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The relation of solar active regions to the large-scale sector structure of the interplanetary field 
is discussed. In the winter of 1963-64 (observed by the satellite IMP-1) the plage density was greatest 
in the leading portion of the sectors and lesser in the trailing portion of the sectors. The boundaries 
of the sectors (places at which the direction of the interplanetary magnetic field changed from toward 
the Sun to away from the Sun, or vice versa) were remarkably free of plages. The very fact that since 
the first observations in 1962 the average interplanetary field has almost always had the property of 
being either toward the Sun or away from the Sun (along the Archimedean spiral angle) continuously 
for several days must be considered in the discussion of large-scale evolution of active regions. Using 
the observed interplanetary magnetic field at 1 A U and a set o f reasonable assumptions the magnetic 
configuration in the ecliptic from 0*4 A U to 1*2 A U has been reconstructed. In at least one case a 
pattern emerges which appears to be related to the evolution of an active region from an early stage 
in which the magnetic lines closely couple the preceding and following halves of the region to a later 
stage in which the two halves of the region are more widely separated. 

Spacecra f t o b s e r v a t i o n s f r o m t h e t i m e of t h e first e x t e n d e d o b s e r v a t i o n of t h e 
i n t e r p l a n e t a r y m e d i u m b y M a r i n e r 2 in 1962 t o t h e p r e s e n t t i m e h a v e i nd i ca t ed t h a t 
t h e s ec to r s t r u c t u r e is a l m o s t a l w a y s a p r o m i n e n t f ea tu re of t h e i n t e r p l a n e t a r y 
m a g n e t i c field. T h e sec to r p r o p e r t y of t h e i n t e r p l a n e t a r y field is def ined t o be i ts 
t e n d e n c y t o r e m a i n for severa l c o n s e c u t i v e d a y s p r e d o m i n a n t l y d i r ec t ed e i the r a w a y 
f r o m t h e S u n o r t o w a r d t h e S u n . T h e a v e r a g e d i r ec t ion of t h e field is u sua l l y c lose 
t o t h e theore t i ca l ly p r e d i c t e d A r c h i m e d e s sp i ra l . L a r g e d y n a m i c d e v i a t i o n s f r o m t h e 
A r c h i m e d e s sp i ra l a r e f r equen t ly o b s e r v e d ; never the less t h e field c a n usua l ly still b e 
c lea r ly cha rac t e r i zed as b e i n g e i the r d i r ec t ed p r e d o m i n a n t l y t o w a r d t h e S u n o r a w a y 
f r o m t h e S u n . 

* Presented by J . M . Wilcox. 

Kiepenheuer (ed.), Structure and Development of Solar Active Regions, 390-394. € I.A.U. 
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T h e i n t e r p l a n e t a r y sec to r s t r u c t u r e obse rved by I M P - 1 in t h e w i n t e r of 1963-64 
d u r i n g t h e dec l ine of t h e last 11-year s u n s p o t cycle w a s a q u a s i - s t a t i o n a r y p a t t e r n 
d u r i n g several so l a r r o t a t i o n s . T h i s is p r e s u m a b l y re la ted t o t h e low level of so la r 
ac t iv i ty a n d t h e r e s u l t a n t smal l a m o u n t of p e r t u r b i n g inf luences o n t h e sec to r p a t t e r n . 
T h e sec tors obse rved a t th i s t i m e h a d on t h e a v e r a g e a n i n t e rna l s t r u c t u r e such t h a t 
t h e efflux of so la r w i n d p l a s m a a n d t h e s t r eng th of i n t e r p l a n e t a r y m a g n e t i c field were 
la rges t in t h e p r e c e d i n g p o r t i o n of t h e sec to rs . T h e p o s i t i o n of ac t ive r eg ions on t h e 
S u n wi th r e g a r d t o t h e i n t e r p l a n e t a r y sec to r p a t t e r n h a s been inves t iga ted in t h e 
fo l lowing way . A c r o s s - c o r r e l a t i o n ana lys i s by N e s s a n d Wi l cox (1966) s h o w e d t h a t 
t h e ave rage t i m e lag f rom t h e a p p e a r a n c e of a p h o t o s p h e r i c m a g n e t i c fea ture a t 
cen t r a l me r id i an t o t h e o b s e r v a t i o n of th i s f ea tu re by t he spacecra f t a t 1 A U was a b o u t 
A\ d a y s . T h u s , if a s ec to r b o u n d a r y is obse rved by a spacecra f t a t 1 A U on a cer ta in 
d a t e , t h e d a t e a t wh ich th i s b o u n d a r y o n t h e Sun was n e a r c e n t r a l m e r i d i a n can be 
o b t a i n e d by s u b t r a c t i n g th i s 4 ^ - d a y lag. W h e n t h e d a t e a t wh ich a sec to r b o u n d a r y 
is n e a r cen t ra l m e r i d i a n o n t h e S u n h a s been d e t e r m i n e d b y th i s m e t h o d , t h e F r a u n 
hofe r In s t i t u t e da i ly m a p o f t h e S u n for th i s d a y p r o v i d e s t h e l o c a t i o n of p lages o n 
t h e d isk . A p h o t o g r a p h i c s u p e r p o s i t i o n is o b t a i n e d of t h e p l age l o c a t i o n s for all days 

