar plume" - est.rut.ura da coroa solar que const.a 

de filament.os finos que part.em 

dos polos e se ext.endem 

radialment-e, divergindo leve-

ment.e ao seguir o campo 

magnét.ico geral do sol . 

Pont.e de luz = "light. bridge" uma faixa 1 umi nos a est.r e i t.a que 

penet.ra ou cruza a umbra de uma mancha solar, observada em 1 uz 

branca. Geralment.e se desen-

volve lent.ament.e e dura vários 

di as, sendo sinal de di vi são 

da mancha e dissolução da 

região. As mais brilhant.es 

ocorrem na f as e mais a t.i v a do 

grupo de manchas, associadas a 

plages brilhant-es . 

t, 
Pont.o Brilhant.e = "bright. point." - element.o brilhant-e no limit.e de 

resolução do inst.rument.o; como a resolução depende do compriment-o 

de onda e do inst.rument.o, não se lrat.am usualment.e do mesmo 

fenómeno. Em Ha, um t.ransient.e de á<ea meno< que 20 milionésimos 

do hemisfério solar. Pontos brilhantes em K t.ambém são 
Zv 

denominados grãos Cgrains), est.at.ist.icament.e t.em propriedades 

semelhant.es aos grãos escuros em Ha; logo pont.os brilhant.es em K 
Zv 

correponderiam a element.os escuros e não aos pont.os brilhant.es em 

Ha; a emissão ou ocorre em K ou em K 
Zv Zr 

rarament.e em ambas as 

asas . 

Pont.o brilhant.e em raios X = "X-ray bright. point." - observados com 

o Skyl ab e inst.rumept.os em foguet.es, ocorrem em t.odo o Sol, 

inclusive nos buracos coronais. Sua correspondência com out.ros 

fenómenos ainda não foi bem est-abelecida; a resolução em raios X é 

inferior. Inicialment-e foram ident.ificados com regiBes efêmeras, 

pois em muit.os casos correspondiam a element.os dipolares nos 

magnet.ogr amas e t.i nham duração de várias horas ou poucos di as, 

compat.ivel com as regiBes' efêmeras. Mais t.arde verificou-se que em 
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geral não eram regieíes ef'êmeras verdadadeiras. mas " encont.ros" de 

element.os de polaridade opost.a de origens diversas. inclusive 

casos em que um dos polos de região ef'êmera se aproximava de 

element.os de polaridade opost.a. mas ainda não sabemos as 

circunst.âncias que levam à liberação de energia em raios X. Na 

ilust.ração do buraco coronal podemos ver os pont.os brilhant.es . 

Poro = "pore" manchas sem penumbra. pequenas C 1 " a 3 ") • mais 

escuras que os espaços escuros int.ergranulares. Tem curt.a duração 

C dezenas a poucas cent.enas de mi nut.os). podendo aument.ar e se 

t.ransf'ormar em uma mancha com penumbra ou diminuir e desaparecer . 

Praia ver plage . 

Preaqueciment.o = "preheat.ing" - aqueciment.o gradual do plasma que 

ant.ecede uma f'ulguração . 

Precedente ou lider = "preceeding". Part.e da f'rent.e ou a oest.e de 

uma região at.iva. t.endo como ref'erência o moviment.o de rot.ação do 

Sol; a polaridade magnét.ica a ela correspondent.e. t.endo em vist.a a 

orient.ação usual do ciclo solar vigent.e. que é opost.a em cada 

hemisf'ério e se alt.erna em ciclos .cons~cut.ivos. conf'orme a lei de 

Hale . 

Nf 

20 

lO 

20 NN 

N S N N 
li N 

JAM , 
IH 'I 

Polaridade magnéti.ca e lati.t.ude para manchas p <precedentes> . 

Precursor = "precursor" - at.ividade nas imediaçBes do local onde 

uma f'ulguração irá ocorre~ • ant.ecedendo a f'ase i mpul si va que 

caract.eriza seu inicio. A at.ivação de prot-uberâncias. que 

corresponde à elevação gradual do f'ilamenlo e ou sua oscilação 

Cf'ilament.o piscando) é o mais reconhecido. Também são arrolados: 
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campos magné'li c os ci sal hados, movi men'lo rápido e não usual das 

manchas, brilho excessivo na região . 

Pré-fulguração = "pre-flare" - es'lágio da região a'l.iva que leva 

necessariamen'le à ocorrência de uma fulguração; processo gradual 

que cria as condiç~es para a ocorrência pos'lerior da fulguração . 

Envolve invariavelmen'le regi~es a'livas, por'lan'lo campos magné'licos 

in'lensos e aquecimen'lo do plasma. Nessa fase é observada a len~a 

ascenção do meio ou de um dos ex~remos do filamen'lo, acompanhada 

do aumen~o de absorção. Além disso arrola-se: emergência de fluxo 

magné'lico, rápido movimen'lo de manchas solares, "cisalhamen~o" dos 

campos magné'li c os e cancel amen'lo dos campos magné'li c os j un'lo à 

linha de inversão de polaridade. Há pouco consenso . de quais desses 

são necessários ou suficien'les para levar à fulguração, de modo 

que processos 'lidos como precursores 'lambém são lis'lados como 

pré-fulguração. En'lre'lan'lo, os 'lermos 'lem um sen'lido bas'lan'le 

dis'lin'lo, pois o precursor es'lá es'la'lls'licamen'le ligado à 

fulguração, mas não necessàriamen'le indica que ela ocorrerá . 

Proeminências C'lermo derivado do inglês) pro'luberâncias . 

Pro'luberâncias = "prominences" regieíes brilhan~es que se 

proje'lam acima do disco solar, podendo a'lingir alt!uras de a'lé 

300.000 km, sendo visiveis duran'le eclipses ou com o uso de 

espec~roscópio. Como seu espec'lro se assemelha ao da cromosfera, 

algumas vezes são consideradas fenómenos comosféricos, mas pela 

sua al'lura ocorrem na coroa. Podem subsis'lir por várias ro'laçeíes 

solares, mesmo após 'lodas as manchas de uma região a~iva ~erem 

desvanecido. As pro'luberâncias vis'las con'lra o fundo escuro do céu 

são brilhan'les; os filamen'los proje'lados sobre a fo'losfera 

brilhan'le parecem escuros. mas ambos são o mesmo fenómeno . 

Observacionalmen'le. qualquer es'lru'lura brilhan'le que se proje'le 

acima do limbo poderá ser denominada pro'luberância, mesmo que se 

~ra'le de ma~éria eje~ada por uma fulguração e não ~enha a 

es'lrutura nem a configuração magné~ica de uma pro~uberância 

~ipica, que será vista como filamento no disco. Por isso os dois 

termos continuam a ser usados. Em ambos os casos só podemos ver a 

projeção em duas dimens~es, mas os dados se completam: à medida 

que o Sol rota, o plano de projeção vai se al'lerando, o que revela 

seus diversos aspectos: a medida que a protuberância brilhante se 

proje~a no disco vai surgindo um filamen'lo escuro. Vista de cima, 
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como filamen~o no cen~ro do disco. parece uma longa fibra; vis~a 

no limbo mos~ra uma es~ru~ura de arcos, com ou~ros componen~es que 

delineiam uma es~ru~ura complexa e diversificada . Algumas vezes 

~em limi~es mais definidos e uniformes na par~e superior. e são 

mais irregulares na par~e inferior, onde descem projeções ou 

pernas C " legs " ) ao longo d os arcos mais de:finidos. mas ou~r·as 

vezes ~em arcos in:feriores bem delineados e uma es~rutura superior 

em cortina . que se eleva verticalmente. Geralmente mostram conti­

nuidade com a estrutura cromos:férica. com base na fotos:fera. onde 

estariam os pés Cfoo~poin~s). mas alguns arcos não est..ão preen­

chidos de ma~éria visivel a~é a base. Uma pro~uberância bem desen­

volvida tem cerca de 200 000 km de ex~ensão, 40 000 km de altura e 

menos de 6 000 km de espessura . CKiepenheuer. p.395) A con:figura­

ção magnéti c a da :fotos:fera indica que os :filamentos estão acima da 

linha de inversão de polaridade. em zona de baixo campo magnético 

radial, denominada "canal de :filamento", onde os campos magnéticos 

são predominantemente tranversais e ao longo do filamento . 

Pro~uberância a~iva = "ac~ive prominence" - pro~uberância que está 

se al~erando rápidamen~e o u oscilando. indicando provável erupção 

em breve . 

.t 
Protuberância em aro = "loop prominence" ou " flare loop " ou "post-

flare loop" - o mesmo que aro pós-fulguração) 

Protuberância eruptiva = "eruptive prominence " - protuberância que 

erupciona durante uma fulguração. A diferença en~re borri:fos e 

protuberâncias erup~i vas no 1 i mbo não é fáci 1. mas enquanto os 

borrifos tendem a alcançar a velocidade de escape caracteristica 

den~ro de um ou dois minu~os após o inicio do fenómeno. as 

protuberâncias eruptivas começam a ascender lentamente e acelerar 

para altas velocidades apenas numa :fase posterior . Ent..re~an~o. 

quando muitos eventos são estudados, parece haver uma ~ransição 

continua entre esses dois tipos de erupção CSvestka. 1981. p.111) . 

Tandberg- Hansen, Martin e Hansen (1980) concluiram que a maioria 

dos borrifos ~em origem em protuberâncias em erupção CMartin • 

1989) . 

Protuberância eruptiva no limbo = " erup~ive prominence on limb" 

CEPL) - uma protuberância solar é ativada e ascende além do limbo . 

53 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Uma. protuberâ.nc~o. erupc~ona. além do di.sco nurno. fulguração. 

P o. t·a. ressaltar a. pro tuberâ.nci.a.. que é mui.l o menos que o 

di.sco soLar. é fei.la. uma. composi.ção com i.rno.gens do 

i..nl.ens o.. 

di.sco do 

li.nha. perl metro do Sol ern diferentes tempos de exposi.çã.o, ambas na. 

HC(. As outras protuberâ.nci.a.s se projetam pouco além do d~sco; 

fulguração 

no 

di.sco elas correspondem aos fi.. lamentos 

mui.to bri.lhante em contraste com 

br ~ L hantes sã.o p Lages. 

Elementos escuros em contraste com o di.sco: 

manchas solares redondas <junto a plages>; 

filamentos <longos e bem escuros>; 

fi.bri.Las (mai.s curto s e com pouco contraste> 

Elementos ma~s brilha ntes que o di.sco: 

plages 

fulguração 

Nota- se globalmente na imagem: 

o 

escurecimento do li.mbo <decréscimo 

lum~nosa do centro para o bordo>. 

duas zonas paral elas ao equador solar 

bri.Lhantes <plages>; 

escuros . 

di.sco. 

gradual 

<zonas 

os fi.Lamentos sõ.o ma~s Longos e mudam de 

o.proxi.mam do polo . 
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Prot.uberância quiescent.e = "quiescent. prominence'' as 

prot.uberâncias mais persist.ent.es, que sof'rem menos al .t.eraçeíes e 

que podem durar até 6 ou 8 rotações. Tem f'orma de funis 

C"funnels") ou aros C"loops") quando associadas ?- manchas solares 

CBray e Loughhead, p. 253) ou de cortina C "curtain"), t.roncos de 

árvores C "tree trunks"), árvores C "tree"), sebes C "hedgerows"), 

arcos C"arches") ou montes C"mounds") que se extendem por centenas 

de milhares de km no disco solar. Os elementos individuais estão 

em const.ant.e movimento, deslocando-se ao longo dos arcos, embora a 

forma geral da protuberância se mant.enha estável. Elas devem ser 

sust.ent.adas primordialmente pelos campos magnét.icos, o que se 

depreende não só por sua forma, como pelo est.udo dos longos 

filamentos escuros vi si veis no disco, que t.em uma configuração 

magnét.ica bem determinada e são o mesmo fenómeno em diferent.e 

perspectiva. A ilustração a seguir mostra um exemplo de protube­

rância quiescent.e . 

Qui esc ente = "qui escent" referent.e à f'ase pouco at.i va de um 

fenómeno sol ar protuberância quiescent.e é aquela que most.ra 

pouco moviment.o em larga escala e se mant.ém por longos periodos 

(meses) sem alt.eraçeíes not.áveis. Ocorre em áreas de Sol quiet.o, 

entre regiões ativas ou em alt.as lat.it.udes solares onde regieíes 
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ativas raramente surgem. Note-se que "quiescente" se ref'ere a uma 

f'ase ou época, enquanto "quieto" se ref'ere a local . 

Quieto = "qui et" ref'erente à qualquer zona do" Sol não ocupada 

por regiões ativas, isto é, onde manchas e f'enómenos relacionados 

estão ausentes e os campos magnéticos são mais f'racos. Também se 

aplica aos f'enómenos que ocorrem em toda a superficie do Sol, 

independente da fase do · ciclo solar. Inclue regiões de alta 

latitude ou muito próximas do Equador solar onde nunca há regiões 

a t-i v as, bem como as 1 at-itude inter medi á r i a, nas 1 ongi t udes onde 

não hajam regiões ativas no moment-o. O termo "quieto", usado em 

oposição a "at-ivo", most-ra-se inadequado, pois os element-os se 

alteram muito rapidamente·, devido às oscilações de 5 minutos e aos 

padrões de convecção. Os campos magnéticos fracos ' fora das regiões 

ativas estão em constante alteração . São considerados do "sol 

quieto" os f'enómenos que ocorrem em todas as latitudes, 

independente da fase do ciclo solar, o que inclue regiões ativas 

ef'êmeras cuja vida média é de poucas horas, rarament-e aparecendo 

no dia seguinte, e que não chegam a formar manchas. Sua variação 

em latitude e durante o ciclo solar é bem mais regular que a dos 

fenómenos caracteristicos das regiões ativas, mas ainda não foi 

estabelecido um critério que mostre um comportameDto bimodal das 

regiões ativas normais e efêmeras . 

R - número de manchas solares visiveis em determinado instante . 

R número máximo de manchas atribuído a um ciclo solar. 
max 

Reações nucleares em f'ulgurações = "nuclear reactions in !'lares" -

linhas atribuidas a várias reações nucleares são observadas em 

raios X· . a mais brilhante geralmente ocorre em 2,2 MeV, emitida 

quando neutrons são capturados por protons para formar deut.erons . 

Rede = malha Cfotosférica, cromosférica ou magnética) 

Região ativa = "active region" - tradicionalmente, qualquer parte 

da at-mosfera solar que exibe excesso de emissão Ha. Zona onde está 

ocorrendo a formação de manchas solares e demais fenómenos 

caract.erist.icos da atiyidade solar, como f'áculas Cem luz branca), 

plages, f'ulgurações, protuberâncias Cnas linhas cromosf'éricas) e 

emissão nas diversas f'aixas do espectro, que estão associados a 

56 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

i nten'sos campos magnéticos. Forma estrutura magnética dipolar, 

ger a.l mente orientada quase par al el amente ao equador sol ar. Uma 

região ativa tipica contém uma ou mais manchas, mas, mesmo antes 

de formar manchas, fica extremamente brilhanté. Nessa fase é 

denominada região de fluxo emergente. Na parte precedente 

geralmente se formam as manchas maiores e mais estáveis. Em alguns 

casos, novas regi eíes de fluxo emergente surgem nas i medi açeíes, 

a ument a ndo a duração e tamanho do conjunto, que pode se tornar um 

complex o de atividade e sobreviver por várias rotaçeíes solares. Em 

g eral, as manchas diminuem e se !ragmentam, restando inicialmente 

a lguns por os e f i nal mente apenas uma ·pl age di polar , que vai se 

e spalhando devido à convecção e à circulação meridional, at é se 

tornar indistinguivel das outras partes da superficie, formando 

g randes áreas unipolares . Não há um critério · consensual para 

distinguir regieíes ativas de regieíes efêmeras, que foram 

inicialmente denominadas regieíes ativas efêmeras , Cephemeral active 

regions), mas que, na medida que ocorrem em toda a superficie do 

s ol e em todas as fases do ciclo, tendem a ser classificadas como 

fenómeno de sol "quieto" . 

Região de fluxo emergente = "emerging flux region" - EFR - a fase 

de crescimento de uma região ativa, caracterizada em Hot p e la 

presença de 

ligados por 

uma plage dipolar brilhante com 

sistemas de filamentos em arco. 

os polos opostos 
! 

Os magnetogramas 

revelam grupos organizados de dipolos elementares . 

Região de protuberância ativa porção do limbo solar onde se 

deslocam protuberâncias ativas. CMourão 1987) 
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Região e:fêmera = " ephemeral region " ER -região at.i va de curt.a 

duração. Foram classi:ficadas inicialment.e como :fáculas bipolares 

na linha de Cálcio com menos de dois dias de duração, mas 

a t.rairam maior at.enção quando observadas em magnet.ogramas como 

bipolos com :fluxo magnét.ico da ordem de 10
18 

Mx e pequenas 

dimensões . Geralment.e não at.ingem o est.ágio de :formarem manchas 

ou poros, mas podem most.rar car á t.er complexo, cont.endo múlt.iplos 

pol os magnét.i cos como a região d. Tendo si do de:fi ni das por sua 

duração, incluem casos com poros em um ou ambos os polos 

magnét.icos. Sua dist.ribuição inclui alt.as lat.it.udes, ao coQtrário 

das regiões at.ivas t.ipicas, sendo at.é classi:ficadas como 

caract.erist.icas do "sol quiet.o " , apesar de não t.er sido enc ont.rado 

crit.ério independent.e capaz de dist.ingui-las das demais regiões 

at.ivas . A seguir most.ramos um magnet.ograma com pequenas regiões 

e:fêmeras e com dipolos em cancelament.o; as inversões pret.o/ branco 

represent.am campos mais int.ensos. Uma mont.agem de magnet.ogr amas 

com a evol uç ão de uma reg i ão e :f êmer a complexa es t. á em di pol os 

magnét.icos element.ares . 

Magnet.ograma com pequenas regi.ões e f ê meras , i.ndi.cadas p or E 

que podem ser confundi.das com di.polos em cancelamento <C> 
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Região M = "M region" - região do Sol designada por J. Bast.el s , 

q ue seria responsável pela produção de dist.úrbios magnét.icos 

recorrent.es no periodo sinódico de rot.ação solar, mas que não 

e st.ava associada a manchas ou qualquer out.ro fenómeno visivel no 

Sol . Corresponde aos buracos coronais observados em raios X . 

Relâmpago "flash" (procure espect.ro relâmpago para "rlash 

s pect.rum") r as e em que há um rápido aument.o na i nt.ensi dade e 

largura da linha Ho.; dura t.ipicament.e 3 minut.os. Priest. C1981) 

alert.a que a fase relâmpago não deve ser conrundida com a rase 

explosi va , pais nessa úl t.i ma há um aument.o não usual na área da 

fulguração, sendo a mesma ext.remament.e rara . 

Roset.a = "roset.t.e " - conjunt.os de ribrilas que se ext.endem radial­

ment-e a part.ir de um element.o da malha, em região de campos magné­

Licos fracos . Ãs vezes quase circulares, em out.ras são assimét.ri­

cas, parecendo t.er a forma de comet.a . 

Rot.ação diferencial " di ffer ent.i al r ot.a t.i on " DR padrão de 

rot.ação dependent.e da lat.i t.ude, que é observado no Sol e out.ros 

corpos gasosos. A rot.ação é mais rápida no Equador Sol a r, onde o 

periodo Csinódico) é de cerca de 25 dias, e mai s l e nt.a e m 

lat.it.udes maiores, chegando a at.ingir 34 dias no equado r solar. Os 

parâmet.ros da rot.ação como !unção da lat.it.ude ~ 
4 

A 
2 

+ B sen ~ + 

C sen ~ dependem do renómeno t.r a çador , s e ndo: 

A 14,38 

A 14,4 

A = 14,37 

A= 14,24 

B 

B 

B 

B 

= 
2,80 c 

1 '5 c 
2,30 C= 

0,4 c = 

o para manchas solares; 

o para rilament.os; 

1,62 para campos magnét.icos ; 

o para buracos coronais. 

Ruga = "crinkle" - pequena est.rut.ura brilhant.e em U, mai s not.áve l 

na asa da linha Ho., em fot.ografias de excepcional qualidade . Seu 

conjunt.o forma a fi l igrana e dá um aspe ct.o difuso à granulação n a s 

regiões da malha em que se concent.r am os campos magné t.i c os . São 

levement.e menores que os grânulos . 
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Rudiment.ar "rudiment.ary" t.ipo de penumbra caract.erizada 

umaest.rut.ura granular de pouca ext.ensão e incomplet.a, que 

c hega a r o dear a umbra. Ocorre nas f' ases de decaimel'lt.o 

formação da penumbra. Penumbra rudiment.ar pode ser vist.a 

ilus t.r ação de mancha solar . 

por 

n ã o 

de 

na 

S a lpico "mot.t.le" est.rut.uras cromosf'éricas alongadas 

irregul a res que, vist.as cont.ra o disco em Hcx, t.ant.o podem ser 

brilha n t. es como escuras . Seriam correspondent.es aos espiculos , que 

a par ecem n o limbo, pois t.em dist.ribuição de v el o cidades 

semelhant.e, que indica mat. é ria que é ejet.ada e r et.or n a , e m 

princ ipi o ao longo de uma linha de campo magnét.ico. A dist.ribuição 

de veloc idades inf'erida para ambas as est.rut.uras é semelhant.e, mas 

análi ses cuidadosas most.ram que não há ajust.e perf'eit.o, o que 

deixa o problema em abert.o. Os sal picos f'ormam uma est.rut.ura que 

delinei a a malha cromosférica . 

f , 

:S:o.Lpi.cos no. asa. vermelha. da. li.nha do hi.drogê ni.o ( HO: + 1 A> 

S at.élit.es "sat.elit.e" ref'erent.e a manchas solares que s ã o 

pequenas e se encont.ram nos arredores de uma mancha grande . 

S eguidor a = "f'oll owi ng " , part.e da r e gião at.iva que segue ou fica 

a t.rás e m relação ao moviment.o de rot.aç ã o solar; t.ambém se ref'ere à 

polaridade magnét.ica correspondent.e . 

• SID = "sudden ionospheric dist.urbanc e " dist.úrbio i onosféz- i c o 

• repent.i no . 

• • Si st.ema de f' i 1 ament.os em arco = " ar c h f' i 1 ament. syst.em" AFR 

• conjunt.o de f'ilament.os que f'ormam arcos quase paralelos, com alt.o 

• c ont.rast.e, que surgem nas regie:íes de f'luxo emergent.e ligando a s 

• • • • • 
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polaridades magné~icas opos~as, delineadas por plages brilhan~es . 

O s i s~ema se man~ém enquan~o o f' 1 uxo magné~i co es~á aumen~ando 

C novos di pol os emergem na mesma região) , mas · cada um dos ar c o s 

individuais ~em cur~a duraçâo. Os novos arcos vão se f' ormando em 

orien~açâo levemen~e dif'eren~e. de modo que o eixo pi- incipa l da 

regiâo a~iva gira . 

Sobressal~o ? aumen~o brusco, em geral de f'raca duração 

Cde or dem do segundo), de in~ensidade de emissão solar no dominio 

das f'reqüências radioelé~ricas . CMourâo 1987) 

Supergranul açâo = "supergranula~ion" - SG - es~ru~ura celul a r c om 

taman h o mé dio da ordem de 30 000 km, c orresponden~e a um padr ão d e 

conveçâo maior que a granulação comum. que pode ser identifi cad o 

diretamente em dopplergramas, mos~r ando velocidades horizon~ai s de 

0 , 3 a 0 ,4 k m/ s. Os campos magné~icos acumulam nas fron~eiras en~re 

as célul as e f'ormam a malha magné~ica, mas os doi s padrôes n ão são 

necessar i amen~e iguais. pois a malha magné~i c a pode não f' i c a r 

s uf'i c i en~emen~e demarcada quando os campos são mui~o f'racos . 

Ta mbém de~ermina o padrão de brilho da cromosf'era C malha 

cromosf'érica) . Nâo f'oram de~e~adas dif'erenças signif'icativas na 

supergranul ação devido à f'ase do ciclo solar ou à loca lização . 
~ . 

Supergrânul o = "supe rgranule " -cada um dos elementos da malha de 

s upergranulaçâo, que dura vári a s hor as ou um dia . 

Surge Csignif'ica vaga ou onda) ~ermo ingl ês que se 

in~ernacionalizou, poi s també m é usado na li~er a~ura especializada 

em f'rancês; veja vaga . 

S uperpenumbra = " superpenumbra" região ao redor das manc h as 

sol a r es a lém da penumbra, que ~em brilho fotosf'éri co normal, n~s 

em Ha mos~ra um anel com 

es~ru~ura radial f'ilamentar . 

A s uperpenumbra é delineada 

por f' i br i 1 as radiais = 

" s u per·penumbral f'ibrils ". O 

padrão ~ende a aumen~ar com 

velocidade ~i pica de 200 

m/ s . 

61 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Tempest.ade geomagnét.ica = "geomagnet.ic st.orm" - dist.út- bio súbi Lo e 

violent.o most.rando variações errát.icas na agulha magnética e 

algumas vezes int-erferência séria nas comunicações de radio, 

Lelégrafos e t.elefone, defeit.os nas linhas de alt.a tensão. Envolve 

Lodo o campo magnét.ico da Terra, distinto das variações diurnas 

regulares, e é geralmente associado à at.ividade no Sol , tais como 

fulgurações e ejeções de massa na coroa . Há um at.raso de cerca de 

um dia ent.re a ocorrência do fenómeno solar e sua consequência na 

Terra, o que corresponde a velocidades da ordem de 1 200 km/ s . 

Correlacionando esses fenómenos encont.ramos duas classes de 

event.os: os que são recorrent-es com a rotação do Sol e 

correspondem a passagem da ext.ensão dos campos magnét.icos abertos 

dos buracos coronais pela Terra, e os dist.úrbios causados pela 

erupção dos campos magnét.icos solares em fulgurações ou ejeções de 

massa na coroa . 

Térmico = " thermal " - diz-se do t.ipo ou component.e da fulguração 

em que o alargamento das linhas é consist.ent.e com a Lemperatura 

média dos elét.rons derivada das razões ent.re as linhas observadas 

n a mesma região espect.ral . 

Transient.e coronal ''coronal t.ransient." mudança rápida na 

coroa, principalment-e plasma se movendo para fora;.t. podem est.ar 

associados a fulgurações . 

Uni polar 
... 
a campos cujos "uni polar " região ext.ensa I-e!ere-se 

magnét.i c os t.em uma polaridade dominante, o que ocorre devi do à 

difusão dos campos magnéticos de cada uma das polaridades de uma 

região ativa por zonas ext.ensas, devido à conveção e às correntes 

mer i di onai s. A malha magnét.ica é bem definida, e a malha 

cromosférica é brilhant.e no centro da linha Ha. e na linha K de 

cálcio. Na asa da linha Ha. a malha pode ser escura, em contraste, 

• e del i mi t.ada por sal picos . Os buracos coronais ocorrem nessas 

• regiões e correspondem a uma est.rut.ura magnét.ica "aber La", que 

• ext.ende no espaço i nt.er pl anet.ár i o C embora necessàriamen t.. e 

• linhas magnét.icas t.enham que ret.ornar ao Sol). 

• s eguir é um magnet.ograma com regiões unipolares . 

• Um magnet.ograma 

• próxima página . 

• • • • • • • 

com regiões uni polares é 
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Va ga = "surge " Csigni:fica vaga ou onda) t. i po de pl- ot. ubel' ânc i a 
~ 

o nde o mat.erial é ejet.ado de modo abrupt.o, p e rma nece colimado e 

ret.orna na mesma 1:..1-ajet.ória, supost.ament.e ao l o ngo de uma linha de 

:força do campo magnét.ico . Det.et.ad o em Ha com vel oc idades Lipicas 

de 5 0 a 200 km/ s, pode Ler :forma linear radi a l ou ser e m :forma de 

leque; às vezes ret.orna em t.rajet.ór·ia paralela à da subida. Sua 

alt.ura máxima varia de 20 000 a 200 000 km e a duração é de 10 a 

30 mi n ut.os. A vaga ser i a precedi da por uma expansão di :f us a de 

part.e de uma :fulguração, ou pel a :formação d e pequena região 

brilhant.e, que vai :ficando t.ranspar e nt.e e desvanecendo n o l ocal 

o nde s urge a prot-uberância . Não há indicios de brilho ao mat.erial 

ret.ornar . Em cont.rast.e com o disco, as vagas podem t.er part.es 

brilha nt.es e part.es escuras, ser t.ot.alment.e escur as "dark surge 

on disk" - DSD, ou brilhant.es = "bright. surges on disk " - BS D, mas 

são sempre brilhant.es no l imbo "bright. surges on limb " BSL -, 

que se movem mais de o, 15 raios solares além do limbo. 

Vagas são muit.o comuns em :fulgurações e se repet.em no mesmo local 

da região at.iva . Pode ocorrer emissão em uv ou raios X 

coi ncident-e . As con:figurações magnét.icas associadas a elas são: 

manchas sat.él i t.es, est.rut.ura Ccon:figuração) magnét.ica evolut.iva e 
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fragmentos magnéticos em movimento . 

Vento sola!~ = " solar wind " fluxo de particulas Cprotons e 

el etrons) e campos magnéticos. que é continuamente gerado nas 

regiôes externas da coroa e se desloca no espaço interplanetário 

com velocidade tipica de 350 km/ s . 

WLF = "white light flare" - fulguração em luz branca 

Zonas reais = "real zones" faixas de latitude intermediária na 

superficie solar Centre 5o e 4Qo) dos dois lados do e~uador. onde 

oco!~ rem as manchas sol ares. Ter mo histórico. usado por Gal i 1 eu e 

Scheiner. São notáveis no diagi~ama borboleta . 
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ABSTRACT 

Our new studies of the quiet sun reveal that ephemeral active 

regions constitute a minority rather than a majority of all the 

short-lived, small-scale bipolar features on the sun. We retain the 

definition of an ephemeral region as a feature which appears to 

originate as a compact bipole and grows as a unit in total flux for at 

least a short time after its birth. In contrast to the recognized 

patterns of growth and decay of ephemeral regions, we illustrate 

various examples of the creation of other temporary bipoles nicknamed 

"pseudo ephemeral regions." We show that the pseudo ephemeral regions 

are the consequence of combinations of small scale dynamic processes of 

the qui e t sun incl uding: (1) fragmenta tion of ne twork magne ti c fiel ds, 
~ 

(2) the separation of opposite polarity halves of ephemeral regions as 

they grow and evolve, and (3) the coalescence of weak network or 

intra-network magnetic fields. In long-exposure videomagnetograms (-1 

min.), having spatial resolution of 2-5 are seconds, the pseudo 

ephemeral regions outnumber the real ephemeral regions by about a 

factor of 2. These new observations offer the possibility of resolving 

the discrepancies that have arisen in the association of ephemeral 

regions with X-ray bright points. We suggest that many X-ray hright 

points may be related to those pseudo ephemeral regions which have 

begun to exhibit magnetic flux loss. We also suggest that vector 

magne tograms should reveal distinct difference s be tween real and pseudo 

ephemeral .regions similar to the differences that are sometimes seen in 

Ha filtergrams. Ha images show the opposite polarities of some 

ephemeral regions to be connected by fibrils or arch filaments. In 

contrast, the pseudo ephemeral regions sometimes reveal a fibril, like 

a small filament, dividing the opposite polarity fields, but no 

well-defined fibrils connecting the opposite polarities • 
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I. IN1RODUCTION 

Ephemeral regions are smal1, short-lived bipo1ar magnetic fields • 

They were recognized and characterized by their short lifetimes in Cal! 

filtergrams years before their magnetic nature became known (llarvey and 

.Martin 1973). Their n.ame was adopted from the tabu1ations of active 

regions in Solar Geophysical Data (SGD); short-lived small Cal! plages 

1 isted for only one.. or two days are designa ted as "ephemeral" (for 

example, see SGD 1963 to 1965). Cal! plages are now more frequently 

called by the more general name "active regions" and hence sma11 Ca 

plage·s are now known as "ephemera1 active regions" or just "eph.emeral 

regions." 

