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1. I N T R O D U C T I O N 

T h e a i m o f t h e p r e s e n t s t u d y i s t o e x a m i n e w h e t h e r s e i s m o l o g i c 
d i a g n o s t i c t e c h n i q u e s may be u s e d t o I m p r o v e t h e m o d e l s o f t h e s o l a r 
c h r o m o s p h e r e * We a r e m a i n l y c o n c e r n e d b y o s c i l l a t i o n s o b s e r v e d i n t h e 
c o r e s o f s t r o n g l i n e s s u c h as t h e r e s o n a n c e l i n e s o f Ca I I o r Mg I I . I t 
i s i n t u i t i v e , and c o n f i r m e d b y n u m e r i c a l s i m u l a t i o n s ( G o u t t e b r o z e and 
L e i b a c h e r , 1 9 8 0 ) , t h a t t h e d i s p l a c e m e n t s o f t h e c o r e s o f t h e s e l i n e s a r e 
s t r o n g l y c o r r e l a t e d w i t h t h e v e r t i c a l v e l o c i t y o f t h e a t m o s p h e r i c l a y e r 
w h e r e t h e l i n e c e n t e r o p t i c a l d e p t h i s e q u a l t o 1. W i t h c l a s s i c a l 
a t m o s p h e r i c m o d e l s s u c h as t h o s e o f V e r n a z z a e t a l * (1981) ( h e r e a f t e r 
V A L ) , t h e s e l i n e c o r e s a r e f o r m e d i n t h e c h r o m o s p h e r i c p l a t e a u , a r o u n d 
1500 km f o r t h e Ca I I l i n e s a n d 1900 km f o r t h e Mg I I o n e s * 

F r o m o b s e r v a t i o n s made s o f a r , we may c o n c l u d e t h a t : 
( i ) i n q u i e t and r e l a t i v e l y d a r k r e g i o n s o f t h e s o l a r d i s k , t h e p e r i o d s 
o f o s c i l l a t i o n s o b s e r v e d a t c h r o m o s p h e r i c l e v e l a r e s h o r t e r (120 t o 
300 s ) t h a n t h a t o b s e r v e d i n p u r e p h o t o s p h e r i c l i n e s (250 t o 350 s ) ; 
( i i ) i n t h e same r e g i o n s , t h e r e a n e g a t i v e c o r r e l a t i o n b e t w e e n t h e mean 
b r i g h t n e s s ( K - i n d e x f o r i n s t a n c e ) a n d t h e f r e q u e n c y o f o s c i l l a t i o n ; 
( i i i ) i n t h e b r i g h t e s t p a r t s o f t h e s u p e r g r a n u l a t i o n n e t w o r k , o s c i l -
l a t i o n s w i t h l o n g e r p e r i o d s (10 t o 15 m i n u t e s ) d o m i n a t e t h e c l a s s i c a l 
M 5 - m i n u t e M o s c i l l a t i o n * 

T h e s e d i f f e r e n t p o i n t s w e r e y e t a p p a r e n t i n t h e f i r s t o b s e r v a t i o n s 
o f o s c i l l a t i o n s i n Ca I I l i n e s , made b y J e n s e n and O r r a l l ( 1 9 6 3 ) , a n d 
c o n f i r m e d b y a number o f s u b s e q u e n t s t u d i e s * S i m i l a r c o n c l u s i o n s w e r e 
d r a w n f o r t h e Mg I I l i n e s b y A r t z n e r (1982) * T h e g r a d u a l d e c r e a s e o f 
o s c i l l a t i o n f r e q u e n c y v s . b r i g h t n e s s i s p a r t i c u l a r l y v i s i b l e o n t h e 
d i a g r a m s g i v e n b y Damé e t a l . ( 1 9 8 4 ) . 