FIG. 1. Map in ecliptic plane of average interplanetary magnetic-field sector structure observed by 
IMP-]. The extrapolation technique is described in the text. Each arrow represents an equivalent 
magnetic flux of 5 gamma for 6 hours. 
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o n wh ich a sec tor b o u n d a r y w a s n e a r cen t r a l m e r i d i a n . T h i s s u p e r p o s i t i o n ind ica te s 
t h a t t h e p r o b a b i l i t y of o c c u r r e n c e of a p l age is g rea tes t in t h e p r e c e d i n g p o r t i o n of a 
sec to r , a n d decl ines in t h e t r a i l i ng p o r t i o n of a sec to r , w i th t h e sec to r b o u n d a r i e s 
b e i n g re la t ively free of p l ages . D e t a i l s o f t h e m e t h o d h a v e been given by Wi lcox a n d 
N e s s ( 1 9 6 7 ) ; see in p a r t i c u l a r t he i r F i g u r e 4. 

T h e b i r t h of a n a w a y sec to r w i th in a la rge t o w a r d sec to r h a s been o b s e r v e d wi th 
t h e fo l lowing m e t h o d . A m a p of t h e con f igu ra t i on of t h e i n t e r p l a n e t a r y field p ro jec ted 
o n t o t h e ecl ipt ic in t h e r a d i a l i n t e rva l f r o m 0-4 t o 1*2 A U h a s b e e n c o n s t r u c t e d by 
e x t r a p o l a t i n g satel l i te m e a s u r e m e n t s a t 1 A U . T h e r a d i a l c o m p o n e n t of t h e field is 
a s s u m e d t o scale as l/R2 a n d t h e a z i m u t h a l c o m p o n e n t of t h e field is a s s u m e d t o scale 
as \/R. A n A r c h i m e d e s sp i ra l is a spec ia l case of th is a s s u m p t i o n , as s h o w n in F i g u r e 1, 
w h i c h is a m a p of t h e a v e r a g e s ec to r s t r u c t u r e o b s e r v e d by I M P - 1 . F i g u r e 1 is i nc luded 
t o ass is t in exp la in ing t h e m e t h o d of ana lys i s . I t c a n be seen in F i g u r e 1 t h a t if t h e 
o b s e r v a t i o n s a t 1 A U a r e a s s u m e d t o cons i s t of field d i r ec ted a t 45° t o t h e E a r t h - S u n 
l ine t h e A r c h i m e d e s sp i ra l is r e c o v e r e d , a n d t h e sec to r b o u n d a r i e s r e m a i n as s h a r p 
d i scon t inu i t i e s in t h e d i r e c t i o n of t h e field. T h e e x t r a p o l a t i o n is mean ing fu l for t h o s e 
f ea tu res of t h e i n t e r p l a n e t a r y field w h i c h d o n o t c h a n g e signif icant ly in t h e 2- o r 3-day 

F I G . 2 . Map in ecliptic plane of interplanetary magnetic field observed by IMPS during Carrington 
solar rotation 1500. Intervals in which the field is directed more than 45° from the ecliptic are indicated 
with small circles. Intervals in which the field fluctuates to a large extent within the averaging interval 
are indicated with small stars. 
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in te rva l r e q u i r e d for t h e so l a r w ind t o flow f rom 0-4 A U t o 1 A U . Since t h e sec tor 
p a t t e r n h a s often been quas i - s t ab l e ove r several so la r r o t a t i o n s it c a n be expec ted t h a t 
t he r e will be s ignif icant f ea tu res of t h e i n t e r p l a n e t a r y field w h i c h will be i n v a r i a n t 
over a 2- o r 3-day in t e rva l . 

