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submerged  in  an  acoustic  transmitting  liquid  medium  con- 
tained  in  a  housing.  The  housing  is  formed  of  polymethyl- 
pentene  resin  having  an  acoustic  impedance  approximately 
equal  to  that  of  the  human  body.  Multiple  reflections  and 
transmission  loss  of  acoustic  energy  are  minimized  to  ensure 
high  quality  tomographic  images. 



BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  u l t r a s o n i c   p r o b e s  

p a r t i c u l a r l y   f o r   m e d i c a l   d i a g n o s t i c   p u r p o s e s ,   and  m o r e  

p a r t i c u l a r l y   to  u l t r a s o n i c   p r o b e s   of  t he   t y p e   w h e r e i n  

p i e z o e l e c t r i c   t r a n s d u c e r   is   s u b m e r g e d   in  a  l i q u i d   m e d i u m .  

U l t r a s o n i c   p r o b e s   fo r   m e d i c a l   p u r p o s e s   r e q u i r e   t h a t   i n  

o r d e r   to  o b t a i n   a  h igh   q u a l i t y   t o m o g r a p h i c   image  t h e r e   be  a  

minimum  amount   of  e n e r g y   l o s s   and  a  minimum  number   o f  

r e f l e c t i o n s   of  a c o u s t i c   e n e r g y   b e t w e e n   p i e z o e l e c t r i c  

t r a n s d u c e r   and  human  body.   I m p e d a n c e   ma tch   b e t w e e n   them  i s  

i m p o r t a n t   in  t h i s   r e g a r d  a n d   a t t e m p t s   have   been   made  to  s e e k  

a  m a t e r i a l   t h a t   can  be  used  to  match  in  a c o u s t i c   i m p e d a c e  

w i th   t h a t   of  t he   human  body.   U l t r a s o n i c   p r o b e s   of  t h e  

m e c h a n i c a l   s can   t y p e   w h e r e i n   the  t r a n s d u c e r   i s   s u b m e r g e d   i n  

a  t r a n s m i t t i n g   l i q u i d   medium  c o n t a i n e d   in  a  h o u s i n g ,   t h e  

m a t e r i a l   of  the   h o u s i n g   d e t e r m i n e s   t he   d e g r e e   of  i m p e d a n c e  

m a t c h .   The  h o u s i n g   is  f u r t h e r   r e q u i r e d   to  have   a  s u f f i c i e n t  

d e g r e e   of  i n s u l a t i o n   to  p r e v e n t   l e a k a g e   of  e l e c t r i c i t y ,   h a v e  

s u f f i c i e n t   m e c h a n i c a l   s t r e n g t h   and  r e q u i r e d   to  be  i n a c t i v e  

to  c h e m i c a l s ,   a v a i l a b l e   at   low  c o s t  a n d   have   a  s u f f i c i e n t  

t h e r m a l   p l a s t i c i t y   to  l end   i t s e l f   to  e x t r u s i o n   p r o c e s s   w h i l e  

at  the   same  t ime   i t   is  s u f f i c i e n t l y   r e s i s t i v e   to  h e a t  

g e n e r a t e d   d u r i n g   u s e .  



SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   i s   t h e r e f o r e   to  p r o v i d e   a n  

u l t r a s o n i c   p r o b e   h a v i n g   a  p i e z o e l e c t r i c   t r a n s d u c e r   s u b m e r g e d  

in  a  l i q u i d   c o n t a i n e d   in  a  p r o b e   h o u s i n g   h a v i n g   p r o p e r t i e s  

which   s a t i s f y   t h e   r e q u i r e m e n t s   i m p o s e d   upon  i t .  

