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A B S T R A C T 

The observations of extreme ultraviolet (EUV) emission lines of Fe ix through F e x v i made by 
OSO-I have been applied to a study of the solar corona above active regions. Ultraviolet and radio 
emission are determined for several levels of activity classified according to the type of sunspot group 
associated with the active region. Both radio emission and line radiation from F e x v i , the highest 
stage of ionization of Fe observed, are observed to increase rapidly with the onset of activity and are 
most intense over an E spot group early in the lifetime of the active region. As activity diminishes, 
radiation from F e x v and F e x i v becomes relatively more prominent. Preliminary X-ray data from 
OSO-III obtained during a flare are introduced. These indicate that radiation from the highest stage 
of iron thus far observed, F e x x v , reaches a maximum first in an X-ray burst and that maxima in 
lower stages of ionization follow, with delays from 2 to 15 min. 

1. Introduction 

W i t h t h e a d v e n t of r o c k e t s a n d satel l i tes , it h a s b e c o m e poss ib le t o m a k e o b s e r 
v a t i o n s of p e r m i t t e d emiss ion l ines o r ig ina t ing in t h e so l a r c o r o n a a b o v e ac t ive 
r e g i o n s as these r eg ions p a s s a c r o s s t h e visible so la r d i sk . T h e e x t r e m e u l t r av io l e t 
( E U V ) o b s e r v a t i o n s m a d e b y t h e first O r b i t i n g So la r O b s e r v a t o r y ( O S O - I ) , l a u n c h e d 
o n M a r c h 7, 1962, p r e s e n t e d t h e first o p p o r t u n i t y for s u c h a s t u d y o v e r a n e x t e n d e d 
p e r i o d of t ime . C o n t a i n e d in t h e scientific p a y l o a d of th is sa te l l i te w a s a s p e c t r o m e t e r 
( B e h r i n g et al, 1962) for r e c o r d i n g t h e so la r s p e c t r u m in t h e w a v e l e n g t h r a n g e f rom 
A 150 t o X 400 . T h e c o r o n a l e m i s s i o n l ines of m a n y e l e m e n t s w e r e r e c o r d e d for a t i m e 
in t e rva l g r e a t e r t h a n 1 y e a r a n d d u r i n g a w ide r a n g e of so l a r ac t iv i ty ( B e h r i n g et al., 
1963). T h e o b s e r v e d 27 d a y v a r i a t i o n s in l ine in tens i t ies a t t r i b u t a b l e t o th i s ac t iv i ty 
h a v e b e e n d i scussed p rev ious ly ( N e u p e r t , 1965). 

E U V spec t r a of t h e en t i r e S u n h a v e recen t ly b e e n s u p p l e m e n t e d b y slit less spec t r a 
( T o u s e y , 1965), wh ich d e m o n s t r a t e d i rec t ly t h e t e n d e n c y for emis s ion l ines f rom t h e 
m o s t h igh ly ion ized i ons t o be m o s t i n t ense ove r ac t ive r eg ions . Because such s tud ies 
h a v e been m a d e f rom r o c k e t s , n o s equen t i a l s t u d y over t h e l ifet ime of a n y o n e reg ion 
h a s been poss ib le . T h e p r e s e n t p a p e r a t t e m p t s t o desc r ibe t h e E U V a n d r a d i o emis s ions 
of severa l specific ac t ive r eg ions a s t h e y deve lope wi th t i m e . 

Kiepenheuer fed.), Structure and Development of Solar Active Regions, 404-410 . £ I.A.U. 
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2. Active Regions observed by O S O - I 

O u r abi l i ty t o d i scuss t h e d e v e l o p m e n t of ac t ive r eg ions u s i n g t h e O S O - I d a t a is 
l imi ted by t h e fact t h a t t hese o b s e r v a t i o n s p r o v i d e d n o spa t ia l r e s o l u t i o n . T h e O S O - I 
E U V s p e c t r o m e t e r r e c o r d e d r a d i a t i o n f rom the en t i re visible so la r h e m i s p h e r e a t all 
t imes , so t h a t t h e o b s e r v e d c o u n t i n g r a t e in a n y spec t ra l l ine r e p r e s e n t s t he c o m b i n e d 
emis s ion f r o m all ac t ive cen t e r s a s well as a n y r a d i a t i o n e m i t t e d by t h e u n d i s t u r b e d 
so la r a t m o s p h e r e . W e h a v e been a b l e t o d i s c r i m i n a t e be tween these t w o c o m p o n e n t s 
by c o m p a r i n g d a t a t a k e n w h e n t h e S u n was d e v o i d of a n y ac t ive r e g i o n s t o d a t a t a k e n 
w h e n o n e o r m o r e ac t ive r eg ions were p r e sen t o n t h e visible s o l a r d i sk . M i n i m u m 
E U V line in tens i t ies co inc ided wi th a Z u r i c h Re la t ive S u n s p o t n u m b e r n e a r z e r o a n d a 
m i n i m u m in t h e C a n p l age a r e a wh ich o c c u r r e d o n M a r c h 9 - 1 1 . All o t h e r E U V d a t a 
a r e n o r m a l i z e d t o t h e o b s e r v a t i o n s of M a r c h 9 - 1 1 . W e refer t o a n y increases a b o v e 
a va lue of o n e as ' r e la t ive e n h a n c e m e n t s ' a n d a s s u m e t h a t they a r e d u e t o t h e p resence 
of ac t ive r eg ions o n t h e so l a r d i sk . 

