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A B S T R A C T 

Spectra, with a radial slit in the K and Hct lines, of a sunspot close to the limb are used to deter­
mine chromospheric heights in an active region. Equidensity contours obtained with the Sabattier 
effect are used to measure the values of h* for different positions in the line core and wings. The 
spectra have also been utilized to determine similar heights in two very restricted regions of Ca + 

emission which show an arched emission structure in K232 with bright cont inuum emission. At the 
K-line centre, unit tangential optical depth in the umbra, umbra-penumbra interface, and penumbra 
are at 1310, 1610, and 2330 km respectively. The corresponding value for the umbra in the Ha-line 
centre is 1080 km. The arches have a value of h = 3000 km at AX = 0 for the K line. 

T h e ex tens ion of a s u n s p o t i n t o t h e c h r o m o s p h e r e c a n be d e t ec t ed by t w o p r o c e d u r e s 
n o r m a l l y ava i l ab le t o t h e non-ec l ipse obse rve r . O n e is by t h e d e t e c t i o n of m a g n e t i c 
fields of sufficient in tens i ty w i t h t h e a id o f l ines t h a t h a v e a s izeable c h r o m o s p h e r i c 
emi s s ion c o n t r i b u t i o n . Seve rny a n d B u m b a (1958) s h o w e d t h a t such m a g n e t i c fields 
h a v e h igh va lues o u t t o a t l eas t 2000 k m . T h e v a r i a t i o n s of t h e h i g h a n d l o w va lues 
wi th l oca t i on i nd i ca t e t h e r e t e n t i o n of t h e cha rac te r i s t i c s o f t h e g r o u p seen a t lower 
levels. A s e c o n d a p p r o a c h , first d e m o n s t r a t e d effectively by M a t t i g (1958) , is t h e shift 
t h a t t h e co re of a s t r o n g l ine exper iences t o w a r d s t h e l i m b w h e n t h e s p o t is very close 
t o t h e l i m b a n d is e x a m i n e d w i t h a r ad i a l slit. T h i s is a n ex t r eme ly s imple a n d effective 
w a y of s t u d y i n g t h e p r o p e r t i e s of t h e s p o t r eg ion a t n o r m a l c h r o m o s p h e r i c he igh ts . 
It h a s been used by M a t t i g (1962) a n d b y W h i t e a n d Wi l son (1966) for t h e B a l m e r 
ser ies , m o r e especial ly t h e H a l ine . W e r e p o r t in th i s s t u d y m e a s u r e s m a d e in t he 
C a n K line of a s p o t n e a r t h e l i m b o b s e r v e d w i t h t h e M c M a t h so l a r t e l e scope of t h e 
K i t t P e a k N a t i o n a l O b s e r v a t o r y . 

O u r o b s e r v a t i o n s p e r t a i n t o s u n s p o t n u m b e r K o d a i k a n a l 12399 w h i c h o n M a y 25-7 
h a d t h e h e l i o g r a p h i c c o - o r d i n a t e s 7 ° N , 8 1 ° 2 4 ' W . T h e s p o t h a d a n a r e a of r o u g h l y 
280 mi l l i on ths of t h e vis ible h e m i s p h e r e w i t h a well-defined u m b r a of near ly 80 
m i l l i o n t h s . B o t h u m b r a a n d p e n u m b r a were of iden t ica l po l a r i t y . F i g u r e 1 dep ic t s 
t h e spa t i a l v a r i a t i o n s o f t h e l o n g i t u d i n a l c o m p o n e n t of t h e m a g n e t i c field as der ived 
a t K o d a i k a n a l f rom o b s e r v a t i o n s of M a y 23*2, j u s t 60 h o u r s be fo re t h e K spec t ra 
were o b t a i n e d a t K i t t P e a k . 

* Presented by M.K.V. Bappu. 

Kiepenheuer fed.), Structure and Development of Solar Active Regions, 247-254 . © I.A.U. 
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T h e K- l ine spec t r a were o b t a i n e d in t h e 6 th o r d e r wi th a d i s p e r s i o n of 0 1 3 4 A / m m . 
T h e s e were t a k e n wi th a r a d i a l slit a n d wi th t h r ee different se t t ings a c r o s s t he spo t . 
S ince t h e i m a g e scale in t h e focal p l a n e o f t h e M c M a t h t e l e scope is 2-29 " / m m , 1 m m 
o n t h e s p e c t r o g r a m in a d i r ec t i on p e r p e n d i c u l a r t o t h e so l a r sur face r e p r e s e n t s 1654 
k m o n t h e so la r surface . T h e s ingle H a s p e c t r u m t a k e n of th is s p o t h a d t h e r ad ia l slit 
p a s s d i rec t ly t h r o u g h t h e u m b r a of t h e spo t . T h e d i spe r s ion used is 0 1 7 4 A / m m in t he 

F I G . 1. The spatial longitudinal magnetic-field values of the spot of May 23, 1963. 

