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ABSTRACT. The r e s p o n s e o f an i s o t h e r m a l a t m o s p h e r e t o s m a l l d i s t u r -
b a n c e s i n e n t r o p y i s s t u d i e d t a k i n g c o m p r e s s i b l e e f f e c t s f u l l y i n t o 
a c c o u n t . The method o f G r e e n ' s f u n c t i o n s i s a p p l i e d t o s o l v e t h e 
l i n e a r i z e d hydrodynamic e q u a t i o n s by F o u r i e r t r a n s f o r m a t i o n . A b u b b l e 
may be c r e a t e d by p e r t u r b i n g t h e e n t r o p y w i t h i n a f i n i t e vo lume . At 
f i r s t Lamb waves w i l l be t h e n e m i t t e d r a d i a l l y and t h e b u b b l e u n d e r g o e s 
a s e r i e s o f B r u n t - V ä i s ä l ä o s c i l l a t i o n s . We f i n d t h a t h o r i z o n t a l l y 
p r o p a g a t i n g waves a r e g e n e r a t e d o n l y by l a r g e b u b b l e s " exceed ing a r a d i u s 
o f a b o u t t e n p r e s s u r e s c a l e h e i g h t s , w h e r e a s s m a l l e r b u b b l e s l e a d t o 
m o t i o n s p r o p a g a t i n g p r i n c i p a l l y i n t h e v e r t i c a l d i r e c t i o n . 

1 . INTRODUCTION 

Lamb ( 1 9 3 2 ) was t h e f i r s t , who s t u d i e d m o d i f i e d a c o u s t i c waves i n 
s t r a t i f i e d a t m o s p h e r e s (Lamb w a v e s ) . Meyer and S c h m i d t ( 1 9 6 7 ) c a l c u l a t e d 
t h e i r g e n e r a t i o n due t o a s i n g l e granulum s u p r e s s i n g g-modes by a s suming 
i s o t h e r m a l c h a n g e s o n l y . The d i f f e r e n t wave modes i n i s o t h e r m a l a t m o -
s p h e r e s a r e e x t e n s i v e l y examined ( e . g . T o l s t o y 1 9 6 3 , S t e i n and L e i b a c h e r 
1 9 7 4 ) . I n t h e p r e s e n t paper t h e v e l o c i t y , e n t r o p y and p r e s s u r e f i e l d 
i s e x p l i c i t e l y c a l c u l a t e d t a k i n g i n t o a c c o u n t p - a s w e l l a s g -modes . 
U s i n g a p p r o p r i a t e d i m e n s i o n l e s s q u a n t i t i e s , t h e l i n e a r , a d i a b a t i c 
o s c i l l a t i o n s i n an i s o t h e r m a l a t m o s p h e r e a r e gove rned by a h e r m i t i a n 
d i f f e r e n t i a l o p e r a t o r L . . : -

L . . q . = Q. ( 1 ) 
i j J ι 

Here q. d e n o t e s a f i v e component v e c t o r a s s o c i a t e d w i t h t h e t h r e e 
v e l o c i t y c o m p o n e n t s , e n t r o p y and p r e s s u r e . Q. r e p r e s e n t s a s o u r c e t e rm 
a l l o w i n g f o r e x t e r n a l l y a p p l i e d d i s t u r b a n c e s . We s h a l l adop t h e r e a 
G a u s s i a n d i s t r i b u t i o n (wave p a c k e t ) a s an e n t r o p y s o u r c e . As a boundary 
c o n d i t i o n we r e q u i r e a l l p e r t u r b a t i o n s t o v a n i s h a t i n f i n i t y . E q . ( l ) 
i s s o l v e d by means o f F o u r i e r t r a n s f o r m a t i o n i n s p a c e and t i m e . The 
d i f f e r e n t i a l o p e r a t o r L . . t h e n becomes an a l g e b r a i c m a t r i x , t h a t may be 
i n v e r t e d t o g i v e G ^ . , wil ich i s a G r e e n ' s f u n c t i o n t e n s o r . The s o l u t i o n 
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for the quantities q . may 
evaluated by q u a d r a t u r e . 