A c c o r d i n g   t o   t he   i n v e n t i o n ,   use  i s   made  o f  

p o l y m e t h y l p e n t e n e   r e s i n   to  form  a t   l e a s t   a  p a r t   of  t h e   p r o b e  

h o u s i n g ,   or  a c o u s t i c   window,   w h i c h   i s   b r o u g h t   i n t o   c o n t a c t  

w i t h   t h e   human  s k i n .   P o l y m e t h y l p e n t e n e   r e s i n   has  a  n u m b e r  

of  a d v a n t a g e o u s   p h y s i c a l   and  c h e m i c a l   p r o p e r t i e s   among  w h i c h  

the   a c o u s t i c   i m p e d a n c e   v a l u e ,   wh ich   i s   most   i m p o r t a n t ,   i s  

a p p r o x i m a t e l y   e q u a l   to   t h a t   of  t h e   human  body .   The  use   o f  

p o l y m e t h y l p e n t e n e   r e s i n   is  p a r t i c u l a r l y   b e n e f i c i a l   t o  

u l t r a s o n i c   p r o b e s   o f  t h e   m e c h a n i c a l   s c a n   t y p e   of  e i t h e r  

s e c t o r   or  l i n e a r   f o r m a t .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  f u r t h e r  

d e t a i l   w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s ,   i n  

w h i c h :  

F i g .   1  is   a  l o n g i t u d i n a l   c r o s s - s e c t i o n a l   v iew  of  a n  

u l t r a s o n i c   p r o b e   of  a  m e c h a n i c a l   s e c t o r   s can   t y p e ;  

F i g .   2  i s   a  t r a n s v e r s e   c r o s s - s e c t i o n a l   v iew  t a k e n  

a l o n g   t h e   l i n e   2  of  F i g .   l ;  

F i g .   3  i s   a  c i r c u i t   d i a g r a m   of  t h e   s e c t o r   s can   p r o b e  

of  F i g .   1 ;  



F i g s .   4  and  5  a r e   i l l u s t r a t i o n s   of  a l L e r n a t i v e  

e m b o d i m e n t ;   a n d  

F i g .   6  is   a  c r o s s - s e c t i o n a l   view  of  a  p r o b e   of  a  

m e c h a n i c a l   l i n e a r   s can   t y p e .  

DETAILED  DESCRIPTION 

A  m e c h a n i c a l   s e c t o r - s c a n   u l t r a s o n i c   p r o b e   shown  i n  

F i g .   1  c o m p r i s e s   a  h o u s i n g   1  wh ich   is  d i v i d e d   i n t o   a  h a n d  

g r i p   p o r t i o n   2  and  a  c y l i n d r i c a l   head   p o r t i o n   3.  An 

e l e c t r i c   m o t o r   4,  a c c o m m o d a t e d   in  t he   hand  g r i p   p o r t i o n   2 ,  

has   a  p u l l e y  5   which   i s   c o n n e c t e d   by  a  b e l t   6  to   a  d r i v e n  

p u l l e y   7  w h i c h ' i n   t u r n   d r i v e s   a  r o t a r y   s h a f t   8  s u p p o r t e d   b y  

b e a r i n g s   9  and  10  f i x e d   on  f r o n t   and  r e a r   w a l l s   of  t he   h e a d  

p o r t i o n .   The  i n s t a n t a n e o u s   a n g u l a r   p o s i t i o n   of  m o t o r   4  i s  

d e t e c t e d   and  c o n t r o l l e d   by  a  p o s i t i o n   e n c o d e r   4a  which   i s  

a l s o   m o u n t e d   in  the   g r i p   p o r t i o n   2.  On  the   r o t a r y   s h a f t   8 

a r e   m o u n t e d   an  i n s u l a t i v e   b l o c k   11  of  a  t r i a n g u l a r  

c r o s s - s e c t i o n   ( F i g .   2)  and  t h e   i n n e r   w i n d i n g   14b  of  a  r o t a r y  

t r a n s f o r m e r   14.  P i e z o e l e c t r i c   t r a n s d u c e r s   12a ,   12b ,   12c  a r e  

f i x e d l y   s e c u r e d   to  the   s i d e s   of  b l o c k   11.  As  shown  in  F i g .  