In this paper we clarify the currently recognized properties of 

ephemeral regions as seen in magnetograms and Ha filtergrams, The Ha 

properties of these regions are especially important because lla 

observations are currently our only direct source of information on the 

magnetic field component of ephemeral regions parallel to the solar 

surface; current-day vector magnetographs are not sufficiently 

sensitive to detect most ephemeral regions • 

We further clarify the properties of ephemera1 regions by 

comparing them with other features which can 1ook 1ike cphem e ra1 

regions but do not evo1ve 1ike ephemera1 regions. We ca11 these 

"pseudo" ephemera1 regions • 

II. TIIE DATA 

We have previously shown that 1ong exposure videomagnetograms from 

Big Bear Solar Observatory are effective for studying ephemeral regions 

and other magnetic fields on the quiet sun (Martin 1983). Exposure of 

a videomagnetogram consists of many successive scans of the TV camera 

used as the primary detector in the videomagnetograph. The quiet sun 

images i11ustrated in this paper consist of 1024 or 2048 scans, which 

respectively require scan times of 68 or 138 sec, The final digitized 

image may be recorded both on magnetic tape and as a photographic image 

3 
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from the initial display on a television monitor. Magnetograms in both 

of these formats are illustrated in this paper • 

III. EXAMPLES OF EPHE.MERAL REGIONS AND PSEUDO EPHE.MERAL REGIONS 

The properties by which we define ephemeral regions are 

illustrated by an example in Figure 1. The figure shows small sections 

of a single field of view taken during an 8 hour observing day on 4 

September 1983. The oval in the second frame, 193 O (UT) in the left 

column of images, encloses a new ephemeral region not seen in the 

earlier image at 1751. The periphery of the positive pole is white and 

the periphery of the negative pole is black. The grey contour within 

the negative pole is not a polnrity reversal. It is a contour 

intentionally included to show that the magnetic signal has reached 

saturation. By the next frame, 2040 UT, the bipole has increased in 

total flux as seen by the appearance of additional saturation contours 

within each pole. Saturation contours of negative polarity are grey 

and saturated contours of positive polarity are white. This example 

illustrates the three defining properties of ephemeral regions: 

(1) a new bipole with opposite polarity fields adjacent to each other 

(2) growth of the bipole 

(3) separation of the maxima of the opposite polarity fields from each 

other 

Fig. 1 - The evolution of the new ephemeral active region enclosed in the 

oval (1930) can be compared to the pseudo ephemeral region enclosed in the 

rectangle in the upper right. As the ephemeral region grows, the pseudo 

ephemeral region exhibits "cancellation," the mutual loss of magnetic flux 

in closely spaced features of opposite polarity • Another example of 

cancellation of a small positive polarity (white) fragment of field with 

negative polarity (black) network magnetic field is enclosed within the 

corner of the rectangle to the lower right of the ephemeral region • 
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A useful, non-defining property that is often but not ~lways seen is: 

(4) continued separation of the opposite poles 

Note that the definition of an ephemeral region can include: 

(5) emergence of one or both poles within pre-existing network 

(6) a lack of exact simultaneity in the appearance of the opposite 

polarities (assumed to be an effect of field geometry or limited 

spatial resolution) 

In contrast to ephemeral regions, we illustrate features which 

temporarily look like ephemeral regions but lack the above defining 

properties of ephemeral regions • 

The first example of such a pseudo ephemeral region is marked by a 

rectangle in Figure 1. In the first two frames at 1751 and 1930, the 

bipole looks exactly like the ephemeral region enclosed in the oval at 

1930 UT. However, as we follow its evolution in the subsequent frames, we 

see that it is a disappearing bipole. The flux in both polarities is 

rapidly reducing relative to neighboring fields. We categorize this 

fea ture as a "pseudo ephemeral region," an apparent bipolé tha t does not 

exhibit any of the defining properties of ephemeral regions except that it 

appears temporarily to resemble an ephemeral region. This type of pseudo 

ephemeral region reveals new, important distinctions from real ephemeral 

regions: (1) the opposite polarity fields move together, (2) they show a 

mutual loss in magnetic flux (cancellation), and (3) the gradient of the 

magnetic field between the centers of opposite polarity increases with 

time and typically exceeds the intra-pole gradient of ephemeral regions • 

Small-scale, adjacent opposite polarity magnetic features are very 

common on the quiet sun. The corner of the rectangle to the lower right 

of the ephemeral region (Fig. 1) encloses a fragment of positive polarity 

field adjacent to network of negative polarity. It does not look like an 

ephemeral region because of the very large imbalance of flux in the 

adjacent opposite polarities. However, even in this example, if our only 

available image were the one at 1751, we could not be certain that the 
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positive polarity was not one of the halves of an ephemeral region which 

had its opposite pole buried in the negative polarity network. However, 

the next severa! frames show that this is not an ephemeral region. The 

first sign that this feature is not a new ephemeral region is the steady 

loss of flux in the positive pole. Concurrently there appears to be loss 

of flux in the negative polarity indicated by the indentation of the 

negative flux at the point of contact with the small positive fragment of 

magnetic (leld. The positive fragment has only a small point left at 2150 

and has completely disappeared by 2234 • 

During a day's observation of the quiet sun, we typically observe 

many such examples of the mutual loss of flux in closely-spaced opposite 

polarity fragments of magnetic field. Since there are severa! possible 

physical processes which might adequately describe this phenomenon, we 

choose a t present to use the observa tio na! term "cancella tion" and to 

defer introducing interpretations of the cancellation process until the 

observational properties are more completely established. Only a few 

examples of cancellation have been previously mentioned in the literature 

(Martin 1983; Komle 1979; Martin and Harvey 1976). In the context of this 

paper, the observation of cancellation is a new and significant means of 

differentiating pseudo ephemeral regions from real ephemerAl regions • 

Next we illustrate examples of pseudo ephemeral regions whose origin 

can be traced. One of the most common ways for a pseudo ephemeral region 

to form is simply by the collision of opposite polarity fragments of 

network. This class of pseudo ephemeral region is expected to frequently 

occur in filament channels (whether or not a filament is present in the 

channel) because filaments and filament channels always occur at 

boundaries between areas of opposite polarity network magnetic fields. An 

example is shown in Figure 2 • 

Figure 2 shows the full field of the videomagnetograph in the upper 

Fig. 2 - Pseudo ephemeral region 1 shows a small filament dividing the 

opposite polarity fields as cancellation occurs. Cance11ing feature 2 

shows no unique signature in Ha. Non-cancelling bipolar regions A and B 

reveal fibrils or arch filamcnts connecting their opposite polarities • 
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section and, in the lower section, the corresponding Ha filtergram. The 

network magnetic field is dominantly negative above the filament and 

positive below it. The site of the approaching network fields of opposite 

polarity is designated by the "1" in the lower right corner just below the 

f ilament • 

Figure 3 shows a sequence of images in a limited window immediately 

around this pseudo ephemeral region. 1 in Figure 2. The positivo pole of 

the pseudo ephemeral region is enclosed within the open-ended rectangle in 

the image at 2231. Tracing the two halves of the pseudo ephemeral regions 

backward in time, we see that at 1703 the pseudo ephem~ral region fields 

originated from clumps of network field of opposite polarity. The 

distance between the maxima of the fragments that became the pseudo 

ephemeral region was 10.000 km at the beginning of the observing day 

(1703). Following the sequence of images in Figure 3, forward in time, we 

see that the opposite polarity fields come into contact between 2124 and 

2231. The rela tive veloci ty of approach of the two fragments be tween 1703 

and 2231 is 0.5 km/sec. The fields appear to be in contact when the 

separation of the maxima within the opposite polarities is between 3800 

and 4500 km. After their collision. it is only a short time, less than 
t 

two hours and 35 minutes time gap between the last two frames, until the 

smaller of the two fragmenta of opposite polarity flux has completely 

disappeared • 

Another common way in which a pseudo ephemeral region can form is by 

the encounter of one half of an ephemeral region with a fragment of 

network or intra-network magnetic field. An example is shown in Figure 4 • 

A growing ephemeral region is enclosed by the oval. The opposite 

polarities are. seen to separate from each other at a relatively rapid rate 

of 0.3 km/sec. The positive pole either follows or pushes an adjacent 

Fig. 3 - The open-ended rectangle marks the site of a pseudo ephemeral 

region which originates from opposite polarity fragments of network coming 

together. The arrow indicates the direction of motion of the lower 

(positive) fragment. · The Ha structures corresponding to this pseudo 

ephemeral region and other features are shown in Figure 2 • 
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fragment of positive field into an area of strong network magnetic field 

of negative polarity. The negative pole of the ephemeral region, during 

the 6 hour interval shown here, is moving in the opposite direction toward 

a small clump of weak positive field. This weak positive fragment is 

either a fragment of intra-network magnetic field or a very weak fragment 

of network field. At 1935 we see that the negative pole of the original 

ephemeral region is now adjacent to both the positive fragment and a weak 

negative fragment. At 2045, the negative pole of the ephemeral region and 

the adjacent buckground field of similar polarity are seen to be merging • 

In the final frame at 2238, the merged negative fields are abutted against 

the positive polarity fragment, resulting in the creation of a pseudo 

ephemeral region. In addition to the formation of a pseudo ephemeral 

region, we have illustrated in this figure the phenomenon of coalescence 

of magnetic fields of similar polarity, a common phenomena occurring both 

in the network and intra-network magnetic fields • 

Figure 5 also illustrates both the coalescence of similar polarity 

magnetic field and the splitting of opposite polarity network field to 

form a pseudo ephemeral region. In this example, the videomagnetograms 

are shown in the form of isogauss contours. The contour levels that are 

shown are 10, 20, 40 and 80 gauss. Severa! fragments of n~gative polarity 

network or intra-network magnetic field (thinner !ines) are seen in the 

lower part of the first frame. These fragments merge to form a single 

unit with simultaneous concentration of the field (second frame) . 

Fig. 4 - The negative half (black) of a growing, separating ephemeral 

region (in oval) is seen moving toward opposite polarity (white) network 

magnetic field and forms the "pseudo ephemeral region" within the open 

ended rectangle at 2238. The positiv'e half of the ephemeral region pushes 

an adjacent positive field fragment toward a large clump of negative 

polarity network where field "cancellation" has the opportunity to begin . 

Fig. 5 - (turn one page) A pseudo ephemeral region is formed from the 

coalescence of positive polarity magnetic field fragments and the 

simultaneous approach of a network fragment of opposite polarity. Contour 

levels are 10, 20, 40, and 80 gauss • 
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Concurrently, an adjacent positive polarity fragment of network field 

(thicker lines) splits away from its adjoining network and in the second 

frame is seen to have moved toward the concentration of negativa field • 

The result is a pseudo ephemeral region. The lower frames show a cross 

section of the magnetic flux (the dashed line in the upper frames) across 

components of the pseudo ephemeral region. In the lower part of Figure 5, 

the cross section profile of the positive flux in .the pseudo ephemeral 

region is seen to be approximately the same in both frames while the 

nega tive polar i ty coalescence r e sul ts in an apparent incr e as e in pe·ak 

flux • 

IV. ASSOCIATED Ha STRUCTIJRES 

We are also studying concurrent Ha data to learn whether ephemeral 

regions and pseudo ephemeral regions can be distinguished from each other 

by means of the appearance of Ha structures and to learn the direction of 

the the component of the magnetic field parallel to the solar surface in 

both ephemeral regions and pseudo ephemeral regions. We have found no 

invariable association with any specific Ha structure but we are beginning 

to see some trends in the data as illustrated in Figure 2.' Some, but not 

all, opposite polarity components of ephemeral regions are seen to be 

connected by distinct long fibrils or arch filaments. Examples are the 

small region A and B in the lower left. We have found no examples where 

comparably long, obvious fibrils connect the opposite polarities of 

cancelling magnetic fields of the pseudo ephemeral regions. The 

cancelling pseudo ephemeral region "1" in the lower right of Figure 2 

shows a small filament or fibril dividing rather than connecting the 

opposite polarities. Such dividing fibrils, howcver, are not invariably 

observed. No unique structure is associated with cancelling feature "2" 

in the right side of this figure. To date, we have found no dofinite 

signatures whereby ephemeral regions or pseudo ephemeral regions can 

always be identified in Ha • 
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Some pseudo ephemeral regions are associated with . microflares. An 

example is shown in Figure 6, a superposition of Ha and 10 gauss contours • 

A new, small ephemeral region is labelled ER in the first frame. As it 

grows, the negative (dashed lines) of the ephemeral region collides with 

adjacent positive polarity (solid lines) network and a small two point 

micro-flare occurs at the junction of the ephemeral region and opposite 

polarity network. This relationship to the associated magnetic fields is 

exactly the same as described by Marsh (1978) in his study of ephemeral 

region fiares. We only emphasize the newly recognized process of 

cancellation. We also call attention to the fact that th~ time scale of 

cancellation is on the order of a few hours for small-scale quiet sun 

features while microflares are typically seen only for a few minutes in 

the chromosphere. However, if microflares are analogous to larger fiares, 

the coronal part of the microflares could last ten times longer than the 

chromospheric part of the event • 

V. ASSOCIATED FEA1URES AT 01HER WAVELENGTIIS 

We anticipate that pseudo ephemeral regions, during the stage of 

cancellation, may have more or less steady signatures at ra9io, 

ultra-violet and soft X-ray wavelengths, if the cancellation represents 

slow reconnection or any other type of slow conversion of magnetic energy 

to other forms of energy. In addition, at these wavelengths, we expect 

transient signatures associated with microflares • 

The cancelling pseudo ephemeral regions are excellent new candidates 

for a direct association with many X-ray bright points which are also 

known to produce tiny fiares (Golub ~ ~. 1974). If our hypothesis is 

Fig. 6 - The positive (dashed contour line) and negative (solid contour 

line) poles of the small ephemeral region (ER) separate from each other 

between 1836 and 2135. After the positive pole collides with a fragment 

of negative polarity network, a two point microflare occurs (2135) • 

Meanwhile, the negative pole of the ephemeral region undramatically merges 

with network of the same polarity • 
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correct, many more X-ray bright points may be associated with pseudo 

ephemera1 regions than with real ephemera1 regions. The association with 

ephemera1 regions wou1d in many cases sti11 be very c1ose since many 

pseudo ephemera1 regions are the conseqnence of one-ha1f of an ephemera1 

region co11iding with network magnetic fie1ds. Additiona11y, we do not 

rnle ont the possible association of some X-ray bright points with real 

ephemeral regions; we only note some new possible associations. The 

circumstance of two mutnally cancelling ephemeral regions wonld be an 

excellent candidate for association with X-ray bright points, a1though it 

is relatively rare • 

A principal difficulty with previons hypotheses (Harvey ~ !l· 1975; 

Golub ~ !1. 1977; Go1ub 1980) of a one to one association between 

ephemeral regions and X-ray bright points was the uncertainty of whether 

there were sufficient small-scale, uncounted, ephemeral regions to match 

one for one with the X-ray bright points. The existence of cancelling 

pseudo ephemeral regions, as well as many cancelling magnetic features 

which would not be mistaken for ephemeral regions, offers a sufficient 

number of distinct magnetic featnres to acconnt for a11 X-ray bright 

points • 

1 
Our hypothesis that many X-ray bright points may not be the 

counterparts of ephemeral regions is in direct contradiction to the 

assumption of Golub (1980) that X-ray bright points represent emerging 

magnetic flux. We emphasize the importance of the simultaneous 

observation of quiet sun magnetic fields at X-ray, optical and radio 

wavelengths • 

VI. DISCUSSION 

Out of hundreds of ephemeral regions observed from birth, we have not 

yet observed a single one in which the growing and separating opposite 

polarity fields reverse their direction of motion, come together, and 

disappear, except in one case in which there is also evidence that two 

ephemeral regions mutually cancel each other. Thus we must suspect that 

the cancellation of an ephemeral region within itself is something that 

11 
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either does not happen or is extremely rare. We therefore have a sharp 

distinction between ephemeral regions and pseudo ephemeral regions that 

can be used to distinguish these two phenomena when the origin of the 

fields has not been observed. A few hours observation is sufficient to 

determine if the fields are moving together and cancelling, are stationary 

or unchanging, or growing and separating. However, we also need to point 

out that some circumstances are ambiguous, especially when an ephemeral 

region grows in the middle of network magnetic fields. In these cases, we 

usually observe a more rapid growth in the half of the ephemeral region 

that is the same polarity as the network and less rapid apparent growth in 

the half of the ephemeral region that is opposite in polarity to the 

network. We interpret the slowly growing half as due to growth and 

concurrent cancellation of that half of the ephemeral region. In such 

cases it is clear that the growth rate of the ephemeral regions must 

exceed the rate of flux loss due to cancellation. Otherwise ephemeral 

regions would not be found amidst the network fields. Outside of the 

network there is no requirement for the ephemeral region growth rate to 

exceed the flux loss of cancelling features in general. The consequence 

of these differences is that we expect to find a minimum size for 

ephemeral regions that occur coincident with network. Additionally, the 

lifetime of such ephemeral regions occurring in or very neâr network are 

thus greatly shortened in comparison to ephemeral regions that do not 

occur either in or very close to network fields • 

Pseudo ephemeral regions cover the entire range of total fluxes found 

in ephemeral regions. This is not surprising since elements of opposite 

polarities covering a wide range of magnetic flux may move together on the 

sun. In contrast to the ephemeral regions, pseudo ephemeral regions do 

not originate as new bipolar fields. They constitute opposite polarity 

fragments of magnetic fields that have previously constituted network and 

intra-network magnetic fields, separate halves of ephemeral regions or any 

combination of these sources. They are brought together by the motions of 

the network magnetic fields along the boundaries of supergranule cells, by 

convection within the supergranule cells, and by the growth and separation 

of the opposite polarity halves of real ephemeral regions. Even though 

the opposite polarity halves of the pseudo ephemeral regions originate 

12 
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from separate sources, it is noted that they often have some properties in 

common: 

{1) cancel1ation of the opposite polarity fields when they come within a 

critica! distance from each other (cancellation is here defined as a 

mutual decrease of the magnetic field of both features) 

(2) increasing gradient between the opposite polarities 

(3) continued motion of the OP.posite polarities towards each other as 

the cancellation proceeds, resulting in a continued concentration 

and reduction of the total flux of the pseudo ephemeral regions 

The above properties of pseudo ephemeral regions are all 

characteristics not shared by isolated ephemeral regions. Since they are 

evolutionary characteristics, one or more hours of observation may be 

required to correctly identify whether any apparent bipole is a new 

ephemeral region or whether it is a pseudo ephemeral region. However, the 

gradient of the magnetic field in the region between opposite polarities 

can be used to identify some cancelling pseudo ephemeral regions with only 

a single magnetogram. In Figure 7, we illustrate both a r~al ephemeral 

region, in the middle of the field, and a pseudo ephemeral region, in the 

lower right. In the second frame at 0027 UT, the steepness of gradient of 

the pseudo ephemeral region alone is sufficient evidence that this feature 

is not a real ephemeral region. In Big Bear magnetograms the gradient 

measured in the polarity inversion line between points separated by about 

2000 km will very seldom exceed 0.01 gauss/km in a real ephemeral region • 

We also note that the maxima in each polarity of the magnetic field 

in the ephemeral region are centered nearly symmetrically within the 

contours of lower field strength. In the pseudo ephemeral region, we 

observe that the maxima in opposite polarities crowd towards each other as 

the gradient of the field increases. Because of these very obvious 

characteristics, it is easier to identify pseudo ephemeral regions than 

real ephemeral regions, especially in data sets with low time resolution • 

13 
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VII. DIRECTIONS OF CONTINUING RESEARCTI 

The existence of the pseudo ephemeral regions presents additional 

factors not accounted for in previous estimates of the number of ephemeral 

regions that truly exist on the whole sun at any one time. We now 

recognize that the numbers of ephemeral regions, that can be counted on a 

set of data, depends on: 

(1) the spatial resolution of the telescope used 

(2) the instrumental sensitivity coupled with exposure time 

(3) the spacing of observations (continuous time-lapse observation, one 

per minute, affords the ability to recognize more ephemeral regions 

than more widely spaced observations such as once an hour or once a 

day) 

and the following solar factors: 

(4) the distribution of network mngnetic fields over the solar surface 

(5) the time in the solar cycle 

The primary limitation in making new estimates of the~daily numbers 

of ephemeral regions, on the entire sun from limited magnetograms, is item 

(4) above, our yet incomplete knowledge of the interaction of ephcmeral 

regions with the network. We need to know whether or not there is any 

preference for ephemeral regions to occur in the presence of network 

magnetic fields as we might suspect from the results of Garcia de la Rosa 

Fig. 7 - An important distinguishing characteristic of pseudo ephemeral 

regions is increasing field gradient. The appearance of the pseudo 

ephemeral region is shown in contrast to the real ephemeral region which 

appears in the center of the second frame. The magnetic field near the 

polarity inversion line separating the two halves of the pseudo ephemeral 

region is characterized by higher gradient than near the polarity 

inversion line in the real ephemeral region. Contour leveis are 5, 10, 

20, 40, and 80 gauss • 
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(1983), Martin _tl.!_!. (1983), Harvey ll ..!!..!· (1983), and Liggett and Zirin 

(1984). We also need to know the distribution of the rates of separation 

of the opposite polarity components of ephemeral regions and the rates of 

cancellation of ephemeral regions. Ali of these unknowns limit our 

ability to extrapolate to find the population of ephemeral regions on the 

fnll sun from limited field observations. However, these are only 

temporary limitations which we are attempting to solve through the 

continued analyses of the data on hand and the acquisition of additional 

da ta • 

VIII. CONCLUSIONS 

We have found that ephemeral active regions can be differentiated 

during their growth stage from other apparent bipoles on the sun by their 

characteristic evolution. Ephemeral regions are new bipolar magnetic 

fields that originate with their opposite polarities adjacent or very 

close to each other. Ephemeral regions typically show a growth stage in 

which the maxima of the opposite polarity fields separate as a function of 

time • 

~ 

Pseudo ephemeral regions can either be unchanging, stationary bipolar 

fields or opposite polarity fragments of magnetic field which have moved 

together and exhibit cancellation of both polarities at their mutual 

boundary. Our study of limited fields of the quiet sun shows that pseudo 

ephemeral regions with cancellation outnumber pseudo ephemeral regions 

with little or no cancellation, and pseudo ephemeral regions outnumber the 

real ephemeral regions by about a factor of two • 

The origin of the magnetic fields of pseudo ephemeral regions can be 

from: 

(1) fragmentations of very old network magnetic fields, 

(2) from relatively new concentrations of intr~network fields, 

(3) from halves of ephemeral regions which are no longer recognizable, 

o r 
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---- - ----------------------------------------------------------------~ 

(4) from any combination of the previous three possiQilities • 

In Ha the opposite polarity fields of some ephemeral regions are 

connected by fibrils and the opposite polarities of some pseudo ephemeral 

regions are divided by small filaments. Most ephemeral regions and pseudo 

ephemeral regions are difficult to recognize in Ha photographs without the 

aid of magnetograms. Micro fiares occur in at least some pseudo ephemeral 

regions. This evidence of energy release is consistent with our 

hypothesized association of many X-ray bright points with pseudo ephemeral 

regions and other cancelling magnetic features. We further expect 

distinct radio signatures from pseudo ephemeral regions, at least during 

the occurrence of microflares • 
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ABSTRACT 

Some sitos fo~ solar fiares are known to develop where new magnetic 

flux emerges and becomes abutted against opposite polarity pre-existing 

magnetic flux (review by Gaizauskas1 ). We have identified and analyzed 

the evolution of such flare sitos at the boundaries of a major new and 
' growiiig magnetic flux region within a complex of activ·e regions, Hale No • 

1691H. This analysis was dono as a part of a continuing study of the 

circumstances associated with fiares in Halo Region 16918, which was 

designated as an FBS target during tho intorval 18 - 23 Iuno 1980. We 

studied tho initiation .and development of both major and minor flaros in 

Ha images in relation to the identified potential f1are sites at tne 

boundaries of the growing flux region and to the general development ot 

the new flux. This study lead to our recognition of a spectrum of 

possible relationships of growing flux regions to "flares as follows: 

(1) intimate interaction with adjacent old flux ~ flare sites centered at 

new/old flux boundary, (2) forced or "intimidated" interaction in which 

new flux pushes old field having lower flux de~sity towards a neighboring 

old polarity inversion line where a flare then takes place • 

(3) •influential" interaction- magnetic lines of force over an old 

polarity inversion line, typically containing a filament. reconnect to tne 

new emerging flux: a flare occurs with erupt1ng filament wnen tne 

magnetic field overlying the filament becomes too weak to prevent its 

oruption. (4) inconsequential interaction - new flux region is too small 

or has wrong orientation for creating flare conditions. (5) incidental -

flare occurs without any significant relationship to new flux regions • 
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INTIWDUCl'ION 
·1• 
l • 

Many studics in rccent ycars claim or suggest a rclationship between 

emerging magnetic flux regions and solar flare's (reviews by Gaizauskas 1 

In most cases the references are not to isolated magnetic 

flux regions (active regions) but to the development o! new magnetic flux 

witnin pre-existing active regions. One of our goals in the conti~uing 
~ , '* ';\.~1 ~~~.t.,., ~ .·~ .,• ;, .. :_..2 .:J._. .... ~ ~~.\" vt.; i .. 

study of FBS target, Hale Region 16918 has been to investigate ana clarify 
~' I, ~J.· -~ '.Jo ";~ .• .... i.. . .. . .. .. 1 •• 

the nature of this relationship between newly deve~oping magnetic flux and 
., ... ,; ... ... ,'-1.! .: ~-~ :._~ • ~ ;; t ,, ·- f~ 

the occurrence of flares. In the previous work (!fartin et al. 1 ), we found 
~ :: ~ 1 ~ -.. • .( • ,~ ... t.:~l . ~t· .. j • • ti 

a statistical relationship between the sites of 66~ of the flares ana tne 

sitos of 17 new magnetic flux regions observed over a period of 8 days • 

Because the statistical study leaves ma~y questio~s .~answered about the 
~ ·' ' .. .~.t ~ ,.. ; '·' -· ·' ' l ' 

physical circumstances of the association, we take a different approach in 

the present work. We investigate in detail huw the new magnetic flux 
.... ..... .1... ., . . ·" . .; • . . 

regions interact with tho magnotic field of the pre-existing active region 
.. -.1 '~o...-.,1 ... • • ~ 

and then study whore tho flares occur and whoro they do 
• .. l ... i .. ... _ . .,., # 

not occur in 

relation to th.e interaction of the ncw and old· magnetic field. The day to 
... " ' .. "' . . ~ ') 

day evolution of Ha, magnetic field, and velocity ficld da ta in this 

complex as a whole, 'without regard to the sitos ·~f ··~ew magnetic flux, has 
;, -· - . :- . . . - .t 

been described by Athay, Jones and Zirin4 • 
.):' • • j ~ 

; . 
THE IDENTITY OF A NEW FLUX REGION 

"- '.J "' ':1. ' , Y- '.• .. ~l, 

";. -~-,. .. :·r6 .:.~ • ~ i:.l ':.J$:, •{fJ' ~-~~\:""·l 7,. j"_ ~ ·.:···.1':· 

In this paper we show the details of onl~ the largest riew magn~tic 
. .• t ~ "'..._ r"*'~ • ll ..... ~t: .!-.~! ·~-""''~L "' 

flux rogion, designated as region F in the ~revi~us paper (Martin et 
' fll •• 

·a1. 1 ). Figure 1 dopicts tho daily growth of the new flux region in Ha • 
) ;;_ ' .... ~ ' .. ~·~ 

The new region is first scen on 19 June very near the polarity inversion 
•· .. . '.... . . 

line of the pre-existing complex of active regions. (See Gaizauskas 5 for 
' . -

the previous evolution of the complcx.) The approximate boundaries ot the 

new flux rcgion are shown by a combination of aolid and dashcd lines. The 

solid !ines show thc sitos where part of· the new magnetic flux is abutted 

against opposite polariti flux of the ' pre-existing ~ctive region. At 

these sites, ,the boundaries of the · new ·region are ·very definite andare 

often clearly marked by filaments • The arrows' in Figure 1 indicate t.hat 
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these are uso key sitos for the initiation of many flares. The dáshed 

sec~ions of line show only the approximate location where new and old 

magnetic flux of the same polarity have merged. At these places, no 

definite boundary exists that can be followed from day to day because the 

magnetio fields of similar polarity intermingle and loave no trace of 

their previous migration • 

We note that this secondary emergonce of new flux has all of the same 

properties of any new active region that could occur on the quiet sun • 

During the first day it reveals tho characteristio arch filament system 

(Bruzek'; Weart 1 ) and sunspots. The sunspot evolution ·is illustrated in 

Figures 2 and 3 • 

THE IDENTITY OF KEY FLARE SITES 

Early on 19 ~uno, there is only one key fiare sito, S1 in Figure 1, 

specifically on tho boundary of the new flux rcgion. Howovor, by the end 

of 19 ~une, a second potential flare sito, s~, has developed. The second 

flare si~e becomes insignificant by 20 ~une and a third sito, SJ, has 

developed due to the westward growth of the new magnetic flux and 

concurrent westward motion of sunspot 1.1 in Figure 2. On i1 June, a 

fourth key flare sito develops after the socondary em~rgence of a small 

new flux rcgion within the large new flux region. Most of the key fiare 

si~os on the boundary of the major new flux region are recognizable by 

bright plago soparated only by a thin filament. Sometimes thc filament is 

broken exactly where the plages of opposite polarity are close together • 

In all of the key flaro sitos marked by arrows in Figure 1, compression of 

the magnetic flux along the polarity inversion line occurs and is due to 

the growth of the new flux region. Wo confirm tho oonclusions of Bumba et 

al.' that compression of fields of opposite polarity is a situation that 

leads to high fiare incidonce • 

Another situation that leads to high flare incidence was described by 

!lartres et a1. 10 • This is the circumstance of "evolving magnetic 

features" in which an increase in magnetic flux ocours on one sido of a 

polarity inversion line while a decrease occurs in the adjacent opposite 
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polarity field. This condition of evolving magnetic ' féatures ·is more ·\ 

obvious when we analyze ~the associated sunspot ' growth and decay patterns • 

In Figure 2 the birth of the aunspot group ot the ·new flux region is seen 

on 19 June, and by 20 June, the apota of the now •rogion already contain 

the highest flux within the complex • .. Çoncurrent w1th this rapid spot 
t ... ~-· •• .. ' " ' ..... "'t "' •• .a\ ., -~ 

growth, the nearby pr er~~i~H_ng r;~.pot_~,. Z:. ~1 ~:··~ ~1 ~- '<>~· .12 . a~d ~2 .b, "~r~e ~;· 

rapidly disappearing, an important stgn of decrease in the total m•gnetic 
• • ' ~ ~ -~· t'~- ... ~ , . ~· .;t ,, • -«;. ~ ~ .:. .! '!. .. .• .... • :,• •. : .... • ... 

flux of the old flux region. Flare sito S1 lies between the growing spots 
. • J ~ . J J- ... • • l_n .. .' 

of the new flux region and the adjacent decaying sunspots ana is thus a 
" f• I 

,. I ' "~ • • ' ·. 

prime example of an evolving magnetic feature • 
. .. ' . .. ' . ' -; ... .. , 1t· .. ... 4 ' . >. • •• 