4 t h - o r d e r s p e c t r u m . T h e s p e c t r a w e r e exposed d u r i n g spells of g o o d seeing. A n e s t ima te 
of t h e ha l fwid th of t he seeing func t ion f r o m t h e s h a p e of t h e so l a r l i m b profiles is 
1000 k m . A wire s t r e t ched a c r o s s t h e slit p r o v i d e d a c o n v e n i e n t reference m a r k o n t h e 
s p e c t r a as well as t h e d r a w i n g s m a d e i m m e d i a t e l y af ter a n e x p o s u r e of t h e l oca t i on 
of t h e slit o n t h e spo t . 

O n t h e s p e c t r o g r a m t h e s p o t s p e c t r u m is conf ined t o a l imi ted r eg i o n in t h e f o r m 
of a n a b s o r p t i o n b a n d t h a t t r ave r se s t h e en t i re s p e c t r u m pa ra l l e l t o t h e d i spe r s ion 
a n d w h i c h , whi le c ros s ing t h e K o r H a l ine , exper iences a d e v i a t i o n t o w a r d s t h e l i m b 
t h a t is a m a x i m u m in t h e l ine c o r e . O t h e r fea tures of t h e s p e c t r u m d i sp l ay a s imi lar 
t e n d e n c y . O n o n e of o u r s p e c t r o g r a m s a r e t w o well-defined b r i g h t c h r o m o s p h e r i c 
a r c h e s t h a t h a v e a b r i gh t c o n t i n u u m emiss ion . References in w h a t fo l lows t o c h r o m o s ­
p h e r i c a r c h e s pe r t a in t o t he se t w o fea tu res . 

T h e m e a s u r e m e n t s , in t h e l ine c o r e a n d wings , of t h e d e v i a t i o n f rom a s t r a igh t l ine 
para l le l t o t he d i spe r s ion , ind ica te t h e different geome t r i ca l he igh t s of un i t t a n g e n t i a l 
op t i ca l d e p t h . Since t h e b o u n d a r i e s of t he u m b r a a n d p e n u m b r a as seen o n the 
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s p e c t r o g r a m a r e s e l d o m s h a r p e n o u g h to yield m e a s u r e s of p rec i s ion , cons ide r ab l e 
c a r e is necessary t o der ive these he igh t s wi th s o m e m e a s u r e of a c c u r a c y . W e h a v e 
ut i l ized t h e t e c h n i q u e of e q u i d e n s i t o m e t r y exemplif ied b y t h e use of t h e Saba t t i e r 
effect. Th i s m e t h o d h a s b e e n extens ively ut i l ized in a s t r o n o m i c a l r e sea r ch by R i c h t e r 
a n d his co l leagues a t T a u t e n b u r g . I t was first e m p l o y e d in a s t r o n o m y b y S c h r o t e r 
(1958) w h e n h e successfully ut i l ized it for s t u d y i n g t h e s t r u c t u r e in t h e B a l m e r l ines 
o f c h r o m o s p h e r i c o r ig in . 

O u r m e a s u r i n g t e c h n i q u e h a s been t o use twice S a b a t t i e r e d p r i n t s of e a c h s p e c t r u m 
( F i g u r e 2) of t h e s u n s p o t a n d t h e a r ches . T h e d o u b l e c o n t o u r s o f wi re s h a d o w a n d 

F I G . 2. A twice Sabattiered print of the K-iine spectrogram with radial slit through the spot umbra 
(Position B). 

s p e c t r u m of t he s p o t o r i n h o m o g e n e i t y faci l i tate g rea t ly t h e easy m e a s u r e m e n t wi th 
a t w o - c o - o r d i n a t e m e a s u r i n g e n g i n e of t h e shifts in l ine wings a n d c o r e t o w a r d s t h e 
l i m b . T h e e r r o r s in m e a s u r e m e n t of t h e equ idens i ty c o n t o u r s a m o u n t t o a b o u t + 25 
k m while t h e p h o t o g r a p h i c r ep roduc ib i l i t y of t h e c o n t o u r s is w i th in 7 5 - 1 0 0 k m . 
H e n c e , we believe t h a t o u r va lues of t h e shifts t o l i m b a re a c c u r a t e t o w i th in 100 k m 
o n t h e so la r sur face . 

