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ABSTRACT• We e x t e n d e d S t e i n ' s hydrodynamic t h e o r y o f a c o u s t i c wave 
g e n e r a t i o n t o accommodate t h e e f f e c t o f a v e r t i c a l l y u n i f o r m m a g n e t i c 
f i e l d . I t i s shown t h a t i n t h e p r e s e n c e o f a u n i f o r m v e r t i c a l f i e l d 
w i t h p u r e h o r i z o n t a l f i e l d f l u c t u a t i o n s t h e a c o u s t i c w a v e s a r e p r o d u c e d 
b o t h from a n o n - m a g n e t i c monopole s o u r c e o f t h e R e y n o l d s s t r e s s and by 
t h e m a g n e t i c f i e l d f l u c t u a t i o n s . The computed a c o u s t i c f l u x i s f ound t o 
be c o n f i n e d t o t h e t o p m o s t o f t h e s p o t ' s c o n v e c t i o n z o n e w i t h a s m a l l 
r a n g e o f d e p t h . 

I n S t e i n ' s a p p r o a c h ( S t e i n , 1967) t h e hydrodynamic e q u a t i o n s a r e 
combined t o inhomogeneous wave e q u a t i o n f o r o n e v a r i a b l e , t h e p e r t u r b e d 
p r e s s u r e P^, w i t h a s o u r c e f u n c t i o n S Q Cx, t ) f o r a c o u s t i c waves d r i v e n 
by t h e p u r e hydrodynamic t u r b u l e n t s t r e s s f Q . I n t h e p r e s e n c e o f u n i f o r m 
and v e r t i c a l m a g n e t i c f i e l d , t h e l i n e a r i z e d momentum e q u a t i o n i s g i v e n by 

where B i s assumed t o be made up w i t h B Q and i t s f l u c t u a t i o n s B^. The 
m a g n e t i c f o r c e f B = (VxB )xB c o m p r i s e s two t e r m s , t h e l i n e a r f L and 
n o n - l i n e a r f^f c o m p o n e n t s , 

f B = ? L + * N = X *° + h ( ^ x S i ) x S i • 

The l i n e a r f o r c e t e r m f L i s t h e t erm w h i c h a f f e c t s t h e wave p r o p a g a t i o n , 
and t h e n o n - l i n e a r t erm f N i s ^ a s s o c i a t e d _ w i t h t h e s o u r c e f u n c t i o n v i a 
V . f N and g . % . In g e n e r a l , V . f ] . and g . f L do n o t v a n i s h . However, we 
can make them v a n i s h by f o r c i n g t o have o n l y t h e h o r i z o n t a l component . 

Thus a s l o n g a s B^ l i e s i n t h e h o r i z o n t a l d i r e c t i o n , t h e wave p r o -
p a g a t i o n becomes i n d e p e n d e n t o f t h e p r e s e n c e o f u n i f o r m v e r t i c a l ^ f i e l d . 
Under s^ch a c o n d i t i o n , t h e n o n - l i n e a r f o r c e f N s i m p l y becomes f N = 

L. w h i c h a c t s a l o n g t h e v e r t i c a l d i r e c t i o n . I n t h i s c a s e t h e 
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s o u r c e f u n c t i o n S ( x , t ) can be r e a d i l y e v a l u a t e d , s i n c e t h e t e r m s a s s o c i -
a t e d w i t h t h e m a g n e t i c c o n t r i b u t i o n V . f N and g . % a r e g i v e n i n t e r m s o f 

h = B h / ^ f p ^ a s V . 4 - - ^ ( I P 0 h
2 ) and g.f^ = g ± { \ P Q h 2 ) . 

The t u r b u l e n t s t r e s s i n f l u i d m o t i o n can b e expanded i n m o n o p o l e , 
d i p o l e and q u a r d r u p o l e t e r m s (Unno 1 9 6 4 ) . I n t h e p r e s e n t work o n l y t h e 
monopole t erm i s c o n s i d e r e d i n v i e w o f t h e s t r o n g t e n d e n c y o f f l u i d 
m o t i o n t o be a l i g n e d a l o n g v e r t i c a l f i e l d l i n e s . I n such a c a s e t h e 
s o u r c e f u n c t i o n c o m p r i s e s two t e r m s , one a r i s i n g from p u r e t u r b u l e n t 
m o t i o n s and t h e o t h e r , a s s o c i a t e d w i t h t h e m a g n e t i c f l u c t u a t i o n s . R e -
g a r d i n g t h e c h o i c e o f t h e c o r r e l a t i o n f u n c t i o n s n e e d e d f o r t h e c a l c u l a -
t i o n o f t h e F o u r i e r t r a n s f o r m o f S ( x , t ) , we a d o p t e d t h e G a u s s i a n form 
g i v e n by Unno (1964) b o t h f o r t h e t u r b u l e n t and m a g n e t i c f l u c t u a t i o n s . 

5r 

2 0 0 3 0 0 5 0 07 0 i 0 "015 

<-> (S-) 

F i g . l Computed a c o u s t i c 
f l u x s p e c t r a 

0 20 

Z ( I0 a km) 

F i g . 2 Computed a c o u s t i c e m i s s i o n 
r a t e p e r u n i t vo lume 

We e s t i m a t e d t h e h o r i z o n t a l f i e l d s t r e n g t h from Yun' s m a g n e t o -
s t a t i c model No 7 ( T e f f = 4 0 0 0 K , B=3200 Gauss) w i t h t h e u s e o f M u l l a n 1 s 
m a g n e t i c d i f f u s i o n t h e o r y (Mul lan , 1 9 7 4 ) . F i g u r e 1 i s t h e computed 
a c o u s t i c f l u x s p e c t r a where t h e f l u x F i s i n e r g / ( c m 2 s e c H z ) . 
F i g u r e 2 shows t h e a c o u s t i c e m i s s i o n r a t e p e r u n i t vo lume w h i c h i s 
c o n f i n e d t o t h e t o p m o s t o f t h e s p o t c o n v e c t i o n z o n e . 

* T h i s work i s s u p p o r t e d by Korean S c i e n c e and E n g i n e e r i n g F o u n d a t i o n . 
We w i s h t o thank Dr. D . J . Mul lan and Dr. W. Unno f o r t h e i r h e l p f u l 
comments• 
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