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ABSTRACT. D o p p l e r s h i f t s o f t h e n o n s p l i t l i n e Fe 1 7 0 9 0 8 
have b e e n m e a s u r e d s i m u l t a n e o u s l y i n t h e s u n s p o t umbra , 
penumbra and t h e p h o t o s p h e r e u s i n g a 1 0 0 χ 1 0 0 d i o d e a r r a y . 
The power i n t h e r a n g e 2 . 5 - 4 . 5 mHz i s found t o d e c r e a s e 
from t h e p h o t o s p h e r e t o w a r d s t h e umbra . B e s i d e s t h e minimum 
a t t h e c e n t e r o f t h e umbra , f u r t h e r power minima o c c u r a t 
t h e t r a n s i t i o n r e g i o n b e t w e e n umbra and p e n u m b r a . No 
s i g n i f i c a n t power i s found i n t h e r a n g e 5 . 0 - 6 . 0 mHz. 

1 . OBSERVATION AND REDUCTIONS 

A t y p e Η s u n s p o t was o b s e r v e d on A p r i l 2 4 , 1 9 8 4 from 11 : 50 
t h r o u g h 1 4 : 10 UT a t t h e L o c a r n o s o l a r s t a t i o n o f t h e 
G ö t t i n g e n o b s e r v a t o r y ( W i e h r e t a l . , 1 9 8 0 ) a t 1° W, 1 4 ° S 
c o r r e s p o n d i n g t o a h e l i o c e n t r i c a n g l e o f 9 . ° 2 . A 1 0 0 χ 1 0 0 
d i o d e a r r a y c o n t r o l l e d by a m i c r o p r o c e s s o r ( K ü v e l e r and 
W o h l , 1 9 8 3 ) was used wh ich i s p a r t i c u l a r l y s e n s i t i v e a t t h e 
n e a r i n f r a r e d r e g i o n o f t h e Fe I 7 0 9 0 . 3 l i n e ( g = 0 ) . The 
t o t a l e x p o s u r e t i m e f o r a s i n g l e m e a s u r e m e n t was 1 1 s , 
s u c c e s s i v e m e a s u r e m e n t s were done e v e r y 3 3 . 8 s ; 2 4 8 f r a m e s 
c o v e r e d t h e t o t a l o b s e r v a t i o n p e r i o d . 

A f t e r s u b t r a c t i o n o f t h e d a r k c u r r e n t and d i v i s i o n by 
t h e f l a t f i e l d , t h e s p e c t r o g r a p h d r i f t was c o r r e c t e d by 
p o s i t i o n s o f a t e l l u r i c Hz0 l i n e a t 7 0 2 7 8 m e a s u r e d 
s i m u l t a n e o u s l y w i th an a d d i t i o n a l l i n e a r 1 2 8 d i o d e a r r a y 
( K ü v e l e r and W i e h r , 1 9 8 5 ) . V e l o c i t y s h i f t s due t o t h e 
E a r t h ' s m o t i o n were s u b t r a c t e d . Two s u c c e s s i v e a r r a y rows 
( ^ x = 0 - 5 a r c s e c ) were a v e r a g e d i n o r d e r t o d i m i n i s h t h e 
n o i s e l e v e l , t h e s p a t i a l r e s o l u t i o n anyway b e e i n g n o t l a r g e r 
t h a n 1 a r c s e c . The 2 4 8 i n d i v i d u a l f r a m e s we re d i s p l a c e d i n 
such a way t h a t t h e umbra l minimum i n t e n s i t y a l w a y s o c c u r s 
a t t h e same f r a m e row. T h i s r e m o v e s g u i d i n g e r r o r s i n t h e 
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direction of the slit. By this procedure some rows are Lost 
in addition to those which had to be skipped because of 
array defects. The final 36 rows are shown in Figure 1. 

Figure 1. The velocity data. 

2 . RESULTS 

In the sunspot, the power in the range 2.5 - 4.5 mHz is much 
less than in the photosphere, but it is still existing. The 
power integral in the umbra amounts to 26% of that of the 
photosphere, in agreement with Thomas et al. ( 1 9 8 6 ) . 

The power does not decrease monotonicaIly; instead 
minima are found at the center of the umbra and at the 
transition between umbra and penumbra, separated by local 
maxima (s. Figure 2 ) . The detailed structure of the power 
spectra changes within a few arcseconds (Figure 3 ) . No 
significant power is found in the range 5 - 6 mHz, in 
agreement with the former work of Balthasar and Wiehr 
( 1 9 8 4 ) , but in contradiction to the results of Lites ( 1 9 8 6 ) . 
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3 . DISCUSSION 

A c c o r d i n g t o G r o t h ( 1 9 7 5 ) , a power peak t e n t i m e s a b o v e t h e 
n o i s e i s p r o d u c e d by a s i g n a l , e x c e e d i n g t h e n o i s e a m p l i t u d e 
w i t h a p r o b a b i l i t y o f more t h a n 9 9 % . The n o i s e l e v e l 
e s t i m a t e d from t h e r a n g e 9 . 9 - 1 4 . 8 mHz ( l a s t t h i r d o f t h e 
r a n g e be low t h e N y q u i s t f r e q u e n c y ) i s a b o u t 50 m2 s" 2: T h u s , 
most o f t h e power p e a k s i n t h e r a n g e 2 . 5 - 4 . 5 mHz c a n n o t be 
p r o d u c e d by n o i s e . 

penumbra umbra penumbra photosphere 

X [arcsec] 

Spot April 24, 1984 , Dis tance o f con tours : 2 5 0 [m/sec]**2 

F i g u r e 2 . D e p e n d e n c e o f t h e power on p o s i t i o n X and 
f r e q u e n c y f 

The n o n - m o n o t o n i c d e c r e a s e and t h e s p a t i a l v a r i a t i o n o f 
t h e power p a t t e r n a r e h i n t s t h a t t h e power c a n n o t o r i g i n a t e 
e x c l u s i v e l y from p a r a s i t i c l i g h t - i n a g r e e m e n t w i t h t h e 
f o r m e r f i n d i n g o f o s c i l l a t i o n s u s i n g t h e S t o k e s - V - i n v e r s i o n 
p o i n t , e . g . by B a l t h a s a r and W i e h r ( 1 9 8 4 ) . 

The a b s e n c e o f power i n t h e t h e r a n g e 5 - 6 mHz c o u l d 
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perhaps be explained by the depth in which the Fe I 7090 
Line is formed. Those Lines used by Lites (1986) or by 
Thomas et al. (1986) are formed in higher Layers, where the 
influence of the chromospheric oscillations might become 
st ronger. 

Penumbra Transition Umbra Umbra center Umbra Transition Penumbra Photosphere 

X - 1 5 X ^ 6 - 9 X = 1 0 - 1 3 X = 1 4 - 1 7 X = 1 8 - 2 0 X = 2 1 - 2 4 X = 2 5 - 3 0 X = 3 1 - 3 6 

I I ι 1 t I I 

f [ m H z ] Γ [mHz] f [mHz] f [mHzl f [mHzl Γ [mHz] Γ [mHz] f [mHz] 

Figure 3 . Averaged power over regions showing similar 
behaviour in Figure 2 . The bars represent 
the errors of the mean values. 
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