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A B S T R A C T 

A comparison between X U V and Ca-K spectroheliograms for 9 dates from 1963 to 1967 showed 
an excellent correlation between plage intensities in Ca-K and H e n 304 A, except for plages near the 
limb and a few others. Around the limb all but the highest ionization X U V emission lines form a 
bright ring, usually weaker over the poles. This is an unresolved combination of the limb-brightened 
emission from the quiet corona and high chromosphere, and emission extending into the corona 
above plages located as much as several days from limb passage. 

In F e x v and xv i only the localized coronal emissions are observed; these vary in form and intensity 
from line to line. The 171-500 A and white-light coronas, recorded on November 12, 1966, correlate 
well at low altitudes, but beyond 3' the X U V corona becomes diffuse and without structure. 

A c o m p a r i s o n h a s been m a d e be tween t h e e x t r e m e u l t r av io le t ( X U V ) so la r images 
o b t a i n e d s ince 1963 b y t h e N a v a l R e s e a r c h L a b o r a t o r y ( N R L ) , a n d t h e c o r r e s p o n d i n g 
C a - K s p e c t r o h e l i o g r a m s p h o t o g r a p h e d by t h e M c M a t h - H u l b e r t O b s e r v a t o r y , g iving 
specia l a t t e n t i o n t o t h e cen t r e s of ac t iv i ty a n d the c o r o n a . O n e r o c k e t - b o r n e ins t ru ­
m e n t is a s p e c t r o h e l i o g r a p h , t h a t p r o d u c e s a s p e c t r u m of m o n o c h r o m a t i c so l a r images , 
c o v e r i n g X 171-650 A. A l t h o u g h t h e r e is m u c h o v e r l a p p i n g , t h e i m a g e s in ce r t a in 
i m p o r t a n t l ines a r e sufficiently s e p a r a t e d t o p e r m i t d i s t i ngu i sh ing be tween cen t res of 
ac t iv i ty . These l ines a r e H e n 304 A, O i v 554 A, O v 630 A, N e VII 465 A, M g i x 368 A, 
F e x v 284 A, a n d F e x v i 335 , 361 A; a r r a n g e d in th is o r d e r t h e y c o m e f r o m h igher 
a n d h igher levels in t h e so l a r a t m o s p h e r e ; the re fo re , v iewed in these l ines , t he c h a n g e 
in f o rm a n d in tens i ty of a c e n t r e of ac t iv i ty can be fo l lowed t h r o u g h t h e c h r o m o s p h e r e 
i n t o t h e c o r o n a . T h e r e s o n a n c e l ines of F e i x - x i v b e t w e e n 171 A a n d 274 A a r e a l so 
p r e s e n t , wi th g r e a t i n t e n s i t y ; b u t t h e y lie so c lose t o g e t h e r t h a t t h e so l a r images a r e 
n o t well s e p a r a t e d . 

A s e c o n d t y p e o f i n s t r u m e n t , ca l led a n X U V h e l i o g r a p h , w a s first f lown o n Ju ly 27 , 
1966. Th i s uses a p a r a b o l o i d a l m i r r o r a n d t h r e e a l u m i n u m filters in series t o fo rm a 
b r o a d b a n d X U V so la r i m a g e , i n c l u d i n g all emiss ions f rom 171 A t o a b o u t 500 A. 
T h e i m a g e h a s g r ea t i n t e n s i t y ; w i th 30-sec e x p o s u r e s X U V c o r o n a l emiss ion ex t end ing 
t o 3 RQ h a s been r e c o r d e d (Purce l l et al, 1967). 