3 ,   f i r s t   e l e c t r o d e s   of  t r a n s d u c e r s   12a ,   12b,   12c  a r e   c o u p l e d  

t o g e t h e r   to  one  t e r m i n a l   of  t he   i n n e r   w i n d i n g   14a  o f  

t r a n s f o r m e r   14  and  t h e i r   s e c o n d   e l e c t r o d e s   a r e   c o u p l e d   t o  

the   o p p o s i t e   t e r m i n a l   of  t h e   i n n e r   w i n d i n g   14a  v i a   r e e d  

s w i t c h e s   13a ,   13b  and  13c ,   r e s p e c t i v e l y ,   which   a r e   e m b e d d e d  

in  t h e   r o t a r y   b l o c k   11  in  l o c a t i o n s ,  s p a c e d   120  d e g r e e s   a p a r t  



as  shown  in  F i g .   2.  A  p e r m a n e n t   m a g n e t   15  i s   m o u n t e d   on  t h e  

r e a r   w a l l   16  a d j a c e n t   to   t h e   l o w e r   a r c   of  a  c i r c u l a r   p a t h  

f o l l o w e d   by  r o t a t i n g   r e e d   s w i t c h e s   in  o r d e r   to   s u c c e s s i v e l y  

c l o s e   t h e i r   c o n t a c t s   as  e ach   p i e z o e l e c t r i c   t r a n s d u c e r  

r o t a t e s   o v e r   a  l o w e r   a r c   of  i t s   p a t h .  

The  head   p o r t i o n   3  i s   p r o v i d e d   w i th   a  l i q u i d   i n l e t  

p o r t   17  and  a  cap  18  t h e r e f o r   to   f i l l   t he   head   p o r t i o n   3 

w i t h   a  l i q u i d   which   p r o v i d e s   l o w - l o s s   p r o p a g a t i o n   o f  

a c o u s t i c   w a v e s .   If   t h e   l i q u i d   c o n t a i n s   b u b b l e s ,   a c o u s t i c  

t r a n s m i s s i o n   is   a d v e r s e l y   a f f e c t e d .   To  p r e v e n t   t h i s ,   t h e  

i n l e t   p o r t   h a s  a  s u f f i c i e n t   c r o s s - s e c t i o n   to   a l l o w   b u b b l e s  

in  l i q u i d   to  e s c a p e   t h e r e t h r o u g h   w h i l e   the   l i q u i d   i s   b e i n g  

s u p p l i e d .   P r e f e r a b l y ,   an  a i r   v e n t   p o r t   20  w i t h   a  cap  21 

may  be  p r o v i d e d .  

U l t r a s o n i c   b u r s t   p u l s e s   a r e   s u p p l i e d   f rom  a  d r i v e  

c i r c u i t ,   not   shown,   t h r o u g h   a  c a b l e   21  to  t h e   o u t e r   w i n d i n g  

14b  of  r o t a r y   t r a n s f o r m e r   14.  P u l s e s   a r e   i n d u c e d   in  t h e  

i n n e r   w i n d i n g   14a  and  c o u p l e d   to   t h e   p i e z o e l e c t r i c  

t r a n s d u c e r   by  t h e   a s s o c i a t e d   r e e d   s w i t c h   which   i s   f o l l o w i n g  

t h e   l o w e r   h a l f   of  i t s   c i r c u l a r   p a t h   n e a r   the   p e r m a n e n t  

m a g n e t   15,   t r a n s m i t t i n g   a c o u s t i c   e n e r g y .   Each  r e e d   s w i t c h  

r e m a i n s   c l o s e d   to  a l l o w   t h e   t r a n s m i t t e d   e n e r g y   to   be  s t e e r e d  

in  a  ' s e c t o r   f o r m a t   and  d u r i n g   t h i s   p e r i o d   s h o r t - d u r a t i o n  

b u r s t s   a r e   s e q u e n t i a l l y   t r a n s m i t t e d   a t   i n t e r v a l s   s u f f i c i e n t  

to  r e c e i v e   e c h o s   r e t u r n i n g  f r o m   d i f f e r e n t   t i s s u e s   of  a  b o d y  



u n d e r   e x a m i n a t i o n .   The  r e c e i v e d   e n e r g y   is  c o n v e r t e d   t o  

e l e c t r i c a l   s i g n a l s   which   a re   c o u p l e d   t h r o u g h   the   r o t a r y  

t r a n s f o r m e r   14  to  a  p r o c e s s i n g   c i r c u i t   to  o b t a i n   a  

t o m o g r a p h i c   u l t r a s o u n d   image  of  a  s e c t o r   f i e l d .   As  r e e d  

