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A B S T R A C T 

The coronal features associated with solar active regions can be observed by recording images 
of the Sun at extreme ultraviolet ( X U V ) wavelengths. Pinhole cameras have been flown on stabilized 
sun-pointing 'Skylark' rockets to obtain broad-waveband X U V solar images. These images show 
localised emission from high-temperature regions located in the corona above calcium-plage areas. 
An improved design of pinhole camera, which uses a plane-diffraction grating to give increased 
spectral resolution, has recorded spectroheliograms in several intense solar lines including H e n 
(304 A), F e i x - x i (180 A), and S i x - x n (50 A). Estimates are made of the size and brightness of the 
coronal emission region associated with a developing calcium-plage area. 

1. Introduction 

T h e s t r u c t u r e of a so l a r ac t ive r eg ion c a n be s tud ied by r e c o r d i n g s p e c t r o h e l i o g r a m s 
in v a r i o u s spec t ra l l ines w h i c h a r e f o r m e d a t different t e m p e r a t u r e s in t h e Sun . E a c h 
l ine t hen defines a different level in t h e so l a r a t m o s p h e r e , so t h a t a de ta i l ed p i c tu re 
c a n be o b t a i n e d s h o w i n g t h e t h r e e - d i m e n s i o n a l s t r u c t u r e of t h e ac t ive reg ion . 

S p e c t r o h e l i o g r a m s r e c o r d e d in t h e h y d r o g e n H a a n d C a K l ines a r e va luab le for 
s t u d y i n g t h e c h r o m o s p h e r i c s t r u c t u r e of ac t ive r eg ions , b u t t h e y p r o v i d e n o infor
m a t i o n a b o u t t he h i g h - t e m p e r a t u r e c o r o n a l fea tures which m a y be assoc ia ted wi th 
t h e ca l c ium plages . 

In o r d e r t o s t u d y t h e c o r o n a l r eg ions wh ich ex tend a b o v e a so l a r c e n t r e of act ivi ty 
( C A ) , t h e o b s e r v a t i o n s s h o u l d b e m a d e u s i n g a w a v e l e n g t h a t w h i c h t h e b r igh tness 
of t he ac t ive reg ion is g r ea t e r t h a n t h a t of t h e u n d i s t u r b e d s o l a r d i s k . T h i s c r i t e r ion 
is satisfied in t w o d i s t inc t w a v e b a n d s , firstly a t 10-cm r a d i o w a v e l e n g t h s a n d second ly 
a t m u c h s h o r t e r w a v e l e n g t h s in t h e X - r a y a n d e x t r e m e u l t r av io l e t ( X U V ) reg ion of 
t h e s p e c t r u m . 

T h i s p a p e r desc r ibes s o m e o b s e r v a t i o n s of t h e c o r o n a l f ea tu res a s soc ia t ed wi th 
ac t ive r eg ions , o b t a i n e d b y r e c o r d i n g so la r i m a g e s in t h e 2 0 - 4 0 0 A X U V wave l eng th 
r eg ion . 

2 . Broad-band X U V Solar Images 

A s imple p i n h o l e c a m e r a c a n be used for r e c o r d i n g p h o t o g r a p h i c i m a g e s of t h e Sun 
a t X U V w a v e l e n g t h s ( B l a k e et al., 1963). T h e c a m e r a u sed for t h e p r e sen t o b s e r v a t i o n s 

Kiepenheuer (ed.), Structure and Development of Solar Active Regions, 395-402. f I.A.U. 
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h a d a n op t i ca l length of 25 c m a n d so f o r m e d a so la r i m a g e 2-3 m m in d i a m e t e r . T h e 
a n g u l a r r e so lu t ion of t he c a m e r a was a b o u t 2 m i n of a r c as d e t e r m i n e d by t h e p i n h o l e 
a p e r t u r e of 0-15 m m . Specia l X U V sens i t ive p h o t o g r a p h i c film ( K o d a k - P a t h e S C 5 a n d 
S C 7 ) w a s used t o r eco rd t h e so l a r i m a g e s . 