T a b l e 1 lists t h e d a t e s o n w h i c h s p e c t r o h e l i o g r a m s a n d h e l i o g r a m s h a v e been o b -
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t a i n e d by N R L , a n d desc r ibes briefly t h e so la r ac t iv i ty a n d t h e n a t u r e of t h e p h o t o ­
g r a p h i c resul t s . F o r t h e p u r p o s e of m a k i n g in tens i ty c o r r e l a t i o n s b e t w e e n t h e X U V 
a n d C a - K p lages , a n a r b i t r a r y in tens i ty scale w a s set u p , s imi la r t o t h e o n e wh ich is 
u s e d for C a - K p lages a t t h e M c M a t h - H u l b e r t O b s e r v a t o r y . P l ages were selected n o 
f a r t h e r t h a n a p p r o x i m a t e l y 70° f r o m t h e cen t r a l l o n g i t u d e . T h e p h o t o g r a p h i c dens i ty 
of e a c h ac t ive r eg ion in H e n 304 A w a s e s t i m a t e d re la t ive t o t h e a v e r a g e d i sk b a c k ­
g r o u n d o n a scale r a t e d : l = j u s t de t ec t ab l e , t o 5 = ex t remely b r i g h t . T h i s was a l so 
d o n e for t h e X U V h e l i o g r a m s . 

W h e n the H e n 304 A i n t ens i ty va lues were p l o t t e d a g a i n s t t h e M c M a t h - H u l b e r t 
va lues for t h e s a m e r e g i o n s in C a - K , a l inear r e l a t i o n s h i p w a s o b s e r v e d w i t h a sca t te r 
of + ha l f a scale un i t , e x c l u d i n g t h e excep t iona l cases t o be d i scussed . T h e in tens i ty 
e s t i m a t e s of t h e p lages , as r e c o r d e d by t h e b r o a d - b a n d X U V h e l i o g r a p h , a l so c o r r e ­
l a t e d well w i th C a - K . T h e p lages in H e n 304 A a r e m o r e in t ense , re la t ive t o t h e qu ie t 
b a c k g r o u n d t h a n in C a - K , a s w a s f o u n d for H - L y m a n - a (Purce l l a n d T o u s e y , 1961). 
F o r t h e h igher i o n i z a t i o n l ines such as M g i x 368 A, F e x v 2 8 4 A , a n d F e x v i 335, 
361 A t he re was n o b a c k g r o u n d a g a i n s t wh ich t o m a k e a c o m p a r i s o n ; h o w e v e r , wi th 
a few excep t ions , t h e p l age in tens i t ies in t h e different l ines i n c r e a s e d o r dec reased 
t o g e t h e r . 

T h e r e were a few cases of p lages n o t c lose t o t h e l i m b t h a t w e r e c lear ly different 
in t h e X U V t h a n in C a - K . T h e m o s t n o t a b l e e x a m p l e is s h o w n in F i g u r e 1, w h e r e 
t w o of t h e bes t H e n 304 A i m a g e s o b t a i n e d as yet , w i t h 10" spa t i a l r e s o l u t i o n , a re 
c o m p a r e d wi th i m a g e s in C a - K a n d H a . T h e ac t iv i ty o n A p r i l 28 , 1966 lay in a bel t 
in t h e N o r t h . T h e p l a g e a t 9 ° E , 28 ° N is s t r o n g in C a - K b u t is j u s t d e t e c t a b l e in H e n ; 
in H a th i s f ea tu re is smal l a n d w e a k , a n d is s u r r o u n d e d by a ray- l ike a b s o r p t i o n 
s t r u c t u r e . Th i s p l age received n o M c M a t h - H u l b e r t n u m b e r , b u t w a s t h e W e s t e r n 
ex t ens ion of p lage # 8278 . I ts pos i t i on was a b o u t ha l fway b e t w e e n t h e t w o l o n g i t u d e 
z o n e s of m a x i m u m act iv i ty . 