2 . BAS IC ASSUMPTIONS AND NUMERICAL METHODS 

We assume t h a t t h e n a t u r e o f c h r o m o s p h e r i c o s c i l l a t i o n s i s t h e same as 
t h a t o f 5 - m i n u t e o n e s , i . e . a r i s e s f r o m t h e t r a p p i n g o f a c o u s t i c - g r a v i t y 
w a v e s b y a t e m p e r a t u r e g r a d i e n t * I n t h i s p i c t u r e , t h e s o l a r a t m o s p h e r e 
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contains two resonant cavities, one in the convective zone and the other 
in the chromosphere, coupled by tunnel effect through the temperature 
minimum region. At higher frequencies, these two cavities join together 
to form a single one (cf. Ulrich and Rhodes, 1977, Ando and Osaki, 1977, 
or Leibacher et al., 1982). The atmospheric models used in the following 
numerical computations are plane-parallel ones including a convective 
zone, a photosphere, a chromosphere, a transition zone and a corona. The 
convective zone is determined from a mixing-length theory, the photo-
sphere and the chromosphere are given by a semi-empirical model, and the 
transition zone and corona are calculated assuming the balance between 
the radiative and conductive fluxes. The oscillation modes are computed 
under the adiabatic assumption, by numerical integration of the linea-
rized Navier-Stokes equations with appropriate boundary conditions. This 
procedure yields eigenvalues (horizontal wavenumber k^ and circular 
frequency ω) and eigenfunctions (amplitudes of velocity and pressure 
perturbations as functions of altitude). 

3. THE CHROMOSPHERIC RESONANCE AND ITS CONSEQUENCES 

3.1. Plane-parallel atmosphere 

As "5-minute" and chromospheric oscillations constitute a single dyna-
mical system, their modal structure is the same : In the (k -ω) plane, 
it is a combination of oblique ridges, which are the modes or the lower 
cavity alone, and one quasi-horizontal line, which is the fundamental 
mode of the chromospheric cavity. The combination of these two systems 
of modes produces avoided crossings (Ulrich and Rhodes, 1977). But, in 
spite of this common modal structure, observations of oscillations in 
the photosphere and in the chromosphere may give different results 
because the distribution of oscillatory power between the modes depends 
strongly on the altitude where the velocity is measured : comparing the 
eigenfunctions relative to the different modes, for an arbitrary 
wavenumber k * 0.8 (Mm)- 1, we found that modes of order 1, 2, 3, 4 and 
6 (ω - 0.0187, 0.0229, 0.0270, 0.0307 and 0.0345 s- 1) had their maximum 
kinetic energy density in the photosphere and upper convection zone, 
while that of order 5 (0.0322 s- 1), which corresponds to the resonance, 
had a strong maximum in the chromosphere, between 1 and 2 Mm of 
altitude. Thus, observations of dopplershifts in the Ca II Κ line core 
show principally the chromospheric resonance mode, contrary to 
measurements made in photospheric lines, and thus may constitute a tool 
to probe the chromospheric structure. 

3.2 Inhomogeneous chromosphere 

The existence of strong inhomogeneitles in the chromosphere may, 
however, alter significantly the preceding scheme, since the variations 
of temperature and thickness from place to place will change the 
frequency of resonance* These variations may break the spatial coherence 
of the chromospheric mode, so that, in the ( Η̂~ω) diagram, the sharp and 
quasi-horizontal ridge, expected from the preceding theory, may be 
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r e p l a c e d b y a b r o a d b a n d . On t h e c o n t r a r y , o b s e r v a t i o n s o f c h r o m o s p h e r i c 
o s c i l l a t i o n s w i t h h i g h a n g u l a r r e s o l u t i o n may p r o v i d e a m e a s u r e o f t h e 
l o c a l r e s o n a n c e f r e q u e n c y , s i n c e t h i s f r e q u e n c y i s a l m o s t i n d e p e n d e n t o f 
t h e w a v e n u m b e r . 