be given as a double integral, that can be 

2. RESULTS 

Some results may be seen from the following figures. In Fig.1-3 stream 
lines are presented showing oscillations created by small and large 
scale bubbles. The small bubbles case was already calculated by Gigas 
and Steffen (1984) in quantitative agreement with the results given 
below. The unit of length adopted in the following figures is 
H 0 = γ Η /(1-γ/2) and time is measured in To = Ho/c , where γ is the 
ratio or0 specific heats, Η pressure scale height and c the velocity 
of sound. ^ 
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Figure 1. The time development of the velocity field after the 
atmosphere (γ = 5/3) is disturbed by a small scale bubble (radius = 
0.2 H 0 , which corresponds to 2 pressure scale heights). The number 
of Brunt-Väisälä oscillations; being completed is 0, 1, 2 and 4 resp. 
By that time the velocity field has been stretched in the vertical 
direction and no sideway motion occur. 
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Figure 2. Same as Fig.l , but starting with a large bubble (radius = 
2 H 0 which corresponds to 20 pressure scale heights. The ratio of the 
specific heats is again γ = 5/3. g-modes are propagating sideways, 
whereas p-modes now keep oscillating at the center. 
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Figure 3. Same as Fig.2 , but γ = 1.1 . The radius of 2 H 0 correspond 
in this case to 2.4 pressure scale heights. One can see now a real 
wave-like behavior of g-modes. p-modes are not present, because their 
amplitude is vanishingly small in this case. 
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F i g u r e 4 . A s t e r e o p a i r f o r t h e d i s p e r s i o n r e l a t i o n o f t h e 
g-mode b r a n c h ( p r e p a r e d by R . C . W a l k e r 1 9 8 5 ) . T h i s can be s e e n t h r e e 
d i m e n s i o n a l by f r e e v i e w i n g o r t h r o u g h two l e n s e s . 

3 . DISCUSSION 

I t i s found t h a t l a r g e b u b b l e s can c r e a t e p r o p a g a t i n g g -modes . T h i s 
may be e x p l a i n e d i n t e r m s o f d i s p e r s i o n r e l a t i o n ( F i g . 4 ) : one can s e e 
a s l o p e i n k^ - d i r e c t i o n ( h o r i z o n t a l wave n u m b e r ) . T h i s s l o p e l e a d s 
t o an e f f e c t i v e group v e l o c i t y i n t h e h o r i z o n t a l d i r e c t i o n i n r e a l 
s p a c e , i f t h e i n t e r v a l o f t h e F o u r i e r i n t e g r a l s i s r e s t r i c t e d t o s m a l l 
wave numbers k , which i s t h e c a s e f o r l a r g e b u b b l e s ( n o t e t h a t F o u r i e r 
and r e a l s p a c e a r e i n v e r s t o e a c h o t h e r ) . I t i s d i f f e r e n t w i t h s m a l l 
b u b b l e s , a s a l s o v e r y l a r g e wave numbers c o n t r i b u t e t o t h e F o u r i e r 
i n t e g r a l s . B u t f o r l a r g e wave numbers k no s l o p e , i . e . no group 
v e l o c i t y a p p e a r s . T h e r e f o r e s m a l l b u b b l e s do n o t c r e a t e g r a v i t y w a v e s . 
Ano the r f e a t u r e a p p e a r s from compar ing F i g . 2 and 3 . The l a t t e r c a s e 
γ = 1 .1 c o r r e s p o n d s t o a s m a l l c o u p l i n g c o n s t a n t be tween p - and g -modes . 
I n f a c t F i g . 3 may a l s o be r e p r o d u c e d when a p p l y i n g t h e a n e l a s t i c 
a p p r o x i m a t i o n , i n c o n t r a s t t o f i g . 2 , which i s e s s e n t i a l l y n o n - a n e l a s t i c 
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