s w i t c h e s   13a ,   13b,  13c  a re   s e q u e n t i a l l y   c l o s e d ,  

p i e z o e l e c t r i c   t r a n s d u c e r s   12a,   12b,  12c  a re   l i k e w i s e  

e n e r g i z e d   to  e f f e c t   t he   t r a n s m i s s i o n   and  r e c e p t i o n   o f  

a c o u s t i c   e n e r g y .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   t he   head   p o r t i o n   3  of  t h e  

h o u s i n g   is  f o rmed   of  p o l y m e t h y l p e n t e n e   r e s i n .   To  make  t h e  

i n s i d e   of  the   h o u s i n g   p o r t i o n   3  i n v i s i b l e   f rom  the   o u t s i d e ,  

a  c o l o r i n g   a g e n t   i s   mixed   wi th   t he   r e s i n .   Howeve r ,   the   t o p  

w a l l   of  h o u s i n g   p o r t i o n   3  has  a  r e d u c e d   t h i c k n e s s   as  shown  

a t   19  to  make  t he   i n s i d e   v i s i b l e   to  a l l o w   o b s e r v a t i o n   o f  

b u b b l e s   in  the   l i q u i d .  

The  p o l y m e t h y l p e n t e n e   r e s i n   h a v i n g   r e c u r r i n g   u n i t s   o f  

the   f o r m u l a  

has  t he   f o l l o w i n g   a d v a n t a g e o u s   p r o p e r t i e s :  



S i n c e   the   a c o u s t i c   i m p e d a n c e   of  p o l y m e t h y l p e n t e n e  

r e s i n   i s   v e r y   c l o s e   to  t h a t   of  t he   human  body  wh ich   i s  

a p p r o x i m a t e l y   1 . 5 4  ×   105  g / c m 2 . s e c ,   i t   i s   p o s s i b l e   t o  

m i n i m i z e   the   e f f e c t   of  m u l t i p l e   r e f l e c t i o n s   of  a c o u s t i c  

e n e r g y   which   wou ld   o t h e r w i s e   o c c u r   b e t w e e n  t h e   i n n e r   w a l l   o f  

h e a d   p o r t i o n   3  and  each   p i e z o e l e c t r i c   t r a n s d u c e r .  

E x p e r i m e n t s   c o n f i r m e d   t h a t   t o m o g r a p h i c   images   o b t a i n e d   by  

t h e   p r o b e   of  t h e   i n v e n t i o n   showed  no  t r a c e   of  m u l t i p l e  

r e f l e c t i o n s .   The  p r o p a g a t i o n   l o s s   v a l u e   of  a b o u t   0 .4  dB/mm 

at   3 .5   MHz  does   not   m a t e r i a l l y   a f f e c t   t he   s e n s i t i v i t y  

p e r f o r m a n c e   of  t he   u l t r a s o u n d   p r o b e .   The  m e c h a n i c a l   a n d  

t h e r m a l   c h a r a c t e r i s t i c s   of  p o l y m e t h y l p c n t e n e   r e s i n   a l s o   a r e  

s a t i s f a c t o r y   f o r   t h e   p u r p o s e   of  t h e   p r e s e n t   i n v e n t i o n .   A 

f u r t h e r   a d v a n t a g e o u s   c h a r a c t e r i s t i c   of  p o l y m e t h y l p e n t e n e  

r e s i n   i s   t h a t   i t s   vo lume  r e s i s t i v i t y   f a l l s   w i t h i n   t he   r a n g e  

of  i n s u l a t o r s   and  g u a r a n t e e s   e x c e l l e n t   p r o t e c t i o n   a g a i n s t  

c u r r e n t   l e a k a g e .   The  c h e m i c a l   i n a c t i v e   n a t u r e   of  t h i s  

m a t e r i a l   a l s o   makes  i t   i d e a l   f o r   use   in  e n v i r o n m e n t   w h e r e  

t h e   u l t r a s o u n d   p r o b e   is  l i k e l y   to  be  s t a i n e d   by  c h e m i c a l s .  