G r e a t differences b e t w e e n t h e X U V a n d the C a - K i m a g e s a r e o b s e r v e d for r eg ions 
n e a r a n d on t h e l i m b . F o r e x a m p l e , in F igu re 2 t w o e x p o s u r e s w i th t h e X U V hel io­
g r a p h o n Ju ly 27 , 1966 a r e c o m p a r e d wi th C a - K a n d H a . O v e r m o s t of t h e d i sk t he 
s a m e p lages a r e p re sen t , w i th s imi l a r s h a p e s a n d in tens i t ies . W i t h i n 1 o r 2 m i n o f t he 
l i m b a n d b e y o n d t h e l i m b , h o w e v e r , t h e i m a g e s s h o w m u c h m o r e emi s s ion in t he 
X U V t h a n in C a - K . T h e in t ense X U V emiss ion in t h e N W is t h e m o s t s t r i k ing e x a m p l e ; 
it is n o t p r e sen t a t all in C a - K a n d H a . Th i s ac t iv i ty is t h e c o r o n a l ex t ens ion a b o v e a 
p l a g e c o m p l e x t h a t w a s 2 - 3 d a y s ove r t h e l i m b . 

T h e b r igh t , pa r t i a l r i n g p r e s e n t in F i g u r e 2 is a cha rac t e r i s t i c of all X U V h e l i o g r a m s 
a n d is m u c h t h e s a m e in i m a g e s p r o d u c e d by X - r a y s of X< 100 A. I t is c o m p o s e d of 
t w o p a r t s , wh ich c a n n o t be fully s e p a r a t e d w i t h o u t g rea t e r spa t ia l r e s o l u t i o n . O n e is 
j u s t t h e c o r o n a a b o v e t h e q u i e t r e g i o n s ; t h e e m i t t i n g layer is op t i ca l ly th in a n d is 
m u c h m o r e in tense w h e n v iewed edge -on . T h e s econd c o n t r i b u t i o n is f r o m t h e c o r o n a 
a b o v e t h e ac t ive r eg ions o n o r w i th in a few d a y s of l i m b pas sage . T h e r i n g is especial ly 
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F I G . 1. Two Hen 304 A spectroheliograms obtained on April 28, 1966, compared with Ca-K from 
Mt. Wilson and Ha from Sacramento Peak. The Fexv 284 A image, whose position is shown, produces 
the plages that appear at the centre of the Hen image, and others that are in the West; several promi­
nences are present in Hen, but Fexvi 335 A accounts for the large limb feature in the NE. 

p r o n o u n c e d in all of t h e X U V i m a g e s o b t a i n e d by N R L b e c a u s e , for every flight d a t e 
excep t S e p t e m b e r 20 , 1963, b o t h z o n e s A a n d B of m a x i m u m so l a r ac t iv i ty ( D o d s o n -
Pr ince a n d H e d e m a n , 1967) lay c lose t o t h e l i m b , a n d t h e d i sk a s a w h o l e s h o w e d a 
re la t ively ' e m p t y c e n t r e ' . T h e r e f o r e , e n h a n c e m e n t s in t h e emiss ion r i n g were p r o m i ­
n e n t ; for e a c h e n h a n c e m e n t a n ac t ive cen t r e t h a t a p p e a r e d t o a c c o u n t for it w a s f o u n d 
e i the r o n t h e l i m b o r w i th in 1-5 d a y s of l i m b pas sage . 

T h e h igh-spa t ia l r e so lu t i on s p e c t r o h e l i o g r a m s of Apr i l 28 , 1966 s h o w several in te r ­
es t ing l i m b fea tures . In F igu re 3 t h e r a n g e 2 4 0 - 3 4 0 A is r e p r o d u c e d , a n d in F igu re 4 
fou r pa r t i cu l a r images a r e b r o u g h t t o g e t h e r for c o m p a r i s o n . 
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CaK S Ha 

F I G . 2. Medium and long exposures with the XUV heliograph (171-500 A) on July 27, 1966, 
compared with Ca-K and Ha from the Mt. Wilson Observatory. The grid pattern was caused by the 
mesh on which one of the aluminum filters was supported. 