In Figuro 3 .. the actual sitos .of flares occurring between 1500 on 21 

June and 0100 on 22 June are shown as dark gray arcas superposed on a set 

of isogauss contours from Kitt Peak Obseivatory. magnetograms. Positivo 

polarity contour linos are widor than negativo polarity contour tines • 

The flares are ahown for intervala within 2 houra or lesa of the time that 

the magnotograms wore acquired • . For comparison with the flare locations, 

the approximate boundary of the now flux rogion . ia shown by tho dashed 

contour on .the last magnotogram as in Figure 1. Figuro 3 illustrates tne 

tendency for most of tho flaroa to oluater around the border of tho new 

flux region. However, wo note that ~ the sites of flares thàt occurred 

during this interval wero definitoly not -all confined · to Ú.e key fiare 

sites on the boundary 'of the new '. flux region ' shown in ' Figuro 1. · 

In Figures 4 - and S, we compare a flare thâ t occurs at key flare sito 

81 , the evolving magnetic -feature, to a ' subseqúen't · flare that occurs 

around tho old polarityJ invorsion lino to the southeast of the new · flux 

region, not· an evolving magnotic featuro (lower ·• 1oft in Figures 1 and 4) • 

In Figuro 4. the brightost flaro sogmonts are soen to begin below the 

sunspot at sito S1 •. As tho flare grows, additional • flare points that have 

appeared within the now f1ux region (1859:44) are complemonted by 

addi tional fiare points ', approxima tely equidistant from s1 but ' to tllo 

soutneast of S1 • Finally, we note a tnird stage of · tho flare at 19~1:06 

in which complementary flaro sogmonts appear in opposite polarity fields 

at the extreme right and left sidos of this image and the subsequent 

images. These outermost parts of the flare are also approximately 
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equidistant from the initial fiare site. The pattern or fiare development 

suggests that the conjugate pairs of successive fiare elements seen here 

in the chromosphere should be connected by successively longer and higher 

fiare loops in the corona • 

Within S ho~s of the occurrence of the fiare in Figure 4, an 

importance 2 flare takes place at some but not ali of the same 

chromospheric sites. This next flare, shown in Figure 5, does not display 

homology with the earlier flare in the sense of starting at the same site • 

Instead it is seen to begin along the polarity inversion line of the old 

field to the southeast of the new flux region. It spreads in both 

direc~1ons along the polarity inversion line to form a major classic two 

ribbon flare. In Figure 5, the contours within the square represent soft 

X-ray emission detected by the flat crystal spectrometer (FCS) of the 

X-Ray Polychromator (XP~) aboard the Solar Maximum Mission (SMM) 

satellite. The highest contours in the soft X-ray images are initially 

centered over the new magnetic flux region but later appear over the 

polarity inversion line of the old pre-existing active region. Because 

long-lived X-ray sources often persist for hours after at least some 

flares, we think that the early peak in the soft X-ray image should be 

associated with the remnants of at least one earlier soft ~-ray fiare ana 

that the lesser peaks in the X-ray flux to the southeast are the ones tnat 

should be identified with the start of this major flare on 21 June • 

The alignment of the FCS and Ha images from Big Bear Solar 

Observatory was achieved through the superposition of sunspots in both 

types of images. The alignment is shown in the upper two images in 

Figure S. The dashed contours represent the sunspots in the FCS images • 

The FCS sunspots are superposed on images at Ha + 1.0 i. This alignment 

can then be transferred to the Ha centerline images for comparisons of the 

flare emission by first aligning Ha features common between the lA (upper 

row) and 1/2A (middle row) and then between the 1/2A (middle row) and Ha 

centerline images (lower row). Since the field of HXIS (outer box with 

indented corners) is also known relative to the FCS and XRP field, it is 

then possible to align the HXIS and Ha images accurately • 
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The correspondence between the Ha flare ribbons ana the HXIS X-rays 

in the lowest energy band is shown in Figure 6 for three successive times 

during the 21 June major flare. The peak of the HXIS X-rays coincides 

well with the XRP X-rays. Since there is only a single dominant peak in 

all of the X-ray images and the peak straddles the fiare ribbons in Ha, we 

conclude that the X-ray emissions are dominantly coming from a loop system 

overlying the polarity inversion line. An Ha loop system was subsequently 

observed during the later phase of the event in Ha. Both tne 

chromospheric and coronal data sets confirm our assertion that this major 

flare did not start at any of the key fiare sitos aiong tho boundary of 

the emerging fiux region • 

Less than one day after the Iarge fiare on 21 June, illustrated in 

Figures S and 6, another substantial flare did occur exactly on the 

boundary of the new flux region. This flaro, beginning at 19~0, is shown 

in Figure 7. The fiare starts at key fiare site S 4 , (Figure 1) where 

rolativoiy bright opposite poiarity piage is very cioso together ana 

fiiaments extend in both directions from this site. The Ha fiare deveiops 

in opposite diroctions from the key fiare site in such a way that it can 

be imagined to be the footpoints of fiare loops that are excited at 
~ 

successively higher points in tho carona, but stiii centered approximateiy 

vorticaliy above tho key fiare sito. This flaro is regarded as a primary 

consequence of the growth of the new flux which plays a key role in the 

buiid-up of the circumstances for the fiare to occur • 

The next major flare to occur in this complex grew to encompass tne 

same flare site as in Figure 7 but was initiated at the key fiare site S 3 , 

further west along the same poiarity inversion lino. This fiare is 

illustrated in Figure 8 aiong with a diagram made at the Debrecen 

Observatory that snows the previous and subsequent positions of the 

closest sunspot of the emerging flux region. Figure 8 also shows the 

previous and subsequent positions of the fiiament at and near the flare 

sito • 
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In order for the sunspot illustrated in Figure 8 to move 

approximately parallel to the neutral line, the spot must push outlying 

flux of similar polarity toward the key flare sito. Duo to this westward 

motion, we also expect the gradient of the magnetic field to be increasing 

- at least until about midday on 22 June after which time tne spot area is 

seen to decrease. The increasing gradients at this key flare site and tne 

key site of the 21 June, 1910 flare are confirmed in the series of 62 arca 

scan magnetograms acquired at Kitt Peak Observatory on 21 June. From the 

earliest magnetogram at 1637 until the flare at 1910, the gradient closc 

to the polarity inversion line is building up as opposite polarity peaks 

of magnetic field come closer together. Due to minor distortions from 

data line to data line in the magnetograms we are not yet certain whether 

the gradient continues to increase during the flare at 1910. However, 

after this flare it is clear that the opposite polarity peaks in the field 

continue to move closer together. In addition, the length of opposite 

polarity contact along the inversion line is increasing. The negative 

polarity moves toward and into the weaker parts of positivo polarity 

field. These changes are related to the westward migration of the leading 

polarity, negativo sunspot of the new flux region as shown in Figure 8 . 

Less than 13 hours after the last magnetogram at 2323 on 21~June, the 

major flare on June 22 began • 

DISCUSSION AND CONCLUSIONS 

We have found that the flares in this complex have differing relationships 

to the growth of a new major flux region. The flares having the closest 

relationship to the new flux region are those that straddle the boundary 

between the new and pre-existing magnetic flux regions. The flares at 

1859 on 20 June (Figure 4) and 1910 on 21 June (Figure 7) are of this 

type. Another group of flares originatc at sitcs west of the emerging 

flux region where the relatively rapid motion of the leading polarity 

field (Figure 2) pushes the pre-existing field of similar polarity towards 

an opposite polarity field. The 22 June flare (Figure 8) is among this 

group of flares. The major flare on 21 Junc does not fit either of the 

above categories. There is little motion of the trailing sunspots toward 

the old polarity inversion line around which the flare begins. However, 
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the magnetic field configuration suggests that magnetic reconnection could 

readily occur between the positive field associated with the trailing 

sunspots of the emerging flux region and the adjacent negativo polarity 

pre-existing field. This offers a third possible relationship to the new 

flux region. If the trailing. positivo polarity fields of the new flux 

region slowly or intermittently reconnect with the negativo fields of the 

old region. this reconnection would effectively "steal" old flux 

previously connected to its conjugate field over the adjacent old polarity 

inversion line. As the previous magnetic configuration changes, the 

filament along the old polarity inversion line reacts and begins to ascend 

into the corona. Finally the magnetic configuration in the corona changes 

from metastable to unstable and the flare occurs. Although we lack data 

to show direct evidence of such changes in the coronal magnetic field, we 

suggest that many flares associated with erupt1ng filaments or 

"disparition brusques" occur as in this last scenario. As evidence of 

this third relationship, we cite the unusually high incidence of 

disparition brusques in the vicinity of new and growing active regions 

found by Bruzek 7 and confirmed by Hermans and Martin12 • 

Although the emerging flux region described here had affected the 

flare productivity of the complex in these severa! ways de~cribed, we do 

not claim that all emerging flux regions are effective in generating the 

conditions necessary for flares. Especially when the rate of growth of a 

new emerging flux region is slow or the orientation is such that similar 

polarities of new and old flux can merge, we would not expect flares to 

occur. Additionally, we think that it is feasible for flare conditions to 

be generated in the absence of emerging flux • 

ACKNOWLEDGEMENTS 

The acquisition of filtergrams by Big Bear Solar Observatory was made 

possible by NASA grant 05-002-034 and NSF grant ATM-7911139. KLH 

acknowledges support under NSF grant ATM-8319589. The contribution of SFM 

was supported by AFOSR grant 82-0018 • 

9 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

REFERENCES 

1. V. Gaizauskas, SMM Workshop on Solar Flares, to be published by NASA, 

USA • 

2. E. Priest, SMM Workshop on Solar Flares, to be published by NASA, USA • 

3. S.F. Martin, L. Dezso, A. Antalova, A. Kucera, and K.L. Harvey, 

Adv. Space Res., 2, 3 9-51 (1983), 

4. J. Athay, H. Jones, and H. Zirin, submitted to Astrophys. J, (1984) • 

S. V. Gaizauskas, Adv, Space Res., 2 (1983), 

6. A. Bruzek, Solar Phys,, 2, 451 (1967) • 

7. A. Bruzek, Zeit Astrophys,, 31, 199 (1952) • 

8, S. Weart, Astrophys, J,, 177, 271 (1972), 

9, V. Bumba, L, Krivsky, M.J. Martres, and I. Soru-Iscovici, IAU Symp,, 

3 5. 311 ( 196 8) • 

10. M.J. Martres, R. Michard, I. Soru-Iscovici, and T, Tsa~, IAU Symp •• 

35. 318 (1968) • 

11. M.J. Martres, R. Michard, I, Soru-Iscovici, and T. Tsap, Solar Phys., 

5. 187 (1968) • 

12. L.M. Hermans and S.F. Martin, Proceedings of the Workshop on Solar 

Terrestrial Predictions, Observatory of Paris at Meudon, 18-22 June 

1984 • 

10 



• • • • • • • • • • • • • • • • • • • • • -• • • • • • • • • • • • • • •• • • • • • • • • • • • • • • 

FIGURE CA.PTIONS 

Fig. 1. Photographed in Ha at Big Bear Solar Observatory. The major new 

flux region developing in an active region complex is outlined by dashed 

!ines and key fiare sites at the boundary of this region are labeled 8 1 , 

S2 , S 1 , and S 4 • 

Fig. 2. Photographs from the Debrecen Solar Observatory show the decay of 

sunspots 2a+, 2.12, 2.b 2 , 2.b 1 , 2.1, and 2.11 simultaneous with the growth 

of spots 1.a and 1.1 and subsequent associated spots of the new flux 

region illustrated in Figure 1 • 

Fig. 3. Magnetograms from Kitt Peak Observatory on 21 June 1980 with 

areas of all flares superposed (dark gray) from 1500 on 21 June until 

0100, 22 June. For comparison, the outline (dashed contour) of the new 

flux region is shown on the last magnetogram. Positive contour !ines are 

thicker than negative contour !ines. 

Fig. 4. This flare starts at key flare site S1 (Figure 1) and spreads 

nearly symmetrically in time to progressively equidistant sites from s1 . 
By 1911:06 the flare has spread to the extreme sides of the active region 

~ 

complex. This late flare emission is relatively low in intensity. The 

pattern of development of the flare in the chromosphere would be 

consistent with the successive excitation of coronal flare loops at 

increasing heights above s1 . 

Fig. 5. X-ray contours (solid curved lines) are shown superposed on Ha 

images from the San Fernando Observatory at 3 wavelengths at the start of 

the flare (column 1) and during the rise of the flare to maximum (column 

2). The relative positions of the soft X-rays from XRP on the SArn 

satellite and the flare in Ha was found by aligning the sunspots recorded 

both in XRP (FCS images) and in the wings of Ha (top row) Ha + 1.0 ~ • 

This alignment is then transfered to Ha + 0.5 ~ (middle row) on to Ha 

centerline images (lower row). The soft X-rays are seen to center over 

the polarity inversion line between the flare ribbons in Ha • 

11 
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Fig. 6. Soft X-rays from the HXIS lowest energy band are shown relativo 

to the flaro ribbons in Ha. The aiignment was achieved as in Figure 5 

with the additionai knowiodge of tho position of the HXIS field relativo 

to the XRP field also shown in Figure 5. A single peak in the HXIS X-rays 

is also centered over the polarity inversion line between the flare 

ribbons but southeast of tho major new flux region • 

Fig. 7. This fiare beginning at 1910:01 coincides with key flare site S 4 

(Figure 1). It spreads progrossiveiy aiong the boundary of the new flux 

region until it reaches the dominant opposite polarity sunspots. This 

flare, liko the one in Figure 4, develops in a srmmetricai pattern with 

successive chromospheric eiements forming at neariy oquidistant Iocations 

with respect to the key flare site. This pattern would be consistent w1th 

the successive excitation of coronal fiare Ioops at progressiveiy higher 

altitudes above the key flare sito as a function of time • 

Fig. 8. Motions of the Ieader sunspot within the major new flux region 

and changes in the position of the neighboring poiarity inversion line 

(filament) are shown prior to and after the major flare on 22 June 1980 • 

The diagram, made at the Dobrecen Observatory, corresponds to the central 

part of the filtorgr~ on the top. The initiation site of fhis flare is 

centered at the piace where tho fil~ent position was fixed during this 3 

day interval. This sito is identified as key flare sito S 3 in Figure 1 . 

12 
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Abstract . , . .. ~ tti • . ~' _,r J."·~:t ·,~/.~·~~.r i1" ~ · 

We studied th~ disappearance' of niagnetic fiux.' ln an 'aréá1·or the quiet Sun from digital .and 
photographic magnetograms recordedat·'2·5 .min inter.vals for many hours on ,9 July 1984 at 
the Big Bear Solar Observatory. We limited the quantitati~e part of the analyses to features 
which had a total of 1017 Mx (1 Mx- lG- 8 Wb) or g'reater anci at least a 20 G (1 G- lÓ-~ T) 
contour, and which changed by more than 10% of thé maximum measured fiux during the 5 · 5 
hours of most consistent image quality during the. observing day. · Si.xteen examples of fiux 
disappearance and three ephemeral regions met these cri teria. The disappe!lrante of fiux in these 
examples occurred only in closely spaced features of opposite polarity. The mutual disappearance 
of magnetic fiux in closely spaced features of opposite polarity is herein defined .as 'cancellation'. 
The 16 examples of cancellation were observe!! in combinations of network features, intranetwork 
features, and ephemeral regions. In two of the three ephemeral regions, an imbalance of magnetic 
fiux between the twó poles within. each of the ephemeral regions was created, at least in part, by the 
cancellation of one pole with an adjacent feature of opposite polarity. ' Many smaller cancellations 
are clearly recognized below the threshold that we established ·for our initial measurements. We 
conclude that cancellation' is the dominal}t way in ~hich magnetic fiux is observed to disappear 
on the quiet Sun, - .,. . ' " ~. ~ . ·., ' 

·.r. - . ,. 
' I 

1. Introduction 

Using the videoin.agnetograph at the Big Bear Solar Observatory, we are abl~ to 
record the frequent emergence and disappearance o~ small magnetic features on the 
quiet Sun. In the time-lapse videomagnetogram films obtained, many examples are 
shown of both the emergence and disappearance. of magnetic flux . . Additionally, 
continuous motions and interactions take place between combinations of' the strong 
network magnetic fields, the weak intranetwork magnetic fields and ephem~ral regions . 
Some of these phenomena and interactions recorded in the films have been described 
in our previous pap~rs (Martin 1984; Martin et a/. 1985a; ·Wang et a/. 1985; Zirin 
1985, p~esent issue p. 961). · ;. • ' ' 

Our primary emphasis in the present paper is on presenting· new quantitative 
measures of the line-of-sight component of the . magnetic flux for examples of - ' ' 

• Paper presented at the R. G. Giovanelli Commemorative Colloquium, Part 11, Tucson, Arizona , 
17-18 January 1985. . · " . ' .: . ·: '. . ' . 
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disappearing magnetic features recorded both photographically and digitally on 9 
July 1984. Our examples include the partia! disappearance of the new magnetic fiux 
from ephemeral regions. As a background, in the next section, we first present recent 
photographic images illustrating the appearance, disappearance, and interactions of 
magnetic features on the quiet Sun . 

2. Background: The Appearance, Disappearance, and Interactions of Magnetic Flux 
on the Quiet Sun 

The series of images in Fig. I reveals severa) typical aspects of the behaviour of 
magnetic features on the quiet Sun. The frames in Fig. I were selected from the 
time-lapse videomagnetogram film taken on 13 October 1984. Each frame is only a 
small area from the magnetograms. Zirin (1985) shows the whole field of view of the 
videomagnetograph on this day in Fig. 2 of his paper (see p. 964). Zirin also presents 
details about the videomagnetograph and the data acquisition. In Fig. 1 of our paper, 
the contours seen in the middle of the magnetic features are created each time the 
memory of the digital image processar becomes saturated. The outermost contour is 
estimated to be between 40 and 80 G and each successive inner contour represents 
higher fields by a factor of 2. The polarity of each feature is revealed by the colour 
outside the most externai contour; positive polarity fields are white and negati'-;e are 
black. Each frame in Fig. 1 and subsequent figures are labelled in universal' time 
(UT) . 

The initial appearance and early evolution of two ephemeral regions are shown 
within the ovais in Fig. I. The first ephemeral region, F1, is one of the smallest 
ephemeral regions recorded to date with the videomagnetograph. At 1823, the second, 
larger ephemeral region is seen immediately below the first ephemeral region. The 
larger of the two ephemeral regions, labelled F2, is the same as feature '3' marked 
on Fig. 2 in Zirin's (1985) paper. The fact that the positive pole is stronger could be 
attributed to the previous existence of positive field at the place where the positive 
pole emerged. The subsequent growth in flux is readily recognized by the increase in 
area and in magnetic field strength of both poles. 

Both ephemeral regions in Fig. 1 show the typical separation of their poles as a 
function of time until another magnetic feature of opposite polarity is encountered . 
The relative mean speed o f separation in both cases was O· 6 km s- 1• The encounter 
of the negative pole of FI with an adjacent positive fragment of magnetic flux, Z1, 
is seen in Fig. 1 in the frames at 1823 and 1907. At 1940, the negative poles 
of the two ephemeral regions begin to merge and by 2057, the two negative poles 
are indistinguishable. Thus, both negative poles of the ephemeral regions have 
encountered the same fragment of positive magnetic fiux, Zl. Such encounters of 
small opposite polarity fragments of magnetic flux are almost always accompanied by 
obvious loss of magnetic flux in both of the encountering features. In this situation, 
the loss of flux in the positive magnetic feature is clearly seen by 2057. The Joss of 
magnetic ftux in the negative poles is masked by their merger. This example was 
selected for illustration because it reveals the complex interactions that often take 
place between magnetic features on the quiet Sun. lt provides a background of the 
behaviour that must be taken into account when analysing the digital magnetograms 
illustrated in the remainder of this paper. 

We do not confirm the disappearance of magnetic ftux where only one polarity is 
involved (Topka and Tarbell 1984). We attribute the lack of confirmation to the higher 
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Fig. 1. In this videomagnetogram, the positive (white) and negative (black) polarity are identified 
outside of the contours. The first contour represents flux between 40 and 80 G and each successive 
inner contour represents a doubling of the field strength. The opposite polarity components of 
two ephemeral regions, F 1 and F2, are seen to separate from each other. Due to this mot ion, 
the negative (black) poles of F1 and F2 encounter the adjacent fragment of positive magnetic 
flux Z1 at 1907 and 2057 respectively. The loss of flux in the negative poles after the encounter 
is masked by their merger but obvious loss of flux is scen in Z1 by 2057. Another example 
of opposite polarity fragments of flux approaching each other (1711-2057) and then cancelling 
(2258) is shown within the partia! rectangle in the upper part of each frame . 
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magnetic sensitivity of the magnetograms that we have used in ou r studies. I f we used 
magnetograms of lower sensitivity, it is clear in some situations that we might arrive 
at different results. For example, suppose the spatial resolution and sensitivity of the 
magnetograms in Fig. 1 had been Iess-sufficient to allow us to resolve and detect 
the larger, but not the smaller of the two ephemeral regions. In such a circumstance, 
we would have recognized only the encounter of the negative pole with the adjacent 
positive fragment. Then we might have erroneously concluded that the encounter 
resulted in the destruction of the positive flux and the simultaneous enhancement of 
the negative pole. Thus, our interpretation of observed flux changes should always 
take into account the possibility of the cancellation and merging of small fragments 
of magnetic flux below the threshold of detectability of the magnetograph . 

For contrast with the two ephemeral regions, we also show, within the partia! 
rectangles at the top o f each frame in Fig. 1, an apparent di polar feature. This 
feature initially Iooks similar to an ephemeral region but does not behave like one. lt 
consists of two isolated, opposite polarity fragments, Z2 and X2, moving toward each 
other, a pattern of motion that has not yet been· observed for any isolated ephemeral 
region. There is no certain change in the magnetic flux of these approaching features 
of opposite polarity at least until they come into contact as shown in the last frame at 
2258. Because of the constancy in magnetic flux in Z2 and X2 before the last frame, 
these features serve as a good reference against which the ephemeral region changes 
and interactions can be compared . 

The features described in Fig. 1 confirm our previous observations whic~ have 
shown that isolated newly emerging ephemeral regions consistently exhibit propcrties 
that di!fer from the magnctic features that disappear (Martin et a/. 1985 a). Ephemeral 
regions do not disappear as units. Each pole individually disappears (loses magnetic 
flux) only when it encounters another magnetic feature of opposite polarity as 
illustrated in Fig. I. Alternatively, the poles of an ephemeral region equally often 
encounter and merge with magnetic features of the same polarity without loss of 
magnetic flux . The defining characteristics of ephemeral regions are (1) appearance 
as a bipolar unit, (2) growth of both poles (which may be unequal if opposite polarity 
flux has been encountered) and (3) separation of the negative and positive pole from 
each other as a function of time, if opposite polarity flux has not been encountered. In 
contrast to these properties of ephemeral regions, the disappearance of magnetic flux 
on the quiet Sun is characterized by: (1) the approach of opposite polarity fragments of 
flux from different sources, (2) increasing magnetic field gradient between the opposite 
polarity fragments, which most often continues after the initial encounter, and (3) 
the slow and steady loss of magnetic flux in both of the encoüntering features. We 
henceforth use the term 'cancellation' to describe this type of disappearing magnetic 
flux. Our specific definition of cancellation is 'the mutual loss of magnetic flux in 
closely spaced features o f opposite magnetic polarity' . 

The disappearance of the line-of-sight magnetic flux in closely spaced magnetic 
features of opposite polarity has been previously described by Komle (1979), Martin 
(1984), Martin et a/. (1985a) and Wang et ai. (1985). The properties of ephemeral 
regions were first described by Harvey and Martin (1973) and were further amplified 
by Tang et a/. (1983) and Martin et a/. (1985a) . 

In this paper, we use the term 'merge' only to describe magnetic features having 
the same polarity and which move together. Merging is accompanied by neither 
apparent loss nor gain in total magnetic flux of the merged features. We use the term 

L_~·~------------------------------------------------
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'encounter' only to describe opposite polarity fragments which move into apparent 
contact. Encounters are usually accompanied by cancellation. 

The opposite polarity components of cancelling features have been shown to 
originate from fragments of network, ephemeral region and intranetwork magnetic 
fields (Martin 1984). Wang et a/. (1985) have shown that it is convenient to Jabel 
and classify cancelling features according to the origin of their components. In this 
paper, we use the following notation for labelling features : 

Network 
fields 

N = negative 
P = positive 

Ephemeral 
regions 

E= neg. pole 
G = pos. pole 
F = both poles 

Intranetwork 
fields 

I = negative 
K = positive 

Unknown 
source 

X= negative 
Z = positive 

Every cancelling feature is identified by a combination of two of the above letters . 
Additionally each letter is foliowed by a number which identifies each specific feature 
in the iliustrations . 

3. The 9 July 1984 Data from the Videomagnetograph 

On 9 July 1984, continuous magnetograms were taken as on 13 October 1984 
illustrated in Fig. 1. However, on this day a special effort was made to record ali of 
the data digitally on magnetic tape as well as photographically . Two sample isogauss 
maps of one-quarter of the field of view of the magnetograph are shown in Fig. 2 . 
The maps are constructed from the two digital images selected at a time interval of 
2 · 5 h r to show the Jarge amount of magnetic field changes that are observed during 
a fraction of an observing day . 

Two distinct sites where the magnetic flux is disappearing at the time of the first 
frame in Fig. 2 are marked by partia! rectangles. A new ephemeral region, F4, is 
enclosed in the oval in the second frame of Fig. 2. Some relatively high concentrations 
of intranetwork magnetic flux are labelled 11, 12, 13, I4, Kl, K2, K3 and K4 . 
The means of identification of these features by their evolution are discussed in the 
foliowing sections. In this section, we discuss the general character of the data and 
our methods of analysing it. 

This data acquired on 9 July 1984 .has much better temporal resolution than was 
available for the previous quantitative studies (Wang et a/. 1985). The typical interval 
between images was 2 · 5 min with severa! interruptions from 8 to 30 min and one 
longer gap of 64 min during which the calibration was made. The total series consists 
of 192 images recorded between 1440 UT (9 July) and 0058 UT (10 July). Each image 
corresponds to 2048 integrated vídeo frame pairs. Real signal was recorded down to 
at Ieast the 5 G levei. The leveis shown in Fig. 2 and ali subsequent figures are 5, 10, 
20, 40, 80, 160 and 320 G. Thicker !ines are positive magnetic fields; thinner !ines 
are negative fie1ds . The strong network fields above 80 G are sufficiently stable that 
they can be correctly identified as being the same features between the early frame 
at 1845 and the !ater frame at 2114. However, even the relatively stable network 
features, N I and P I, are seen to change shape. The positive feature, identified by P I, 
is seen to be more round in the first image and more elongated in the second: An 
opposite change in shape took place in N I. Initially it was elongated and had two 
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Fig. 2. These digital magnetograms show one-quarter of the total field of view used for the 
videomagnetograph at the Big Bear Solar Observatory on 9 July 1984. Positive fragments of 
magnetic flux are shown by thicker tines than the negative flux . Network fragments such as Nl 
and P I change shape in the 2 · 5 hr interval between these two images, but are readily recognized 
at the same positions. However, in the same interval, many new intranetwork fragments form 
such as 12, 13, 14, K3 and K4. A new ephemeral region is enclosed within the oval. Two major 
sites where magnetic flux is disappearing (cancelling) are enclosed within the partia! rectangles . 

.-
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local maxima. By the end of the interval under study, N I was almost round (also 
seen in Fig. 5 as the network fragment in the upper left corner of each frame) . 

We initially analysed ali of the photographic images as a movie and reviewed many 
individual digital images to identify the magnitude of changes that could be attributed 
to seeing and instrumental errors. The qualitative and quantitative analyses presented 
in this paper were made from 90 images between 19: 00 and 00: 30 UT during which 
the data were most uniform. The changes in ali features within a 200 "x 150 " field 
of view could be consistently studied as a function of time. Even dur~ng this interval 
small changes over the entire images dueto changes in the atmospheric image quality, 
the sensitivity of the magnetograms and in the balance of the opposite polarity fields 
could be seen. A small empirical correction was made to retain a constant ratio of 
positive to negative flux in the weak background fields . Another minor empirical 
correction was made to each of the measured images to retain approximately constant 
flux for the images as a whole. These corrections were made for separate research 
on the intranetwork magnetic fields. The corrections were found to be negligible to 
the results presented here because we limited the measurements in this study to the 
largest and most conspicuous examples of disappearing magnetic flux . 

The features Nl and P1 were selected as reference features . For severa[ hours 
they remained relatively isolated from other fragments of magnetic flux comparable in 
magnitude with the cancelling magnetic features that we selected for study. Network 
magnetic fields such as N I and P I usually do no! change apprcciably in total flux as 
long as thcy rcmain isolated from othcr fragments of flux . The degrce of isolation 
is relative. On a small scale, ali fragments of network are subject to t!ontinuous 
mergcrs with intranctwork magnctic flux of the same polarity and cam:cllation with 
intranetwork magnetic flux of opposite polarity (Martin 1984; Wang et a/. 1985). 
After correction o f the data for the changing sensitivity , P I retained a total flux o f 
(8·6±0 · 5) x 10 18 Mx and the total flux of Nl stayed within (3·1+0·1) x l0 19 Mx . 
The flux of P1 and N1, and ali of the other features in this study, were calculated 
from 22 frames evenly distributed in time during the 5 · 5 h r interval. 

In contrast to the relative stability of the network fragments in Fig. 2, it is seen 
that the smaller intranetwork fields, having peak contours of 5 and 10 G, are entirely 
changed during this interval. The sensitivity of the Big Bear videomagnetograph is 
sufficiently high that very weak fields of mixed polarity can be detected everywhere 
on the Sun as previously shown in magnetograms from Kitt Peak (Livingston and 
Harvey 1975; Harvey 1977; Sivaraman and Livingston 1982) and from the Lockheed 
Solar Observatory (Smithson 1975). Here, we do not plot fields below the 5 G levei 
because we do not choose to discuss the nature of the intranetwork fields in this paper, 
aside from illustrating their role in cancellation. We need to identify their presence 
because the strongest intranetwork fields seen in these mangetograms develop fields on 
the order of 40 G or more and can become as strong as the weak ephemeral regions 
or small fragments of magnetic flux that split off from the more concentrated network 
magnetic fields . The intranetwork magnetic fields cancel and merge in the same way 
as the st ronger magnetic fields. Some of the examples in this paper are relatively high 
concentrations of intranetwork magnetic fields which cancel with network magnctic 
fields . 

During the intervals o f isolation, the fluxes o f the reference features P I and N I 
did not vary more than 10%. Although some of the changes are due to interaction 
with intranetwork magnetic fields, we attribute most of these variations to seeing, 
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telescope guiding errors, and changes in the transparency of the Earth's atmosphere . 
These effects combine together to give apparent changes in the sensitivity of the 
magnetograms. For example, in Fig. 3, a sensitivity change is seen from the average 
gain of one contour in most of the features in the frames between 2006 and 2102. To 
be certain that we are investigating real changes in magnetic flux, we included in the 
quantitative part of this study only features which initially had or developed a total 
ftux of 10 17 Mx or greater, initially had or developed a 20 G contour, and changed 
by more than 10% of the maximum ftux measured for each feature. The change of 
10% or more was selected as a criterion because the most stable, isolated network 
fields, N 1 and P 1, did not show variations greater than 10% in 22 frames selected 
for their measurement during the 5 · 5 h r interval under study. During the 5 · 5 hr of 
data analysed, 16 conspicuous examples of disappearing magnetic features and three 
examples of ephemeral regions fulfilled these criteria. All of these features revealed a 
consistent pattern of change (either steady increase or decrease in magnetic flux and 
area) during many consecutive magnetograms, in contrast to the reference network 
features . 

All of the 16 examples of disappearance happened in closely spaced opposite 
polarity fields and thus fit our definition of ftux disappearance by cancellation. Since 
our initial purpose in this study is simply to accurately describe observations, we have 
chosen to avoid terms such as 'annihilation' or 'submergence' that would imply some 
physical model or. knowledge of what happened to the cancelled ftux. Zwaan (1978, 
1984) and Parker (1984) have mentioned ways that magnetic flux can physically be 
removed from the photosphere . 

4. Examples of Cancellation of Magnetic Flux on the Quiet Sun 

Fig. 3 shows the evolution of various cancelling features whose sites are labelled by 
partia! rectangles on the second frame at 2006. The feature KS/15 in the lower left 
is a typical cancelling feature. The opposite polarity fragments first mov~ together 
resulting in an increasing magnetic field gradient until 2102. The beginning of the 
cancellation is masked by the larger degree of smearing of the features before 2006, 
possibly beca use of seeing effects. The decrease in the magnetic ftux of both polarities 
is evident by 2219. By this time there is obvious reduction in both the area and number 
of contours in K5 and 15. The cancellation continues until the complete disappearance 
ofthe positive half, K5. The feature K5 reduced from 1-0 x 10 18 Mx to below detection 
between 19:01 and 00:29UT at an average rate of0·2 x 1018 Mxhr- 1 . 

The interval during which the magnetic flux is cancelling is most often recognized 
in these images because the magnetic field gradient at the cancellation sites usually 
becomes higher than between any other two features . of opposite polarity. High 
magnetic field gradients in the range 0·01-0·03 Ghr- 1 (Wang et a/. 1985) are very 
often evidence of cancellation, although it has not been shown that all sites of high 
gradient are necessarily the sites of cancelling features. 

The increasing gradient is evidence of the migration of unresolved magnetic 
structures. Without such migration during the cancellation, the magnetic field 
gradient would decrease rather than increase . 