A c o m p a r i s o n of t hese E U V d a t a wi th c o n c u r r e n t r a d i o o b s e r v a t i o n s sugges ts t h a t 
t h e v a r i a t i o n s of t h e h ighes t s tages of i on iza t ion of F e which we have obse rved -
F e x v i a n d F e x v - r e semb le m o s t s t rong ly t h e r a d i o o b s e r v a t i o n s a t f requencies 
a r o u n d 2000 M H z . E m i s s i o n l ines f rom lower s tages of i o n i z a t i o n co - re l a t e less well 
wi th r a d i o fluxes a n d s h o w n o d i s t inc t a s soc ia t ion wi th e i ther t h e h ighe r o r t he lower 
r a n g e of f requencies a l t h o u g h it a p p e a r s t h a t s o m e f luc tua t ions o c c u r r i n g over a 
p e r i o d of on ly a few d a y s c a n be t r a ced t h r o u g h successively l o w e r s tages of i on i za t i on 
a n d a l so t h r o u g h t h e en t i r e r a n g e of r a d i o f requencies . 

F r o m these d a t a i t is poss ib le t o ex t r ac t t w o sequences of o b s e r v a t i o n s s h o w i n g 
c h a n g e s f rom m o n t h t o m o n t h in t h e E U V a n d r a d i o emiss ion f rom t h e c o r o n a a b o v e 
ac t ive cen te r s . In each of t hese s equences t h e ac t ive r eg ions w e r e sufficiently s imi lar 
so t h a t t he increases in E U V a n d r a d i o fluxes cou l d be a s soc ia t ed wi th specific r eg ions 
of a g r o u p of s imi la r r eg ions . T h e m e t h o d used will be pub l i shed in de ta i l in Solar 
Physics. Resu l t s a r e given in F i g u r e 1. T h e E U V increase a t t r i b u t e d t o act ive reg ions 
a r e aga in given in un i t s of t h e flux f rom the S u n as obse rved o n M a r c h 9 - 1 1 . It s h o u l d 
be re i t e ra ted t h a t we h a v e used several s imi la r so la r r eg ions in a r r i v ing a t these resul t s . 
T h e t i m e scale used in F i g u r e 1 the re fo re d o e s n o t a p p l y t o a n y o n e p a r t i c u l a r r eg ion 
obse rved t h r o u g h o u t i ts en t i r e l i fet ime, a l t h o u g h it is c o r r e c t for t h e d e v e l o p m e n t of 
o n e reg ion wh ich w a s o b s e r v e d in t h e S o u t h e r n h e m i s p h e r e . 

T h e t i m e d e p e n d e n c e of t h e r a d i o emiss ion , as s h o w n in F i g u r e 1, genera l ly c o n 
firms ear l ier o b s e r v a t i o n s m a d e b y V a u q u o i s (1959) . T h e h ighes t r e p o r t e d f requency 
(9400 M H z ) is e m i t t e d a l m o s t exclusively d u r i n g t h e p e r i o d of h ighes t ac t iv i ty , whi le 
t h e lowes t f r equency pers is t s even af ter s u n s p o t s h a v e d i s a p p e a r e d . O n l y weak , o r , 
in m o s t cases , n o p o l a r i z a t i o n of t h e r a d i o emiss ion was o b s e r v e d d u r i n g t h e in te rva l 
of M a r c h - M a y 1962. 

