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A m e t h o d for c a l c u l a t i n g the d i r e c t i v i t y p a t t e r n of the far field of an 
emitter from the m e a s u r e m e n t of the p r e s s u r e and its n o r m a l d e r i v a t i v e 
in the near field of the e m i t t e r when the c o n d i t i o n of free space is 
not s a t i s f i e d , i . e . , when the b o u n d a r i e s of a h o m o g e n e o u s a c o u s t i c d o -
m a i n affect the field p r o d u c e d by the e m i t t e r , is s u g g e s t e d . 

The directivity, pattern is one of the p r i n c i p a l c h a r a c t e r i s t i c s of acoustic 
s o u r c e s . L a t e l y a great deal of a t t e n t i o n is paid.to d e v e l o p i n g m e t h o d s for cal-
c u l a t i n g these d i a g r a m s from n e a r - f i e l d m e a s u r e m e n t s , w h i c h i n v o l v e s e x p e r i m e n t a l 
d i f f i c u l t i e s of c a l i b r a t i o n in the far field and its low a c c u r a c y . T h e s e m e t h o d s 
are based on H e l m h o l t z ' s integral theorem (see papers by B a k e r [1], S c h e n k [2] 
and R i m s k i i - K o r s a k o v with T s u k e r n i k o v [3]). We n o t e that these m e t h o d s w e r e de-
veloped .for f r e e - f i e l d c o n d i t i o n s . H o w e v e r , when m e a s u r e m e n t s a r e p e r f o r m e d at 
low f r e q u e n c i e s , the p r o v i s i o n of free-field c o n d i t i o n s i n v o l v e s s e r i o u s d i f f i c u l -
t i e s . This a p p l i e s to h y d r o a c o u s t i c m e a s u r e m e n t s , when it is convenient to per-
form work in c l o s e b y storage ponds or test f l u m e s , i . e . , in b o u n d e d b o d i e s of 
w a t e r , as well as to m e a s u r e m e n t s in a i r , in a c o u s t i c a l l y closed c h a m b e r s , the 
m e t r o l o g i c a l p e r f o r m a n c e of w h i c h d e t e r i o r a t e s steeply at low f r e q u e n c i e s . 

When c a l i b r a t i n g e m i t t e r s in bounded spaces a l l o w a n c e must be m a d e for the 
effect of t h e b o u n d a r i e s on the o p e r a t i o n of the e m i t t e r p r o p e r , as well as on 
the acoustic field p r o d u c e d in it. A l l o w a n c e s for the effect of t h e field re-
flected from the b o u n d a r i e s on the o p e r a t i o n of the emitter is a r a t h e r complex 
p r o b l e m on its o w n . H o w e v e r , for a wide class of e m i t t e r s (emitters w i t h large 
internal r e s i s t a n c e , for e x a m p l e , m a g n e t o s t r i c t i o n u n i t s ) it is p o s s i b l e to 
neglect the effect of b o u n d a r i e s on the emitter o p e r a t i o n . We shall consider 
p r e c i s e l y such e m i t t e r s . They were i n v e s t i g a t e d p r e v i o u s l y by B r e k h o v s k i k h with 
his c o w o r k e r s [5, 6]; here the effect of r e f l e c t i o n s from the b o u n d a r i e s on t h e 
field of the m o n o p o l e was taken into account as for the case of d e e p sea and a 
layer with ideal b o u n d a r i e s . B r o n t v e i et a l . [4] d e t e r m i n e d the c a p a c i t y of 
a m o n o p o l e in a layer w i t h a n o n l i n e a r lower b o u n d a r y , t h e acoustic c h a r a c t e r i s -
tics of w h i c h w e r e m e a s u r e d . 

The present paper suggests a m e t h o d for c a l i b r a t i n g e m i t t e r s in a b o u n d e d 
s p a c e , based on a n a l y s i s of the v e c t o r - p h a s e s t r u c t u r e of the n e a r field of a 
source e m p l o y i n g H e l m h o l t z ' s integral t h e o r e m , w h i c h m a k e s it p o s s i b l e to e l i m i n -
ate the effect of the b o u n d a r i e s , and to o b t a i n c a l i b r a t i o n data as if it w e r e 
p e r f o r m e d in t h e free s p a c e . 

If an e m i t t e r is c a l i b r a t e d in a bounded s p a c e , then the r e s u l t a n t field is 
complex - in a d d i t i o n to t h e direct s i g n a l , we have a signal r e f l e c t e d from the 
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b o u n d a r i e s of t h e h o m o g e n e o u s a c o u s t i c 
d o m a i n . T h e p o t e n t i a l cp(y) ( a c t u a l l y t h e 
a c o u s t i c p r e s s u r e ) and i t s n o r m a l d e r i v a -
t i v e (уe S) at a s u f f i c i e n t l y s m o o t h 

On 
s u r f a c e S , w i t h i n w h i c h t h e e m i t t e r is 
s i t u a t e d , and w h i c h s e p a r a t e s it f r o m t h e 
b o u n d a r i e s , c a n b e d e t e r m i n e d e x p e r i m e n t a l -
l y . T h e r e f l e c t e d f i e l d c a n b e r e p r e s e n t -
ed on s u r f a c e S as t h e f i e l d of i m a g i n a r y 
s o u r c e s l y i n g o u t s i d e of S . 