Concurrent with observing increasing magnetic field gradients in cancelling features, 
we often also observe the coalescence o f adjacent flux of the same polarity. Coalescence 
often accompanies the migration of neighbouring magnetic ftux toward a cancellation 
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Fig. 3. Four major sitcs of cancellation are marked by the partia! rcctanglcs. Cancellations 
16/P3 and 17 /P3 involve the same positive network fragmcnt. K5/I5 is a cancellation bctween 
intranetwork fields that continues until K5 completely disappears. 18/P4 is an example of 
intermittant cancellation dueto the migration and changes of 18. K6 is a newly appcaring fragmcnt 
which rcsultcd from thc migration, coa lcsccncc, and concentration of wcakcr intranctwork 
magnetic flux . 
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site. In Fig. 3, I5 is a good example of the coalescence of the magnetic flux during 
cancellation. lt becomes more compact but retain~ a peak field of at least 40 G 
throughout most of the period of cancellation with K5. The feature K5 does not 
show coalescence, but there is no scattered weak positive flux around K5 to coalesce 
with it. Hence K5 seems to disappear more rapidly than I5. Our observation of these 
changes indicates the desirability of understanding the nature of the fine structure of 
solar magnetic fields. Other examples of flux migration, coalescence, and increasing 
magnetic field gradients respectively within and around cancelling features are shown 
in Wang et a!. (1985) . 

Features I6 and 17 are also cases of the simple continuous cancellation of two 
fragments of negative magnetic flux at adjacent sites on the border of a single larger 
arca of positive network flux, P3; 16 disappears first around 2219 while 17 loses ftux 
at a slower rate and has not completely disappeared by the last frame at 0029 in 
Fig. 3. At 1901, I7 has a flux of -3·0x l018 Mx. By 0029, its ftux has reduced to 
-0·8 x l0 18 Mx at an average rate of0·4 x l0 18 Mxhr- 1. Feature I6 cancels faster, 
reducing from -2·1xl018 Mx at 19:01 UT to -0·7xl018 Mx at 20:47UT, at an 
average rate of0·8 x 10 18 Mxhr- 1 • 

Features I6 and I7 are typical cases in which the comparable loss of flux in the 
adjacent, larger network fragment P3 participating in the cancellation is not obvious 
for two reasons: (1) the loss in total flux is a small percentage change of the network 
fragments, and (2) network fields change shape to fill in the flux lost at cancellation 
sites (Wang et a!. 1985). In these images on 9 July 1984 and most of our quiet Sun 
observations to date, the magnetic flux changes need to be greater than 10% of the 
fragments of flux involved in order to be detectable . 

Left of the division between 16 and 17 is an area of increasing positive flux, labelled 
K6. The development of K6 is worth a brief description and comment because it 
rcprcsents a kind of flux change on the quict Sun which needs to be better observed 
and understood. It originates from the development and merger of weak intranetwork 
fields. In Fig. 3, the origin o f K6 is not obvious beca use too few frames are p~esented 
to show thc cvolution of this fcature . In thc time-lapse film, however, the negative 
fields of 16 and 17, as well as K6, are ali seen to be concentrations of llux having 
their origin in the intranetwork space . 

The cancellation example I8/P4 in Fig. 3 is an example in which the cancellation 
is not simple and continuous. The period of increasing gradient only lasts about 
two hours and then it decreases. The negative flux migrates to the right relative 
to the positive flux and splits to form two smaller concentrations of flux by 0029 . 
Cancellation begins again with P4 for the negative knot of magnetic flux to the left, 
I9, as the field gradient increases between that knot and the positive fragment P4. 

On the right side of the frames in Fig. 4 (1901) are two large network fragments, 
P5 and N4, that are cancelling. Concurrent with the decrease in ftux, there is evidence 
in both P5 and N4 of continued migration toward each other. In P5, the centre of 
the highest contour gradually comes closer to the polarity inversion line. The feature 
N4 develops a secondary maxima which also moves toward the polarity inversion 
tine. There is no evidence of new flux near this polarity inversion line between P5 
and N4. We deduce that it is only the motion of the opposite polarities towards each 
other that builds the magnetic field gradient at a higher rate than can be reduced in 
cancellation. From the motion, we also deduce that the site of flux loss is localized 
at or close to the polarity inversion line . 
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1984 

Fig. 4. A newly developed ephemeral region F3 is seen in the first frame. At its poles, E3 
(negative) and G3 (positive) sepa rate from each othe r, and E3 encounters a fragmcnt of flux P6 
that was moving toward the network fragment in the upper left of the framcs. The encountercd 
fragment splits; the upper knot, P6 continues its established migration while the lower knot, P7, 
begins to cancel with E3. Cancellations P7 /E3 and P5/N4 show characte ristic high magnetic 
field gradients that accompany the loss of magnetic flux . 
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. .. 

S. Effects o f Cancellation on Ephemeral Regions ·' , . 

Fig. 4 shows the development of an ephemeral region, F3, enclosed in the oval in 
the first frame, and a related cancellation. This ephemeral region was born between 
I 7 : 22 and 18 : 26 UT, the largest gap in our data. At 1905 the positive ftux was 
4·0 x 10 18 Mx and the negative ftux was -4·9xto18 Mx. During its subsequent 
growth, the more isolated positive pole G3 co11:tinued to increase in ftux, while the 
negative pole E3 moved toward a neighbouring fragment of oppo~ite polarity network, 
P6. The fragment P6 had been migrating towards another network fragment in the 
upper left of Fig. 4. During its migration, P6 split i~to two knots, P6 and P7; P6 is 
seen to continue the migration to the upper left, whiié P7 seems to be attracted to E3 . 
Then E3 and P7 become a pronounced cancelling feature at 2323. In this example 
of cancellatio~, · the decrease in flux is clearly shared by both E3 ~nd P7 (2119) . 
Concurrent with this mutual reduction of fiux is a mutually increasing magnetic field 
gradient. This example very well illustrates how the magnetic field gradient at the 
cancellation site of one pole of an ephemeral region ·typically increases while the 
magnetic field gradient between the poles of the ephemeá1I region decreases. In this 
example, the cancellation of E3/P7 ceases by 0029 . . The cessation Ç)f cancellation is 
seen to be accompanied by a reduction of the magnetic field gradient. The feature P7 
is reduced to 0·5 x 1018 Mx at 0029, while E3 decreased ·to -2·9 x 1018 Mx. The loss 
of ftux in both components of the cancellation is the same within the accuracy of our 
measurements. If the absolute value of the flux lost by P7 is added to the residual 
of E3 after cancellation, the sum is nearly the same as the fiux in the non-cancelling 
pole of the ephemeral region G3 . 

Table I. Magnetic ftuxes (in 10 18 Mx) o f ephemeral region F4 
and fragment K4 identified in Fig. S 

Time K4 E4 G4 
(Positive) (Neg. pole) (Pos. pole) 

2119 1· 7 -0·42 0 · 48 ~ 

2128 1· 8 -0·9 1. 3 
2201 1·2 -1·1 3·2 
2236 0·8 -0 · 8 3·2 
2301 Q. 8 -0·6 2 ·1 
2320 0 ·6 -0·4 2 ·0 

Fig. 5 is a more drastic example of the effects of cancellation on an ephemeral 
region. This is the same ephemeral region F4 shown soon after its birth in Fig. 2 
(2114 ). In Fig. 2, there is an obvious imbalance in magnetic flux between the two 
potes of the ephemeral region. The series of images in Fig. 5 suggests to us that 
the initial imbalance is due to its emergence in a background field of weak positive 
polarity magnetic flux. The effect of the background field can be the cancellation 
of some of the negative ftux of F4 as it emerged a~d the addition of ftux to the 
positive pole of F4. At 2119 (Fig. 5), the measured fluxes are -0·4x 1018 Mx for the 
nega tive pole and O· 5 x 1018 Mx for the positive pole. Adjacent to the nega tive pote 
is a positive feature K4, whose ftux is 1·7x1018 Mx. The ftuxes of the ephemerat ' 
region and. the adjacent positive fragment K4 are giv~n in Table 1 corresponding -to 
the six middle frames in Fig. 5. . -. · 

The degree of imbalance between the positive and negative potes of F4 increases 
for at least two apparent reasons: (I) cancellation ofthe negative pole with K4 and (2) 

I 
' 

. I 

,_ 

I 
I 
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Fig. 5. As the new ephemeral region F4 grows, its negative poie E4 also is seen to cancel with 
intranetwork knot K4 , from 2047 until 2236. The positive pole 04 merges with other positive 
intranetwork fiux and then cancels some of its fiux with negative intranetwork fragmcnt I 10. Two 
knots ofnegative fiux, 111 and ll2, separate from li and migrate respectively towards Pl and 04 
to form new minor sites of cancelling magnetic fiux. Intranetwork knots, 12 and K3 (2119) also 
form a minor cancellation site. Network knot N5 separates from a large fragment of negative 
network at 2119 and migrates to form a new cancellation site on the border of P2 (2236) . 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

868 S. H. B. Livi et ai. 

merging of the positive pole with intranetwork flux. By 2128, the negative pole E4 
encounters the adjacent larger fragment of positive flux K4 and begins to cancel with 
it. However, the growth rate of the ephemeral region exceeds the rate of cancellation 
with K4. By 2128, the positive pole G4 has J. 3x 1018 Mx and the negative pole 
-0·9x 10 18 Mx. By 2201, both the positive and negative pole have reached their 
maximum flux, but the non-cancelling positive pole has almost three times the flux 
of the cancelling . negative pole. In this case the positive pole has a ditferential gain 
in ftux over the negative pole by much more than the flux lost in cancellation. The 
images in Fig. 5 suggest that this excess ftux in G4 might be due to its continued 
merger with positive intranetwork ftux as it moves away from E4. This is somewhat 
speculative, because G4 and whatever background positive flux it accumulated must 
also cancel with nega tive intranetwork flux such as I 10. Beca use we have not yet 
shown the reliability of our measurements for the intranetwork fields, we are guessing 
that the interactions of G4 with intranetwork ftux added more positive flux to G4 
than was subtracted from it in cancellation. These observations introduce the real 
complexity in addressing the question · of flux balance in ephemera1 regions or any 
small-scale fields on the Sun . 

The magnetic flux increase in G4 is similar to the inexplicable flux increases 
observed by Wilson and Simon (1983). Our observations revea1 the importance of 
detecting and analysing the character of intranetwork magnetic flux. In Fig. 3, K6 
shows that clumps of intranetwork flux alone can deve1op surprisingly high values of 
peak flux . 

In Fig. 5, the poles of F4 separate as a function of time as in any typical ephemeral 
region . In this example, the average rate o f separation was 1 · 5 km s - 1• Also, as usual 
for ephemeral regions, F4 stops growing at about the time that a gap of no magnetic 
ftux develops between the two poles as seen at 2201. However, G4 continues to 
move away from E4. It encounters and quickly cancels the minor flux fragment 110. 
During this same time (after 220 I), the cancellation between E4 and K4 ceases for 
no obvious reason. With the cessation of cancellation, the gradient of the magnetic 
field at the cancellation site reduces and the two previously cancelling fragments then 
slowly drift apart. 

Previously, Martin (1984) reported that cancellation generally continues until the 
smaller of two cancelling features completely disappears. However, here we have 
shown the example of E4 in Fig. 5 in which the cancellation ceased before the 
complete disappearance of the smaller knot of ftux K4. We ask why the cancellation 
sometimes ceases? Is it ditferent because the cancellation takes place within a network 
cell rather than on the boundary of a cell? Is there no longer a force that drives 
the pole of an ephemeral region into a neighbouring fragment? Could the motion 
be interrupted as a consequence of magnetic reconnection? These and many other 
questions remain to be answered about the interactions of magnetic flux on the quiet 
Sun . 

6. Cancellation and its Relationship to Transport of Magnetic Flux 

In many of the cases of cancellation on 9 July 1984, the previous motion of one 
or both polarities were observed in the time-lapse film before the beginning of the 
cancellation. This motion is primarily responsible for the building of high magnetic 
field gradients on either side of the polarity inversion line around which the flux 
disappea rance takes place . 
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In Fig. 5, it is also informative to follow the whole negative structure 11 (2047) to 
the left of G4 in the middle of .the frames. lt changes configuration continuously and 
stretches toward the positive neighbouring features, creating cancelling sites. lt well 
exemplifies the interaction of fields nearly everywhere on the Sun. The movement of 
opposite polarities toward each other is so common that it is difficult to attribute it 
to pure 'random walk' of the solar photospheric fields. For example, between 1845 
(Fig. 2) and 2047 (Fig. 5) part of 11 moved left to form a cancellation site I2/K3 at 
about 2320; another fragment 111 breaks away and moves down to cancel with P1 by 
2301; yet another knot 112 moves into position to cancel with G4 around 2320. We 
have not attempted to measure the rate of flux disappearance in these minar examples 
of cancellation . 

The feature N5 on the right side of the frames in Fig. 5 is another good example of 
the transport of flux. This ev~nt resembles the motions of the network described by 
Smithson (1972) as taking place in the form of sudden squirts of flux from one point 
to another over distances of 5000 to 20 000 km in intervals of a few hours. Numerous 
examples of this mode of rapid transport of flux over short distances are seen in the 
Big Bear Observatory magnetograms (Martin 1984; Wang et a!. 1985; Martin et a!. 
1985 b, present issue p. 929). 

In Fig. 5, N5 is the tongue of magnetic flux that extends to the left at 2119. A 
10 G contour at 2128 shows that flux has been added to the tongue which has moved 
further away from its source network field at 2201. The knot N5 has completely 
separated from its source field at 2236 and has entered into cancellation with the 
positive fragment P2, also associated with cancellation P2/N2. The cancellation of NS 
is nearly complete by 2320. In the last frame at 2345, the remairting weak fragment 
of flux near the previous site of N4 is a new minor concentration of intranetwork 
magnetic flux that was previously moving toward N5 . 

The transport of flux towards an established cancellation site is common. During 
the cancellation P2/N2 in Fig. 5, P1 has developed a second maximum P8 (2345) that 
is beginning to break away from P 1 and move toward the posltive magnetic flux being 
cancelled at P2/N2. This migration of flux can result in the enhanced concentration 
of magnetic flux at P2/N2, the building of increased magnetic field gradients and 
possibly increased cancellation of the flux at P2/N2. Note the lengthening of zone ~f 
increased magnetic gradient during the cancellation at P2/N2. Also, if G4 continued 
its migration in its established direction, it could also merge with P2 and continue 
the cancellation with N2. Due to the transport of magnetic flux as in these examples, 
cancellation at a si te can be renewed .or continued . 

7. Discussion 

The average rate offlux loss for the 16largest cancellations was.1·1 x 1018 Mx hr- 1 • 

The measured rates varied from 1017 to 4x1018 Mxhr- 1. In one sense the number of 
cancelling features and average rate of cancellation here determined could be higher 
than typical since the average distance between strong network fields is small. On the 
other hand,. the number of ephemeral regions in this particular field was relatively low 
and this factor might result in a lower number of cancellations than on other areas of 
the quiet Sun. The values gi~en here are approximate and refer to a particular region 
and time . 

The area of the quiet Sun that we analysed has enhanced network with some 
well-defined cells. In the field of view there are approximately 18 supergranule cells 
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with an assumed average diameter of 30 000 km. The mean rate of cancellation for the 
major fragments of ftux, having at least a 20 G contour, is 10 18 Mx per supergranule 
cell per hour. The mean rate of tlux gain due to the birth and growth of ephemeral 
regions is O. 3 x 10 18 Mx per supergranule cell per hour. Thus, it might appear that 
the rate of tlux loss exceeded the rate of ftux gain by a factor of 3 within this field of . 
view. However, ascertaining the true net rate of ftux loss or gain, even in a limited 
field, is a more complex problem than comparing the rates of gain and loss above 
an arbitrary threshhold. Many of the measured cancellations were concentrations of 
intranetwork magnetic tlux. Presumably, these cancellations are offset by an equal 
amount of opposite polarity concentration of tlux which merged and added to the 
network and ephemeral regions. A more meaningful approach to determining the 
relative mean loss and gain of ftux on an area of the quiet Sun would be to compare 
the ftux lost only in network/network cancellations with the gain in flux in ephemeral 
regions. However, adequate statistical sampling of network/network cancellations 
would require studying a much larger field of view than obtained for this set of data 
on 9 July 1984. We necessarily leave to future studies the question of obtaining 
meaningful measures of the net gain or loss of magnetic tlux on the quiet Sun at given 
times during the solar cycle . 

The origin of some of the intranetwork concentrations was observed to be a merger 
of weaker intranetwork fields of the same polarity. We deduce that most of the 
weak intranetwork fields observed in this .set of data are concentrations of yet smaller 
unresolved fragments of magnetic ftux . 

The concentrations of intranetwork magnetic flux sometimes cancelled with other 
intranetwork fields or ephemeral regions before further migration. Most concentrations 
of the intranetwork ftux migrated until they met network magnetic flux and either 
cancelled or merged with the network ftux. Because of the tendency for opposite 
polarity fields to migrate together, we suggest that the apparent attraction and 
migration of opposite polarity intranetwork and network features towards each other 
before and during cancellation might be a cause for the non-radial motion of some 
intranetwork features (Livingston and Harvey 1975). ~ 

It is interesting, and possibly informative, to note the relative rapidity of magnetic 
ftux loss by cancellation alone. The sum of all the positive and negative ftux in 
our field of view was 2·2x 1021 Mx. At the observed mean rate of cancellation of 
1·8 x l0 19 Mxhr- 1 for the entire field, only 120hr or 5 days would be required to 
eliminate ali of the flux in the field of view, under the unreal assumption that the Sun 
could generate only enough opposite polarity flux appropriately distributed to cancel 
the existing magnetic field at the observed rate. This means the rate of appearance 
of new ftux in the form of just intranetwork concentrations and ephemeral regions is 
impressively high. The quiet Sun magnetic fields must constitute a large reservoir of 
magnetic energy . 

8. Etfects and Consequences of Cancellation 

In this study we have learned that intranetwork magnetic fields quite commonly 
develop strong concentrations of magnetic tlux yielding knots of tlux having field 
strengths up to 40 G or more. These concentrations may last for severa! hours. They 
eventually cancel or add to the nelwork, ephemeral regions or other intranetwork 
fields. We presume that equal amounts of opposite polarity intranetwork flux merge 
and cancel with other magnetic fields, although .no systematic study has yet been 
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attempted. (In our data the smallest known intranetwork fields are not resolved.) If 
the intranetwork fields are generated and cancelled on a short time scale, these fields 
have no long-term net effect on the larger scale fields. However, in the short term, 
high concentrations of intranetwork magnetic flux might have a larger effect on the 
migration of network fields than previously suspected. Also, due to the merging of 
fields having the same polarity, some of the intranetwork fields can endure longer 
than previous studies have indicated (see the review by Stenfio 1976). 

We have shown that cancellation can have a large effect on ephemeral regions. One 
of the effects of cancellation is the creation of an apparent imbalance in the magnetic 
fiux of ephemeral regions if the ephemeral region appears at the site of pre-existing 
fiux . The example we have shown is the ephemeral region in Fig. 4. In addition, 
ephemeral regions can lose a large fraction of their total fiux after encounter with 
adjacent fragments of flux of opposite polarity. Thus, cancellation is an essential and 
large factor that should be accounted for in the correct measurement anct calculation 
of the amount of magnetic fiux that the Sun generates at any time in the solar cycle . 
This consideration applies to active regions as well as the ephemeral regions on the 
quiet Sun. In complexes of activity, we expect that very large amounts of magnetic 
flux are cancelled concurrent with its generation or emergence (Martin et a/. 1985 b). 
The situation is analogous to ephemeral regions on the quiet Sun. For simple isolated 
active regions, the total flux developed might be negligibly affected by cancellation 
during the growth phase. However, .active region magnetic flux develops in complexes 
of activity where we expect cancellation to play a large role in the amount of measured 
flux and in its configuration . 

The fact that ephemeral regions can cancel during their emergence implies that, 
in areas of strong network, one pole of small ephemeral regions might be completely 
cancelled in a very short time. If ephemeral regions occur with equal frequency at ali 
longitudes on the Sun, we might expect to find a deficiency of ephemeral regions in 
areas of enhanced network, because the smallest ephemeral regions might be cancelled 
before they could be recognized. At present we do not know whether eph~meral 
regions have any inherent preference or lack of preference to form or emerge in the 
enhanced network or any other special zones on the Suo. To correctly determine any 
spatial preference for formation, one also needs to evaluate either the size distribution 
or the rate of cancellation of any ephemeral region sample . 

We expect the cancellation of network magnetic fields with other network magnetic 
fields to have the largest effect on the long-term distribution of the residual background 
fields on the Sun. Any systematic migration of network fields accompanied by 
cancellation would slowly change the global distribution of positive and negative flux 
on the Sun as a whole. We speculate that the continuously changing patterns of the 
background fields (Mclntosh 1981) are probably due in part to cancellation . 

Other discussions of the importance of understanding how magnetic flux can and 
does disappear have been given by Zwaan (1978) and Boris et a!. (1984) . 

9. Summary 

The disappearance of magnetic flux has been studied quantitatively for quiet Sun 
features which had or developed at least a 20 G contour. Loss of magnetic fiux was 
observed only at sites where opposite polarity fragments of fiux had encountered one 
another. When the change exceeded 10% of the features measured, the fiux loss could 
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be observed in both closely spaced features of opposite polarity. This type of mutual 
loss of magnetic ftux in closely spaced features of opposite polarity has been defined 
as 'cancellation '. The mean rate of ftux loss per feature in the 16 largest examples of 
cancellation was approximately 10 18 Mx hr - 1 . 

Three ephemeral regions were observed from birth. In two of the three ephemeral 
regions, an imbalance in the magnetic ftux of the potes within each region was 
observed to be created by the cancellation of one pole with adjacent fragments of 
magnetic ftux of opposite polarity. In one of these examp1es, the imbalance was 
further enhanced by the merger of the other pole with intranetwork magnetic field of 
the same polarity . 

In many cases the cancellation of flux was seen to be precedcd by the transport 
of the magnetic ftux fragments towards each other. The transport appeared to be 
associated with at least one of the following types of motion: (1) the convective 
ftow of intranetwork fields from cell interiors to cell boundaries, (2) the growth and 
separation of the poles of ephemeral regions, (3) the migration of network, presumably 
along the boundaries of network cells, and (4) the direct motion of opposite polarity 
features towards one another . 

Cancellation is commonly accompanied by a gradual increase in the gradient of 
the magnetic fields adjacent to the observed points of encounter of the cancelling 
fragments. The increasing gradients appear to be a consequence of the continued 
migration and coalescence of small fragments of magnetic flux towards a cancellation 
si te. 

The emergence and cancellation of magnetic ftux was also observed within the 
intranetwork cells. The spontaneous appearance of intranetwork fields of both 
polarities was observed. By the merger of magnetic flux having the same polarity, 
the formation of concentrations of intranetwork field into fragments with fi elds up 
to 40 G or more was seen. A few of these concentrations were of the same order of 
magnitude as the po1es of the ephemeral regions observed in the same set of data . 
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An active region was studied in detail during its period of decay from 3 to 8 August 1984 using 
Ha filtergrams and videomagnetograms acquired at the Big Bear Solar Observatory. The decay 
was initiated by a process of fragmentation in which very small knots of magnetic fiux separated 
from larger concentrations of flux . The fragmentation was observed at discrete locations around 
the periphery of both the dominant areas of negative and positive field, but possibly occurred 
more frequently in the main polari:ty inversion zone. The fragmentation and migration of knots 
of magnetic fiux were common predecessors to the disappearance of fiux. 

The disappearance of magnetic fiux was always observed when the small fragments of fiux 
encountered other small fragments or concentrations of fiux of opposite polarity. This type of 
disappearance of magnetic fiux, called 'cancellation', is shared by both polarities of magnetic 
field . It was deduced that the disappearance of fiux occurred either at or within 5 arcsec of 
the apparent dividing line between the opposite polarities. Cancellation was the only observed 
means of major loss of fiux in the photospheric magnetic fields of the active region . Approaching 
fragments of opposite polarity fiux always coUided and, after apparent collision, permanent loss of 
magnetic flux was subsequently and invariably observed. Thus, cancellation is a highly predictable 
phenomenon . 

AI! of the 22 fiares observed during the decay of this region were initiated around the sites 
where magnetic fiux was cancelling or was deduced to be cancelling during the fiares. The 
intervals of time during which magnetic fiux was decreasing at the fiare sites was very much 
longer than the duration of the fiares. Abrupt changes in magnetic fiux on the time scales of the 
Ha fiares were not observed. Severa! fiares started at a site of disappearing fiux but spread to 
other locations of plage where no loss of fiux was observed during the fiares . We hypothesize 
that eancellation was a necessary condition, but not the only necessary condition, for fiares to 
occur in this active region . 

1. Introduction 

When large active regions decay, it is well known that some of their magnetic fiux 
gradually spreads over increasingly large areas of the Sun. In contrast to this picture, 
Zirin (1984) has recently shown an example of a decaying active region in which the 
areas of opposite polarity fiux, as a whole, come back together and disappear. In 
addition, Wallenhorst and Howard (1982), Wallenhorst and Topka ( 1982), Wilson 

• Paper presented at the R. G. Giovanelli Commemorative Colloquium, Part 11, Tucson, Arizona, 
17-18 January 1985. PartI, Aust. J. Plzys., 1985,38,855 . 
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and Simon (1983), and Topka and Tarbell (1984) have shown that some ftux of only 
one polarity seems to mysteriously disappear in situ . 

During August 1984 at the Big Bear Solar Observatory, we recorded 
videomagnetograms and H a filtergrams of the growth and decay of an active region of 
modest size (number 19425, Solar Geophysical Data). Remarkably, this active region 
displayed ali three of the modes of decay cited above with the exception that the 
disappearance in situ always consisted of flux of both polarities. The most dramatic 
part of the decay was the opposite polarity flux reconverging and disappearing around 
the primary polarity inversion line in the active region. However, we also found 
during our analyses of the data that some of the magnetic 11ux of the active region 
dispersed around the periphery of the regiori . 

At the Colloquium we illustrated the evolution of this active region from 31 July 
to 8 August and its dramatic disappearance of magnetic flux in a time-lapse film 
of videomagnetograms taken on 2, 3, 4 and 5 August. Then, we further illustrated 
the details of the magnetic flux disappearance using selected magnetograms and Ha 
filtergrams from 3 to 8 August as illustrated in the present paper. The significant 
changes in the magnetic field of the active region take place on a relatively small 
scale. Following the details of the small-scale changes in the active region in the 
figures, however, is much more Jaborious than viewing the same changes in the 
time-lapse fi.lm. We also recognize that various readers will have differing degrees of 
interest in the fine observational detail. Therefore, we have organized the paper so 
that the following sections can be read independently as follows : Section 2 discusses 
the general evolution of the active region, while Section 3 presents a chronological 
description of the details of the disappearance of magnetic flux. Section 4 summarizes 
and discusses the primary results , including changes preceding the disappearance of 
fiux, the disappearance of magnetic ftux, and the association of Ha features and 
events with disappearing magnetic ftux. The conclusions are presented in Section S . 

2. General Evolution of the Active Region 

The general pattern o f evolution o f the active region as a whole is illustrated ÍQ Figs 
1 and 2. The region was born near the east limb on or before 30 July 1984 ata latitude 
of S 17. lts apparent transit of the Sun's central meridian was early on 5 August. The 
sunspots in the region reached their maximum area on 2 August; the positive polarity 
sunspots began their decay by 3 August; the negative polarity sunspots declined in 
area throughout 4 August and ali of the sunspots had disappeared by 5 August. 

Fig. 1 shows the active region during its maximum development and throughout 
its decay in sections taken from the daily full-disc Kitt Peak magnetograms from 2 
to 8 August 1984. The magnetograms are shown in the form of contour maps made 
by us at Caltech using the digital data from Kitt Peak supplied on magnetic tape by 
staff members of the National Solar Observatory in Tucson. The contours given are 
the 20, 40, 80, 160 and 320 G leveis (1 G == w- 4 T). In ali illustrations here solar 
north is a t the bottom and east is to the right. The leading negative polarity field is 
to the west (left) of the trailing positive polarity field in the most common orientation 
for southern hemisphere active regions during the current solar cycle . 

The active region stopped growing by 3 August. On 4 August, the opposite 
polarities ceased expansion and, in fact, are seen in Fig. 1 to have partially reconverged 
towards the centre of the region . There is also a notable elongation of the rcgion 
in the north-south direction . The apparent general decline of the magnetic flux 
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from 3 to 8 August. 
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Fig. 2. Videomagnetograms from thc Big Bear Solar Observatory show the evolution of an 
active region from its early stage of growth on 31 July 1984 until its very la te stages of decay 
on 8 August. The order of the sequcnce is shown from top to bottom in columns. Negative 
polarity is black and positivc is whitc . Thc contours within cach polarity bcgin al upproximatcly 
50 G , with each succcssivc contour rcprcsc nting a doubling of thc ficld strcngth. Thc contouring 
system breaks down in the strongest fields containing sunspots . 

of the region continues until 8 August. Each day a large fraction of fiux is lost until, 
on 8 August, only two small isolated fragments of positive polarity remain among 
the scattered network of negative polarity. Cloudy weather terminated our obtaining 
any further information on the fate of the last two fragments of positive polarity fiux 
both at Big Bear or from Kitt Peak. From each daily Kitt Peak magnetogram, we 
measured the total flux in the concentrated fields in the central · part of the region 
where the fields appeared to change markedly in total flux from day to day. The total 
magnetic flux consistently declined after 3 August. During the phase of decay from 
4-8 August, the average rate of magnetic flux lost from the Kitt Peak magnetograms 
is 1·3x 1020 Mx per day or 5 x 10 18 Mx hr- 1. 

In Fig. 2 we show a series of photographic magnetograms from the Big Bear 
Solar Observatory depicting the general evolution of the active region beginning on 
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31 July and continuing to 8 August. In this illustration and the remaining illustrations 
in this paper, the time sequences are given in arder first from top to bottom and 
secondly from left to right. The universal time (UT) given on or adjacent to each 
photograph is ending time of the magnetogram. Negative polarity is black and 
positive polarity is white, except within the contours. The polarity of any contoured 
feature is distinguished by whether the feature is black or white around the periphery 
of the lowest contour. In this data set, the first contour represents approximately 
50 G . Each successive inner contour represents a doubling of the field strength with 
each change from black to white or white to black. The method of generating the 
contours is described more completely in the paper by Zirin (1985, present issue 961) . 

The active region did not appear to be unusual until it began to partially reverse 
its pattern of growth on 4 August. We note again the elongation of the region in 
the north-south direction after the decay phase has become apparent on 4 August. 
However, the decay phase begins on 3 August with disappearance of the positive 
polarity sunspots; this is indirectly indicated in Fig. 2 by the reduction in the peak 
flux and the spreading of the positive polarity (white). In addition to the north-south 
elongation of both polarities, the decay phase differs from the growth phase in another 
respect; the flux does not become as compact and does not reconverge to a single 
central site as it disappears . 

3. Chronological Description of Details of the Disappearance of Magnetic Flux 

(a) Detailed Description of the Early Phase of Decay 

In Fig. 3, we illustrate examples of the fragmentation of large concentrations of 
magnetic flux and examples of the .migration and disappearance of small knots of 
flux. The six images in Fig. 3 were selected from the original film at interva1s of 
about 1 to 2 hr throughout the observing day on 3 August. We first call attention 
to the deviations from the overall simple bipolar character of the active region as a 
whole. The polarity inversion zone in the middle of the region shows some mixing 
of opposite polarity fragments of magnetic field. Around the main concentration of 
negative field, other small fragments of both polarities can be seen. Magnetic flux 
loss takes place at nearly every site where small positive or negative fragments move 
into apparent contact with opposite polarity field. Most of the flux loss appears to 
happen exactly in the same way as on the quiet Sun (Livi et ai. 1985; Part I, present 
issue p. 855). 

Positive fragment P1 in the first frame of Fig. 3 is a clear example of the 
disappearance of magnetic flux in a fragment for which we have no previous history . 
It was already losing flux when the daily observations began. In the first frame of 
Fig. 3, it is nearly surrounded by negative flux. It is seen to gradually Jose flux 
throughout the day and, by 0021, it has almost disappeared completely . 