O f all t h e E U V r a d i a t i o n s obse rved by O S O - I , it a p p e a r s t h a t t h e fluxes f rom F e x v i 
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F I G . 1. The EU V and radio fluxes attributed to an active solar region at various stages in its develop
ment, as derived from OSO-I observations. The increases in emission are expressed in terms of the total 
solar emission observed on March 9-11, 1962, in the absence of appreciable solar activity. Note that 
maximum emission in the highest observed stage of ionization coincides with maximum complexity and 
size of the sunspot group. The time scale shown is typical for the type of region being discussed. Other 
such regions may have different rates of development. 
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F I G . 2. Preliminary OSO-III data on the counting rates observed for emission lines ofFexv, F e x v i 
and Hell for nearly 5 months of observation starting in March 1967. During this interval, the Zurich 
Provisional Sunspot Number reached a minimum of 17 on May 10 and on June 10 and 11. A maximum 
of 197 was attained on May 28. The circled data were obtained during a flare of importance 3 on May 23, 
1967. 
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a n d F e x v s h o w t h e g rea t e s t inc reases ove r ac t ive r eg ions . M o r e prec ise ly , it a p p e a r s 
t h a t the grea tes t inc rease is a s soc ia t ed wi th t he h ighes t s t age of i o n i z a t i o n , a t the t i m e 
of m a x i m u m d e v e l o p m e n t of t h e s u n s p o t g r o u p . T h e s imi la r i ty of t h e F e x v i a n d 
dec ime t r i c r a d i o resul ts e x t e n d s a l so t o so la r flares a c c o m p a n i e d by i o n o s p h e r i c effects 
( N e u p e r t , 1965). In t h a t case t h e t i m e of m a x i m u m emiss ion a n d to t a l d u r a t i o n of 
F e x v i emiss ion co inc ide s w i th t h e ' g r a d u a l rise a n d fall ' obse rved a t dec ime t r i c wave 
l eng ths . T h e emiss ion l ines f rom F e x i v a n d F e x m as soc i a t ed wi th a n ac t ive reg ion 
a r e obse rved t o r e a c h a m a x i m u m after t h e p e a k of flare ac t iv i ty . Be low F e x m , t h e 
u l t r av io le t inc reases a r e sma l l a n d less wel l -cor re la ted wi th t h e a p p e a r a n c e of ac t ive 
cen t e r s . 

T h e t ime d e p e n d e n c e o b s e r v e d for F e x i v agrees well w i th d a t a p r e s e n t e d by Le R o y 
a n d Trel l is a t th is con fe rence . W e ourse lves h a v e s tud ied t h e c o r o n a l l i m b o b s e r v a t i o n s 
a t X 5303 for M a r c h - M a y 1962, a n d obse rve t h a t t h e f o r b i d d e n line in tens i ty conf i rms 
t h e d e p e n d e n c e on s t age of ac t iv i ty as d e d u c e d f rom t h e E U V d a t a . T h e resul t s 
o b t a i n e d f rom th is w o r k i nd i ca t e a two-fo ld a d v a n t a g e in us ing t h e E U V o b s e r v a t i o n : 
(1) H ighe r s tages of i o n i z a t i o n , wh ich a re m o r e sensi t ive t o so l a r ac t iv i ty can be 
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F I G . 3. Two spectral scans in the region 1-3 A to 3*1 A obtained during the increasing phase of a 
solar X-ray burst on March 22, 1967. Apparent differences in spectral distribution are due to the increase 
in intensity of the X-ray burst in the time (5 min) required to make the two scans. The onset of increased 
count rate at 1-34 A coincides with the detector position at which it begins to be illuminated directly 
by the Sun. 
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o b s e r v e d in t h e E U V t h a n in t h e visible reg ion , a n d (2) T h e E U V emiss ion can be 
o b s e r v e d for reg ions o n t h e d i sk of t h e S u n so t h a t t h e r e l a t i o n s h i p be tween c o r o n a l 
emi s s ion a n d s u n s p o t ac t iv i ty c a n be c lear ly obse rved for t h e first t i m e . 