T h e c a m e r a s have been ca r r i ed o n s tabi l ized ' S k y l a r k ' r o c k e t s l a u n c h e d f rom 
W o o m e r a , S o u t h A u s t r a l i a . A p e a k he igh t o f a b o u t 200 k m c a n be r e a c h e d , wh ich 
p r o v i d e s a n e x p o s u r e p e r i o d of 200 sec d u r i n g t h e p a r t o f t h e flight w h e n a t m o s p h e r i c 
a b s o r p t i o n is r e d u c e d sufficiently for X U V s tud ies of t h e S u n . A n a t t i t u d e - c o n t r o l 
s y s t e m s tabi l ized t h e r o c k e t p a y l o a d re la t ive t o t h e S u n , g iv ing spa t i a l r e so lu t i on of 
a b o u t 1 m i n of a r c o n t h e so l a r d i sk , t o g e t h e r wi th a few degrees of d i sk r o t a t i o n 
d u r i n g t h e e x p o s u r e p e r i o d ( C o p e , 1964). 

Transmission 

0 I , , . ^ •- • a-J 
I 3 10 3 0 IOO 3 0 0 IOOO 

Wavelength 0 0 

F I G . 1 . Calculated transmission curves for aluminium filters of 1000 A and 2000 A thickness. 

T h e spec t ra l r e s p o n s e of t h e c a m e r a is set by a t h i n film of a l u m i n i u m which is 
p l a c e d ove r t h e p inho l e a p e r t u r e t o exc lude visible l ight whi le t r a n s m i t t i n g X U V 
r a d i a t i o n . F i g u r e 1 s h o w s t h e v a r i a t i o n of t r a n s m i s s i o n w i th wave l eng th for typ ica l 
a l u m i n i u m filters. A 2000 -A t h i c k n e s s filter is o p a q u e a t w a v e l e n g t h s l o n g e r t h a n 
800 A, b u t h a s t w o useful t r a n s m i s s i o n b a n d s , o n e f rom 800 A t o t h e L-edge a t 170 A 
a n d t h e o t h e r ex t end ing f r o m 80 A d o w n t o t he X - r a y r eg ion . In p rac t i ce , t h e obse rved 
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w a v e b a n d s a r e l imi ted fu r the r by res idua l a t m o s p h e r i c a b s o r p t i o n a n d b y the fo rm 
of t h e so la r emiss ion s p e c t r u m . T h e effective w a v e b a n d s p r o d u c i n g t h e so la r i m a g e 
for th is t ype of c a m e r a a r e c o n s e q u e n t l y 2 0 - 7 0 A a n d 170 -400 A. 

A c a m e r a wi th th i s b r o a d - b a n d r e s p o n s e was f lown o n D e c e m b e r 17, 1964 a n d 
a g a i n o n Apr i l 9, 1965. S o l a r images were f o r m e d b y a b l e n d o f X U V emiss ion l ines, 
o f wh ich t h e m o s t i m p o r t a n t w e r e spec t ra l l ines of S i x - x i i ( 4 0 - 6 0 A) a n d F e i x - x n 
( 1 7 0 - 2 2 0 A). T h e s e i o n s h a v e t h e i r m a x i m u m e q u i l i b r i u m p o p u l a t i o n in a t h e r m a l 
p l a s m a a t a t e m p e r a t u r e of a b o u t 2 x fO 6 ° K a n d t h e e m i s s i o n t he r e fo r e defines 
r eg ions of e n h a n c e d dens i ty a t th i s typ ica l c o r o n a l t e m p e r a t u r e . 