This sequence in Fig. 3 is especially effective in showing the reality of the flux loss 
beca use the general sensitivity of the magnetograms is seen to be increasing throughout 
this day. Under this condition, we can be certain that any consistent reduction in 
magnetic flux observed in many frames of the original film is not due to variations in 
the quality of the data throughout the day. The slow sensitivity increase is apparent 
from the increasing area within the contours. It is important to examine isolated 
fragments of ftux of either polarity, especially around the periphery of the region in 
Fig. 3 and the subsequent illustrations. In ali areas where there · is no contact 
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Fig. 3. Early changes in the decay of the magnetic fields take place in very small fragments 
denoted by P and N respectively for positive and negative. Positive fields are white and negative . 
are black. P1 is a disappearing fragment; P2, N2 and P3, N3 are approaching fragments of 
opposite polarity; P4, PS and P6 are knots breaking away from the main concentration of positive 
tlux; N7, NS, N9, N 10 and N 11 are knots breaking away from the main concentration of nega tive 
tlux; P IO, Pl2 and P13 (also possibly ncgative knots N10-N11) are moving magnetic fcatures 
cmanating from the main concentration of negative polarity containing thc sunspot. 
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between positive and negative fields, no major ftux loss can be seen álthough minor 
changes in the shape of the isolated single polarity fragments do occur; the changes 
in shape are due partially to real migration of the ftux and partially to changes in 
image quality from frame to frame. The examples of changes in the magnetic ftux 
illustrated and discussed in this paper can be observed on many successive frames of 
the original film as well as in the digital magnetograms recorded on magnetic tape . 
The illustrated changes in magnetic ftux, consistently observed over the course of 
many successive frames, are greater in magnitude than both the instrumental and 
background variations. 

An example of fragmentation and pre-disappearance motion is illustrated by 
fragments N2 and P2 (2009) respectively. P2 exists as a very faint positive fragment 
(or unresolved collection of fragments) below the main concentration of negative ftux, 
while N2 is a negative fragment that is beginning to break away from the main 
concentration of negative flux at 2009. In the remainder of the series, N2 is seen as 
a successively elongated appendage of the main concentration of negative flux . As 
N2 moves towards P2, P2 is also slowly migrating towards N2. By the last frame, 
0021, the two opposite polarity features are in contact. Flux loss is expected to begin 
at this stage. The images in Fig. 4, from the next day's observations, verify the 
disappearance of P2 . 

In Fig. 3, above the main concentration of positive polarity is another site where 
one or more knots of flux, designated as P3 at 2144, moves away from the main 
concentration and towards an opposite polarity fragment N3. P3 and N3 are somewhat 
diffuse in appearance and may be a collection of unresolved fragments which coalesce 
as the opposite polarities migrate towards each other. The two fragments come into 
contact by the end of the observing day (0021 in Fig. 3). 

In Fig. 3, P4, PS (2009) and P6 (0021) are other examp1es of the fragmentation 
of ftux 1ocated just below the main concentration of positive field. In the first frame 
(1601), P4 is still an appendage to the main concentration. It separates from the 
main concentration before the time of the second frame at 1842 and, by 2009, it is 
in contact with the negative ftux toward which it was moving. It is disapf>earing by 
2144, but its demise is not clear because it is followed by additional weak fragments 
of positive ftux, notably PS, moving in its wake. Since there is no build-up of positive 
flux at the junction with the negative flux, we infer that ftux is being lost when it 
comes into contact with the negative flux. At 0021, to the left of P4 and PS, is 
yet another example, P6, of a fragment of flux beginning to separate from the main 
conccntration of positive polarity . 

Fragmentation seems to occur with the highest frequency from the main 
concentrations of flux near the main polarity inversion zone. At 2009, N7 and 
N8 are representative examples of fragments that have separated from the main 
concentration of negative flux and are in contact with less distinct fragments of 
positive flux. They slowly Jose flux during the remainder of the observing day as they 
also migra te closer to the positive flux. Note that the inner contour of N7 disappeared 
altogether by 0021. While N7 and N8 are losing flux, just above them, N9 in frame 
2238 is seen to have migrated into contact with the positive flux . 

Where the magnetic field is highly concentrated, especially in the middle of the 
region, the fragmentation and the disappearance is more difficult to see than around 
the periphery of the region. Sometimes, in the middle of the region, the fragmentation 
appears only as slowly changing appendages of both polarities. The fragmentation 
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Fig. 4. P14 (2006) and N15 (1527) are knots of flux that follow in the same paths as P6 
and N8 on the previous day in Fig. 3. Part of N 16 (1603) intrudes in to the adjacent area of 
positive polarity . P17 (1623) disappears as it moves into negative polarity flux. N18 (1623) 
is also cancclled complctcly by P 19 ( 18 34 ). Both N 18 and P 19 are part o f a collection o f the 
final 'moving magnetic features' emanating from the negative concentration of magnetic flux 
containing the final dying sunspot. 
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Fig. S. El is a new growing ephemeral region first seen at 2121 in this series continuing from 
Fig. 4. P20 (2325) cancels with N20 and moves into contact with E1n at 0135. N2I (0032) 
breaks away from a concentration of network and collides with Elp. N22, P23, P24 and N24 
are knots that break away from Iarger concentrations of flux and move towards opposite polarity fie ld . 

'J37 
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often results in the temporary interleaving of the positive and negative fragments or 
appendages in the middle of the region. This is very noticeable in the last frame of 
Fig. 3. In some circumstances, we cannot immediately see evidence of the loss of flux 
because the percentage change of flux can be toa small to be detected. However, in 
most circumstances, the disappearance of flux can be inferred beca use of two observed 
conditions: (1) there is no long-term progressive build-up of flux in the polarity 
inversion zones and (2) the separated fragments typically do not reverse direction . 

There is one striking difference between the fragmentation of the positive flux 
which contains only tiny sunspots and the negative polarity field which contains a 
Iarger decaying sunspot on 3 August (Fig. 3). The fragmentation from the negative 
concentration containing the sunspot consists of features of both polarities. These 
fragments are the 'moving magnetic features' descril>ed by Harvey and Harvey (1973). 
PIO (1842), P12 and Pl3 (0021) are examples of positive polarity moving magnetic 
features which spontaneously appear and emanate from the perimeter of the dying 
sunspot within the concentration of negative flux. Fragments NlO and Nll follow 
PIO. • 

Figs 4 and 5 show respectively further details of the changes in magnetic flux 
during the first and second halves of the observing day on 4 August. The most 
conspicuous overall change in the active region, since the previous observing day, is 
the reduction in distance between the main negative and positive concentrations of 
flux. By comparing frames of equivalent quality on 3 and 4 August, it is also obvious 
that there has been a substantial reduction in ftux by 4 August. We can surmise that 
the fragmentation and Ioss of ftux in the centre of the region has been substantially 
greater than the fragmentation and loss of flux around the periphery of the region . 
Additionally, there has been a general, slow migration of the opposite polarity fields 
towards each other. This general migration has followed in the same directions as 
illustrated for the individual moving knots of magnetic flux seen in the centre of the 
region on the previous day, 3 August . 

In Figs 4 and 5, we point out many new examples of opposite polarity fragments 
moving together and disappearing. At the same site as P6 on the previous day (Fig. ~ 
3), another positive fragment Pl4 (2006) is seen to break away from the primary 
positive concentrations of ftux and move into contact with the negative flux below . 
At approximately the site of N7 and N8 on the previous day, Nl5 (1527 in Fig. 4) is 
seen to be separating from the main negative concentration. Between 1834 and 2055, 
Nl5 gradually disappears. Nl6 (1603) which is ator close to the site of N9 on the 
previous day, breaks away from the main negative concentration of flux and follows 
the course of an obvious but weak protrusion of negative flux into the neighbouring 
positive flux. Continuing in Fig. 5, we see that flux is lost in the protrusion of N16 
into the positive flux and that the protrusion disappears by 2218. These examples on 
4 August are continuing the same pattern of fragmentation, motion, and flux Ioss as 
on the previous day. However, Nl6 reveals a different component of motion. It is 
slowly migrating towards the upper part of the field of view as well as toward the 
positive polarity. In Fig. 5, N16 is seen to merge with the negative field above it. 
Concurrcntly, it may bc shedding very small fragments of its flux, at the threshold 

• !ri this paper we label the moving magnetic features in the same way as other fragments with a 
P for positive, or N for negative, followed by a number. Opposite polarity features which come 
into contact are labellcd with thc same number. Othcrwisc, thc number following thc N or P 
only denotes thc approximatc order in which each fragment is mcntioned . 
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of our detection in these images, in the direction of the adjacent -positive field . We 
suspect that a lot of action may be taking place in the weaker magnetic flux below 
our sensitivity threshold and spatial resolution in this set of data . 

Fragments Pl7, Nl8 (1623) and Pl9 (1834) on 4 August (Fig. 4) appear to be 
additional examples of moving magnetic features ali following approximately the 
same path. The larger positive fragment P 19 almost completely cancels the nega tive 
fragment N 18 and continues its motion toward the negative field above it. P 19 joins 
the remnant o f P 17; it may also be the composite o f severa! smaller knots o f flux. 
Continuing through frames 2121, 2218 and 2325 in Fig. 5, it appears that the rapidly 
moving P 19 is able to force the displacement o f the more sfable negative flux in its 
direction of motion until about 2325. After this time, P 19 is obviously losing flux and 
some of the adjacent negative flux reoccupies its original position as these features 
interact with each other . 

Another interesting change in the vicinity of the positive fragment P 19 is the 
opening of a 1ane of 1ittle or no magnetic flux between it and the main concentration 
of positive flux. The 1ane is first seen in Fig. 5 at 2325 and it becomes slight1y wider 
thereafter . 

In addition to flux migration and disappearance from the existing flux of the active 
region, Fig. 5 reveals the development of a new ephemera1 region. The characteristics 
of ephemeral regions are reviewed in Livi et a/. (1985). The evo1ution of E1 is shown 
in the second to the sixth frames of Fig. 5. The separation of its opposite polarities 
occurs rapidly between 2121 and 2218. By 2218 the negative half, E1n, has merged 
with the nearby negative fie1d, but its location is still identifiab1e. As the two halves of 
the ephemeral region continue their initia1 motion, we observe interesting coincidental 
changes in the pre-existing opposite polarity flux at the extremities of the ephemeral 
region at 2325. To the right of E1n, a pronounced appendage of positive polarity flux 
P20 has moved towards an existing negative fragment N20 in the general direction, 
but a little below, the negative field of Eln. At 2325, loss of flux is apparent in N20. 
By 0032, N20 has almost completely disappeared but the flux that we assume was 1ost 
in P20 is being replaced by positive flux flowing along the appendage esiablished first 
by P20. The magnetic field gradient increases as the appendage of positive polarity 
moves close to Eln. The stage is set for flux disappearance between Eln and renewed 
P20 by the last frame at 0135 . 

At the other end of the ephemeral region at 2325, the positive po1e Elp has come 
close to the pre-existing negative field to its left. By 0032, the adjacent negative field 
has developed an appendage, N21, extending into contact with E1p. Again the stage 
is set for Joss of flux. E1p has already lost flux by 0135, which is obvious from its 
reduced size, while Elp and N21 have comp1ete1y disappeared by the beginning of 
the next observing day, as shown in the series of magnetograms in Fig. 6 . 

To the right of E1n in Fig. 5, there are severa! significant sites where other 
fragments move toward concentrations of opposite polarity flux. Fragment N22 
(0032) has separated from the main concentration of negative polarity and moves 
towards the concentration of positive polarity to its right. The appendage of positive 
flux P20 that moved to meet the negative pole of El is the most rapidly moving 
and Jast of three appendages that develop from the concentration of positive fiux just 
below the centre of the frames in Fig. 3. The adjacent appendage P23 to the right of 
P20 was initiated by Pl4 (Fig. 4) while the third appendage P24 further to the right 
follows the path established by P4 and PS (2009, Fig. 3) . 
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Fig. 6. PN25 (1748) is an example of very rapid cancellation in which both polarities are seen 
to lose flux. P26 (2046) moves up in the field and cancels with a concentration of negative flux. 
N27 (2349) breaks away from the same concentration of negative flux and moves toward P27 . 
N28 cancels with P28 while P29 merges with P28. N29 begins to cancel with P29. P30 moves 
toward N30. E2p and E2n (1829) are the poles of an ephemeral region. 8oth poles cancel with 
adjaccnt fields of opposite polarity (2209) . 
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By the beginning of the next observing day, S August, shown in Fig. 6, radical 
change has also taken place in this part of the active region. A large amount of 
both positive and negative fiux has disappeared. Only two fragments of positive fiux 
remain in the vicinity of the concentration of fiux with its three appendages P20, P23 
and P24 (see Fig. 5). The negative fiux is clearly reduced and the remaining negative 
fragments have shifted in position. In this part of the region, there is only one site, 
PN25, where opposite polarity fields are in contact. 

In Fig. 6 and in the subsequent text, we designate sites of cancellation as PN 
(positive-negative) followed by a consecutive number which continues to designate 
the order in which the features are described in this paper. If referring to either half 
of a cancelling feature, such as PN25, we use either P25 or N25 to denote whether 
we refer to the positive or negative ha1f . 

At ali of the sites where we observe and can measure flux loss during our observing 
day, the 1oss takes place in exactly the way as illustrated by example PN25 in Fig. 
6. PN2S is seen to 1ose fiux very rapid1y. By 2349, P2S has completely disappeared 
and the ftux of N25 is obvious1y much reduced. Between 1748 and 1829, prior to 
the interval of obvious fiux loss, P25 was a part of a slightly larger concentration of 
fiux which separated into two fragments. The upper fragment is designated as P26 
(2046). This splitting is already distinguishable at 1829. P26 moves up to meet a 
larger concentration of negative fiux. Flux loss at PN26 is evident by 2349 and the 
fragment P26 has completely disappeared by 0031. At 2349, to the upper right of 
P26, fragment N27 is seen to be breaking away from the same concentration of ftux 
with which P26 is cancelling. N27 begins to migrate towards P27 . 

In the case of PN25, fiux loss is initiated about the time that the centre or peak 
of ftux in the smaller fragment is 5 arcsec or 1ess from the first contour (50 G) of the 
larger concentration. As the magnetic ftux is disappearing, a re1atively high magnetic 
field gradient is established and maintained between the two po1arities unti1 ali of the 
fiux of the smaller fragment is complete1y gone. This behaviour is consistent with the 
way that ftux disappears in much smaller cancelling fragments. From this behaviour 
we conclude that the si te of disappearance is at or within a few~arcsec of the dividing 
line between the opposite po1arities, and that the disappearance of the fiux in this 
narrow zone is accompanied by continued migration of the opposite po1arity fields 
together until the smaller fragment has completely disappeared. • 

As a first step in estimating the rate of ftux loss in the whole active region due 
to cancellation, we measured the rate of ftux disappearance in P25 and P26 because 
these are relatively isolated and distinct examp1es of ftux disappearance at different 
rates. The measurements were made from digital magnetograms from the Big Bear 
Solar Observatory which were recorded about once an hour throughout the observing 

• For brevity and clarity in continuing our discussion of the observations, we call this type of 
observed loss in magnetic flux 'cancellation' and assign it the specific definition: 'the apparent 
mutual loss of magnetic flux in closely spaced features of opposite polarity'. We choose to 
use this term because the root word 'cancel' means to remove the etrectiveness of something 
or alternatively that one factor otrsets the effect of another. 'Cancel' does not mean 'destruct' 
and 'cancellation' is not synonomous with 'annihilation'. It is .an appropriate observational term 
because it has a more precise meaning than 'disappear', yet it does not imply that we pretend to 
know exactly how the magnetic field is removed from the photosphere. Our intention is to leave 
the theoretical interpretation to be addressed subsequent to the presentation of the observations . 
The questions of whether the cancelling magnetic fields are rcally being submerged, expelled 
outward, annihilatcd, or some combination of these intcrpretations rcmain opcn . 
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By the beginning of the next observing day, 5 August, shown in Fig. 6, radical 
change has also taken place in this part of the active region. A large amount of 
both positive and negative ftux has disappeared. Only two fragments of positive flux 
remain in the vicinity of the concentration of flux with its three appendages P20, P23 
and P24 (see Fig. 5). The negative flux is clearly reduced and the remaining negative 
fragments have shifted in position. In this part of the region, there is only one site, 
PN25, where opposite polarity fields are in contact. 

In Fig. 6 and in the subsequent text, we designate sites of cancellation as PN 
(positive-negative) followed by a consecutive number which continues to designate 
the arder in which the features are described in this paper. lf referring to either half 
of a cancelling feature, such as PN25, we use either P25 or N25 to denote whether 
we refer to the positive or negative half . 

At ali of the sites where we observe and can measure flux loss during our observing 
day, the loss takes place in exactly the way as illustrated by example PN25 in Fig. 
6. PN25 is seen to Jose flux very rapidly. By 2349, P25 has completely disappeared 
and the flux of N25 is obviously much reduced. Between 1748 ·and 1829, prior to 
the interval of obvious flux loss, P25 was a part of a slightly larger concentration of 
flux which separated into two fragments. The upper fragment is designated as P26 
(2046). This splitting is already distinguishable at 1829. P26 moves up to meet a 
larger concentration of negative flux. Flux loss at PN26 is evident by 2349 and the 
fragment P26 has completely disappeared by 0031. At 2349, to the upper right of 
P26, fragment N27 is seen to be breaking away from the same concentration of flux 
with which P26 is cancelling. N27 begins to migrate towards P27 . 

In the case of PN25, flux loss is initiated about the time that the centre or peak 
of flux in the smaller fragment is 5 arcsec or less from the first contour (50 G) of the 
larger concentration. As the magnetic flux is disappearing, a relatively high magnetic 
field gradient is established and maintained between the two polarities until ali of the 
flux of the smaller fragment is completely gane. This behaviour is consistent with the 
way that flux disappears in much smaller cancelling fragments. From this behaviour 
we conclude that the si te o f disappearance is at or within a few arcsec pf the dividing 
line between the opposite polarities, and that the disappearance of the flux in this 
narrow zone is accompanicd by continucd migration of the opposite polarity ficlds 
together until the smaller fragment has completely disappeared . * 

As a first step in estimating the rate of flux loss in the whole active region due 
to cancellation, we measured the rate of flux disappearance in P25 and P26 because 
these are relatively isolated and distinct examples of flux disappearance at ditferent 
rates. The measurements were made from digital magnetograms from thc llig llear 
Solar Observatory which were recorded about once an hour throughout the observing 

• For brevity and clarity in continuing our discussion of the observations, we call this type of 
observed loss in magnetic flux 'cancellation' and assign it the specific definition: 'the apparent 
mutual loss of magnetic ftux in closely spaced features of opposite polarity'. We choose to 
use this term because the root word 'cancel' means to remove the effectiveness of something 
or alternatively that one factor offsets the effect of another. 'Cancel' does not mean 'destruct' 
and 'cancellation' is not synonomous with 'annihilation'. lt is .an appropriate observa tio na! term 
because it has a more precise meaning than 'disappear', yet it does not imply that we pretend to 
know exactly how the magnetic field is removed from the photosphere. Our intention is to leave 
the theoretical interpretation to be addressed subsequent to the presentation of the observations . 
The questions of whether the cancelling magnetic fields are really being submerged, expelled 
outward, annihilated, or some combination of these interpretations remain open . 

. I 
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day. P25 Jost flux at the average rate of 5 x 10 18 Mx hr- 1, while P26 ·tost flux at the 
much slower and more typical rate of (1-2) Mx hr- 1• Assuming an equal rate of flux 
loss in the negative polarity concentrations with which P25 and P26 were cancelling, 
a conservatively estimated rate of cancellation for a small element exemplified by P26 
and its unresolved negative conterpart is 2x 10 18 Mx hr- 1• A high rate of flux loss is 
10 19 Mx hr - 1, as exemplified by P25, one of the fragments which in the time-lapse 
films _appears to cancel rapidly. Assuming that the lower rate of 2 x 1018 Mx hr - 1 

is typical, only 2 · 5 sites of cancellation of this magnitude need to exist on average 
throughout the decay phase to account for ali of the observed Joss of flux during 
the decay phase of the active region, as measured from the K,itt Peak magnetograms 
(S x 10 18 Mxhr- 1) . Since it has been shown in Figs 3-6 that severa! cancellation 
sites frequently can be observed at the same time, we conclude that the general 
phenomenon of cancellation is of the correct arder of magnitude to account for the 
ftux that has disappeared from the photosphere during the decay phase of this active 
region. To verify this estimate a detailed accounting of ali the measurable cancelling · 
features in this active region is planned for a subsequent paper. · 

In most of the examples cited thus far, the cancellation of flux was preceded by 
fragments breaking away from larger concentrations of flux. Sometimes, however, 
cancellation is preceded or accompanied by the merging of knots of fiux of the same 
polarity. An example of the coalescence of fragments preceding and accompanying 
cancellation is shown in the upper part of the active region in Fig. 6. A cluster of 
fragments of negative polarity merges throughout the day. One of the fragments, 
labelled N28 at 2046, moves into contact with adjacent P28. N28 cancels completely 
with P28 by the end of the day and loss of flux is also apparent in P28. In addition, 
while N28 is cancelling with P28, P29 can be seen to merge with P28 between 2209 
and 2349. Merging of the negative polarity fragments to the left of P29 also can be 
seen to slowly take place during the day. At 2349, we denote the merged cluster 
of negative fragments as simply N29 and the merged positive fragments as P29 . 
By the last frame at 0031, N29 and P29 h a v e almost moved sufficiently close for 
cancellation to begin. By the beginning of the next observing day (see Fig. 11 in the 
next subsection), ali of P29 has completely disappeared along with most of N29 . 

Fig. 6 also reveals the dramatic effect o f the fragmentation of the main concentration 
of negative ftux. The main concentration has entirely dissipated at the site where 
the decaying sunspot was present on 3 August. In Fig. 6, the site of the previous 
concentration appears to be the centre of one or more newly forming network cells . 
The small concentrations of ftux around the periphery of the cell are, on average, 
eq~ivalent in magnitude and peak flux to the scattered negative flux in the rest of the 
field of view . 

In the centre of the region and to the left of the polarity inversion line in Fig. 6, 
we observed the appearance of a new ephemeral region E2, whose poles are labelled 
E2p and E2n at 1829 in Fig. 6. The negative pole is growing in the upper end of 
a larger area of adjacent negative flux . The ensuing separation of the two poles, 
E2p and E2n (2209), is typical behaviour for ephemeral regions, as already shown 
for E I in this paper and for other examples in the paper by Li vi et a/. ( 1985). E2p 
moves left and upward into adjacent negative flux, while E2n moves right into the 
main concentration of positive flux. Steady, obvious loss of flux occurs in E2p and 
the adjacent negative ftux . The negative flux with which E2p is cancelling becomes 
iden tifiable as fragment N31 at 2349. By 0031, E2p has almost disappeared. In the 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Ca nc el la t ion u i' M :.~g n c ti c l' lux. ti 943 

other pole of the ephemeral region E2n, fiux loss is not obvious. However, it can be 
seen in Fig. 6 that E2n forces a slight change in the shape of the interface with the 
positive fiux. The polarity boundary appears to be locally shifted to the right as E2n 
moves right. In such cases where cancellation is expected along the main polarity 
inversion line, fiux change cannot immediately be seen because it is a small percentage 
change in a large concentration of fiux. In these cases, fiux loss can only be verified 
after a sufficient length of time during which the percentage change increases enough 
to be recognized and measured. By the next observing day, it is seen that E2p and 
E2n are gone, as well as ali of the concentrations of llux around E2p and E2n . 

Before proceeding to the description of the magnetic field changes in the Iate stage 
of decay of the active region, we present in Figs 7-10 events seen in Ha filtergrams 
that occurred at the sites of cancelling magnetic fiux. In Fig. 7, we show a small 
fiare at the site where N16 in Fig. 4 (2006) protrudes into neighbouring positive flux . 
The site of the fiare in Fig. 7 is enclosed with a dashed oval on both the Ha image 
and the magnetogram. The fiare is seen to straddle N 16, · its protrusion in to the 
neighbouring positive field, and the adjacent positive field below the protrusion. Fig . 
5 shows the series of magnetograms for severa) hours after this fiare and reveâls the 
fiux loss indicated by the absence of the protrusion of N 16. By 2325, the positive 
fiux at the fiare site below the protrusion has moved to occupy the previous site of 
the protrusion. Although magnetograms were acquired continuously throughout the 
fiare, we found no impulsive changes in the line-of-sight magnetic field either at or 
around the fiare site during its lifetime. The loss of fiux is a gradual change taking 
place in a period of severa) hours encompassing the interval of the fiare, in agreement 
wi th the findings o f Harvey et a I. ( 1971 ) . 

In Fig. 8, the 1arger dashed oval encampasses a low intensity fiare centred at the 
site where P20 meets N20. At the same time in Fig. 8, a microfiare also coincides 
with E1p anda fibril or fiare loop in absorption connects Eln and Elp. These features 
are enclosed within the smaller dashed oval. 

A fiare is seen in Fig. 9 around the site where the negative pole of the ephemeral • 
region E2n (Fig. 6) pushes in to the neighbouring positive fiux . • One of the fiare 
elements appears to lie over the positive fiux adjacent to E2n and the other over the 
negative fiux just be1ow E2n. Due to the high concentration of magnetic flux, the 
small percentage reduction in fiux, expected where E2n pushes into the neighbouring 
positive field, is not seen in the magnetograms in Fig. 6. However, it is clear in 
the magnetograms that there is a slow build-up of magnetic field gradient, beginning 
before the fiare and continuing after the fiare and through the remainder of the 
observing day. By the next day, a large amount of both positive and negative field 
have disappeared. We infer that a slow loss of fiux, which in other cases is distinct 
when observing small fragments, must be taking place as the gradient of the field 
increases on this day. The change in gradient and loss of fiux occur in exact1y the 
same way as illustrated for PN25 (Fig. 6, 1748-2209), where the field gradient also 
increases as the fiux obviously disappears. 

These examples of fiares around the sites where ephemeral regions meet a pre­
existing magnetic field, confirm the finding of Marsh (1978) that 'ephemeral region 
fiares' do not occur between the poles within the ephemeral regions, but rather 
are related to the sites where their poles encounter opposite polarity magnetic fiux. 
However, some fiare configurations that we have observed in rclation to ephcmeral 
regions obviously differ from the configuration suggested by Marsh ( 1978). In the 

l 
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Fig. 7. A fiare in Ha (left image) occurs where a negative fragment intrudes into a positive 
polarity field and loses fiux. The Ha image is intentionally over-exposed to better show the fiare 
in contrast to the Ha plage and background . 

Fig. 8. A weak fiare in Hu (left image) occurs around the site where positive flux, P20 (see 
Fig. 5) , moves into negative fragments. The larger of the two closest negative fragments is the 
negative pole of ephemeral region El in Fig. 4. Concurrent with this fiare in the larger dashed 
oval. a microftare is seen in the positive half o f ephemeral region E 1, shown in the smaller o f the 
two dashcd ovais . 
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Fig. 9. A fiare occurs where E2n in Fig. 6 moves into the main polarity inversion line . 

Fig. 10. This fiare in Ha occurs after P29 has moved into contact with N29 and also after the 
cancellation P28 and N28 in Fig. 6 . 

l 
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Ma rsh model, the chromospheric fi a re foot points would be connected by coronal 
fi a re loops extending from one pole of the ephemeral region to the closes t adj acent 
opposite polarity field . It is clear in some of our magnetic field and Ha images that 
one chromospheric foot point of the fi a re occurs near or on one pole of the ephemeral 
region, as suggested by Marsh, but that the other fiare foot point is found in an 
opposite polarity field further from the site of collision of the ephemeral region pole 
with opposite polarity field . The fiare in Fig. 9 is such an example . 

In Figs 5 and 6 respectively, El and E2 are the only ephemeral regions identified 
during the decay phase of this active region. In both cases, the net effect, after the 
eventual complete cancellation ofboth poles ofti1e ephemeral regions with neighbouring 
magnetic field, has been the remova! of magnetic fiux from the photosphere . 

Another example of a fiare at the site of approaching and cancelling fields of 
opposite polarity is shown in Fig. 10. The fiare starts near the juncture of N29 and 
P29, where N28 previously cancelled with part of P28, while P28 was merging with 
P29 as shown in Fig. 6. The fiare is brightest around the site of PN29. However, we 
note in this case, the outer extensions of the flare, near the ends of the encompassing 
oval in Fig. 10, are in adjacent areas. The lower end of the fiare lies in negative fiux 
including N31 (see Fig. 6). The upper part of the fiare extends across two fragments 
of weak positive fiux . 

From these observations it appears that fiares might represent a rapid readjustment 
of the magnetic field necessitated by cancellation . 

(b) Detailed Description of the Late Phase of Decay 

Our designation of the days from 6-8 August as the late phase of decay is partially 
arbitrary, but we make this distinction because there are severa! general differences 
worth noting between this phase and the earlier phase of decay from 3-5 August. 
First, the active region has evolved entirely into a cellular structure. The effccts of 
convection in contributing to the motion of the magnetic fields has become obvious in 
the 6 August magnetograms in Fig. 11. Secondly, major fiux loss has unquestionably 
occurred. In the late phase, there is a smaller number of sites of fragmentation, 
merging, and cancellation. However, the processes of fragmentation, migration, and 
the disappearance of magnetic flux continue in the same way as observed during the 
early phase. 

In Fig. li, examples of merging fragments are P32 and P33 . Cancellation takes 
place between P33 and N33. Another site of cancellation is between P34 and N34 . 
An example of fragmentation can be seen at the right side of the remaining highest 
concentration of positive fiux, where P35 has almost become a separate fragment by 
1942. P36 and N36 ( 1942) are approaching fragments o f opposite polarity where fiux 
loss will predictably occur before the next observing day . 

In Ha, large changes were also noted on 6 August, as shown in Fig. 12. Most 
notably, strands of a filament have formed concurrently with the opening of the region 
into a cellular network. The filament strands display mass motion and associated 
structural change throughout the day. At 2105, the filament appears very dense . 
This is a prelude to its eruption with the occurrence of a fiare beginning at 2120 as 
seen in Fig. 13. Two additional images of the filament are shown in Fig. 13 to show 
its position relative to the fiare and its degree of change before the fiare. The fiare 
importance rating should be only about 1 N (normal) or 1 F (faint) on the commonly 
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Fig. 11. P32 and P33 are merging fragments; N33 cancels with P33 and N34 canccls with 
P34. P35 (1810) establishes its idcntity as a separate fragment breaking away from a largcr 
conccntration of positivc ftux . 

used relative scale of 1 to 4 in area. However, in relation to the previous fiares in this 
active region, it is a major fiare in the sense that it brightens a1most cvery fragmcnt 
of plage in the whole active region. Fiare points are even seen ovcr the. network in 
the lower right of the image at 2139, an area of old network that was not a part of 
this active region . 

The significance of the fiare in Fig. 13 is that it is not unusual. It is a common 
'garden variety' two ribbon fiare; the ribbons are discontinuous rather than continuous 
as should be expected when the underlying network and plage is also fragmented 
(Tang 1985). The filament eruption was a1so not unusual. It was continuously 
recorded on film ata 15 s interval through a 1/4 Á passband Ha filter. The filament 
was observed to erupt in the most common style. At the start of the eruption, the 
centre of the filament first expanded outward with the extreme ends retaining their 
footing. Then it deve1oped the classic arch form as it disappeared from view against 
the solar disc . 
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• Fig. 12. A filament is able to form where gaps have developed between the fragments orflux of 
opposite polarity. D evelopment of the filament accompanies the cancellation of magnetic flux . 

Three important factors are seen in the association of this fiare in Fig. 13 with the 
underlying pattern and changes in the photospheric magnetic ficld : (I) thc fiare starts 
at the main site where magnetic fiux is disappearing, as seen in the line-of-sight fields 
in the photosphere; (2) the fiare is brightest in the vicinity of the cancellation sites; 
and (3) the fiare foot points develop throughout the active region where no magnetic 
fiux is being 1ost at the time of the fiare. The first two factors are important because 
they are common to ali of the fiares observed in this active region during its decay 
phase. Hence, we need to learn if these factors are common to fiares in general. The 
third factor is significant because it offers possible evidence of the storage of energy 
in the active region as a whole, or alternatively of the possibility of the transport of 
fiare energy from a localized site to the remainder of the active region. 