4 . O S C I L L A T O R Y P R O P E R T I E S OF SOME O N E - D I M E N S I O N A L MODELS 

I n o r d e r t o d e t e r m i n e t h e r e l a t i o n s b e t w e e n t h e s t r u c t u r e ( t e m p e r a t u r e , 
t h i c k n e s s ) o f t h e c h r o m o s p h e r e and i t s o s c i l l a t o r y p r o p e r t i e s , we 
c o m p u t e d t h e o s c i l l a t i o n modes c o r r e s p o n d i n g t o d i f f e r e n t a t m o s p h e r i c 
m o d e l s * T h o s e l a b e l l e d A , C and F a r e d e d u c e d f r o m t h e c o r r e s p o n d i n g 
m o d e l s o f V A L : we r e t a i n e d t h e m a s s - t e m p e r a t u r e r e l a t i o n s o f V A L and 
r e c o m p u t e t h e a l t i t u d e s a s s u m i n g h y d r o s t a t i c e q u i l i b r i u m w i t h o u t 
m i c r o t u r b u l e n t p r e s s u r e . T h e s e 3 m o d e l s h a v e s i g n i f i c a n t l y d i f f e r e n t 
t e m p e r a t u r e s , b u t s i m i l a r g e o m e t r i c a l t h i c k n e s s e s * We a l s o c o m p u t e d t h e 
modes f o r t h e o r i g i n a l m o d e l C o f V A L , i . e . i n c l u d i n g m i c r o t u r b u l e n t 
p r e s s u r e * T h i s m o d e l , l a b e l e d C , i s t h i c k e r t h a n C b y a b o u t 240 k m . T h e 
r e s u l t s a r e s u m m a r i z e d i n T a b l e 1 ( l i m i t e d t o t h e min imum number o f 
s i g n i f i c a n t p a r a m e t e r s ) . T h e mean t e m p e r a t u r e i s r e p r e s e n t e d b y i t s 
v a l u e a t in 8 10-*• g c m - 2 , and t h e t h i c k n e s s b y t h e a l t i t u d e a t t h e b a s e 
o f t h e t r a n s i t i o n r e g i o n . T h e r e s o n a n c e f r e q u e n c y ( w h i c h d e p e n d s w e a k l y 
on t h e w a v e n u m b e r ) i s g i v e n o n l y f o r k » 1 ( M m ) - 1 . I n t h i s t a b l e , we 
i n d i c a t e a l s o t h e r e s u l t o b t a i n e d b y U l r i c h and Rhodes (1977) f o r a much 
t h i c k e r m o d e l ( l a b e l l e d Ü R ) . 

T A B L E 1 : SUMMARY OF RESULTS 

Mode l Mean t e m p e r a t u r e T h i c k n e s s R e s o n a n c e f r e q u e n c y 
( κ ) ( Mm ) ( s - 1 ) 

A 5950 2 .13 0 .0324 
C 6300 2 .03 0 .0321 
F 6700 1.95 0 .0319 
C 1 6300 2 .27 0 .0310 
UR 2 .7 0 .0263 

T h e 3 m o d e l s A , C and F g i v e v e r y s i m i l a r r e s o n a n c e f r e q u e n c i e s , t h e 
d i f f e r e n c e b e t w e e n t h e c o o l e r and t h e h o t t e r b e i n g a b o u t 1.5%. T h e 
d i f f e r e n c e s o f t h i c k n e s s a p p e a r t o h a v e a s t r o n g e r e f f e c t o n t h e 
r e s o n a n c e f r e q u e n c y : t h a t o f C i s l o w e r t h a n t h a t o f C b y 3%, and t h a t 
o f UR b y a l m o s t 20%. 