T h e X U V i m a g e r e c o r d e d o n D e c e m b e r 17, 1964 is s h o w n in F i g u r e 2 t o g e t h e r 
wi th t h e F r a u n h o f e r I n s t i t u t e s o l a r m a p for t he s a m e d a y . T h e i m a g e is d i sp layed 

F I G . 2. Solar XUV image recorded on December 17, 1964, together with Fraunhofer Institute solar 
map for the same day. 

wi th N o r t h a t t h e t o p a n d t h e E a s t l i m b to t h e left. A l t h o u g h n e a r t h e m i n i m u m in 
t h e so la r cycle, t h e S u n was re la t ive ly ac t ive a t t he t i m e of o b s e r v a t i o n . S t r o n g l i m b 
b r i g h t e n i n g is p r e sen t a t m i d d l e l a t i t udes b u t t h e p o l a r r eg ions a r e very d a r k . Severa l 
d i s t inc t ac t ive r eg ions c a n be seen in t h e X U V i m a g e , w i th s o m e local i sed d a r k e r 
a r e a s be tween t h e m . All o f t h e X U V emiss ion r eg ions c o r r e s p o n d wi th ca l c ium-p l age 
a r e a s . T h e age r a n g e o f t hese p l ages is ve ry la rge , sugges t ing t h a t t h e c o r o n a l emiss ion 
r eg ion is a pe r s i s t en t f ea tu re w i t h a l i fet ime s imi la r t o t h a t o f t h e c a l c i u m p lage . 

T h e X U V emis s ion r eg ion o n t h e N E l i m b is a s soc i a t ed w i t h a c a l c i u m - p l a g e a r e a 
w h i c h w a s n o t visible o n t h e s o l a r d i sk un t i l t h e d a y fo l lowing t h i s o b s e r v a t i o n . A t 
t h e t i m e of t h e r o c k e t flight t h e p l age a r e a was l oca t ed a b o u t 12° b e h i n d t h e N E so la r 
l i m b . Th i s impl ies t h a t t h e c o r o n a l emis s ion s o u r c e w a s l o c a t e d a t l eas t 10000 k m 
a b o v e t h e so l a r p h o t o s p h e r e . S imi la r ly , t h e X U V s o u r c e o n t h e N W l i m b pers i s t s 
s t r ong ly a l t h o u g h p a r t of t h e u n d e r l y i n g ca l c ium p l age h a s m o v e d b e h i n d t h e l i m b . 

O n Apr i l 9, 1965 a s imi l a r c a m e r a w a s u sed t o r e c o r d t h e X U V i m a g e which is 
s h o w n in F i g u r e 3 wi th t h e so la r m a p for t h a t d a y . T h e Sun w a s r a t h e r inac t ive o n 
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F I G . 3. Solar XUV image recorded on April 9, 1965, together with Fraunhofer Institute solar map 
for the same day. 

th i s occas ion wi th on ly o n e well-defined p lage a r e a , w h i c h was l oca t ed c lose t o t he 
N E l i m b a t l a t i t ude 3 0 ° N . T h i s ac t ive reg ion co inc ides wi th a n emiss ion fea tu re in 
t h e X U V i m a g e which is o the rwi se u n d e r e x p o s e d . 

3 . X U V Spectroheliograms 

T h e b r o a d - b a n d X U V images desc r ibed a b o v e a r e f o r m e d by a b l end of several 
spec t ra l l ines wh ich m a y o r i g ina t e f rom different levels in t h e s o l a r a t m o s p h e r e , so 
c o m p l i c a t i n g t he ana lys i s of t h e images . In a n a t t e m p t t o inc rease t h e spec t ra l r e so 
l u t i o n , a n i m p r o v e d p i n h o l e c a m e r a h a s been deve loped w h i c h uses a p l a n e diffract ion 
g r a t i n g a t g r az ing inc idence t o p r o v i d e wave leng th d i spe r s ion ( B u r t o n , 1965). A n 
o u t l i n e d i a g r a m of this g r a t i n g - p i n h o l e c a m e r a is s h o w n in F i g u r e 4. T h e c a m e r a 