The active region magnetic fields continue to decay in the established pattern on 7 
and 8 August, as seen in Fig. 14. Only two distinct sites of fiux loss are visible at the 
beginning of the observing day on 7 August. Flux is decreasing at PN37 and PN38 in 
Fig. 14. At 1739, PN38 is recognized to be two cancelling sires. The site to the right is 
identified as PN39. By 2224, PN39 ceases to be a cancelling site because the 
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Fig.'t3. The active and developing filament in Fig. 12 ends its short-lived existence by erupting 
in association with the fiare beginning at 2120. The fiare begins near cancelling fields N 34 and 
P34 in Fig. 11 and spreads throughout the remainder of this decaying active region . 

negative part of PN39 has completely disappeared. N40 approaches P39 to initiate a 
new si te of cancellation designated as PN40 at 2356. Another very minor si te of flux 
loss, PN41, also develops late in the day (2356). 

In Fig. 15, we illustrate four successive fiares at 1505, 1550, 1712 and 1902, which 
involve cancellation sites PN38 and PN39 in Fig. 14. Minor filament activity also is 
seen. We specifically note at 1902, the formation of a small active filament between 
PN38 and PN39 just as the cancellation is nearly complete. The filament remains 
active until the fiare at 2156 involving the fields near PN40. In the final frame of Fig . 
14, we observe a faint fiare and surge at PN41. 

The last frame ~n Fig. 14 is from 8 August, more than 17 hours after the preceding 
frame on 7 August. By 8 August, only two isolated fragments of positive fiux remain . 
The site of this decayed active region was observed for a few hours on 8 August . 
During the relatively short interval that the site of this decayed active region was 
observed, no significant change was seen in the magnetograms and no further transient 
events were observed in Ha . 
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Fig. 14. Final sites of magnetic field cancellation observed are PN37, PN38, PN39, PN40 and 
PN41 on 7 August. The last frame is the following day 8 August. The remaining fragments of 
positive flux are at least temporarily isolated but probably eventually collide with surrounding 
negative flux to totally remove ali flux of this active region from the Sun . 
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Fig. 15. Sequence showing that fiares and minor filament activity continue in association with 
the cancellation sites in Fig. 14, even though very little magnetic fiux remains. By 8 August, ali 
Ha activity ceased when the cancellation of fiux also temporarily ceased . 
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Table 1 lists the approximate time of maximum of ali of the fiar~s observed during 
the decay of this region. The decay phase begins on 3 August. The primary cancelling 
fragments directly beneath or beside the brightest fiare elements are listed in columns 
to the right of each column of fiare times. It is seen that ali of the fiares are spatially 
related to one or more of the sites of cancelling magnetic fiux . 

Table 1. Fiare time and related cancellation sites during the dccay of active region 19425 

3 August 4 August 5 August 6 August 7 August 
Time Si te Time Si te Time Si te Time Si te Time Si te 

2129 N9 1813 N16 1954 E2n 2012 P/N36 1435 PN38 
PN39 

2146 N9 1830 N16 2131 PN25 2140 P/N34 1528 PN37 
P27 PN38 

PN39 

2023 N16 0032 P/N29 <0046 P/N34 1719 PN38 
N30 P/N33 
E2p 

2142 E1n 0107 P/N33 1808 PN37 
P20 

2243 E1n 2156 PN37 
P20 PN40 

(2247) E1p 

2325 E1n 2201 PN41 
P20 

(2343) E1p 

0050 N22 

Number of fiares per observing day: 

2 7 3 4 6 

Total number of fiares observed: 22 

We end our description of the details of the decay of this active region, having 
illustrated an inescapable association between the cancellation of magnetic fiux and 
solar fiares commonly observed in Ha. Since the time scales of fiares and cancelling 
fragments of magnetic fiux are different, we are left with fundamental puzzles. ls 
magnetic fiux accumulating in the transverse component of the field when it is 
disappearing in the line-of-sight component? How much magnetic energy is converted 
to fiare energy? 

Where ali of the cancelled fiux goes and exactly how it is lost remain open 
theoretical questions which need to be addressed. A more detailed quantitative 
analysis is being carried out as a follow-on to this presentation, which is primarily a 
qualitative description. Our following observational summary and discussion is just 
a beginning step in suggesting factors that need further investigation . 

4. Summary and Discussion of the Primary Results 

(a) Changes Preceding the Disappearance of Magnetic Flux 

Fragmentation of magnetic jlux. The first significant process observed during the 
decay of the active region was the fragmentation of the two main concentrations of 
positive and negative magnetic fiux. At discrete locations around the periphery of 
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each pole of the region, small and initially unresolved fragments of magnetic ftux were 
seen to separate from larger concentrations of ftux and thereby reveal their identity 
as discrete knots of ftux. The motion associated with the small knots was often, but 
not always, in the direction of a feature of opposite polarity. In the negative half 
of this active region, the fragmentation from the strongest concentration of magnetic 
ftux containing a sunspot was seen to be synonomous with the generation of 'moving 
magnetic features' around sunspots as previously described by Harvey and Harvey 
( 1973). The knots identified as moving magnetic features consisted of either polarity, 
but otherwise were not recognized to be different from other fragments that originated 
from concentrations of ftux not containing a sunspot. The majority of the fragments 
were very small with low values of total ftux, typical of the 'knots' described by 
Zwaan (1978) having a ftux of 1019 Mx or less. Such knots might correspond to a 
cluster of severa! facular points . 

Fragmentation appears to be a recurrent sporadic occurrence, rather than a 
continuai streaming or uniform ftow of magnetic ftux from one site to another. At a 
given location it is highly directional. The fragmentation that occurs around the entire 
periphery of the active region was confined to the apparent boundaries of network 
ceHs. 

In the early stages of the decay of the specific active region described here, 
fragmentation and subsequent losses of fiux seemed to happen more frequently in the 
polarity inversion zone in the middle of the active region than within any equivalent 
area around the periphery of the region. The fragmentation around the periphery of 
the region is confined to the boundaries of network cells. However, in the polarity 
inversion zone between the rnain concentrations of negative and positive magnetic 
fiux, the fragmentation and ensuing migration do not appear to be confined to a 
pattern resembling network boundaries, at least when decay of the region first begins. 
In the early stage of decay, there is no distinct polarity inversion line in the middle 
of the region. Rather, there is a zone of interleaving of opposite polarity fragments 
which is continuously changing (see Fig. 3, 0021 UT). However, in tly! late stages of 
decay, when cell structure is evident in the middle of the region, the fragmentation 
does appear to be confined to specific paths that probably coincide with the boundaries 
of network or supergranule cells. In addition to fragmenting, knots of magnetic ftux 
of similar polarity are equally able to merge with other knots and lose their individual 
identity within the resolution of our magnetograms. In this paper, we restrict our 
use of the word 'merge' to the apparent joining of fragments of the same polarity . 
When fragments merge, there is no apparent loss in total ftux. The fragmentation and 
merging of the knots of ftux in the decaying active region is the same as the splitting 
and joining of fragments of magnetic network on the quiet Sun (Martin 1984). During 
the decay phase of the active region, we note that fragmentation is dominant while 
on the quiet Sun the occurrences of fragmentation and merging are more nearly equal 
in number. 

The net result of the fragmentation and migration of the magnetic flux of this 
active region was that the centroids of the opposite polarity fields moved together 
during the decay of the region . 

Migration of fragments of magnetic jlux. Ali of the reasons for the migration of 
magnetic fiux are not definitively revealed by our study, but the data allow us to 
identify some factors that could lead to the observed motions. Possibly the most 
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important factor contributing to fragmentation and subsequent motion of knots of 
ftux during the decay of the region is the action of convection around and beneath 
the active region. The sites of formation of new supergranule cells could make a 
significant difference in how much of the ftux is able to ftow in to the polarity inversion 
zone. If supergranules develop exactly in the zone, they might inhibit the motion of 
opposite polarity fields towards each other, leaving the ftux to be dispersed mostly 
outward around the periphery of an active region. However, if the new supergranules 
form within the concentrations of ftux, · they might push opposite polarity ficlds 
together and limit the amount of outward dispersai of magnetic ftux . The latter is a 
conceivable circumstance for the region described in this paper, because this region 
is unu~ual in its rapidity of decay and in the minar role that outward dispersa! plays 
in its general pattern of decay. The effect of supergranules on the migration of flux 
warrants further study in this and other decaying regions . 

Another possible factor contributing to migration is induced motion related to 
the local cancellation of ftux. When ftux disappears, however· it happens, we might 
expect a local drop in magnetic pressure at the si te of ftux loss. If a drop in magnetic 

. pressure occurs, adjacent ftux could be induced to move toward that site to re-establish 
magnetohydrodynamic equilibrium. The continued migration of additional knots of 
flux toward some sites of disappearing magnetic ftux might be explained in this way. 

Under some conditions there is evidence of an attraction of opposite polarity 
fields, a situation anticipated by Gold and Hoyle (1960). If motion is induced by 
magnetic attraction, two necessary conditions are suspected: (1) that the oppo~ite 
polarity fields first move within a criticai distance of each other, a distance not yet 
observationally specified, but probably less than the approximate average diameter 
of a supergranu1e cell (30 000 km), and (2) that the opposite polarity fields are not 
magnetically connected, at least initially. An especially good example of apparent 
attraction presented here is the motion of pre-existing ftux towards both poles of 
ephemeral region El, as shown in Fig. 5 . 

In the case of newly emerging active regions or ephemeral re&ions there is an 
inherent motion associated with the growth of the regions. This màtion can be just 
due to the pre-existing loops of the active region emerging through the photospherc . 
In thc case of ephcmcral regions, howevcr, this motion often continues after the 
region stops growing and results in a widening space of intranetwork field between 
the poles of the ephemeral region. The inherent motion associated with the growth of 
newly emerging magnetic ftux rcgions is not obviously inhibited by convcctive motion 
associated with supergranules. However, pre-existing network or any other fragments 
of relatively strong ftux can block or inhibit this motion associated with the growth 
of new ftux, as shown for ephemeral regions on the quiet Sun by Wang et a/. ( 1985) . 

(b) Disappearance of Magnetic Flux 

Ou r observations confirm the speculation by Zwaan ( 1978) that 'apparently magnetic 
ftux disappears from the photosphere whenever opposite polarities meet' . Throughout 
the decay phase of the active region studied in detail, the disappearance of magnetic 
ftux was only seen or deduced to happen at or within a few arcsec of the junction of 
opposite polarity fields which had migrated together. The magnetic ftux was seen to 
disappear within and around this active region in exactly the same way as we have 
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already observed on the quiet Sun and in other active regions (Martin 1984; Wang 
et ai. 1985). We conclude that Zwaan's deduction is true in general for ali solar 
fields. 

lt is relevant to the interpretation of how the flux disappears to know the possible 
origin of the fields and the circumstances that bring opposite polarity fields into 
juxtaposition. For the active region studied, the opposite polarity fields originated 
from four possible sources: (1) fragments of network or older active region fields 
present before the development of the active region under study, (2) fragments of the 
active region, (3) new ephemeral active regions developing within the active region, 
and (4) 'moving magnetic features' (MMFs) from the decaying sunspot-some of 
which are opposite in po1arity to the spot (Harvey and Harvey 1973). Sources ( 1 ), (2) 
and (3) are just active regions that have originated at ditferent times in the same fie1d 
of view. We regard them as independent sources of fie1d which initially contribute 
to the total flux in the field of view. Source (4), the MM_fs, are presumab1y not 
independent fields, but rather are thought to be part of the flux of the active region 
and represent some type of topological change in the geometry of the magnetic fie1d 
as a sunspot decays (Harvey and Harvey 1973). We list them as a fourth source 
because they represent opposite polarity fields that we observe to disappear in the 
same way as the opposite polarity fields from any of the other three sources. 

The disappearance of magnetic flux takes place in a specific way that we call 
'cancellation'. The term 'cancel' implys no physical model of how the flux disappears . 
It is a descriptive term which we define as 'the mutual apparent 1oss of magnetic 
flux in closely-spaced features of opposite polarity' (in observations of on1y the line­
of-sight component of magnetic fields). Cancellation is almost invariably preceded 
by prior motion of the opposite polarity fragments towards each other. When 
the pre-cancellation phase is observed, we often see that the fragments involved in 
cancellation were preceded by a period during which one or both features moved 
toward the other with no apparent loss of flux until the fragments were within a 
few arcsec of each other. From the pre-cancellation migration pattérns of iso1ated 
fragments and their subsequent motion during cancellation, we deduce that the 
observed loss of flux occurs at or within a few arcsec of the interface between the 
opposite polarity fields . 

Before opposite polarity features first move into apparent contact, the gradicnt of 
the magnetic field is seen to bc about thc same everywhere around their periphery. 
That gradicnt is presumably the decrease of field from a point source or cluster of 
point sources of magnetic fie1d, whose real strength is unknown and depends on the 
true size of the magnetic elements. The measured flux from the source magnetic field 
is smeared by seeing and telescope guiding errors. Hence, the true gradient is reduced 
to an apparent gradient which we can observe and measure. In our magnetograms, 
having spatial resolution of 2-3 arcsec, cancellation begins when opposite polarity 
fragments appear to come into contact. At the same time we observe a steepening of 
the apparent magnetic field gradient between the opposite po1arity fragments. As the 
cancellation proceeds, the gradient seems to increase to some 1imiting va1ue which 
may depend on the speed of prior motion or the quantity of ftux invo1ved in the 
cancellation. 

The half-rate of magnetic flux loss per cancelling feature is of the order of 10 18 

Mx hr- 1• This amount of flux loss is easily seen and measured for small knots 
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having a total flux less than 10 19 Mx. This amount of flux loss is sufficiently small 
that it is difficult to detect at the boundaries of larger concentrations of flux under 
circumstances where there are no apparent resolved fragments of flux. Two factors 
inhibit our detection of flux loss under these circumstances: (l) variations in image 
quality make it difficult to detect small percentage changes in large features with 
high concentrations of flux, and (2) adjacent flux moves towards the cancellation sites 
thereby obscuring the local loss of flux. However, in many circumstances, we were 
still able to deduce that cancellation was taking place because of severa] observational 
factors : (1) after a criticai magnetic field gradient was reached at a given polarity 
inversion zone, there was no further build-up of flux near the polarity inversion line 
or zone; (2) after a sufficient Iength of time, such as by the next observing day, and 
assuming that severa! successive cancellations of knots of magnetic flux took p1ace, 
the percentage change in the large concentrations became high enough to easily detect 
the loss of flux; and (3) cancellation was the only type of major flux disappearance 
seen during the decay of the region-isolated features of single polarity remained 
relatively constant in ftux magnitude in contrast to the flux at junctures of opposite 
polarity fields which showed substantial net loss of magnetic ftux over intervals of a 
few hours to a day . 

Cancellation often takes place simultaneously at severa! sites. It occurs sporadically 
on approximately the same time scales as the preceding fragmentation. The measured 
rate of disappearance can vary substantially depending on the quantity of flux in a 
fragment and the number of fragments that are cancelling at any given time. The rates 
of disappearance can a1so vary, possibly as a function of the nature of the source fields 
and their rate of motion or rate growth prior to cancellation. The largest measured 
rate o f cancellation in the decaying region was 5 x 1018 Mx hr- 1 for the positive half 
of a relatively large fragment that could have been composed of severa! knots of 
magnetic ftux . The cancellation ended in 3-4 hr upon the complete disappearance 
of the positive field. Assuming that an equal amount of flux of both polarities 
disappeared, this cancellation alone was losing flux at a rate of 10 19 Mx Iu- 1, twice 
the average hourly rate measured from the Kitt Peak daily magnetograms ~nd found 
to be 5 x 10 18 Mx hr- 1

• At a more typical rate of cancellation of 2x 1018 Mx hr- 1, 

the steady loss of flux at a continuous average of 2 · 5 sites would account for the 
total flux loss during the main phase of decay of the region. Thus, the phenomenon 
of cancellation alone is estimated to bc of thc corrcct arder of magnitude to uccount 
for ali of the flux that disappeared during the decay of this active region. A detailed 
accounting of ali of the measurable loss of flux in the many fragments within this 
active region is planned for a subsequent paper. 

Cancellation can be interpreted as the remova! ofmagnetic flux from the photosphere 
in severa! ways. Zwaan ( 1978) mentioned two possibilities. Both in volve reconnection 
to create 1oops that would either be pulled out of the photosphere or below the 
photosphere depending on the height at which reconnection occurs. In Zwaan (1984), 
the case o f simple submergence without reconnection was also outlined. Parker ( 1984) 
mentioned the possibility that magnetic fields can 'cancel' as a third means of remova! 
of magnetic ftux from the photosphere, in addition to submergence and outward 
expulsion. Parker's use of the term cancel was not explained; ·he argued only for the 
case of sim pie submergence. 1J 

In our view, there are at least two additional alternative interpretations of 
cancellation: (1) collapse of the magnetic fields dueto local annihilation of the electric 
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currents that are the source of the magnetic fields and (2) apparent loss of magnetic 
flu x due to changes in the topology of the magnetic field, such that the observed 
line-of-sight component becomes a transverse component of the magnetic field . 

The correct interpretation of cancellation is not yet known . The question at least 
partially hinges on knowing whether the components of cancelling fields are: (1) parts 
of the same magnetic field, i.e. parts of a true magnetic bipole; (2) parts of separate 
magnetic fie}ds that collide without reconnection; or (3) parts of separate magnetic 
features that collide and undergo magnetic reconnection . 

We have examined many Ha images corresponding to our videomagnetograms in 
seeking the correct interpretation of cancellation. Unfortunately, in existing sets of 
data, we have only partia! evidence of which fragments are magnetically connected 
to other fragments. Sometimes fiare loops reveal the magnetic connections, although 
these may be temporary. Ha fibrils also sometimes give us clues. We have found 
an apparent lack of fibrils connecting fragments of magnetic field that are cancelling . 
However, this does not constitute proof of the absence of direct magnetic connection, 
because of a possible local increases in temperature which would prohibit the existence 
of cool fibril structures at the cancellation sites. The possibility of slow reconnection 
further complicates the picture, because we cannot know even for ephemeral regions 
whether their poles remain magnetically connected parts of a bipole, or whether soon 
after birth each pole reconnects to other fiux in its vicinity. Transverse magnetic 
field measures in the photosphere and chromosphere, as well as direct observations 
of carona! fields or structures, are needed to determine how the magnetic field is 
configured at any given point in time. Knowledge of the three-dimensional structuring 
of the field as a function of time is necessary to observationally verify exactly how the 
fiux disappears. Simultaneous velocity and magnetic field observations should also be 
helpful in learning the correct interpretation of cancellation . 

(c) Spatial and Temporal Association of Solar Fiares and Disappearing Magnetic Flux 

Ali of the 22 fiares observed during the decay phase of this active region were 
initiated around the sites where photospheric ma!tnetic fields were cancelling or 
inferred to be cancelling. Ali of the fiares were small, classed as subfiares or 
microflares, except one fiare of importance I which spread throughout the entire 
active region. There were also many other brightenings around the cancellation sites 
not sufficiently large or well defined in time to identify as specific events. Distinct 
fiares were observed at most, but not ali, of the sites of cancelling fields. Notably, 
during the late phase of decay, ali of the cancellation sitcs wcre associated with one to 
three fiares each (see Table I in Scction 3). Additionally, when fiares were observed, 
the brightest part of the fiares were always close to the si tes of cancelling fields . 
However, severa! fi a res extended to arcas where no cancellation was taking place. 

The time scales of cancellation and fiares are notably different . Small-scale 
cancellation takes place over periods of severa! hours, whereas fiares occur impulsively 
in periods of a few minutes. The time occurrence of fiares relative to the cancellation 
is not obvious in viewing the time-lapse film of magnetograms, beca use there were no 
impulsive or short-lived changes in the magnetic field at the times of the fiares . 

Further study is required on the details of the spatial and temporal associations 
of fiares and disappearing magnetic fiux. From our knowledge of these associations 
to date, we hypothesize that cancellation was a necessary condition, but not the only 
necessary condition for fiares to occur in this active region . 
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S. Conclusions 

At least three processes were found to be significant contributors to the decay of 
the specific active region studied. The first observed process was fragmentation of 
concentrations of flux by the breaking away of very small knots at the periphery of the 
concentrations. Second was a preferential migration of opposite polarity fragments 
towards each other, although fragmentation was found to occur in ali directions 
around the periphery of the primary concentrations of positive and negative magnetic 
flux. The third and most significant process was the observed disappearance of 
magnetic flux at or within a few arcsec of the interface between opposite polarity 
fragments of flux. This type of disappearance of magnetic flux, called cancellation, 
was the only kind of major and real Joss of flux observed in the active region . 

Cancellation most typically involves small knots of flux; the few large knots that 
cancel probably are clusters of small unresolved knots. The cancellation observed 
in this active region occurred in the same way as the cancellation of magnetic flux 
fragments on the quiet Sun (Livi et a!. 1985). However, the rate of cancellation is 
sometimes greater than on the quiet Sun. The rate of flux loss at a single si te can be as 
much as 10 19 Mx hr- 1 and possib1y greater. The frequency and rate of cancellation 
was estimated to be sufficient to account for all of the magnetic flux lost during the 
decay of the active region . 

The consequence of cancellation for the active region illustrated in this paper was 
the effective remova! of the equivalent of its entire flux from the photosphere. Thus, 
this active region made no net contribution to the Jong-lived network fields of the 
quiet Sun. However, it should have resulted in the redistribution and replacement of 
the pre-existing long-lived network. 

The in situ disappearance of flux of one polarity in magnetograms of Jower 
sensitivity than shown here can be due to two phenomena. First, it can be due to 
the lack of detection of the many small knots of flux that cancel with larger, more 
easily detcctcd concentrations of flux. Secondly, it can be due to small knots of flux 
breaking away from 1arger knots. If a magnetograph does not detect these small 
fragment s due to inadequate spatial resolution and magnetic sensitivity, one cbuld 
conclude that the disappearance of fiux is inexplicable . 

Thc rncchanism of the obscrved cancellation of flux needs to be asccrtaincd through 
additional observational and theoretical investigations. Observationally, an important 
qucstion is whether the cancelling fiux can be a consequence of the line-of-sight 
component of the magnetic field temporarily changing into the transverse component. 

The formation of severa! short-lived filaments was observed upon the cessat ion of 
cancellation at some sites. Ali of the fiares observed during the decay of the active 
region were initiated at the sites of cancelling fields. However, the time scale of 
fiares differs radically from that of cancellation. Cancellation is a slow and long 
enduring change, in contrast to the impulsiveness of fiares . This spatial and temporal 
association may be significant to the interpretation of cancellation and to fiare theory . 
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ABSTRACT 

The mutual loss of magnetic flux in closely spaced, opposite 
polarity magnetic fields is herein defined as "cancellation". The 
combination of two cancelling components is referred to as a 
cancelling magnetic feature. In this paper, a classification 
scheme for cancelling magnetic features accor-ding to the origins of 
their two halves is proposed; the observed properties of flux 
cancellation are summarized. The cancellation áppears to be the 
observational evidence of magnetic reconnection taking place in or 
above the photospheric .layer . 

I. INTRODUCTION 

As the way the majority of magnetic flux on the quij!t sun is 

observed to disappear, the flux cancellation has been extensively 

described and illustrated by us with the time-lapse magnetograms 

acquired at Big Bear Solar Observatory (Martin, 1984; Wang et al., 

1985; Livi et al., 1985; Martin et al., 1985). Our working defini­

tion of cancellation is the apparently mutual loss of magnetic 

flux at or near the boundary between adjacent magnetic fields of 

opposite polarity as seen in line-of-sight magnetograms. As this 

terrn implies there are always two components of opposite polarity 

involved in the _process. These two components are referred to as 

a cancelling magnetic feature . 

In this paper, we present a classification scheme for cancelli~g 

magnetic features, summarize their observed pr.operties and discuss 

the significance and possible mechanism of flux cancellation . 

2. CLASSIFICATION SCHEME 

As in Martin ( 1984, 1987) and Zirin (1987), we describe ~11 quiet 

79 
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sun magnetic fields as either network, parts of ephemeral regions 

or intranetwork magnetic fields. The definitions that we use are the 

same as in Martin ( 1987) . 

We found that magnetic flux of on e polarity from any above 

source is able to cancel with opposite polarity fields from other 

similar or different source when there is no evidence that the 

cancelling components are magnetical1y connected. Cancelling 

features composed of different source fields appear to be somewhat 

different in character. Therefore it is natural to propose a 

classification scheme for cancelling features according to the 

origins of their two halves. There are six class e s of cancelling 

features: 

Class Origins of two halves of cancelling features 
N-N network network 
E-N 
I-N 
I-I 
I-E 
E-E 

ephemeral region 
intranetwork 
intranetwork 
intranetwork 

ephemeral region 

network 
network 
intranetwork 
ephemeral region 
ephemeral region 

The first three classes are most commonly seen. Since the 

intranetwork fields are too close to the detection limit of present 

day videomagnetographs, the I-I and I-E features~ could not be 

studied seriously. The I-N features studied are only distinct 

examples . Few E-E features have been found . 

3 . SUMMARY OF OBSERVED PROPERTIES 

An E-N cancelling feature is shown in Fig. I as an instructive guide 

for our summary to be given later on. The upper part of the figure 

is iso-gauss maps, the lower part is flux density distribution along 

the lines shown above. At 18:35 an ephemeral region marked by a 

letter 'E' emerged near a strong positive network (in thicker line) 

as a tiny bipole. With the separation and development of the 

ephemeral region, its negative pole (in thinner line) began to 

collide and cancel with the positive network before 21:23. An 

increasing gradient and an indented polarity inverse line can be 

seen clearly. The average rate of flux loss from 21:23 to 23:51 is 

2.2xlo 18Mx/h . A microflare appeared on both sides of the polarity 

inverse line around 21:23. While the negative pole was cancelling 
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2~51 Oct. 14 

·Fig. I An E-N Cancelling Magnetic Feature 

wi th the upper positive network, the posítive pole '.!Tas mergíng wíth the 

l ower one of similar polaríty. The net result of the process seems 

t o transport a large amount of flux from the upper ~network 

no n contínuosly to the lower one, and to make the ephemeral regíon 

l ac k b a lance in flux between two poles . 

Bas e d on an analysís of more than 200 cancelling features, we 

ma y s ummaríze theír common properties as follm.rs: 

(I) The systematíc approach of opposíte polarities toward each 

o t he r at a speed of .3-.6 km/s; 

( 2) The setting up of a hígh magnetic field gradient of .02-.03 

ga us./ km b e tween the cancellíng components; 

(3) The inítiatíon of cance llation when opposíte polariti e s 

come within several arcsec. of each otheri 

(4) The contínued concentration and reduction of the total 

flux results from the continued motion of the opposite polarítíes 

towa rd e a ch other; 

(5) The concurrent decrea~e in max1mum field strength and th e 

a r e a for both polaritíes; 

(6) The gradual rather th a n impulsive flu x dis a ppe aranc e wíth 
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a n average rat e of 
18 

l- 2x10 Mx /h; 

(7) The absen ce o f fibríls in Ha directly iinking the two 

c ancelling cornponen t s of an y ca nce llíng feature . 
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F íg .2. (a) Area at maxirnum gradient (c) Gradient between cancellíng 
components 

(b) Rate of flux loss (d) Life time of cancelling 
features 

In some cases microflares, small-scale eruptive filaments, and/ 

or He 10830 A dark points a re observed to make their appearance 

re l a t e d to cancelling s i t e s . 

The number of dete c t abl é cancelling features per supe rgranule 

pe r 6-8 hour~ varies from I to 8 primarily with ability of 

vid eomagnetograph to record weak fields, secondarily with the 

s pat i ai and temporal resolution of the data . 

In Fig.2a,b,c,d, we show the histograms of the total area, the 

r a te of flux loss, the maximum gradient and the lifetime of cancell­

íng features derived from the well-calibrated magnetogra~s on Oct. 14, 

198 3 a nd partly calibrated magnetograms on Sep. 4, 1983 which have 
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adquate temporal resolution of ~ 30 mínutes. T.he distribution 1n 

the left extreme is not meaningful since the inadequate sampling of 

small features. The general similar appearance of the histograms 

suggest that the total area, th e rate, the maximum gradient, and 

the lifetime may arl be interrelated . 

4. DISCUSSION 

The most likely mechanism of cancellation seems to be the magnetic 

reconnection. We suggest that the cancellation might provide the 

observational evidence of magnetic reconnection in or above the 

photographic layer. In this regard we would like to call particular 

attention to E-N cancelling features. When one pole of an ephemeral 

region is cancelling with some pre-existing flux of opposite 

polarity, the magnetic field !ines to or from the other pole must 

reconnect to somewhere else . 

lrrespective of the mechanism, or mechanisms involved cancella­

tion is observed to be the most common mode of flux disappearance 

away from the photosphere, and a primary factor in the redistribu­

tion of magnetic flux on the quiet sun. The cancellation may play 

an important role in flux diffusion across the solar surface and 
1 

may provide the heating of the upper atmosphere by release of 

magnetic energy . 
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Extended Abstract 

The term 'cancellation' refers to a specific way that magnetic flux 
is observed to disappear when seen on. magnetograms showing the 
line-of-sight component of solar magnetic fields. The definition 
of cancellation used to date is "the mutual disappearance of 
closely-spaced magnetic fields of opposite polarity at their common 
boundary" (Martin et al. 1985; Livi et al. 1985; Wang et al. 1988). 
Because there are severa! alternativa physical interpretations to 
explain how the magnetic flux actually disappears (Zwaan 1985, 
1987), we choose to remain neutra! in presenting data and to use 
the term 'cancellation' strictly as an observational term that 
implies no particular physical interpretation. We hope that 
studies of the entire range of circumstances in which cancellation 
takes placa on the sun will lead to an understanding of the 
physical processes that ·cause cancella~ion • 

Cancellation has been observed in most circumstances~ in which 
opposite-polarity photospheric magnetic fields move together 
irrespective of their identity as active regions, ephemeral active 
regions, network or intranetwork magnetic fields. Because there 
are large differences in the magnitudes of these various categorias 
of solar magnetic fields, we have found that it is preferable to 
investigate cancellation on the quiet sun separately from the so­
called 'active sun' or 'active regions'. The cancellation of quiet 
sun magnetic fields can be divided into the categorias listed in 
Table 1 with the assumption that these are always circumstances of 
opposite polarity fields moving together. A general review of . 
solar magnetic fields is given by Zwaan (1987) and a comprehensive 
description of these quiet sun fields and some of their 
interactions has been presented by Martin (1988) • 

Table 1 • 

Intranetwork Network Ephemeral Region-

Intranetwork + I+/I- I+jN- I+/E-

Network + N+/I- N+/N- N+/E-

Ephemeral Region + E+/I- E+/N- E+/E-

----------------------------------------------------------------

142 
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Intranetwork/Intranetwork (I+/I-) cancellations -are probably the 
the most common category of cancellation because these fields are a 
few are seconds or less in diameter and are continuously produced 
in large numbers within the solar convection .cells known as 
'supergranules'~ The intranetwork fields of both signs first 
appear near source sites near the centers of the supergranule cells 
and flow approximately radially to the boundaries of the cells . 
Their mean speed is in the same range as· the velocity of 
supergranules measured from Dopplergrams (Wang 1.988). This 
indicates that the intranetwork magnetic fields are simply 
transported by the convective flow from the centers to the 
boundaries of the supergranule cells • 

Although I+/I- cancellations are observable within the supergranule 
cells, they are currently most easily detected at the boundaries of 
adjacent cells because that is where the fields from adjacent cells 
meet and because of the tendency for the line-of-sight component of 
the intranetwork fields to strengthen as they approach ,the cell 
boundaries. For the intranetwork fields, cancellation ·almost 
invariably begins to occur wherever and. whenever opposite-polarity 
patches of field appear to come into contact; that is, at locations 
where magnetic fields of. the arder of a few Gauss have moved within 
a few are seconds of each other. Ini7anetw2sk fields typically 
disappear at rates in the range of 1.0 - 1.0 Maxwells per hour 
(Livi et al. 1.985;. Wang et al. 1.988). Once cancellation begins, it 
usually continues at a steady rate until the smaller of the two, 
(I+ or I-) completely disappears. This is consistent with the idea 
that the intranetwork fields are· driven together by the convective 
flow .. 