W e s h a l l a s s u m e t h a t t h e c o n d i t i o n s a r e s u c h t h a t d i f f r a c t i o n of t h e r e f l e c t -
ed f i e l d on t h e e m i t t e r c a n b e n e g l e c t e d . T h i s i s s o , f o r e x a m p l e , w h e n it is 
r e q u i r e d to d e t e r m i n e t h e c a p a c i t y o f n o n d i r e c t e d s o u r c e s [ 4 - 6 ] , t h e a c o u s t i c 
m o d e l of w h i c h - t h e m o n o p o l e - is a n e x t e n s i v e l y u s e d m o d e l o f a c o u s t i c s o u r c e s 
at l o w f r e q u e n c i e s , w h e n t h e d i m e n s i o n s of t h e e m i t t e r a r e s m a l l as c o m p a r e d 
w i t h t h e w a v e l e n g t h . 

U n d e r s u c h c o n d i t i o n s t h e f i e l d o n s u r f a c e S is a s u p e r p o s i t i o n o f t h e d i r e c t 
f i e l d o f t h e e m i t t e r a n d t h e f i e l d o f i m a g i n a r y s o u r c e s , i . e . , 

( s u b s c r i p t "d" p e r t a i n s t o t h e d i r e c t , a n d "im" to t h e i m a g i n a r y s o u r c e s ) . 

W e w r i t e t h e H e l m h o l t z i n t e g r a l t h e o r e m , a s s u m i n g t h a t tp a n d a r e s p e c i -

on 
f i e d o h s u r f a c e S in t h e c a s e w h e n t h e p o i n t u n d e r c o m p u t a t i o n is e x t e r n a l r e l a -
t i v e to t h e s u r f a c e ( F i g u r e ) . 

( 1 ) 

--= ̂ Ш у ) ) -i- M<pim(<')) = M<pd0/)) = <Ы*)> 
w h e r e r---\x — y\, w h e r e a s -7- is a d e r i v a t i v e to a n o r m a l , e x t e r n a l to S , a n d 

on 
L((pim(i/))—0, s i n c e p o i n t x a n d t h e i m a g i n a r y s o u r c e s l i e I n a r e g i o n e x t e r n a l to 
s u r f a c e S . 

If x is a p o i n t o f t h e f a r f i e l d , t h e n E q . (1) y i e l d s 

tpd(jc) = - ф l̂ fik c o s H e x P (— i k a ^ } d s- (2) 

s 

T h i s m e a n s , t h a t if t h e c a p a c i t y o f t h e m o n o p o l e is d e t e r m i n e d f r o m m e a s u r e -
m e n t s in a b o u n d e d s p a c e , t h e n , s i n c e t h e p o t e n t i a l o f t h e m o n o p o l e in t h e f r e e 
s p a c e is 

Y
 4nR С 3) 

a n d e q u a t i n g E q s . (3) and ( 2 ) , w e o b t a i n 

Q = — ф ( ф cos p -у j exp (— ika cos a) ds. ( Ц) 
s 

If t h e s o u r c e i s n o t a m o n o p o l e , t h e n , e v a l u a t i n g t h e p o t e n t i a l of t h e d i r e c t 
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field from E q . (2) for p o i n t s x , b e l o n g i n g to the s p h e r e , we obtain Q—<2(0, <p) , 
which is the d i r e c t i v i t y p a t t e r n . 

This m e a n s that the values of the p o t e n t i a l and of its n o r m a l d e r i v a t i v e , 
m e a s u r e d on surface S , can be u s e d , for e x a m p l e , by n u m e r i c a l i n t e g r a t i o n by 
c o m p u t e r , for d e t e r m i n i n g the emitter d i r e c t i v i t y p a t t e r n . ' H e r e , as follows 
from E q . (1), the p r o c e d u r e of m e a s u r e m e n t s and c a l c u l a t i o n s will be p r e c i s e l y 
the s a m e , as when u s i n g the method of direct m e a s u r e m e n t of the p r e s s u r e g r a d i e n t 
for c a l c u l a t i n g d i r e c t i v i t y p a t t e r n s from m e a s u r e m e n t s in the n e a r field u n d e r 
f r e e - f i e l d c o n d i t i o n s . 

We n o t e that the m e a s u r i n g t e c h n i q u e d i f f e r s very little from that e m p l o y e d 
by B r o n t v e i et a l . [4]. It should also be e m p h a s i z e d that it is u n n e c e s s a r y to 
d e t e r m i n e the acoustic c h a r a c t e r i s t i c s of the r e f l e c t i n g o b j e c t s , w h i c h signifi-
cantly s i m p l i f i e s both the m e a s u r i n g p r o c e d u r e and the c a l c u l a t i o n s . 

T h e a u t h o r w i s h e s to thank S. N . Rzhevkin and L . N . Z a k h a r o v for d i s c u s s i o n 
of r e s u l t s . 
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