F I G . 4. Grating-pinhole camera forming dispersed XUV solar images. P = pinhole aperture covered 
by aluminium filter. S = shutter to control exposure duration. G = 600 line/mm plane diffraction grating. 
F=photographic film to record images. 

l eng th is a g a i n 25 c m , so t h a t t h e so l a r i m a g e d i a m e t e r is a b o u t 2-3 m m . Since t h e 
r ec ip roca l d i spe r s ion is on ly 20 A / m m , t h e c a m e r a f o r m s o v e r l a p p i n g images in 
spec t r a l l ines, wh ich a r e s p a c e d by less t h a n 50 A. T h e g r a t i n g is b lazed for o p t i m u m 
efficiency a t 180 A, t h e w a v e l e n g t h of a g r o u p of i n t ense spec t ra l l ines of h igh ly 
ion ized i ron which a r e p r o m i n e n t in t h e so la r X U V s p e c t r u m . 
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T h e g r a t i ng -p inho l e c a m e r a f o r m s a b r o a d - b a n d X U V i m a g e a t t h e z e r o - o r d e r 
pos i t i on a n d a l so a f i r s t -order s p e c t r u m be tween 40 A a n d 400 A in which so la r 
i m a g e s a r e f o r m e d by e a c h s t r o n g emiss ion l ine. F i g u r e 5 s h o w s c o m p o s i t e s p e c t r o 
h e l i o g r a m s r e c o r d e d by th i s i n s t r u m e n t o n t w o flights: A p r i l 9, a n d O c t o b e r 20, 1965. 
W a v e l e n g t h d i spe r s ion is in t h e d i r ec t ion of t h e so l a r N o r t h - S o u t h p o l a r axis a n d the 
W e s t l imb is a t t h e t o p of e a c h d i spe r sed s p e c t r u m . Spec t r a l r e s o l u t i o n is l imi ted by 
o v e r l a p p i n g images b u t several s e p a r a t e fea tures c a n be seen. T h e H e n r e s o n a n c e l ine 
a t 304 A wh ich is f o r m e d m a i n l y in t h e C h r o m o s p h e r e , s h o w s a u n i f o r m d isk i m a g e 

w i th s l ight l i m b b r i g h t e n i n g a t th i s r e so lu t i on . T h e m o s t i n t ense of t h e d i spe r sed i m a g e s 
is t h a t f o r m e d by t h e g r o u p o f i n t ense ion ized i r o n l ines F e i x - x i a t 180 A. Be tween 
4 0 A a n d 60 A emis s ion is seen f r o m o v e r l a p p i n g i m a g e s in spec t r a l l ines of S i x - x i i . 