T h e m e a s u r e s we m a k e pe r t a in t o the d i s p l a c e m e n t of t h e fea tu res caused by a 
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pro jec ted geome t r i ca l difference Ah in t h e he igh t s be tween t h e pos i t i ons of u n i t 

op t i ca l d e p t h ( t t a n g ) in t h e c o n t i n u u m a n d for a n y w a v e l e n g t h in t h e l ine. H e n c e , t h e 

a c t u a l c h r o m o s p h e r i c h e i g h t difference is h* = Ah/sin99 w h e r e 6 is t h e he l iocen t r i c 

ang le of t h e i n h o m o g e n e i t y . Th i s is a m e a s u r e of t h e a c t u a l he igh t difference be tween 

x(X) = cos6 in t h e l ine a n d T 5 O O O = C O S 0 . W e h a v e m e a s u r e d t he se d i s p l a c e m e n t s for 

different va lues o f AX in t h e K l ine . W e bel ieve t h a t such d a t a w o u l d be of he lp in t h e 

fu tu re e l a b o r a t i o n of i n h o m o g e n e o u s c h r o m o s p h e r i c m o d e l s , especia l ly t h o s e in­

vo lv ing the a b s o r p t i o n a n d s o u r c e func t ion in a n ac t ive - reg ion c h r o m o s p h e r e . T a b l e 1 

gives t h e va lues of h* for different va lues of AX for t h e t h r e e slit p o s i t i o n s o n t h e s p o t 

a n d t h e c h r o m o s p h e r i c a r c h e s . 

T w o c o r r e c t i o n s h a v e t o be i n c o r p o r a t e d t o these va lues of h* in o r d e r t o d e d u c e 

t h e t r u e he igh t s of un i t t a n g e n t i a l op t i ca l d e p t h in t h e c h r o m o s p h e r e . O n e m u s t first 

s u b t r a c t t h e geome t r i ca l d i s t a n c e be tween T 5 O O O = C O S 0 a n d T 5 0 0 0 = 0-004. T h e va lues 

of th is co r r ec t i on Sh o b t a i n e d f r o m Al len ' s (1963) t ab l e a r e a l so i n d i c a t e d in T a b l e 1. 

A second co r r ec t i on fac to r n e e d e d for t h e s u n s p o t c h r o m o s p h e r e o b s e r v a t i o n s is t h e 

r e l a t i o n s h i p be tween T 5 0 0 0 in t h e s p o t a n d in t h e n o r m a l p h o t o s p h e r e . T h i s necess i ta tes 

t h e use of d a t a f rom a re l iable m o d e l of a s u n s p o t . Since o u r p r e s e n t k n o w l e d g e of 

s u n s p o t s is i n a d e q u a t e t o p r o v i d e th is i n f o r m a t i o n , we h a v e re f ra ined f r o m m a k i n g 

t h e r equ i r ed c o r r e c t i o n . T h i s f ac to r is, howeve r , l ikely t o b e w i th in 2 0 0 k m , a n d 

n e e d s t o be s u b t r a c t e d f r o m h* if we a s s u m e t h a t t h e s p o t u m b r a is m o r e t r a n s p a r e n t 

t h a n t h e n e i g h b o u r i n g p h o t o s p h e r e . 

W e p lo t in F i g u r e 3 t h e va lues of h* m e a s u r e d in t h e K line for t h e t h r e e pos i t ions 

K m 

2 5 5 0 

13 5 0 

1 9 5 0 

7 5 0 

1 5 0 

O 

- 3 - 0 - 2 - 5 -1 .5 -1 .0 3 9 3 3 - 6 8 4 

X ( A ) 

F I G . 3 . The variation with AX of the values of h* of the sunspot in the K line. The dashed curve, 
dot and dashed curve and the continuous curve represent the variations for positions, A, B,C respectively. 
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of t h e r a d i a l slit s h o w n in t h e inset . A s t r ik ing fea tu re of th is p l o t is t h e c h a n g e in h* 
for different l oca t i ons of t he slit. W e see fa r the r d o w n in t he c h r o m o s p h e r e in t he 
c e n t r e of t h e K l ine in t h e s e q u e n c e : p e n u m b r a , p e n u m b r a - u m b r a in te r face , a n d t h e 
u m b r a . Th i s is ind ica t ive of a spa t i a l o p a c i t y v a r i a t i o n in a s u n s p o t w i t h t h e u m b r a 
be ing m o r e t r a n s p a r e n t t h a n t h e p e n u m b r a . F i g u r e 4 is a p lo t o f t h e h* va lues for 
t h e t w o c h r o m o s p h e r i c a r c h e s . A l s o p l o t t e d here in is t h e AX v a r i a t i o n of h* for t h e 