T h e m e t h o d desc r ibed a b o v e h a s been used t o c o n s t r u c t a m a p of t h e i n t e r p l a n e t a r y 
field ac tua l ly obse rved by I M P - 3 d u r i n g so la r r o t a t i o n 1500 in 1965, a n d the resul ts 
a r e s h o w n in F i g u r e 2 . T h e a r r o w s a re p r o d u c e d by t h e sca l ing p roces s descr ibed 
prev ious ly , a n d t h e d a s h e d l ines a r e d r a w n by h a n d t o r e p r e s e n t typ ica l field l ines . 
T h e a b s o l u t e m a g n i t u d e o f t h e field vec to r is r ep re sen t ed by t h e s p a c i n g of t he a r r o w s , 
n o t by the i r l eng th . Sec to r a r e a s wi th field d i rec ted p r e d o m i n a n t l y a w a y f rom t h e Sun 
a r e s h a d e d . T h e sol id c u r v e d l ine n e a r t h e b o t t o m of t h e figure r ep re sen t s t h e c u t 
be tween the b e g i n n i n g of o b s e r v a t i o n s o n O c t o b e r 24 a n d t h e e n d of o b s e r v a t i o n s 
o n N o v e m b e r 20 . 

T h e a w a y - f r o m - t h e - S u n ( s h a d e d ) sec tor n e a r t h e t o p of F i g u r e 2 is of in teres t for 
t h e p r e sen t d i scuss ion . T h i s r ep re sen t s a new a w a y sec to r , s ince in t h e p r e v i o u s so l a r 
r o t a t i o n th is r eg ion w a s p a r t o f a la rge t o w a r d sec tor . T h e field conf igu ra t ion wi th in 
th i s new sec tor is in t h e fo rm of m a g n e t i c l o o p s which a r e be ing c o n v e c t e d a w a y f rom 
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t h e S u n by t h e so la r w i n d p l a s m a . I n t he s u b s e q u e n t so l a r r o t a t i o n s th i s sec to r 
deve lops i n t o a s u b s t a n t i a l a w a y sec to r h a v i n g o n the a v e r a g e a n A r c h i m e d e s sp i ra l 
con f igu ra t i on . T h e l o o p s t r u c t u r e in th is sec to r is o b s e r v e d on ly in t h e r o t a t i o n s h o w n 
in F i g u r e 2. T h e cen t r a l p o r t i o n of t h e l o o p s t r u c t u r e , w h i c h h a s m a g n e t i c flux 
d i r ec t ed a w a y f rom t h e S u n , is c e n t e r e d a t 1 A U o n d a y 310, 0 h o u r s . 

Seven d a y s ear l ier on d a y 3 0 2 , 2 3 0 0 U T , M t . Wi l son O b s e r v a t o r y o b t a i n e d the da i ly 
s o l a r m a g n e t o g r a m s h o w n in F i g u r e 3 , wh ich d i sp lays t h e l ine-of-s ight c o m p o n e n t of 
t h e p h o t o s p h e r i c m a g n e t i c field. T h e c o n t o u r s levels a r e 6, 12, 2 0 a n d 30 gaus s wi th 
sol id l ines r e p r e s e n t i n g fields d i r e c t e d o u t of t h e S u n . T h e l a rge b i p o l a r r eg ion n e a r 
c e n t r a l m e r i d i a n e x t e n d i n g f r o m 1 5 ° N - 3 0 ° N a p p e a r s t o b e t h e s o u r c e of t h e 
m a g n e t i c l o o p s s h o w n in F i g u r e 2 . T h i s b i p o l a r r eg ion first a p p e a r e d o n t h e S u n t w o 
r o t a t i o n s before t h e t i m e of F i g u r e 3 , a n d was obse rved in t h e nex t so l a r r o t a t i o n t o 
be s o m e w h a t d i spe r sed a n d e x p a n d e d . T h e a m o u n t of t h e m a g n e t i c flux convec ted 
a w a y f r o m t h e S u n in t h e l o o p s t r u c t u r e of F i g u r e 2 a p p e a r s t o be in r e a s o n a b l e 
a g r e e m e n t wi th t h e m a g n e t i c flux c o n t a i n e d in a n d n e a r t h e b i p o l a r r eg ion s h o w n in 
F i g u r e 3 . A m o r e de ta i l ed d i s cus s ion will be given in a p a p e r p re sen t ly u n d e r p r e p a 
r a t i o n . 
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