Severa l ac t ive r eg ions c a n be seen in t h e O c t o b e r 20 , 1965 i m a g e s , all of wh ich 
co inc ide wi th c a l c i u m - p l a g e a r e a s . Be tween t h e b r i g h t r eg ions , t h e b a c k g r o u n d - d i s k 
in tens i ty is n o t u n i f o r m b u t s h o w s local ised d a r k r eg ions w h i c h a r e c o m p a r a b l e in 
a r e a t o t h e ac t ive r eg ions . T h e b r i g h t sou rce c lose t o t h e d i sk c e n t r e ( M c M a t h p lage 
n o . 8032) is a d e v e l o p i n g C A , which was t h e site of a sma l l s o l a r flare r e c o r d e d o n 
t h e d a y before these X U V o b s e r v a t i o n s were m a d e . I n t h e H e n 304 A i m a g e , th is is 
t h e on ly ac t ive r eg ion wh ich c a n be de tec t ed w i th ce r t a in ty , b u t in t h e o t h e r l ines , 
f o r m e d a t h ighe r levels, th i s C A is s imi lar in in tens i ty t o t h e o t h e r ac t ive reg ions . 
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T h e z e r o - o r d e r i m a g e is f o r m e d p r imar i l y by t h e g r o u p of ion ized i r o n l ines a t 
180 A a n d is s h o w n in m o r e de ta i l in F igu re 6. E q u a t o r i a l l imb b r i g h t e n i n g is very 
s t r o n g s ince t h e emiss ion c o m e s m a i n l y f rom t h e c o r o n a wh ich is op t ica l ly t h in in 
t he se wave leng ths . E m i s s i o n c a n be seen f rom m o s t of t h e so l a r d i sk b u t is p a r t i c u l a r l y 
p r o m i n e n t ac ros s t h e m i d d l e l a t i t u d e reg ion in t h e N o r t h e r n h e m i s p h e r e . Several 
loca l i sed emis s ion r eg ions c a n b e seen in th is i m a g e a n d the i r size c a n be e s t ima ted 
b y co r r ec t i ng t h e o b s e r v e d size for effects of c a m e r a r e s o l u t i o n a n d p o i n t i n g e r r o r s 
d u r i n g t h e e x p o s u r e p e r i o d . T h e m e a s u r e m e n t is difficult for ac t ive r eg ions c lose t o 
t h e l i m b w h e r e t h e effects o f l i m b b r i g h t e n i n g a re i m p o r t a n t , b u t for t h e C A close t o 
t h e d isk c e n t r e (p lage 8032) t h e size of t h e X U V sou rce c a n be e s t i m a t e d a s less t h a n 
1 m i n of a r c , which is e q u i v a l e n t t o 4 x 1 0 4 k m in t he so l a r c o r o n a . 

F I G . 6. Solar XUV image recorded on October 20, 1965, together with the Fraunhofer Institute 
solar map for the same day. (Zero-order image from grating-pinhole camera.) 

By d e n s i t o m e t e r m e a s u r e m e n t s of t h e p h o t o g r a p h i c i m a g e , t h e X U V br igh tness of 
th i s ac t ive reg ion is e s t i m a t e d t o be a b o u t five t imes g r e a t e r t h a n the m e a n qu ie t so la r 
d i sk b a c k g r o u n d . Th i s figure is a n o r d e r of m a g n i t u d e lower t h a n t h e va lues o b t a i n e d 
in s imi la r o b s e r v a t i o n s u s i n g X - r a y s in t h e wave l eng th r eg ion b e l o w 60 A (B lake et al., 
1 9 6 3 ; P o u n d s a n d Russe l l , 1966). T h e o b s e r v e d b r i gh tne s s is r e l a t ed t o t h e c o r o n a l 
e l ec t ron dens i ty ( N e ) , a n d for e a c h spec t ra l l ine is p r o p o r t i o n a l t o (N e ) 2 / z , whe re h is 
a cha rac te r i s t i c he igh t for t h e e m i s s i o n r eg ion . T h e q u a n t i t y (Ne)2h is a p p a r e n t l y 
g r e a t e r in t h e ac t ive reg ion t h a n in t h e qu ie t u n d i s t u r b e d c o r o n a by a f ac to r 5 in t h e 
X U V lines cha rac t e r i s t i c o f a t e m p e r a t u r e of a b o u t 2 x 1 0 6 o K , a n d by a f a c t o r 50 in 
X - r a y emiss ion , wh ich is f o r m e d a t a r a t h e r h ighe r t e m p e r a t u r e . 

T h i s resu l t cou ld be i n t e r p r e t e d in t e r m s of t h e dens i ty v a r i a t i o n wi th in t h e c o r o n a l 
ac t ive reg ion if a re l iable m o d e l of t h e t e m p e r a t u r e s t r u c t u r e of a C A w e r e ava i l ab le , 
b u t a t t h e p re sen t t i m e t h e r e is insufficient i n f o r m a t i o n t o i n t e r p r e t t h e in tens i ty d a t a 
in th i s way . 
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4. Standardised Measurements on X U V Images 