5. D ISCUSSION 

L e t u s c o m p a r e s u c c e s s i v e l y t h e p r e c e d i n g r e s u l t s w i t h t h e 3 o b s e r -
v a t i o n a l p o i n t s m e n t i o n e d i n t h e I n t r o d u c t i o n : 
( i ) t h e f r e q u e n c y r a n g e : t h e r e s o n a n c e f r e q u e n c i e s o f a l l m o d e l s u n d e r 
s t u d y l i e w i t h i n t h e r a n g e o f o b s e r v e d o n e s * C o n c e r n i n g t h e s e r i e s o f 
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m o d e l s g i v e n b y V A L , I t s h o u l d be n o t i c e d t h a t t h e y a l l r e s o n a t e a t 
a p p r o x i m a t e l y t h e same p e r i o d ( n e a r 200 s ) . T h i s I s p r o b a b l y due t o t h e 
f a c t t h a t t h e s e m o d e l s h a v e a l l n e a r l y t h e same g e o m e t r i c a l t h i c k n e s s . 
A n o t h e r s e r i e s o f m o d e l s , w i t h m o r e i m p o r t a n t g e o m e t r i c a l d i f f e r e n c e s , 
seem t h u s n e c e s s a r y t o a c c o u n t f o r w i d e r a n g e o f o s c i l l a t i o n p e r i o d s 
o b s e r v e d ( a b o u t 120 t o 300 s ) . 
( i i ) t h e d e c r e a s e o f f r e q u e n c y w i t h mean b r i g h t n e s s : I t was s u g g e s t e d 
b y Damé e t a l . ( 1984 ) t h a t an i n c r e a s e o f t e m p e r a t u r e c o u l d l o w e r t h e 
f r e q u e n c y o f r e s o n a n c e v i a a d e c r e a s e o f t h e a c o u s t i c c u t - o f f f r e q u e n c y . 
I f we compare t h e r e s o n a n c e f r e q u e n c i e s o f A , C a n d F , we c o n c l u d e t h a t 
s u c h a n e f f e c t e x i s t s , b u t t h a t i t i s t o o weak t o e x p l a i n t h e d i f f e -
r e n c e s b e t w e e n d a r k and b r i g h t p o i n t s . T h i s s u g g e s t s t h e e x i s t e n c e o f a 
p o s i t i v e c o r r e l a t i o n b e t w e e n t h e mean t e m p e r a t u r e ( o r a n o t h e r p a r a m e t e r 
a c t i n g on b r i g h t n e s s ) a n d t h e t h i c k n e s s o f t h e c h r o m o s p h e r e * 
( i i i ) o s c i l l a t i o n s i n t h e b r i g h t c h r o m o s p h e r i c n e t w o r k : T h e m o d e l F , 
p r o p o s e d b y V A L t o r e p r e s e n t b r i g h t n e t w o r k p o i n t s , h a s p r a c t i c a l l y t h e 
same o s c i l l a t o r y p r o p e r t i e s t h a n t h e o t h e r m o d e l s . T h i s i s i n c o n t r a -
d i c t i o n w i t h t h e o b s e r v a t i o n s , w h i c h show t h a t , i n t h e s e r e g i o n s , t h e 
o s c i l l a t o r y f i e l d i s d o m i n a t e d b y l o n g p e r i o d (10 t o 15 mn) o s c i l -
l a t i o n s . I t i s d i f f i c u l t t o know w h e t h e r t h i s d i s c r e p a n c y i s due t o an 
i n a d e q u a c y o f t h e m o d e l , o r t o a f a i l u r e o f t h e p r e s e n t t h e o r y w h i c h 
n e g l e c t s m a g n e t i c f i e l d s , w h e r e a s t h e y a r e known t o be i n t e n s e i n t h e 
c h r o m o s p h e r i c n e t w o r k * 

I n c o n c l u s i o n , i t a p p e a r s t h a t a s e t o f c h r o m o s p h e r i c m o d e l s i n 
h y d r o s t a t i c e q u i l i b r i u m , w i t h q u a s i - c o n s t a n t g e o m e t r i c a l t h i c k n e s s e s , i s 
u n s u f f i c i e n t f r o m t h e p o i n t o f v i e w o f s e i s m o l o g y , s i n c e i t f a i l s t o 
e x p l a i n b o t h t h e d i v e r s i t y o f r e s o n a n c e f r e q u e n c i e s and t h e i r n e g a t i v e 
c o r r e l a t i o n w i t h t h e i n t e n s i t i e s i n t h e Κ l i n e c o r e * T h i s I n a d e q u a c y may 
be due e i t h e r t o t e m p e r a t u r e - v s . - m a s s f l u c t u a t i o n s i n t h e c h r o m o s p h e r e 
much l a r g e r t h a n t h o s e p r e s e n t l y a s s u m e d , o r t o t h e e x i s t e n c e o f l a r g e 
d e p a r t u r e s f r o m h y d r o s t a t i c e q u i l i b r i u m ( p e r h a p s p r o d u c e d b y m a g n e t i c 
f i e l d s o r mass f l o w s ) . C o n c e r n i n g t h e d e c r e a s e o f f r e q u e n c y v s . 
b r i g h t n e s s , one may r e m a r k t h a t a s e t o f m o d e l s w h e r e t h e g e o m e t r i c a l 
t h i c k n e s s w o u l d i n c r e a s e w i t h t h e mean t e m p e r a t u r e ( r a t h e r t h a n d e c r e a s e 
as i n t h e c a s e o f V A L ) w o u l d g i v e more s a t i s f a c t o r y r e s u l t s * 
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