A n o t h e r   a d v a n t a g e   is   t h a t   t he   t h e r m o p l a s t i c   n a t u r e   of  t h e  



r e s i n   l e n d s   i t s e l f   to  e x t r u s i o n   p r o c e s s .  

F i g s .   4  and  5  show  an  a l t e r n a t i v e   e m b o d i m e n t   in  w h i c h  

t h e   l o w e r   h a l f   p a r t   of  t h e   p r o b e   head   3,  or  window  30  may  b e  

f o r m e d   of  p o l y m e t h y l p e n t e n e   r e s i n   and  the   r e m a i n d e r   p a r t   31 

may  be  fo rmed   of  an  o p a q u e   p l a s t i c   m a t e r i a l   wh ich   is   m o l d e d  

to  c r e a t e   an  o p e n i n g   to  which   the   p o l y m e t h s l p e n t e n e - r e s i n  

made  window  30  is  a d h e s i v e l y   f i t t e d .  

F i g .   6  shows  a  l i n e a r   scan   u l t r a s o u n d   p r o b e .   A 

p i e z o e l e c t r i c   t r a n s d u c e r   40  of  a  r e c t a n g u l a r   or  d i s c   s h a p e  

is   f i t t e d   below  a  b l o c k   41  t h r e a d a b l y   m o u n t e d   on  a  
i 

h o r i z o n t a l   d r i v e   s h a f t   42  r o t a t a b l y   m o u n t e d   on  b e a r i n g s   4 3 ,  

44  which   a re   s e c u r e d   on  o p p o s i t e   w a l l s   of  a  h o u s i n g   45 

f o r m e d   of  p o l y m e t h y l p e n t e n e   r e s i n .   A  p o s i t i o n   e n c o d e r   53 

s l i d a b l y   mounted   on  a  g u i d e   s h a f t   54  is  c o n n e c t e d   to  b l o c k  

41.  The  h o u s i n g   45  i s   p r o v i d e d   w i t h   a  b u b b l e   c h e c k   w i n d o w  

46  i f   i t   i s   formed  of  an  o p a q u e   p o l y m e t h y l p e n t e n e   r e s i n .  

D r i v e   s h a f t   42  is  c o n n e c t e d   to  p u l l e y   47  c o n n e c t e d   by  a  b e l t  

48  and  p u l l e y   49  to  a  r e v e s i b l e   motor   50  which  is   s e c u r e d   t o  

the   h o u s i n g   45.  T r a n s d u c e r   40  i s   d r i v e n   to  r e c i p r o c a t e  

a l o n g   a  s t r a i g h t   l i n e   to   s t e e r   t r a n s m i t t e d   e n e r g y   to   o b t a i n  

a  t o m o g r a p h i c   image  of  a  r e c t a n g u l a r   f o r m a t .   A l l   t h e  

c o m p o n e n t   p a r t s   of  the   p r o b e   a re   a c c o m m o d a t e d   in  an  o p a q u e  

i n s u l a t i v e   c a s i n g   51  to  which   c a b l e   52  i s   t e r m i n a t e d .  

F l e x i b l e   w i r e   c o n n e c t i o n ,   not   shown,   is   made  f rom  c a b l e   52 

to  t he   t r a n s d u c e s r   4 0 .  



A l t h o u g h   t h e   use   of  p o l y m e t h y l p e n t e n e   r e s i n   is  a l s o  

a p p l i c a b l e   to  e l e c t r o n i c a l l y   s c a n n e d   u l t r a s o u n d   p r o b e ,   t h e  

p r e s e n t   i n v e n t i o n   i s   p a r t i c u l a r l y   a d v a n t a g e o u s   to  t h e  

m e c h a n i c a l l y   s c a n n e d   p r o b e   as  d e s c r i b e d   a b o v e   s i n c e   t h i s  

t y p e   of  p r o b e s   n e c e s s i t a t e s   a n  a c o u s t i c   l o w - l o s s   p r o p a g a t i o n  

l i q u i d   medium  which   mus t   be  c o n t a i n e d   in  a  h o u s i n g .  



