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A H a m i l t o n i a n f o r m u l a t i o n is g i v e n for the e q u a t i o n s of h y d r o d y n a m i c s 
for a c o m p r e s s i b l e l i q u i d in a u n i f o r m l y r o t a t i n g f r a m e of r e f e r e n c e ; 
it is s h o w n t h a t the liquid is s t r a t i f i e d , w h i l e the m o t i o n in g e n e r a l 
is of v o r t e x t y p e . A C l e b s c h r e p r e s e n t a t i o n is u s e d for the m o m e n t u m 
d e n s i t y . It is s h o w n that this f o r m a l i s m can be a p p l i e d to solve w a v e 
p r o b l e m s in m e d i a of h y d r o d y n a m i c t y p e . 

It is f a m i l i a r t h a t a f r a m e of r e f e r e n c e r i g i d l y c o u p l e d to any r e a l a s t r o -
p h y s i c a l o b j e c t is n o t i n e r t i a l . P a r t i c u l a r i n t e r e s t from this p o i n t of v i e w 
a t t a c h e s to a u n i f o r m l y r o t a t i n g c o o r d i n a t e s y s t e m . In that c a s e , a study of the 
w a v e i n t e r a c t i o n s in s y s t e m s of h y d r o d y n a m i c type is v e r y m u c h c o m p l i c a t e d by the 
i n e r t i a l f o r c e s . The m o s t p r o m i s i n g a p p r o a c h is the H a m i l t o n i a n f o r m a l i s m for a 
n o n i n e r t i a l f r a m e of r e f e r e n c e , b u t t h i s h a s p r e v i o u s l y not b e e n a v a i l a b l e . 

We e x a m i n e d the m o t i o n of a n u n b o u n d e d m e d i u m in a c o o r d i n a t e s y s t e m r o t a -
t i n g w i t h a c o n s t a n t a n g u l a r v e l o c i t y Q (relative to the i n e r t i a l o n e ) by m e a n s 
of a s y s t e m of e q u a t i o n s for an i d e a l n o n b a r o t r o p i c l i q u i d , w h i c h is c o n v e n i e n t l y 
d e s c r i b e d in the тг r e p r e s e n t a t i o n , w h e r e тт/р is the m o m e n t u m d e n s i t y in t h e m e d i -
u m , w h i c h is a q u a n t i t y i n v a r i a n t h e r e u n d e r c o o r d i n a t e t r a n s f o r m a t i o n : 

dt 

a 

( 1 ) 
f [ [Q , r], rot — ] = — — gradp —gradx; 

+ div p j-^ [Q, r ]| = 0; 
(2) 

ds 
f ( — — [Q, r] grade = 0. ( 3 ) dt P 

To c l o s e the s y s t e m we i n c l u d e the e q u a t i o n of state 

U = U(p, s) (15) 

a n d the b a s i c r e l a t i o n of t h e r m o d y n a m i c s 
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T ds = dU -f pd ( y j . (5) 

w h e r e x is the p o t e n t i a l of the e x t e r n a l f o r c e s ; a l l the o t h e r s y m b o l s are t h o s e 
c o m m o n l y u s e d . 

S y s t e m ( l ) - ( 5 ) shows t h a t the m e d i u m is i n h o m o g e n e o u s in a r o t a t i n g frame 
of r e f e r e n c e , e x c e p t in the c a s e w h e r e the i n e r t i a l f o r c e s a r e b a l a n c e d by exter-
n a l ones . 

We c o n v e r t f r o m ( l ) - ( 5 ) to a H a m i l t o n i a n d e s c r i p t i o n of t h e m e d i u m . The 
H a m i l t o n i a n in the m o v i n g c o o r d i n a t e s y s t e m t a k e s the form 

w h e r e ф(s) is a g a u g e f u n c t i o n w h o s e e x p l i c i t form is found f r o m the c o n d i t i o n s 
of e q u i l i b r i u m [1] . 

We w r i t e the e q u a t i o n s of c o n t i n u i t y and a d i a b a t i c b e h a v i o r in H a m i l t o n i a n 
form: 

б н 

(7) 

( 8 ) 

Шт-'-'Жт)}'"-
= — divp j-^ [Q, r]j, 

= r]J grads. 

The s o l u t i o n to (7) and (8) for тг/р gives 

л % — = grad ф grad s. ( 9 ) 
P P 

The e q u a t i o n (9) is an a n a l o g of the C l e b s c h t r a n s f o r m a t i o n for the veloci-
ties [2] . For the v e l o c i t y in the m o b i l e c o o r d i n a t e s y s t e m we get 

v = gradф — grads — [ Q , r], ( 10 ) 

E q u a t i o n (10) d i f f e r s from (57) of [3], w h i c h w a s d e r i v e d at the i n t u i t i v e 
l e v e l . It f o l l o w s from (10) t h a t 

rot V 
% 1 grad — , grad s — 2 Q, 
P J 

i . e . , the l i q u i d p e r f o r m s a v o r t e x m o t i o n in the r o t a t i n g frame of r e f e r e n c e , 
e x c e p t for the case v = 0 (solid r o t a t i o n ) , but t h i s case can be r e a l i z e d only 
w i t h c o m p l e t e l y d e f i n i t e s t r a t i f i c a t i o n laws for t h e d e n s i t y and e n t r o p y [4]. 

We f u r t h e r d e r i v e 
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^ - « ^ { T - m m v + T ? - ) 
and substitute (9) into the Euler e q u a t i o n of (1) to find that it can be repre-
sented in the form 

6 H \ X j 6 H \ /i , 6 H \ grad s 

+ w ) • ^ g r a d s = a 

The e q u a t i o n s of c o n t i n u i t y and adiabatic b e h a v i o r take the form 

6Я • 8H . 

so the Euler e q u a t i o n splits up Into two e q u a t i o n s : 

6 я i 6Я ( Т О N Ф= —, 1 = —. (12) 
op 6s 

T h e r e f o r e , (11) and (12) represent the H a m i l t o n i a n form of the equations of 
h y d r o d y n a m i c s of (l)-(5) in a u n i f o r m l y r o t a t i n g frame of r e f e r e n c e , while the 
pairs of v a r i a b l e s (<p, p) and (Л, s) introduced by (9) are c a n o n i c a l . 

The a u t h o r ' s are i n d e b t e d to P r o f e s s o r V . A . K r a s i l ' n i k o v for constant sup-
port and interest in this w o r k . 
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