~ 

It should be mentioned that the merging and adding of fields ·of the 
same polarity occurs just as often as the cancellation of opposite 
polarity fields. The merging or coalescence of intranetwork fields 
at the cell boundaries can result in the· temporary accumulation of 
flux at the cel~ boundaries. Magnetic fields that have accumulated 
at the boundaries of supergranules cells have a characteristic 
pattern that is known generally as 'the network'. Although 
Giovanelli (1.982) made a distinction between the mixed polarity 
network and areas of unipolar network, most references to the 
network are to the large areas of unipolar network that are the 
dispersed residual fields of decayed active regions • 

The second most common category of cancellation is 
intranetworkjnetwork (I/N). However, within limited areas of 
positive unipolar network, most of the cancellations are I-/N+ and 
in other areas of negativa unipolar network, the cancellations are 
predominately I+(N-. -In areas of mixed polarity network, the 
I+/N- and I-/N+ cancellations tend to be approximately equal in 
number but n~t as numerous as the I+/I- cancellations • 

Networkjnetwork cancellations (N+fN-) mostly occur at the 
boundaries between areas of positiva and negative unipolar network . 
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A unique feature of such boundaries is that the .formation of 
quiescent filaments occurs at these locations and only at these 
locations. Active region filaments are analagous in that they also 
only form at boundaries of positive and negative fields as seen on 
magnetograms of the line-of-sight component. This association 
gives us a clue that the process of cancellation might be one that 
also leads to the formation of fiiaments. Van Baiiegooijen and 
Martens (1989) have recentiy deveioped a new modei for filaments 
that is based on canceiiation. This modei is consistent with the 
interpretation of canceliation as magnetic reconnection at the 
photosphere. It is a chaiienging modei not oniy because it is the 
first to be based on observable photospheric magnetic field 
dynamics but aiso beca use i t leads to a specific interpreta·tion o f 
cancellation. This. model might be the key to the understanding of 
both filaments and canceliation • 

Cancellations of ephemeral region poies with network fragments 
(E+/N- and E-/N+) and ephemerai region poies with intranetwork 
patches (E+/I- and E-/X+) and the mor·e rare canceilations between 
two adjacent ephemeral regions (E+/E-) are aiso circumstances that 
offer clues about the nature of canceliation. Epheméral regions 
are new, smaii bipoles whose opposite poiarities as a whoie grow 
and spread apart with time. As ephemeral regions. grow, they 
necessariiy encounter the ubiquitious network and intranetwork 
magnetic f ieids •. Most encounters immediately resui t in the 
cancellation and merging of the ephemerai region fields with the 
externai network and intranetwork fields. The canceilations do not 
significantiy differ in appearance from the other I/I, I/N or N/N 
cancellations. However , . the magnitude of magnetic flux can be 
higher, the canceiiation boundaries longer,. and the rate of 
cancellation higher- This. might be due· to fact that ephemeral 
regions dispiay their own interna! velocity field and expand into 
the neighboring fields • 

The detaiis of canceliation in a decaying active region was studied 
by Martin et al. (1985). They found that every f1are the decaying 
region began at sites of canceiiing fieids. Recent observations 
confirm the common occurrence of flares at sites where the magnetic 
fieid has a history of canceiiation (H. Wang et ai. 1988; Livi et 
al. 1989). Martin et ai. (1985) and Livi and Martin (1989) suggest 
that the association of fiares to canceliing fieids is an indirect 
relationship in which the canceiling fields are significant 
primarily to the flare buiid-up and oniy secondariiy and indirectiy 
to the energy reiease during a flare. Their conclusion is based on 
the many observations which show no significant change in the rate 
of cancellation of photospheric magnetic fields during fiares. If 
fiares occur because of magnetic fieid reconnection, as now 
commonly thought, it must be a an entirely different type of 
magnetic reconnection than that proposed Priest (1987) as an 
expianation of canceilation or that proposed by by van Ballegooijen 
and Martens (1989) to expiain the formation of filaments via 
reconnection related to cancellation . 
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The new unified theory of magnetic field reconneétion developed by 
Priest and Forbes (~986) offers new insight and new possibilities 
for the interpretation different types of dynamic solar phenomena . 
They show that various known types of magnetic reconnection fit 
into an overall spectrum of reconnection regimes. On one end of 
the reconnection spectrum they describe a very slow 'magnetic pile­
up' reconnection which has properties in common with cancelling 
magnetic fields. On the other end of the spectrum are the fast 
medes of reconnection often associated with flares. The prospects 
of achieving greater physical understanding by relating these 
regimes of reconnection_ to cancelling magnetic fields, to the 
dynamics of filament formation, and to flares currently appears 
promising • 

Acknowledgments 

The contribution of SFM was sUpported by the Air Force Office of 
Scientific Research under grant AFOSR-87-0023 • 

References 

Giovanelli, R.G.: 1982, Solar Phys. 77, 27 • 
Livi, S.H.B., Wang, J. and Martin, S.F.: 1985,_ Australian J._ Phys • 

38, 855. 
Livi, S.H.B., Martin, S.F. and Wang, H.: 1989, submitted to Solar 

Phys. (paper presented at I.A.U. Colloquium No. 104, Stanford 
University , . August 1988). ·· 

Martin, S.F. ~988, Solar Phys. 117, 243 • 
Martin,. S.F. Livi, S.H.B. and Wang, J.: 1985, Aust;rall.an J. Phys . 

38, 929 . 
Priest, E.R.: 1987, in The Role of Fine-Scale Magnetic Fields on 

the Structure of the Solar Atmosphere, (Ed. E. Schroter, M • 
Vazquez, A. Wyller) Cambridge University Press, 

Priest, E.R. and Forbes, T.G.: 1986·. J. Geophys. Res. 91, 
5579-5588 • 

van Ballegooijen, A.A. and Martens, P.C.H.: 1989, submitted to 
Solar Physics, (paper presented at I.A.U. Colloquium No. ·104, 
Stanford Uni versi ty,. August 1988) • 

Wang, H.: 1988, Solar Phys. (accepted) 
Wang, H., Zirin, H., Patterson, A., Ai, G., and Zhang, H.: 1988, 

submitted to Astrophys. J. 
Wang, J., Shi, z., Martin, S.F. and Livi, S.H.B.: 1988, Vistas in 

Astronomy, 31, 79 • 
Zwaan, C.: 1985, in R. Muller, Lecture Notes in Physics, Vol. 233, 
Springer-Verlag~ Berlin, p.263 • 
Zwaan, C.: 1987, Ann. Rev. Astron. Astrophys. 25, 83 • 

145 

···- - ·- ·- -· -·· ---- - -~---·-····· . .. .. . .. - -· ----· ·· -----. - ---- ··· ·--- - . ··- -- -



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

THE ASSOCIATION OF FLARES TO CANCELLING MAGNETIC 

FEATURES ON THE SUN 

S ILVIA H . B . LIYI 

Universidade Federal do Rio Grande do Sul. 90 049 Porto A legre RS. Brazil 

SARA MARTIN and H A IMIN WANG 

Big Bear Solar Observatory . Califomia lnstitll/e of Technology. Pasadena. CA 9 I I 25, U.S .A . 

and 

GUOXIANG A I 

Beijing Astronomical Observatory. Beijing. China 

Abstract. Prev io us work relaling ll urcs to cvolulionury chungc.: s of pholosphcric solar mugnc.:lic lic.:ld s are.: 
rcviewcd and rcinlcrprclcd in lhe lighl of rcccnl obscrvalions of cancclling magnclic fields . In linc-of-sigh t 
magnctograms and 1-1-alpha tiltcrgrams fro m Big Bcar Solar Obscrvatory, wc confirm thc fo llowing 3 
assoc iatio ns: (a) thc occ.: urrcn c.:c.: of many ll arcs in lhe vicinily ofcmcrging magnctic llu x rcgions (Rust, 1974), 
but o nly a t loc.:a tio ns whc.:n: cancc.:lla tion has bc.:c.:n obsc rvcd or infcr rcd; (b) thc occurrcncc of ll arcs at sitcs 
whcrc thc.: magnc.: ti c llux is incrcasing o n onc.: sidc.: o f a po larity invc rsion !inc.: and concurrc.:ntly dc.:crc.:asing 
on thc ot hc r (Martrcs e/ ai., 19M!; Ribcs, 1969) ; a nJ (c) tlu.: oc.:c.:urrcm:c oftlarcs at s itcs whcrc ca nccllatio n 
is the o nly obscrved change in lhe mugnc.: tograms for at leas t severa! ho urs bcfore a fiare (Martin, Livi, and 
Wang, 1985). Beca use cance lla tio n (o r the localized decrease in the line-of-sight component of magnctic llux) 
is the o nly common factor in ali of these circumstances, suggest that cancellation is the more general 
associa tion tha t includes thc othcr associatio ns as special cases . We propose the hypo thes is that cancell ation 
is a necessary, evolutio nary precondition for fiares. We a lso confi rm the observation of Martin, Livi, a nd 
Wang ( 1985) thallhc initial part s of tlarcs occur in close proximity to cancellatio n sites but tha t during !ater 
phases , the fiare cmiss ion ca n spread to olher parts of the magnetic field that are weak, strong, or not 
cancelling . 

I. Review o f Previous W ork 

The association of fi ares wilh obscrvcd pholospheric magnelic ficld~ has bccn madc 
previously in lcrms of configuralions and evolutionary changes. The ~arliest studies of 
fi are positions rei ative to photospheric magnetic fields by Severny ( 1958, 1960) showed 
th at fi ares occurred near polarity inversion lines (previously also called neutrallines or 
H = O !ines). The centering of fi ares around polarity inversion lines was confirmed by 
Martres etal. (1968a) and Smith and Ramsey (1967). Michard (1971) also noled lhal 
when lhe initi al H-alph a brightenings have more lh an one knot, they are locatcd on two 
diffcrcnl polaritics, on bo th sides of the invcrsion line, rather th an dircctly on it. 

Spccific tbre-relatcd magnctic ti eld changes were reporlcd by Martrcs et a/ . 
( I968a, b ). They sludied an aclive region in which alllhe fi ares occurred where magnclic 
ftux was increasing on one side of lhe polarity divi sion !in e while it was decrcasing on 
lh e othcr sidc . 

The frequent association o f fiares with emerging magnetic fiux regions was first noted 
by Rust (1972, 1974), verified by Vorpahl (1973), and subsequently elaborated on by 
these and many other authors (Martin etal., 1983 ; Priest etal. , 1986; and references 

Solar Physics 121: 197- 2 14, 1989 . 
<ô 1989 K/uwer Academic Puh/ishers. Printed in Be/giwn . 
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thcrcin). Whcn oppositc polarity ficlds come in to closc contact bec:_ause ofthe emcrgence 
ofncw magnetic flux in pre-existing activc regions, a stcep magnetic field gradient builds 
on the magnetic inversion line between the new flux and the pre-existing flux. The 
association of fiares with high magnetic field was also made by Severny (1960) and 
confirmed by Martres, Michard, and Soru-Iscovici (1966) . 

Although many fiares happen in association with new fiux, it is also known that fiares 
occur in the absence of emerging fiux (Martin et a!., 1984). Martin, Livi, and Wang 
( 1985) studied a decaying region and found that ali of the observed fiares began at sites 
where magnetic fiux was cancelling. Cancellation is the gradual and mutual decrease of 
magnetic fiux at the boundary between closely-spaced opposite polarity magnetic fields 
as seen in line-of-sight photospheric magnetograms (Martin, 1984; Livi, Martin, and 
Wang, 1985). Magnetic fiux is observed to gradually decrease in both polarities as the 
magnetic fields migrate together and a high magnetic field gradient is observed as long 
as the fields are cancelling. In many cases the fragment with less magnetic flux 
completely disappcars . To date cancellation has only been obscrvcd in magnctograms 
of the line-of-sight componcnt which !caves thc physical interpretation of cancellation 
open to severa! possible interpretations (Zwaan, 1987) . 

2. The Data 

We illustrate examples offlares and cancelling magnetic fields from observations takcn 
from 8-11 July, 1988 in an active rcgion that crossed Lhe central meridian during this 
interval. The data obtained on this active region are especially well-suited for the study 
ofmagnetic field changes and fiares because: (1) the magnetograms were ofhigh quality 
dueto good seeing; (2) collaborative observations of the magnetic fields were taken at 
the Huairou Solar Observing Station of the Beijing Astronomical Observatory and at 
the Big Bear Solar Observatory; (3) the active region was Iocated near the Sun's central 
meridian which is favorable for the acquisition and interpretation of line-of-sight 
magnetograms; and (4) the active region produced many small fiares~and a few large 
oncs during the observing hours at Big Bear Solar Observatory. 

The magnetograms used in the illustrations are mostly from the Big Bear Solar 
Observatory bccause Lhe study is centered around fiares observed at the Big Bear Solar 
Observatory. Unfortunatcly, H o: flltergrams are not yet taken at the Huairou Obscrva­
tory. However, the videomagnetograms taken at Huairou are important in the evaluation 
o f Iong-term changes bcfore and after major fiares; magnetograms from both sites h ave 
been matched in scale and sensitivity during the processing of the data. On ali of the 
magnctograms ncgative magnctic polarity is presented in black and positive in whitc . 
Observing hours at Huairou Obscrvatory are from approximatcly 01:00 until12: 00 UT 
and observing hours at Big Bear Observatory are from approximately 15 :00 until 
02: 00 UT during the early summcr. 
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Fig. I. The flare, F I, in the upper right frame, corresponds in position to the si te o f converging patehes 
o f magnetie fie ld labelled A - , B + , and C-. Ali of these patchcs of flux are identified as part o f a system 
ofMoving Magnetic Features (MMFs) which originate near the penumbra! boundary and flow approximate­
ly rad ially away from lhe associated sunspot. As they move away from the sunspol, A - , B + , ano C­
converge. B + and C- begin to eaneel eaeh other when they come in to contaet but the slow reduction in 
magnetic flux becomes apparent only in the eontinuation of this series in Figure 2 where it is seen that the 
arca o f B + is decreasing. The expected equivalent loss of flux in C- is not seen beeause it merges with 

A - and other negative magnetic fl ux closer to the sunspot. 
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3. New Examples of Fiares and Their Relationship to C~ncelling Magnetic Fields 

In Figure 1, H ex filtergrams in the upper right and middle right reveal a fiare, labelled Fl, 
at 20: 30 UT and the aftermath of the fiare at 21 : 40. The fiare occurs just below 
the sunspot near the middle ofthe images. The videomagnetograms in the left side show 
the magnetic field configuration for o ver 3 hours prior to the fiare. The final magnetogram 
in the lower right corresponds to approximately one hour after the fiare. We have put 
arrows and labels on the illustrations to identify the ·patches of photospheric magnetic 
fiux that correspond to the site of the fiare. Then we trace the same magnetic fields 
backward and forward in the time to see their evolution before and after the fiare. The 
fiare, F 1, occurs above the photospheric magnetic fiux patches marked A - , B + , and 
C- . Our system of labelling in this paper is to use letters to designate specific patches 
of magnetic field and to follow the letter with + or - to eliminate any ambiguity about 
whether the arrow points to a positive polarity patch (white) ora negative polarily patch 
(black). Tracing A -, B +, and C- back in time we see that a convergence of these 
clcmcnts occurs bctwccn 17:08 and 18: 28 . This convcrgcncc brings B + and C- in to 
conlact. Thc convergcnce of magnctic f1ux of opposile polarity usually lcads to 
cancellation at about the time that patches ofmagnetic fiux appear to come into contact 
(Martin, 1984; Marlin, Livi, and Wang, 1985). In this circumstance in Figure I, it is not 
clear that cancellation has begun until after the fiare. Although the visible cffecl of the 
cancellation is marginal in Figure 1, a definite reduction in the arca of B + is evident 
in the continuation of this time series of magnetograms in Figure 2. The cancellation is 
not yet conspicuous in the negative polarity because of the convergence of additional 
negative fiux from the sunspot moat. 

In Figure 2, a second fiare, F2, is visible at 23 : 04. One part o f this second fiare F2a 
coincides with fiare F 1 in Figure 1. In Figure 2 at 22: 21, negative patch D - h as moved 
in to juxtaposition with B + to form a new cancellation si te. At 23:41, another new 
patch, E+ , h as coalesced from smaller patches o f new positive fiux. D - is cancelling 
with both B + and E+. By the end of series at 00:42, D- ~as almost completely 
disappeared . These changes are taking place al lhe site of the part of the fiare 
labelled F2a . 

Anothcr part of the fiare, F2b, is to the left and closer to the sunspot. This part of 
the fiare lies above and adjacent to a clustcr of magnetic fields that have also emerged 
in the sunspot moat. To lhe upper left o f E+ , lie two olher palchcs, F- and G + . 
Tracing lhe previous evolulion of G + back through the magnetograms in Figure 1, we 
scc that it was prcvious1y adjaccnt to B + at 18: 28 but has movcd ncarly tangcntial to 
the spot and has initially gaincd !1ux. This bchavior difTcrs from most of the small 
positive and ncgative magnctic knots around the spot that are callcd Moving Magnctic 
Features or MMFs (Harvey and Harvcy, 1973). Most MMFs form ncar thc outcr 
penumbra of the sunspot and fiow radially away from the spot. We re-examined the 
time-lapse videomagnelogram film and found that G + and C- compriscd a ncw bipole 
(an ephemeral region) whose + and - components move away from each othcr as their 
fiuxes increase. Thus G +, while growing, was also moving perpendicular to the outward 
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Fig. 2. Another fiare, F2 at 2304, is sccn at and adjacent to the site ofthc Fiare FI in Figure I. The part 
labellcd F2a is at thc samc si te of eancelling magnetic lcaturcs as in Figure I. Howevcr, a new patch, [) - . 
h as movcd in to position to cancel with B +. D- is also cancelling with anothcr ncw patch, E+, and h as 
almost disappeared by thc cnd of thc scquencc. The othcr part of thc fiare, F2b, corrcsponds to magnctic 
patches G + and F-. F- is negative polarity Moving Magnetic Feature (MMF) that is fiowing away from 
the sunspot. However, G + is component ofa small bipole, an ephemeral region, whose other initial negative 
pole is the patch labelled C- in Figure I. As the ephemeral region grows, its poles, G + and C- , migra te 
in opposite directions approximately tangential to nearly circular moat ofMMFs that radially emanate from 
the sunspot. G + , therefore, is moving approximately orthogonally to the MMFs that origina te near the 
penumbra! boundary. lt cncountcrs and canccls with ncgativc polarity MMF labc llcd F- bcforc, during 

and after the fiare . 

·--------------------------~---------------------
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ftow of other patches within the moat. Since most of the nearby encount.ered ftux is 
negative, we infer that G + was probably growing and cancelling at the same time, as 
we h ave observed for ephemeral regions on the quiet Sun (Livi, Martin, and Wang, 1985; 
Martin, 1988). We conclude that this part of the fiare, F2b, corresponds to a special 
dynamic circumstance within the sunspot moat including fiux growth, fiux cancellation 
and unusual motions . The other part ofthe fiare, F2a, lies above photospheric magnetic 
fields that are simply converging and cancelling . 

In Figure 3, we illustrate the sites oftwo other small fiares, F3 and F4, in the H-alpha 
filtergrams . F3 coincides with ftux patches, labelled J + , I-, and H- in the first 
magnetogram before the fiare. In the time-lapse film, we found that J + and I- are 
MMFs that are fiowing away from the sunspot. H- is a small part ofthe larger oftwo, 
magnetically complex emerging fiux systems that are encompassed by ovais in the last 
H-alpha imagc. (Thc cmcrging ftux systcm can also be idcntified in Figures 1 and 2 from 
the east-west aligned system of arch filaments. In the last H-alpha image in Figure 2 
an oval is drawn around the emerging ftux system.) H- is growing and moving toward s 
thc sun spot to its left. As it does so, it encounters and mcrges with I- moving to the 
right. J +, also moving to the right away from thc sunspot, and H-, moving to the lcft 
toward the sunspot, also encounter each other. This forceful encounter of opposite 
polarity magnetic fields moving towards each other results in cancellation. This example 
of cancellation is very noticeable from the rapid decrease and disappearance of J + , 
respectively, during and after the time of the small fiare. Any Ioss of fiux in H- during 
the encounter with J + cannot be seen because H- is a Iarge and growing clump offiux . 
Hence, this example is like lhe cases studied by Martres et a/. (1968a, b) in which they 
were able to associate fiares with fiux that was increasing on one side of a polarity 
inversion tine and decreasing on the other. In observations from Big Bear Solar 
Observatory, we find the pattern observed by Martres to be the general case in situations 
where emerging ftux develops in existing active regions. Thus, the association made by 
Martres et a/. is synonymous to the association of many fiares with emerging fiux 
subsequently discussed and illustrated by Rust (1974). ~ 

Wc make the new point that in circumstances of emerging flux as just illustrated, 
cancellation also occurs and this occurrence is highly predictable. For example, in the 
las t frame in Figure 3, we note that a new cluster of MMFs is approaching H-. Hcnce, 
a ncw cancellation site can be anticipated between the cluster of positive MMFs and 
the new flux H- . Figure 4 shows the development of the new cancellation si te and a 
ncw corresponding patch of bright plage . 

Fiare F4, secn in the H-alpha filtcrgram at 18: 39, corresponds to the tiny fragmcnts 
K + and L - and M -. Al i are MMFs moving away from the positivc-polarity trai ling 
sunspot seen just above the time insert in the lower right of the H-alpha images. lt 
appears that L- and M- simply overtake K + and cancel with it. By approximately 
two hours after the fi are, K + no Ionger exists and only residual flux of L- and M­
can be seen at the site of the little fiare. 

Fiares F5 and F6 are shown in H ex filtergrams in the right side of Figure 4. Fiare F5 
has two components that lie near, but not on, a small cancelling field, N- /0 + . The 
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Fig. 3. Subflares F3 and F4 in the upper right and right middle f r ames are typical o f other sites in this aclive 
rcgion where small !lares can occur. F3 corresponds to the magnetic field patches labellcd J + , I-, and li­
in thc tirst magnctogram. J + and I- are both MMF patches while H- is part ofthc larger oftwo complcx 
cmcrging flux systcms that are enclosed within the ovais in the lower right. The la rgcr cmcrging llux syslcm 
was already prescnt on the previous day and is thc arca within the oval in the lower right of Figure 2. Thc 
cncounlcr of J + with the mcrged ficlds of I- and H- resul.ts in flux cancellation which is sccn by lhe 
reduction and disappearance o f J + by the time o f the last magnetogram at 2051. Subflare F4 corresponds 
to lhe cancelling MMFs, L+ and M + with K- . K- also disappears complelely by the end of thc 

scqucncc . 
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Fig. 4. The sub fiare FS in the middle right is another example of a small fiare which is related to changes 
in MMFs to the left ofthe negative polarity sunpot. The larger fiare segment lies just to the left of cancelling 
feature, N- /O+ , and the smaller segment corresponds to P-. Thus these two chromospheric components 
of the fiare occur on opposite sides of a cancelling feature rather than coinciding with it. The othcr llarc, 
F6, seen below the sunspot in the last frame, corresponds to a cluster ofvery small MMFs with the square 
labelled Q. Both ofthese examples, FS and F6, show that fiares are not necessarily coincident with strong 

magnetic fields . 
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Fig. 5. The large fiare in the lower right has spread to ali ofthe areas ofenhanced plage seen in the previous 
figures. It corrcsponds to ali ofthe complex magnetic configuration within both emerging fiux regions shown 
within the ovais in the lower right o f Figure 2. In this illustration we label just two patches of magnetic fiux, 
R+ and S- that are cancelling during this fiare. The loss of fiux can be seen in the reduced area of S ­
and the lower parto f R+ . Measurements o f the rate o f cancellation of R+ and S- are shown in the graph. 

From 20 :00 until O I : 00 UT, the mean r ate o f cancellation in just this small are a is 3 x I 0 19 Mx h r - 1 
• 
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left component of FS lies just left of N- where there appears to be no magnetic field . 
The time-lapse film, however, shows that this is a site of the convérgence of weak 
positive fiux. The other fiare component corresponds to the negative fragment, P- . If 
the two chromospheric parts ofthis fiare are connected by loops in the carona, then this 
fiare straddles the cancelling f e ature, rather than coinciding with either o r both cancelling 
components, N- and O+ . 

Fiare F6, in Figure 4, is near the sites offiares F 1 and F2 in Figures 1 and 2. However, 
the previous cancelling fields h ave completely disappeared and new ones have developed 
among the MMFs that h ave emanated from the ou ter penumbra! border ofthe associated 
sunspot. In the magnetograms, F6 corresponds in position to the cluster of small, weak 
cancelling MMFs within the square labelled Q. By the end of this series, only one tiny 
cancelling feature remains . 

The last frame in Figure 5 shows the largest fiare observed in this active region during 
observing hours at the Big Bear Solar Observatory. The image at 23:40 is at 
HIX - 0.6 Á during the rise of the fiare to maximum and the image at 73:49 is at line 
center at fiare maximum. The magnetograms in Figure 5 show the prefiare magnetic field 
configuration for over 5 hours prior to the fiare and a final image about one hour after 
the start of the fiare. Because of the high fiux density and the large amount of fiux 
present, this interval shown in Figure 5 is still toa short to illustrate most of the growth 
from emerging fiux and simultaneous cancellation of fiux at the boundaries where the 
new fiux meets the pre-existing fiux of opposite polarity. However, a conspicuous 
cancellation occurs at site R + and S- marked in the upper parts of the frames in 
Figure 5. A reduction in the area of S- and the lower part of R + can be seen. R + 
and S- are also sufficiently separated from adjacent fiux that they could be measured . 
A gradualloss o f fiux at a mean r ate o f 3 x 1 O 18 Mx hr- 1 is shown in the graph on the 
right si de o f Figure 5. A much longer time series is needed to see the effects o f cancellation 
around the other major polarity inversion !ines to the right where two larger areas of 
negative polarity field are partially embedded within strong positive fields. Therefore, 
we include two illustrations, Figures 6 and 7, which show the long-term evoh.ttion ofthe 
magnetic fiux for nearly 48 hours from early on 9 July until the end of 10 July. Using 
Figures 1 and Figure 8 along with Figures 6 and 7, one can trace the continuous 
evolution ofthe active region fields for approximately 80 hours except during a time gap 
during the first 15 hours of 11 July . 

Figure 6 begins with images taken at the Huairou Solar Observatory and ends with 
images from Big Bear Solar Observatory nearly 24 hours !ater. Examples of the 
disappearance o f magnetic fiux are seen in negative polarity patches T- , U- , and V- . 
Ali three patches disappear before 16: 09. Concurrently, severa! negative polarity 
patches grow in the middle o f the region and converge to form the patch W- . Another 
new negative patch, X- , associated with the second new fiux system, is first apparent 
at 20: 13. X- grows and merges with the large patch of negative fiux to its upper left, 
while also cancelling with the intermediate area ofpositive fiux. Note also in Figure 7, 
that W- (from Figure 6) grows until about 15:27. Thereafter W- begins to fragment 
and cancel with the adjacent flux. It is reduced in area by about 50 % by the end of 
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Fig. 6. This illustration encompasscs a longer time interval around the major llare shown in Figure 5 in 
order to show the type o f changes in llux that both precede and occur during that major fiare . In this scrics 
from early on 9 July until carly on lO July, it is possible to identify many sites where the magnctic llux 
is cithcr cancellii1g o r growing beca use o f thc emergcncc o f thc new llux regions shown within the ovais in 
thc lowcr right of Figure 3. Sitcs T- , U- , and V- are nega tive ficld patchcs whcre lhe magnctic llux is 
dccrcasing and W- and X- are othcr nega tive patchcs whcre thc magnctic flux is scen to increase. Thc 
first 3 images on the left are from the Huairou Observatory and the last 3 images on the right are from the 

Big Bear Solar Observatory . 
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Fig. 7. This scrics ofmagnctograms continues from Figure 6. Thc arca W- continues to grow unti1 aboul 
15:27. Even during the growth stage, cancellation can be seen at the 1eft border o f W- , with small patches 
o f neighboring positive po1arity flux. Magnetic flux disappears to the 1eft of W- from about 20: 13 in the 
preceding scries in Figure 6 unti1 thc cnd of Figure 7. W- ceases its overall growth at about 15:27 and 
thcreafter it s1ow1y shrinks as it is cancelled by the surrounding positive polarity ft ux. The comparablc 
reduction in the positive fiux around X- is not conspicuous until the next day seen in Figure 8. Then it 
is seen in Figure 8 that most o f the positive and negative ftux in between the sunspots on the left and right 

has cancelled prior to the occurrence o f the next observed major fiare . 
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10 July . By the next day, 11 July, seen in Figure 8, it has completely disappeared along 
with the majority of the other negative polarity fiux in the trailing polarity of this active 
region . 

In Figures 6 and 7, we have labelled only the largest and most conspicuous sites of 
fiux growth and disappearance. Many smallcr sites of growth and disappearance can 
be found. The purpose was to show that much fiux emergence and concurrent 
disappearance is taking place in the active region in the general area of the major fiare 
shown in Figure 5. These changes are taking place before, during and after the major 
fiare . In such complex situations as illustrated in Figures 6 and 7, it is not readily 
apparent that the magnetic fiux disappears by cancellation ofnegative and positive fiux . 
This process is much more clearly seen either in small active regions (Li vi, W ang, and 
Martin, 1985) or during the decay phase of active regions (Martin et a/., 1985), illustrated 
in Figure 8 for example. ' 

Figure 8 exemplifies the cancellation of fiux associated with a major fiare in a 
magnetically simple situation. Because the active region has decayed and the overall fiux 
density is lower in the middle ofthe active region, we chose to make the final illustration 
from the original magnetograms. The contours are generated by reversing the calor 
(black to white and vice versa) each time that the 8-bit memory is filled in the image 
processar. Hence, the polarity is determined by the color (black or white) outside ofthe 
lowest contour. Where the fiux density is not too high, the original contoured magneto­
grams show the changes in magnetic fiux just as well as the reduced magnetograms for 
which the contours have been removed . 

In Figure 8, positive patch AA + and negative patch BB - slowly and simultaneously 
diminish during the 7-hour interval shown. As they diminish, tiny fragments such as 
a 1 + and a2 + break away from the patch AA + . Other tiny fragments from neighboring 
patches of opposite polarity fiux similarly separate from Jarger patches such as CC­
and DD- . Examples are cl -, c2-, and d1 - . 

Ali of these fragments except c2- have cancelled with neighboring fiux by the end 
ofthe day: c2- migrated toward BB + as cl- was cancelling; c2- then replaced cl­
and began cancelling with BB + between 20: 17 and 22 : 28. The study of Martin et a/ . 

( 1985) demonstrated that this process o f fragmentation and cancellation can take place 
continuously along a primary polarity inversion zone within a decaying active region . 
Where the fiux density and magnetic field gradients are high, such as between AA + and 
BB-, the fragmenting elements are usually not resolved. However, the rate of cancel­
lation is measurable. The cancellation is then seen as simply a steady, slow decrease 
in the area and the magnetic flux. AA + and BB- clearly dminish throughout the day 
while maintaining approximately the same magnetic field gradient across their common 
boundary . 

The fiare in Figure 8 began around the primary cancellation si te in the middle of the 
active region . Then the fiare spread to the areas of single polarity both east and west 
of the cancellation site . 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

210 SILVIA H. B. LIVI ET AL. 

Fig. 8. This series continues from Figure 7 but the magnetograms are shown in their original formal as 
taken at the Big Bear Solar Observatory. The strongest fields of each polarity lie within the contours which 
are created by reversing the color from black to white at successive leveis ofsaturation ofthe magnetograph 
signal. Hence, the polarity is determined by whether the area around the perimeter o f each contour is white 
(positive) or black (negative). The major fiare in the upper right is shown at maximum at 19 :28 and in its 
decaying phase at 19:58. The one remaining major si te o f cancellation is between AA + and BB-. The 
cancellation is seen from the shrinking of the contours within AA + and BB- . In addition, minor 
cancellation sites dcvclop around thc pcriphery of AA + and BB- as very small magnetic field fragmcnts 
split off of AA + and BB- and from the neighboring areas such as the ones labelled CC- and DD- . Thc 
cancellation o f d i - with a I + and a2 + is seen to the left of AA +. The successive motion ofsmall fragments, 

c I - and c2- , toward AA + are seen prior to their cancellation with AA + . 
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4. Discussion 

The different circumstances that have been previously considered relevant in fiare 
production might appear contradictory or irrelevant: adjacent decreasing and increasing 
evolving magnetic features (Ribes, 1969), emerging magnetic fiux (Rust, 197 4 ), cancelling 
magnetic fiux (Martin, Livi, and Wang, 1985), magnetically complex regions (Smith and 
Howard, 1968), high magnetic field gradients (Severny, 1960), bright regions (Dizer, 
1969), delta spots (Zirin and Liggett, 1987), sunspot motions (Zirin and Lazareff, 1975), 
to cite just a few early representative papers. However, there are common factors in ali 
o f these situations: they either in di cate cancellation sites o r show the collision o f 
opposite polarity features which willlead to cancellation. Tanaka (1975), referring to 
fiares in August 1972 and July 1974, writes: 'ali sunspot motions indicate a collision 
between the two polarities'. Evidence now suggests that sunspot motion o r emerging fiux 
alone will not lead to fiares. Their role is the forcing together of opposite polarity fields 
which in turn induces cancellation. Higher cancellation rates are expected with faster 
motions and higher concentrations of magnetic fiux . 