I n F e x v 284 A a n d F e x v i 335 A t h e r e is c o r o n a l emi s s ion in t h e N W t h a t e x t e n d s 
t o a b o u t 65° a p p a r e n t l a t i t u d e a n d r eaches 5 ' b e y o n d t h e l i m b . T h i s emis s ion is p r e s e n t 
a l s o i n H e n 304 A, b u t in t h i s ca se t h e r e is a poss ib i l i ty t h a t i t m a y b e c a u s e d b y 
Si x i 304 A i n s t e a d of H e n ( S m i t h , 1967). T h i s c o r o n a l e m i s s i o n is be l ieved t o o r ig ina te 
f r o m a la rge ac t ive c o m p l e x b e t w e e n l a t i t udes 15° a n d 35°, a n d ly ing 30° -60° , he l io ­
cen t r i c , over t h e l i m b ; th i s was t h e g r e a t pa r t i c l e -emi t t i ng r eg ion of M a r c h 1966. T h e 
c o m p l e x w a s ass igned p l a g e n u m b e r s 8262 a n d 8275 a n d h a d t o t a l a r e a 7100 a n d 
in tens i ty 3-5 d u r i n g t h e p r e c e d i n g h a l f - p e r i o d ; i t w a s g iven n u m b e r s 8294, 8299, 8300 
d u r i n g t h e succeed ing ha l f -pe r iod . T h e r e f o r e t h e X U V emiss ion r e g i o n , seen in p r o ­
j e c t i o n a b o v e t h e N W l i m b , w a s a t a h e i g h t a b o v e t h e p h o t o s p h e r e o f a t leas t 3-5 x 1 0 5 

k m (0-5 RQ) a n d m a y h a v e b e e n o b s e r v e d t o 1 0 6 k m (1-5 RQ). 

Close t o E a s t - l i m b p a s s a g e on Apr i l 28 , 1966 t h e r e were t w o cen t r e s of ac t iv i ty ; 

N 
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p lage # 8284 a t 24 ° N l a t i t u d e c rossed t h e l imb o n e d a y ea r l i e r ; p l age # 8285 a t 18 ° N 
l a t i t u d e c rossed t w o d a y s la te r . T h e difference in X U V emis s ion f r o m t h e m is easily 
o b s e r v a b l e in F igu re s 1, 3 , a n d 4 . P l age # 8284, o n t h e visible s ide o f t h e S u n , is 
o b s e r v a b l e in all l ines , i n c l u d i n g , of c o u r s e C a - K , H a , a n d H e n . I n O v , h o w e v e r , 
i ts a r e a is very smal l a n d i ts in t ens i ty is g rea t . C o r o n a l emi s s ion a b o v e p l a g e # 8285 
o n t h e b a c k s ide c a n n o t b e seen in H a , C a - K , H e n , O i v , O v , a n d p r o b a b l y n o t in 
N e v n . I t is c o n s p i c u o u s , h o w e v e r , in M g i x , S i x n , F e x v , a n d F e x v i . I t is m o s t diffuse 
in M g i x , a n d a p p e a r s t o h a v e t h e s t eepes t g r a d i e n t in F e x v i . Because p l age # 8284 
lies c lose r t o t h e l i m b t h a n # 8285 , a n d has twice t h e a r e a (3900 vs . 1900), it w o u l d 
b e expec t ed t o s h o w as m u c h o r m o r e emis s ion a b o v e t h e l i m b , b u t n o n e w a s de tec ted . 
A poss ib le e x p l a n a t i o n is t h a t t h e ex t ens ions i n to t h e c o r o n a a r e n o t r a d i a l , b u t a r e 
s t rong ly t i l ted u n d e r t h e inf luence of t h e local m a g n e t i c field. A n o t h e r poss ibi l i ty is 
t h a t t h e t w o plages were real ly different in cha r ac t e r . A c t u a l l y # 8285 w a s new, a n d 
w a s r e c o r d e d wi th in tens i ty 3 , a n d s u n s p o t classif icat ion A ; p l age # 8284, o n t h e 
o t h e r h a n d , was t h e r e t u r n of # 8240 , a n d its in tens i ty w a s o n l y 2 - 5 ; i t was c lass J. 
T h i s sugges ts t h a t emis s ion e x t e n d s h ighe r i n to t h e c o r o n a a b o v e a n e w a n d in tense 
p l age t h a n a b o v e o n e t h a t is o ld , m o r e diffuse, a n d less i n t ense . 