1.  An  u l t r a s o n i c   p r o b e   c o m p r i s i n g :  

a  h o u s i n g   h a v i n g   an  A c o u s t i c   window  fo r   p a s s i n g  

a c o u s t i c   e n e r g y   t h e r e t h r o u g h ,   s a i d   a c o u s t i c   window  b e i n g  

f o r m e d   of  p o l y m e t h y l p e n t e n e   r e s i n ;  

an  a c o u s t i c   e n e r g y   p r o p a g a t i n g   l i q u i d   in  s a i d   h o u s i n g ;  

a n d  

a  p i e z o e l e c t r i c   t r a n s d u c e r   in  s a i d   l i q u i d   f o r  

t r a n s m i t t i n g   and  r e c e v i n g   a c o u s t i c   e n e r g y   t h r o u g h   s a i d  

w i n d o w .  

2.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   1,  w h e r e i n  

s a i d   h o u s i n g   is  e n t i r e l y   fo rmed   of  s a i d   p o l y m e t h y l p e n t e n e  

r e s i n .  

3.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   1,  w h e r e i n  

s a i d   h o u s i n g   i s   p r o v i d e d   wi th   a  window  t h r o u g h   which  s a i d  

l i q u i d   is   made  v i s i b l e   from  the   o u t s i d e .  

4.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   1,  f u r t h e r  

c o m p r i s i n g   means  fo r   r e p e t i t i v e l y   moving  s a i d   t r a n s d u c e r  

ove r   'a  p r e d e t e r m i n e d   p a t h   to  s t e e r   s a i d   a c o u s t i c   e n e r g y .  

5.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   4,  w h e r e i n  

s a i d   p r e d e t e r m i n e d   pa th   is   a  p a r t   c i r c u l a r   p a t h   to  scan   s a i d  



e n e r g y   in  a  s e c t o r   f o r m a t .  

6.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   4,  w h e r e i n  

s a i d   p r e d e t e r m i n e d   p a t h   is   a  s t r a i g h t   l i n e   p a t h   to  scan  s a i d  

e n e r g y   in  a  r e c t a n g u l a r   f o r m a t .  

7.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   1,  w h e r e i n  

s a i d   h o u s i n g   is   p r o v i d e d   w i t h   an  i n l e t   p o r t   t h r o u g h   w h i c h  

s a i d   l i q u i d   is   s u p p l i e d   to  s a i d   h o u s i n g   and  an  a i r   v e n t   p o r t  

t h r o u g h   w h i c h   b u b b l e s   in  s a i d   l i q u i d   is  a l l o w e d   to   e s c a p e   t o  

t h e   o u t s i d e .  

8.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   4,  f u r t h e r  

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

m e c h a n i c a l l y   mov ing   means  c o m p r i s e s   a  p e r m a n e n t   m a g n e t ,  

means   f o r   r o t a t a b l y   s u p p o r t i n g   t he   f i r s t   and  s e c o n d  

t r a n s d u c e r s   in  a n g u l a r l y   s p a c e d   a p a r t   r e l a t i o n s h i p   to  e a c h  

o t h e r ,   means   f o r   r o t a t i n g   s a i d   s u p p o r t ,   and  f i r s t   and  s e c o n d  

r e e d   s w i t c h e s   c o n n e c t e d   r e s p e c t i v e l y   to  s a i d   f i r s t   a n d  

s e c o n d   t r a n s d u c e r s   and  m o u n t e d   on  s a i d   s u p p o r t i n g   means  i n  

an  a n g u l a r l y   s p a c e d   a p a r t   r e l a t i o n s h i p   to  each  o t h e r   t o  

s e q u e n t i a l l y   e s t a b l i s h   c o n n e c t i o n   from  an  a c o u s t i c   e n e r g y  

s o u r c e   to  t h e   f i r s t   and  s e c o n d   t r a n s d u c e r s   u n d e r   t h e  

i n f l u e n c e   of  an  e l e c t r o m a g n e t i c   f i e l d   g e n e r a t e d   by  s a i d  

p e r m a n e n t   m a g n e t .  



9.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   4,  w h e r e i n  

s a i d   m e c h a n i c a l l y   mov ing   means   c o m p r i s e s   means  f o r  

r e c i p r o c a t i n g   s a i d   t r a n s d u c e r   a l o n g   a  l i n e a r   p a t h .  
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