F I G . 4. The variation with A X of the K-line values of h* for the chromospheric arches. The continuous 
curve is for arch 1 and the dashed curve for arch 2. The dot and dashed curve represents values of position 
B over the sunspot, plotted for comparison. 

slit se t t ing o n t h e s p o t t h r o u g h t h e u m b r a . T h e a r ches h a v e h* va lues for AX = 0 n e a r 
3000 k m . T h e AX v a r i a t i o n for t hese a r c h e s is exceedingly s teep u n l i k e t h e s low c h a n g e s 
seen o v e r t h e s p o t . In a n ac t ive r eg ion o n e still e n c o u n t e r s r t a n g = 1 a t c h r o m o s p h e r i c 
he igh t s even for va lues of AX exceed ing ± 1-5 A. Th i s agrees w i th o u r f indings f rom 
K o d a i k a n a l s p e c t r o h e l i o g r a m s w h e r e we can identify f loccular ou t l i nes even as far 
a w a y as 10 A f rom t h e K 3 c o r e . 

I n t h e case of H a t h e m e a s u r e s g iven m a y be c o m p a r e d wi th t h o s e of M a t t i g (1962) 
o r W h i t e a n d Wi l son (1966) . T h e f o r m e r finds a m e a n va lue of h* e q u a l t o 2160 k m 

https://doi.org/10.1017/S0074180900021604 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900021604


C H R O M O S P H E R I C H E I G H T S I N A C T I V E R E G I O N S 253 

F I G . 5. This spectrum with the spot very close to the Sun's limb shows the displacement of the spot 
position in the three Ti lines near X 5260 A relative to the spot's continuum (Fraunhofer Institut, Anacapri 
station). 

w h i c h wi th t h e a p p r o p r i a t e Sh c o r r e c t i o n r educes t o 2000 k m . T h e S a c r a m e n t o P e a k 
inves t iga to r s o b t a i n 1560 k m for th i s co r r ec t ed va lue whi le w e o b t a i n a figure of 
1080 k m . Th i s is p e r h a p s ind ica t ive of t h e v a r i a t i o n s f r o m s p o t t o s p o t a n d e m p h a s i z e s 
t h e need for d e t e r m i n i n g as m a n y different p a r a m e t e r s for a few wel l - s tudied spo t s 
t h a n a m e a n va lue for a l a rge n u m b e r of spo t s . O u r s tud ies of t h e AX v a r i a t i o n of h* 
for K re la te , t he re fo re , t o c o n d i t i o n s in t h e s p o t wh ich yield a v a l u e of h* - 150 equa l 
t o 1080 k m in t h e H a - l i n e c o r e . 

T h e c h r o m o s p h e r i c a r c h e s f o r m t h e nea re s t a p p r o x i m a t i o n we h a v e t o t he app l i ­
cabi l i ty of such a s t u d y t o t h e q u i e t c h r o m o s p h e r e . M o r e specifically, in t h e c u r r e n t 
case we have s tud i ed t h e cha rac te r i s t i c s of a smal l -s ized i n h o m o g e n e i t y a n d c o m p a r e d 
it wi th t he c o r r e s p o n d i n g case of a n ac t ive- reg ion c h r o m o s p h e r e . H o w e v e r , we real ize 
t h a t t h e p a r a m e t e r s f r o m t h e a r c h e s f o r m a l ower l imi t t o such va lue s in t h e qu ie t 
c h r o m o s p h e r e . T h e i n t ense b r i g h t e n i n g in C a + is ind ica t ive of a h igh ly local ized 
r eg ion t h a t possesses a l o n g i t u d i n a l m a g n e t i c field, w h i c h , whi le w e a k , m a y still be 
g r e a t e r t h a n in its i m m e d i a t e s u r r o u n d i n g s . H e n c e , whi le ye t ins igni f icant f r o m t h e 
s t a n d a r d s of a n ac t ive r eg ion , it is b y n o m e a n s typ ica l ly r e p r e s e n t a t i v e of t h e qu ie t 
c h r o m o s p h e r e . 
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D I S C U S S I O N 

Mattig: In the last year I have observed the same effect in 60 weak and middle-strong lines to 
determine the height of line formation in sunspots. The height differences between the formation 
of the line center and the continuum is always smaller than \ " = 125 km. There is a well-pronounced 
correlation between the height of line formation and the Rowland intensity; for stronger lines the 
heights are larger than for weaker lines. 

S o m e further observations in the umbra and penumbra are in agreement with your observations. 
In the N a - D lines I found nearly the same heights in the umbra and penumbra. (See Figure 5.) 
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