Sola r images a t X U V a n d X - r a y w a v e l e n g t h s a r e n o w o b t a i n e d r egu la r ly by several 
l a b o r a t o r i e s . T h e ana lys i s of these images is n o t s imp le , a n d t h e d a t a a r e s e l d o m 
m a d e ava i lab le in a c o n v e n i e n t f o r m for use by t h o s e in t e re s t ed in so la r phys ics . 
A s t a n d a r d p r o c e d u r e for m e a s u r e m e n t a n d defini t ion of t he X U V b r igh tne s s of so la r 
ac t ive r eg ions h a s recen t ly been p r o p o s e d (Al len , 1967). T h e m e a s u r e m e n t of C A flux 
for p a r t i c u l a r X U V o r X - r a y w a v e b a n d s is m a d e in t e r m s of ' s o l a r d i sk u n i t s ' t o 
p r o v i d e d imens ion l e s s n u m b e r s wh ich c a n be u sed t o desc r ibe t h e X U V i m p o r t a n c e 
of ac t ive r eg ions in a s imi l a r m a n n e r t o t h e use of t h e M c M a t h c a l c i u m - p l a g e index 
o r t h e Z u r i c h s u n s p o t n u m b e r . 

DENSITY 

XUV IMAGE 
1 . 0 2 0 t h OCTOBER 1 9 6 5 

CA 
8 0 3 2 

RELATIVE 
INTENSITY 

- 2 0 

SE 
Limb 

VISIBLE SOLAR DISC 

2 0 ARC-MIN 

F I G . 7. Densitometer scan of XUV solar image, showing method of measurement and definition of 
CA flux in solar disk units. 

T h e m e a s u r e m e n t p r o c e d u r e is s h o w n in F i g u r e 7 wi th reference t o a d e n s i t o m e t e r 
s can ac ro s s t h e so l a r i m a g e for O c t o b e r 20 , 1967 s h o w n in F i g u r e 6. C a l i b r a t i o n of 
t h e p h o t o g r a p h i c film is r e q u i r e d t o d e t e r m i n e a cha rac t e r i s t i c c u r v e which is used 
t o c o n v e r t t h e dens i t y m e a s u r e m e n t s t o re la t ive in tens i t ies . T h e flux f r o m each C A 
s o u r c e t h e n is e s t i m a t e d f r o m t h e express ion F S = J Is dA, w h e r e J s r ep re sen t s t h e 
in tens i ty of t h e s o u r c e in excess of t h e qu ie t d isk b a c k g r o u n d in tens i ty . T h e q u a n t i t y 
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Fs is s t a n d a r d i s e d by m e a s u r i n g Is in un i t s of ID, t he in tens i ty a t t h e c e n t r e of t h e qu ie t 
s o l a r d isk , a n d by m e a s u r i n g t h e a p p a r e n t s o u r c e a r e a dA in un i t s of t h e p ro jec ted 
s o l a r d i sk r a d i u s RQ. U n i t s b a s e d o n ID a n d RQ a r e t h e n ca l led ' d i sk u n i t s ' . 

F o r t h e i m a g e s desc r ibed in th i s p a p e r t h e q u a n t i t y F s for t h e X U V emiss ion f rom 
ac t ive reg ions ind iv idua l C A s o u r c e s var ies be tween 0-01 a n d 1 0 . F o r X - r a y m e a s u r e 
m e n t s t h e va lue of Fs in d i sk un i t s is g r e a t e r d u e t o t h e i nc r ea sed c o n t r a s t be tween 
t h e C A in tens i ty a n d qu ie t -d i sk in tens i ty . A t s h o r t e r X - r a y w a v e l e n g t h s t h e va lue of 
ID m a y be t o o low for re l iab le m e a s u r e m e n t s , in w h i c h case t h e t o t a l so l a r flux w o u l d 
p r o v i d e a be t t e r re ference in t ens i ty for t h e s t a n d a r d i s a t i o n of Fs m e a s u r e m e n t s . 
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