As illustrated above, a spatial relationship between cancellation and fiares is now 
becoming more clear: fiares begin ato r near opposite polarity features that are cancelling. 
Fiares often occur when magnetic fiux is emerging, but now we think that they only occur 
if emerging fields also collide with opposite polarity leading to cancellation. Previous 
observations of emerging fiux regions were unable to reveal the loss of fiux that occurs 
on the same si de o f a polarity in version !in e where growth o r increase is ais o seen; they 
could only show the loss in fiux on the opposite side of the polarity inversion line from 
the emerging side (Martres et a/., 1968a, b; Ribes, 1969). It was, therefore, observed that 
fiares occurred around the polarity inversion !ines where fiux increased on one side and 
decreased on the other. The many previous associations offiares with emerging fiux and 
the more specific association o f fiares at sites o f both increasing and decreasing ftux are 
entirely valid and still apply to many of our present-day observations, as in some o f the 
examples above, which have saturation effects, inadequate resolution oç inadequate 
sensitivity to detect the decrease in fiux on both sides of polarity inversiàn )ines . The 
new association of fiares with cancelling magnetic fields thus does not invalidate 
previous results . It is only a more general association that encampasses the previous 
associations . 

Since the paper of Martin, Livi, and Wang (1985), which first discussed the 
association of cancelling fields to fiares, we h ave not yet found any fiares at sites where 
cancellation was not observed or inferred, provided that we have acquired observations 
with sufficiently high resolution and sensitivity (on arder of 10 G). Therefore, we 
propose that cancellation is a necessary, evolutionary condition for the occurrence of 
fiares . This does not imply that ali cancellation necessarily leads to fiares nor that it is 
the only necessary condition . 

The significance of the association of fiares to cancelling magnetic fields is most 
clearly understood by studying fiares that happen at cancellation sites in the absence 
of emerging ftux and comparing these to circumstances when emerging ftux is present. 
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From these comparisons, we have come to understand that emerging fiux is not the 
primary reason for fiares but that in many circumstances it plãys an important, but 
secondary, role in forcing opposite polarity fiux together. It is not yet known when a 
fiare should happen during the cancellation process or if fiares happen in ali cir­
cumstances where cancellation takes place. 

We speculate that gradual releases of energy might happen in ali cancellation sites 
beca use they tend to be brighter than similar isolated magnetic features of single polarity . 
It might be that cancellation Jeads to fiares only in special circumstances. There might 
be other necessary conditions such as a sheared magnetic configuration which has not 
been discussed in this paper. This is even expected because of the observation that 
filaments also form at cancellation sites (Martin, 1986) and filaments are generally 
recognized to represent sheared magnetic field configurations. In addition, there are 
many studies that have shown associations between filament oricntation, shcared 
configurations, fi lament eruptions, and fiares . These topics are outside the scope o f this 
paper but are still fertile areas o f research in understanding fiare build-up (Gaizauskas 
and Svestka, 1987). . 

A new theory on the formation and eruption ofprominences by van Ballegooijen and 
Martens (first presented at this Colloquium; unpublished) was stimulatcd by prcvious 
observations of cancellation and the formation of filaments at cancellation sites. By 
interpreting cancellation as magnetic reconnection at the photosphere, van Ballegooijen 
and Martens developed a model whereby part or ali of the disappearing photospheric 
line-of-sight component is reconfigured into an increased transverse magnetic field 
component and, hence, disappears . 

The site of increased transverse component becomes the filament. With continued 
cancellation, the magnetic field in the filament expands outward, eventually becomes 
unstable, and erupts. The instability that triggers the eruptions can be the same instability 
that results in solar fiares. In this scenario, cancellation is a key part of the prefiare 
build-up. At present, this theory and our observations of the relationship of cancelling 
fields to solar fiares are remarkably consistent. ~ 

5. Summary 

The examples cited above and many others found during our search through the 
time-Japse movies from the Big Bear Solar Observatory, show that cancellation happens 
with magnetic fields spanning a wide range of magnetic field strengths . It is shown that 
fiares of ali magnitudes begin adjacent to cancellation sites, whether the associated 
active region as a whole is developing or decaying. Both small and big fiares are initiated 
near cancelling sites, from the microfiares associated with ephemeral regions to the 
kernels of the great fiares . 

By reinterpreting previous results on emerging or increasing magnetic flux regions in 
terms of their possibility to induce cancellation, the apparent conflict between the 
various circumstances of fiares with changing magnetic fields is resolved. Cancelling 
magnetic flux is observed or deduced to be the common denominator among ali 
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observed associations of fiares to changing magnetic fields. In particular, fiares have 
been observed when cancellation has been observed or inferred to "occur concurrently 
with emerging magnetic fiux, as well as in circumstances o f verified absence o f increasing 
magnetic fields during the decay of active regions. Additionally, fiares cease occurring 
in decayed active regions when cancellation sites disappear. Therefore, we propose 
cancelling magnetic fields to be a necessary evolutionary condition for the initiation of 
solar fiares. However, cancellation is still considered an indirect precondition to fiares 
because the time-scale of cancellation is slower than the time-scale of fiares . More 
studies will be necessary to know if ali fiares are preceded by cancellation and if 
observed cancellation corresponds to physical processes that result in stored energy 
which can be !ater released in fiares . 
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MAGNETIC BIPOLES IN EMERGING FLUX 

REGIONS ON THE SUN 

Clarissa S. Barth and Silvia H. B. Livi 

Departamento de Astronomia - Instituto de Física 
Universidade Federal do Rio Grande do ~ul 

ABSTRACT. We analyse magnetograms and H-alpha filtergrams 
of an Emerging Flux Region. Small bipoles have been 
observed on the magnetograms emerging between opposite 
polarities. Separation velocities of the opposite poles 
for 45 bipoles observed on June 9, 1985 have been 
measured and are in the range O. 5 < Vs < 3. 5 km/s. A 
significant magnetic flux increase in the region was 
observed due to contributions from the emerging bipoles . 

RESUMEN. Se analizan magnetogramas y filtrogramas en H-alfa 
de una region de flujo emergente. Se observan pequenos 
dipolos en los magnetog~amas emergiendo entre polaridades 
opuestas. Se midieron velocidades de separacion de polos 
opuestos para 45 bipolos observados . en junio 9 de 1985 y 
estan en el intervalo 0.5 < Vs < 3.5 kmjs. Se observo un 
aumento significativo del flujo magnetico en la region 
debido a contribuciones de los bipolos emergentes . 

Key vords: SUN-CHROMOSPHERE -- SUN-MAGNETIC FIELDS 

I. INTRODUCTION 

We study the birth of bipoles in Emerging Flux Regions (EFR) on the Sun 
using H-alpha filtergrams and line-of-sight magnetograms obtained on June 7-
13, 1985 at the Big Bear Solar Observatory by Sara Martin. Emerging Flux 
Regions are defined as the first stage of active regions and are recognized on 
H-alpha filtergrams as two bright plages connected by Arch Filament Systems. 
The bright plages correspond to the higher magnetic field patches and usually 
separate from each other as they grow • 

On the first day of emergence, (June 9, 1985) the Emerging Flux Region 
was oriented East-West, extending for 60000 km in Solar longitude and 40000 km 
in latitude. On the day before the appearance of the Emerging Flux Region, 
the photospheric magnetic fields on the site were very weak. No sign of 
perturbation could be identified on the previous days. Three pores forméd 
overnight between 02:00 UT and 15:30 UT, June 9; two more were detected ~uring 
the observing day (from 15:30 UT June 9, to 01:00 UT June 10). The tendency 
to increase in complexity occurred very soon after the region birth due to new 
bipoles emerging in and near the region. During the whole day, the fine 
structure in the magnetic field was mantained by successive emergence of small 
bipo l es . 

on the nex t day a new bipolar region emerged on the following part and 
the total ~pan in longitude reached more than 90000 km. Following the 
deve lopment of the region on June 9, 1985 we verified the sucessive appearance 

549 
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of small bipoles in the middle of the region. The opposite peles of each 
individual bipole moved apart, tending to separate faster at the beginning, as 
observed in Ephemeral Active Regions . 

Ephemeral Active Regions are small bipolar regions that are first seen 
as a small compact unit with almost balanced magnetic flux that grows as the 
opposite peles separate. Bright plages and organized fibril structures or 
Arch Filament Systems are seen on the H-alpha filtergrams corresponding to 
bigger Ephemeral Active regions and some might even develop pores. Ephemeral 
Active Regions are characteristically small, extending over 20000 to 40000 km 
and having areas less than 7xl08 km2 (Harvey and Martin 1973). Ephemeral 
Active Regions were defined by their short lifetimes and the region observed 
on 9 July 1985 lasted during the following days and was too big to be 
classified as ephemeral. The smallest Ephemeral Active Regions appear 
on the limit of detection of the better magnetograms; as the opposite peles 
separate from each other without clear increase in magnetic flux they lose 
their identi ty in a few hours interacting wi th surrounding fields; 
their identification based strictly on H-alpha is difficult. Each individual 
bipole within the region behaved as an Ephemeral Region and had a 
short lifetime, but they are a substructure of the region and Ephemeral 
Regions are independent entities . 

II. ANALYSIS OF THE MAGNETIC BIPOLES 

We studied the behavior of 45 of these bipoles verifying: the point of 
appearance, the separation velocity, the orientation and the fate of the 
opposite peles after the separation . 

EMERGENCE : we define the center of emergence as half the distance between the 
opposite poles at the moment of appearance of the bipoles, and we mark this 
point for each bipole observed. We noted that the centers of emergence come 
one after the other, forming well-defined lines, in regions among larger 
structures of opposite polarities . 

VELOCITIES for each bipole, we plot the distance between the opposite poles 
vs time. We noted that the separation velocity decreases as the poles get 
apart. Then, we calculated the maximum separation velocity (the steepest 
portion of the distance vs time graphic) and we obtained velocities in the 
range 0.5 < Vs < 3.5 kmjs, with a mean of <Vs> = 1.7 km/s. Previous data 
indicated Vs = 2 km/s (Born 1974) and 5 km/s (Chou and Wang 1986) for the 
separation of the peaks of the whole Emerging Flux Region. We found that the 
"preceeding" poles tend to move faster than the "following" poles . 

ORIENTATION : the new sets of bipoles appear with different orientations and 
contribute to change the general orientation of the whole region. A similar 
effect was observed by Weart (1970) in H-alpha filtergrams: the main cause of 
rotation of the Arch Filament System was not the rotation of the individual 
arches, but the emergence of new arches with different orientation and the 
vanishing of the old ones . 

FATE OF OPPOSITE FOLES we observe the opposite poles of each bipole 
verifying the occurrence of cancellations or additions to elements of the same 
polarity (mergings). We observed that 28% of the peles cancel, whereas 72% 
merge. This clearly indicates a flux increase in the region due to the 
contribution of the emerging bipoles . 

Due to cancellations and mergings, the magnetic flux of opposite poles 
is not balanced, as observed by Livi et al. (1985) for Ephemeral Regions . 
These processes also contribute to the loss of identity of individual bipoles 
in a few hours. As a whole, the complex emergence of small bipoles in the 
middle of the region contribute to a continuous increase of magnetic flux in 
both polarities . 
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This analysis is relevant because the appearance of bipoles is just 
beginning · to be observed in detail. As quoted by Zirin ( 1989) : "I have 
searched for, but never found, small magnetic flux elements spreading to the 
two ends of the bipole; subsequent loops are independent . entities." In 
founding the elements searched by Zirin, we might expl3in why the separation 
velocities observed by Chou and Wang (1987) were not correlated with the 
magnetic flux as expected theoretically: the buoyance might have .to be applied 
to individual small bipoles that have much less magnetic flux than the whole 
region, but not smaller separation speed. Besides the 45 bipoles that have 
been measured, others can be distinguished, but are toe small and short lived 
to be followed in detail . 

We are 
Observatory 
C. S. Barth 
supported by 
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Abstract 

THE ROLE OF CANCELLING MAGNETIC FIELDS IN THE BUILDUP 
TO ERUPTING FILAMENTS AND FLARES 

Sara F. Martin 
Big Bear Solar Observatory 
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California lnstitute of Technology 

Pasadena, CA, USA 

Silvia H. B. Livi 
Instituto de Fisica 

Universidade Federal do Rio Grande do Sul 
Porto Alegre, Brazil 

We present a scenario for understanding the role of cancelling magnetic fields In 
the build-up to eruptive solar fiares. The key intermediate step in this scenario 
involves the formation of a filament magnetic field in the carona above a photo­
spheric polarity inversion where cancelling magnetic fields are observed. The 
formation of a filament magnetic field is accomplished in several recent models by 
first interpreting the cancelling fields as a visible effect of a slow, steady 
magnetic reconnection. This reconnection results in a reconfiguring of the 
magnetic field ; line-of-sight pairs of closely-spaced opposite-polarity fields 
disappear from the photosphere thereby accounting for the cancellation; simul­
taneously the horizontal component is increased in the carona above the polarity 
inversion. The new and increasing horizontal component is synonymous with the 
building of a magnetic field where mass can accumulate to form a filament. lf the 
magnetic reconnection continues for a sufficient length of time, the changing 
equilibrium between the growing filament magnetic field and the overlying, caronal 
magnetic field will result in a very slow, simultaneous ascent of both the filament 
magnetic field and the overlying carona! magnetic field with greater motion in the 
outer , weaker caronal field. This upward stretching of the magnetic fields 
eventually results In a closer spacing of oppositely-directed carona! magnetic 
fields (resembllng a tangentlal dlscontlnulty) beneath the fllament. As deplcted 
in some fiare models, magnetic reconnection then suddenly occurs in the carona 
beneath the filament; fiare loops form in the lower part of the reconnected field 
anda carona! mass ejection and erupting filament comprise the upper part of the 
reconnected field. To illustrate the observable phases of this scenario, we 
describe the build-up to two simple eruptive fiares in a small active region . 

• ~~---------------------------------------------------- -
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1.0 INTRODUCTION 

In a cancelling magnetic feature, both positive and negative line-of-sight magnetic 
fields are observed to disappear ata common boundary. One of the earliest papers 
on cancelling magnetic fields suggested that a relationship might exist between 
these disappearing magnetic fields and the occurrence of solar fiares. Martin , 
Livi and Wang (1985) found that ali 22 of the observed 22 fiares in the active 
region were initiated around the sites of cancelling magnetic fields. However, the 
relationship was believed to be an indirect one because the time-scale of can­
celling fields is very much slower than the time-scale of the fiares. Thus, if a 
physical relationship exists between the sites of disappearing magnetic fields and 
fiares , the role of the cancelling magnetic fields was expected to be of an evo­
lutionary nature ; the cancelling magnetic fields might somehow aid in altering the 
magnetic field geometry in such a way that fiares would be initiated · above the 
sites of the cancelling photospheric magnetic fields . 

The possibility of a physlcal relationship between the evolution of cancelling 
magnetic fields and the sporadic occurrence of fiares was further analyzed by Livi 
et ai. ( 1989). They verified the earlier findings of Martin et ai. (1985) that 
fiares often occur at sites where the only observable change in the magnetic field 
is cancellation . In addition, Livl et ai. (1 989) sought to understand the occur-
rence of fiares in relation to emerging, evolving, and cancelling magnetic fields . 
Previous papers had already documented the association of many fiares to specific 
evolutionary changes in the magnetic fields of active regions (Martres, Michard and 
Soru-lscovici 1968); and with emerging magnetic flux regions (Rust, 1972 and 1974, 
Marsh , 1978; Martin et ai., 1983, 1984). Following the latter findings, Livi et 
ai. (1989, Figures 3,6 and 7) recognized that most fiares associated with emerging 
flux occur at the boundaries where the newly emerging flux is impacting previously 
existing magnetic flux of opposite polarity. Their examples are consistent with 
the finding of Martres, Michard and Soru-lscovici (1968); fiares occurred at polar­
ity inversions where the magnetic flux was increasing on one side of the inversion 
and decreasing on the other si de. Li vi et ai. ( 1989) concluded that the probable 
common denominator in ali of these associations was the disappearance of mag­
netic fields . In surveying the data from Big Bear Solar Observatory from Sep. 1985 
through July 1 988, they were also unable to find any fiares which definitely were 
not initiated at sites where cancellation could be occurring. This led Livi et ai. 
to hypothesize the existence of a meaningful physical association between the 
evolution of cancelling magnetic fields and fiares although the stages in the 
association were not yet well-defined . 

During the last 6 years , it was also recognized that filaments form at polarity 
inversions where magnetic fields are cancelling. (Martin et ai., 1 985; Martin, 
1986; Hermans and Martin , 1986; Martin 1990). Martin (1990) presented the hypo­
thesis that converging and cancelling magnetic fields were necessary conditions for 
the formation of filaments (prominences). Three models of filament formation now 
incorporate the cancelling magnetic fields as an essential observational input (van 
Ballegooijen and Martens, 1989; Kuijpers , 1990; Martin, this volume) . The present 
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paper discusses how these new concepts of filament formation also lead to the 
eruption of filament magnetic fields and to the simultaneous occurrence of solar 
fiares and coronal mass ejections . 

2.0 AN INTERPRETATION OF CANCELLING MAGNETIC FIELDS 

Although both fiares and filaments occur at polarity inversions where magnetic 
fields are cancelling , the time-scale and spatial scales of cancelling magnetic 
features are much more closely related to filaments than to fiares. The physical 
relationship between cancelling magnetic fields and filaments is not immediately 
obvious. The cancelling magnetic fields are observed close to the photosphere 
while filaments form and evolve in the corona. Cancelling fields are decreasing 
line-of-sight fields; filaments contain mostly horizontal fields which can be 
either decreasing or increasing. The rate of filament formation, however, points 
to the likely physicallink between cancelling fields and filaments (Martin, 1990) . 
Filaments form quickly at polarity inversions where the cancellation is relatively 
rapid and filaments form slowly where cancellation ls also relatively slow. This 
finding raises the vital question : Could the horizontal field of the filaments 
appear at the expense of the disappearing line-of-sight fields? This is exactly 
what is proposed in the new generation of filament models based on cancelling 
magnetic fields . 

Ali of these models propose that magnetic reconnection acts to convert line-of­
sight magnetic fields into transverse magnetic fields. The disappearance of mag­
netic fields (cancellation) is depicted as either the upward or downward transport 
of magnetic field through the layer of atmosphere represented in near-phptosphere 
magnetograms. For purposes of discussing the fiare build-up, details of these 
models are not important. Their common significant thread is an increasing 
horizontal component of magnetic field in the corona, along and above the polarity 
inversion in the photosphere and chromosphere . 

3.0 THE FLARE BUILD-UP 

3.1 Hypothesized Physical Processes 

lrrespective of which filament model one might favor , there are at least 3 lmpor­
tant implications of the idea that magnetic field accumulates in the corona where 
filaments can form : 

(1) the accumulating horizontal component of magnetic field in the corona is 
directly related to the amount of magnetic field that has disappeared at the 
photosphere; 

(2) the magnetic energy content of the photosphere is reduced because the mag­
netic flux has disappeared; at the same time, the total energy content in the 

3 
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coronal magnetic field system above the cancellation sites is increased because the 
resulting magnetic field configuration in and around the filament site becomes 
increasingly concentrated and stressed with the successive reconnections; 

(3) the accumulation of filament magnetic fields in the carona is a one-way pro­
cess . The filament magnetic field cannot be destroyed nor can it be retracted 
because of its large scale (van Ballegooijen and Martens, 1989). lt also cannot 
initially be expelled from the sun due to line-tying. lt remains beneath the 
overlying and surrounding magnetic fields which already exist in the corona above 
those polarity inversions (Martin, 1990) . 

Thus we identify the accumulating magnetic field along coronal filament channels as 
the central site of energy storage for the fiare build-up. · 

An important property of the coronal magnetic fields is the high Alfven speed for 
propagating magnetic disturbances. Thus, communication takes place rapidly be­
tween ali parts of a system. Every small or large change that happens in one part 
of the system can rapidly affect other parts of a coronal system. Consequently, 
small but continuous readjustments of the whole system will occur. We therefore 
anticipate a tendency of an outward expansion of the whole system. That change can 
be initially viewed as taking place in discrete steps. First the weaker, outer 
parts of the system expand as a consequence of the increasing inner filament 
fields . Then the filament magnetic field will also rise slightly in response to 
the outward expansion of the outer coronal field until a new equllibrium is estab­
lished. However, in reality the filament magnetic field is continuously increasing 
and so the equilibrium state of the whole system is continuously shifting. This 
outward expansion eventually results in a region of oppositely directed magnetic 
field components beneath the rising filament. The field in that region then 
approximates the configuration of a tangential discontinuity. This configuration 
is highly favorable for magnetic reconnection to occur in the corona and hence is 
invoked as the starting point for some magnetic reconnection models of solar fiares 
(review by Svestka and Cliver, 1992, these proceedings). To complete our scenario, 
we suggest that rapid reconnection takes place in accord with variations of the 
Kopp and Pneuman model (1976, Svestka, Martin and Kopp, 1981; Svestka and 
Cliver, 1992); fiare loops form in the lower solar atmosphere; the upper part o f 

the reconnected field is identified with the 'coronal mass ejection' and is ex­
pelled from the sun . The central part of the filament magnetic field is part of 
the expelled plasmoid . 

3.2 Examples of the Fiare Build-up 

The gradual build-up to solar fiares is examined with least confusion by observing 
the evolution of small active regions such as the one illustrated in Figures 1 and 
2. The region was born between 2300 on 3 October and 1600 on 4 Oct. 1990 and was 
observed at Big Bear Solar Observatory (BBSO) from 4-9 Oct. 1990. In Figures 1 and 
2. H-alpha center-line images are in the left column and videomagnetograms in the 

4 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Fig. 1. The new active region , first seen on 4 Oct. 1990, has already reached lts maxlmum magnellc flux by 
the mornlng of 5 Oct. and the lntenslty of the reglon has accordingly dropped as seen in the H-alpha images 
on the left. However, by 6 October, in the magnetograms on the right, a large section of the positive 
polarity flux (white areas and enclosed contours) reversed its direction of motion and moved into contact 
with the negative polarity flux (black areas and enclosed contours). The magnetic fields along this boundary 
are cancelling ; this magnetic flux disappearance can be seen by comparing 6 Oct. with 7 Oct. in Figure 2 . 
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Fig. 2 . The decrease in magnetic flux in the active region is seen, In the time-lapse sequences of 
this data, to be due to cancellation of the flux at ali of the boundaries where the opposite polarities 
meet. At each major cancellation boundary, filaments can be seen. The redistributions of magnetic 
flux between 5 and 9 October appear to be related , at least in part, to the evolution of supergranules . 
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right column. In addition, H-alpha filtergrams at -0.6A were recorded on film 
continuously throughout the 4-9 October interval with wavelength scans through the 
H-alpha line being made about once an hour. H-alpha filtergrams were also recorded 
in time-lapse mode on videotape ata 2 sec interval. 

During the evolution of this region, there are two polarity inversions, labelled A 
and B on the magnetograms in Figure 1 , where cancelling magnetic fields can be seen 
and where filaments form. The first conspicuous site of cancellation is at the 
lower border of the region where the strong positive magnetic flux of the active 
region expands and encounters the neighboring negative polarity patch of network 
magnetic field at the site marked A. A filament had already formed at this site by 
the beginning of the observing day on 5 Oct. at 1530 UT. At that tim_e the posi-
tive polarity flux from the active region and the negative network patch seen in 
Figure 1 were moving close together . Around 1800 UT, cancellation began at this 
site and continued throughout the rest of the observing day (which ended at 2347 
UT) and was still occurring there at the beginning of the next day. The loss of 
flux is evident by comparing the magnetograms on 5 and 6 Oct. in Figure 1 . 

At 2205 UT on 5 Oct, above the cancellation site A in Figure 1, the filament 
existing there steadily began to appear in the blue wing (H-alpha-0.6A) as usually 
happens before an eruption. lt rapidly became more conspicuous until about 2250, 
but only to the right of the cancelling site. Then it faded from view and dis­
appeared by 2252. We attribute this disappearance to an acceleration of this 
section of the filament out of the passband of the filter. However, most of the 
filament was laterally displaced as it erupted. Consequently, the filament was 
continuously observable at centerline H-alpha during the rise of the fiare. The 
fiare emission began about 2259 at H-alpha center-line and at 2305 at H-alpha-0.6A . 
As the fiare developed, additionallaterally-displaced filamentary mass came into 
view. This structure is seen to the left of the low chromospheric part of the 
fiare . 

The second filament formed by the morning of 6 October along the main polarity 
inversion of the active region. In Figure 1, it is seen amidst the bright plage 
and at the site of the highest magnetic field gradient in the active region. lt is 
narrow and not very dark, as is sometimes the case for filaments above sites with 
these characteristics. The evolution of the active region radically changed before 
the formation of this filament. 

During 4 October, the early evolution of the region was characteristic of a simple 
bipolar growing flux region; the opposite polarities of the region gradually sepa­
rated as the new flux emerged in the center of the region. By 5 October, the 
appearance of small new knots of flux had ceased. A large section of the positive 
polarity field reversed lts direction of motion. This section then gradually 
moved back toward the negative polarity flux. (Positive flux is white outside of 
the contours and negative is black.) Small patches of positive and negative flux 
were cancelling during the day. During the night between 5 and 6 Oct., the entire 
section of positive polarity flux, above C on 6 Oct. in Figure 1 , encountered the 
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Fig. 3. The first eruptive fiare ls located atthe lower border of the active reglon where the positive 
polarity flux of the reglon (white lncludlng countours) has encountered negative polarity network (black 
lncluding contours). The erupting filament ls seen to the left of the fiare; the images are at 
H-alpha-0.6A . 
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negative polarlty flux thereby forming the polarity inversion with high field 
gradient as seen at site B, also on Oct. 6 in Figure 1. A supergranule cell, at C, 
is seen in the region between the components of positive flux. lt is possible that 
the growth of this cell forced the segment of positive flux back toward the neg­
ative flux . 

By the beginning of 6 October, the filament had formed. Also, the plage around the 
encountering and cancelling fields was very bright, a characteristic of many areas 
around cancellation sites. At 1837, a classic two-ribbon fiare began in concert 
with the abrupt disappearance of the filament mass along the polarity inversion . 
The fiare is seen at maximum development at Ha-0.6 A in Figure 4. At the center of 
the H-alpha line, the emission was observed to spread over the en.tire active 
region. In addition, extensive faint emission continued to appear on the quiet sun 
to the east and northeast from 1858 until at least 1912 UT (lower right of the 
fiare in Figure 4 but not seen in this image at H-alpha-0.6A) . 

Evidence of the erupting filament in this example is tenuous. However, from 1824 
until the beginning of the fiare at 1837, absorbing mass was becoming increasingly 
visible at H-alpha-0.6A in the east end of the filament channel. lt abruptly 
disappeared from view at the start of the fiare, probably because this mass was 
accelerated out of the passband of the filter . Very little lateral motion was 
detected during its disappearance as would be expected if the eruption occurred in 
the line-of-sight. Additional matter in the remainder of the filament channel also 
disappeared as the fiare began. This is not compelling evidence of a filament 
eruption. However, new filament mass already began accumulating along the polarity 
inversion during the decay of the fiare which is typical of active regions follow-
ing a filament eruption. Although there was little filament mass to be expe~ed in 
this event, we still interpret it as an eruptive fiare . 

There is some evidence that an earlier fiare, starting at 1649 along the main 
polarity inversion, could have been a less energetic, slow eruptive fiare. The 
absorption along the polarity inversion was more conspicuous and exhibited a more 
classic preflare enhancement than the one preceding the more energetic one two 
hours I ater . The filament began to disappear rapidly in the interval from 1648 
until 1652 justas the fiare was beginning. This is typical for filament eruptions 
that are visible in the line-of-sight. Aiso new filament mass began to accumuiate 
in the filament channel during the decay of the less energetic fiare . 

lt is piausibie that more eruptive fiares couid have occurred at thls site during 
the BBSO night hours because more than 50% of the magnetic fiux along the polarity 
inversion had disappeared by the morning of 7 Oct. Additionally, a fiiament was 
observed to steadily darken at H-alpha-0.6 A before the end of the observing day 
(2154 on 6 Oct). Many other small fiares were observed at BBSO throughout 4-9 Oct. 
but without evidence of filament eruption . 

The small active region in which the eruptive fiares occurred was relatively 
isoiated from other active regions and there were no other sites of emerging flux 
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• e Fig. 4. The brightest emission of this second eruptive fiare is in the ribbons centered around the site 
of rapidly cancelling magnetic fields at the site of highest magnetic field gradient seen in the 

• magnetogram below. The erupting filament was Doppler-shifted out of the filter passband minutes before e these images . 
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within this region at the times of the fiares . Thus, we do not suspect that the 
formation of the filaments , their eruption, and the ensuing fiares were influenced 
strongly by any factors other than the evolutionary changes in magnetic flux . We 
therefore propose that these fiares are examples of the scenario of fiare build-up 
described in the previous section . 

4.0 DISCUSSION ANO IMPLICATIONS OF THE CONCEPT 

In the picture of the fiare build-up presented here, the formation of a filament 
magnetic field is an essential ingredient. We place emphasis on the filament 
magnetic field rather than its mass because it is not evident that the rt:Jass accum­
lated in the coronal filament channel is significant to the eruption of the fila-
ment magnetic field. The filament mass could vary for many reasons. However, the 
filament magnetic field has no reason to fluctuate ; in our picture, it can only 
increase in proportion to the cancelling fields that are observed. Further , the 
filament magnetic field can erupt even if there is little orno visible mass in 
this magnetic field . We suggest that the fiare in Figure 4 illustrates this point. 

The fiare build-up begins with the first cancelling magnetic fields alonga polar­
ity inversion and continues either steadily or intermittently as the cancellation 
is observed to be either steady or intermittent. For this reason, we suggest that 
the rates of cancelling magnetic flux and the total quantities of cancelling mag­
netic flux - in relation to a surrounding system magnetic flux- will prove to be 
useful parameters in fiare forecasting . However, this concept is presented only in 
its simplest form , without taking into consideration externai influences or complex 
magnetic field geometries. ~ 

5.0 SUMMARY 

The concepts presented in this paper are broad in scope and consist only of a rough 
outline of the stages that we conceive for the build-up to eruptive fiares. Many 
observational and conceptual details could be added to make the picture more com­
plete. Our primary objective here is only to formulate a concept of the fiare 
build-up. The key stages in this build-up are: 

(1) the converging flow of the photospheric footpoints of opposite polarity mag­
netic fields towards a common boundary (polarity inversion) ; 

(2) the observed cancellation of magnetic flux , interpreted as a result of magnetic 
reconnection whlch concurrently leads to the disappearance of line-of-sight mag­
netic flux near the photosphere and to the building of a mostly horizontal filament 
magnetic field in the carona above the polarity inversion; 

(3) the distending of the carona in a large region around and including the fila­
ment magnetic field ; 

11 



-.--­
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

( 4) the onset of rapid coronal reconnection beneath the distending filament; this 
is synonymous with the fiare 'trigger', the fiare being viewed in the broad sense 
as ali of the consequences of that secondary rapid reconnection . 

In this concept of the fiare build-up, there is a net transfer of energy from the 
photosphere into the carona where energy is stored in the magnetic fields asso­
ciated with filaments and in the surrounding carona. The key signature of that 
transfer of energy is cancelling magnetic flux observed in near-photosphere magne­
tograms ; that transfer is considered to be a consequence of magnetic reconnection 
in the low solar atmosphere. The magnetic reconnection is evidently driven by 
convective flows in the photosphere or by flows related to newly developing active 
regions . 
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