I n o r d e r t o m a k e a c o m p a r i s o n be tween t h e X U V i m a g e s a n d t h e whi te - l igh t 

F I G . 3. The section, 250-340 A, of the spectroheliogram of longest exposure on April 28, 1966, 
printed so as to reproduce the coronal emission in the NW, associated with Fexvi 335 A, Fexv 284 A, 
Heu and Sixi 304 A, and faintly with Fexiv. 
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FIG. 4 . Sections of the April 28,1966 spectroheliogram covering Oiw 554 A,Ov 630 A, Ne vn 465 A, 
and Mgix 368 A. Also present are a small part of the Hei 584 A image, and half of the second-order 
image of Hen 304 A. The East-limb features discussed in the test are indicated. 

c o r o n a , a flight w a s s c h e d u l e d for N o v e m b e r 12, 1966, t h e d a y o f t h e t o t a l ecl ipse 
in S o u t h A m e r i c a . F i g u r e 5 s h o w s N e w k i r k ' s (1967) beau t i fu l ec l ipse p h o t o g r a p h , 
b u t wi th t h e c e n t r e r e m o v e d a n d a n X U V i m a g e i n t r o d u c e d t o sca le . Be low, is a n o t h e r 
X U V i m a g e t h a t w a s e x p o s e d for a l onge r t i m e . C l o s e t o t h e l i m b t h e X U V emiss ion 
m a t c h e s very well t h e de t a i l in t h e whi te - l igh t c o r o n a . T h i s is t o b e expec ted , because 
col l i s ional exc i t a t ion o f t h e X U V r e s o n a n c e l ines fo l lows n\, a n d op t i ca l exc i ta t ion 
fo l lows ne. F a r t h e r o u t , h o w e v e r , t h e t w o types of c o r o n a a r e less s i m i l a r ; t h e l ong 
X U V e x p o s u r e s h o w s n o s t r u c t u r e o r s t r e a m e r s , b u t on ly a diffuse emis s ion , c o r r e ­
l a t i ng in a n a p p r o x i m a t e f a s h i o n w i th t h e whi te - l igh t c o r o n a . 

T h e X U V s p e c t r o h e l i o g r a m s a n d h e l i o g r a m s c o n t a i n a g r ea t dea l of i n f o r m a t i o n 
a b o u t t h e s t r u c t u r e of t h e c h r o m o s p h e r e a n d c o r o n a . B u t t o m a k e use o f t h e m a d a y 
t o d a y series is r e q u i r e d . T h e spat ia l r e so lu t ion s h o u l d be t h e g rea tes t t h a t can be 
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FIG. 5. The white-light corona, photographed during the November 12, 1966 eclipse by the Bolivian 
Expedition of the High Altitude Observatory and The Johns Hopkins University, with the centre replaced 
by an XUV heliogram obtained on the same date by the Naval Research Laboratory. The second helio­
gram, of long exposure, shows the extension of XUV emission into the corona. North is at the top and 
East to the left. 
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a t t a i n e d . A n i n s t r u m e n t t o a c c o m p l i s h th is wi th a b o u t V r e s o l u t i o n is n e a r i n g c o m ­
p le t i on a t N R L , a n d will be f lown in an 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 - F ) in 1968. 
T h i s will b e fo l lowed, 1 t o 2 yea r s la te r , b y a p h o t o g r a p h i c s p e c t r o h e l i o g r a p h wi th 
ve ry h igh spa t ia l r e s o l u t i o n , t h a t will be i nc luded in t h e A s t r o n o m i c a l Te le scope 
M o u n t of t h e A p o l l o A p p l i c a t i o n s P r o g r a m , a n d will o p e r a t e ove r o n e t o t w o so l a r 
r o t a t i o n s . 
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D I S C U S S I O N 

Kiepenheuer: I would like to congratulate Dr. Tousey on the beautiful angular resolution which 
he obtained in the E U V from a rocket. 

Tousey: This was just luck! 
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