3 . Preliminary X U V Observations made by O S O - I I I 

T h e O r b i t i n g So la r O b s e r v a t o r y I I I , l a u n c h e d in M a r c h , 1967 ca r r i es s p e c t r o m e t e r s , 
s u p p l i e d by t h e G o d d a r d S p a c e F l i g h t C e n t e r , for o b s e r v i n g t h e so l a r s p e c t r u m f rom 
1 A t o 400 A. D a t a for t h r e e E U V emis s ion l ines o b t a i n e d wi th a g r a t i n g s p e c t r o m e t e r 
a r e s h o w n in F i g u r e 2. R e s u l t s c o n c e r n i n g ac t ive r eg ions a p p e a r t o be con f i rmed by 
the se new d a t a . N e w spec t r a o b t a i n e d by O S O - I I I a t s h o r t e r w a v e l e n g t h s a r e s h o w n 
in F i g u r e s 3 a n d 4. T h e s e d a t a w e r e t a k e n d u r i n g a flare of i m p o r t a n c e 3 o n M a r c h 22 , 
1967. T e n t a t i v e ident i f ica t ions of s t r o n g emiss ion l ines o f i r on h a v e been i nd i ca t ed . 
A de ta i l ed d i scuss ion o f t he se iden t i f i ca t ions h a s been p u b l i s h e d e l sewhere ( N e u p e r t 
et al, 1967). O f in te res t in t h e c u r r e n t d i scuss ion is t h e v a r i a t i o n w i th t i m e of these 
p r o m i n e n t emiss ion l ines . In gene ra l we find t h a t t h e h ighes t s tages of i on iza t ion rise 
t o m a x i m u m t h e m o s t r a p i d l y a n d s h o w t h e g rea tes t a m o u n t of va r iab i l i ty . P r e l im ina ry 
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F I G . 4 . Comparison of the solar spectrum between 6*3 A and 20*0 A obtained during a flare on 
March 22,1957, with a spectrum obtained on the previous day when no flares were in progress. Tentative 
identification for new transition arrays of Fexxv-Fexx are indicated. Spectral resolution is insufficient 
to allow resolution of lines within each array. Emission lines of Ni x i x observed in laboratory spectra 
by Feldman et al. (1967) are also indicated. 
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F I G . 5. Preliminary OSO-III observations on the variation of X-ray line emission with time for a 
flare of importance 3 on March 22, 1967. Note that peak intensity is reached earlier for the higher 
stages of ionization than for lower stages. 
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resu l t s for t h e flare of M a r c h 2 2 a r e given in F i g u r e 5, w h i c h s h o w s t h e s t r o n g l ine 
a t 1 87 A ( F e x x v ) r e a c h i n g m a x i m u m in tens i ty ear l ie r t h a n t h e l ines of l ower s tages 
of i on iza t ion . T h u s , a t l eas t fo r s o m e flares, we o b s e r v e t h e s a m e cha rac te r i s t i c as 
n o t e d for ac t ive r e g i o n s ; t h a t is, t h a t t h e h ighes t s tages of i o n i z a t i o n o b s e r v a b l e t e n d 
t o inc rease m o s t r ap id ly , w i t h l ower s tages a p p e a r i n g l a t e r ( c o m p a r e F i g u r e 1 wi th 
F i g u r e 5). H i g h e r s tages of i o n i z a t i o n a r e e m i t t e d d u r i n g X - r a y b u r s t s t h a n a t o t h e r 
t imes , howeve r . 

M o r e de ta i l ed s tud ies of in tens i ty wi th t i m e for t he se l ines , a n d c o m p a r i s o n wi th 
t h e emiss ion in t h e l ine of H e n a t 304 A, a r e c u r r e n t l y u n d e r w a y . 
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D I S C U S S I O N 

Noyes: In the slide showing the variations of 304, 335, 284 A lines from OSO-III, is the apparent 
lesser increase of the 284 line during the flare, compared with the increases of the other two, statisti
cally significant? 

Neupert: Each point plotted represents an average of observations made over a period of 1 hour, 
so that these data do not give the peak emission reached in each line during the flare. The smaller 
increase in F e x v compared to F e x v i was also found for several flares observed in 1962 by the OSO-I 
satellite. 

Krat: In what way have you done your identification of new coronal lines? 
Neupert: The first suggestion that iron emiss ion lines might be present was made by Kawabata 

(Rept. Ion. Space Research Japan, 14, 1960, 405). We have calculated the positions of possible lines 
(centres of gravity of multiplets) using screening corrections to hydrogenic energy parameters given 
by Froese (Canadian J. Phys., 41 , 1963, 50). 

Severny: Have you recorded simultaneously La-intensity? 
Neupert: We have not, but Dr. Hinteregger recorded the region in question. 
Newkirk: Would you care to mention electron densities and temperatures which would be con

sistent with your observations? 
Neupert: The bulk of corona material above an active region reaches temperatures up to 

4*0 x 1 0 6 ° K during the period of most intense activity of the region. On the other hand, when the 
region has subsided the temperature appears to be about 2*5-3«0 x 1 0 6 ° K . Assuming that the area 
of the region is the same as that of the underlying plage, the electron densities in the active region 
appear to be about 10 times the quiet corona. These densities decrease to 2 -3 times quiet corona 
values over residual plage after sunspots have disappeared. 
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