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©  Process  and  apparatus  for  the  alignment  of  a  transducer  forming  part  of  a  radiation  generator? 

©  A  method  and  apparatus  for  aligning  a  transducer  (2)  in  - 
a  housing  (1)  forming  part  of  a  radiation  generator  in  which 
the  optical  or  acoustic  axis  is  made  coincident  with  the 
mechanical  axis  (5).  The  alignment  procedure  comprises 
reflecting  a  beam  emitted  by  the  transducer  (2)  from  concen- 
tric  reflecting  surfaces,  (M  ,,m2)  the  common  axis  (9)  of  which 
is  rotated  (8)  around  the  mechanical  axis  (5)  whilst 
orthogonal  (x,y,z)  corrections  to  the  transducer  (1)  position 
are  made  in  order  to  establish  the  position  of  maximum  con-  v  | 
stant  reflectance.  These  steps  determine  the  focal  position  . 
(0).  The  angular  (a/3)  position  of  the  reflecting  surfaces  '  
(M,,M2)  is  then  adjusted  by  rotation  around  the  focal  position  !L- 
(0),  again  until  a  maximum  constant  reflection  is  obtained,  '"Ifl  7 
and  because  these  surfaces  (M,,M:)  are  coupled  to  a  rotat-  Ws 
able  support  (4)  enclosing  the  housing  of  the  transducer  (1  )  \ f  

I  the  support  (4)  is  repositioned  accordingly.  The  support  (4)  is  Mr-  • 
then  secured  to  the  housing  (1).  riV-* 
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The  i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   and  a p p a r a t u s  
f o r   t h e   a l i g n m e n t   of  a  t r a n s d u c e r   f o r m i n g   p a r t   of  a  

r a d i a t i o n   g e n e r a t o r ,   s u c h   as  f o r   e x a m p l e   p i e z o - e l e c t r i c  

c r y s t a l s   u s e d   f o r   g e n e r a t i n g   u l t r a s o n i c   w a v e s .   T h e  

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

t h e   a l i g n m e n t   of  t r a n s d u c e r s   e n c l o s e d   in   a  h o u s i n g .  

In  a u t o m a t i c   c o n t r o l   and  m e a s u r i n g   a p p a r a t u s e s   s u c h  

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

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

r e s p e c t   t o  t h e   o b j e c t   to   be  e x a m i n e d .   In   c e r t a i n   c a s e s  

h o w e v e r ,   when  t h e   p o s i t i o n i n g   i s   v e r y   c r i t i c a l ,   t h e  

s e t t i n g   a n d  a l i g n m e n t   of  a  s i n g l e   t r a n s d u c e r   may  t a k e  

a  r a t h e r   l o n g   t i m e .  

I t   i s   f u r t h e r   o f t e n   n e c e s s a r y   to   be  a b l e   to   c h a n g e  

t h e   t r a n s d u c e r   in   o r d e r   to   c a r r y   ou t   e x p e r i m e n t s   t o  

o t h e r   f r e q u e n c i e s   or  to   e x c h a n g e   t h e   t r a n s d u c e r   f o r  

a n o t h e r   one  h a v i n g   t h e   same  c h a r a c t e r i s t i c s ,   e s p e c i a l l y  

c o n c e r n i n g   beam  p r o p e r t i e s ,   w i t h o u t   h a v i n g   to   c h a n g e   t h e  

i n i t i a l l y   d e f i n e d   s e t t i n g s .  

In   v i e w   of  t he   f a c t   t h a t   in   p r a c t i c e   t r a n s d u c e r s ,  



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

i r r e g u l a r i t i e s   of  t h e   s u r f a c e   and  i n t e r n a l   s t r u c t u r e ,  

i t   i s   o f t e n   n o t   p o s s i b l e   to   e x c h a n g e   one  t r a n s d u c e r   f o r  

a n o t h e r   w i t h o u t   a f f e c t i n g   t h e   a c c u r a c y   of  t he   m e a s u r e m e n t .  

The  i n v e n t i o n   i s   m e a n t   to   o v e r c o m e   t h e s e   i n c o n v e n i e n c e s  

and  to   p r o v i d e   an  e f f e c t i v e   and  f a s t   m e t h o d   f o r   a l i g n i n g  

and  e x c h a n g i n g   t r a n s d u c e r s   w h i l e   m a i n t a i n i n g   a  q u a n t i t a t i v e  

and  q u a l i t a t i v e   r e p r o d u c i b l e   m e a s u r e m e n t   w h i c h   i s   e s p e c i a l l y  

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

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

l i g h t   beam  g e n e r a t o r s .  

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

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

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

a u s   and  t h e   o p t i c a l   and  a c o u s t i c a l   a x i s   to   c o i n c i d e ,  

w h e r e i n   a  beam  e m i t t e d   by  t h e   t r a n s d u c e r   i s   r e f l e c t e d   a t  

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

w i t h   e a c h   o t h e r ,   t h e   common  a x i s   of   w h i c h   i s   p a r a l l e l   t o  

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

a r o u n d  t h e   l a t t e r   a x i s   in   a  f i r s t   s t e p ,   t h e   t r a n s d u c e r  

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

d i r e c t i o n s   i n   a  s e c o n d   s t e p ,   w h i c h   s t e p s   a r e   c a r r i e d   o u t  

u n t i l   t h e   p o s i t i o n   of  t h e   t r a n s d u c e r   i s   a d j u s t e d   i n   s u c h  

a  way  t h a t   a  c o n s t a n t   maximum  r e f l e c t a n c e   s i g n a l   i s  

o b t a i n e d ,   w h e r e a f t e r   t h e   a n g u l a r   p o s i t i o n   of  t h e   r e f l e c t i n g  

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

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

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

and  s e c o n d   s t e p   u n t i l   a  c o n s t a n t   maximum  r e f l e c t a n c e  

s i g n a l   i s   o b t a i n e d ,   t h e   f i n a l   s t e p   c o n s i s t i n g   i n   f i x i n g  

t he   s u p p o r t   to   t h e   h o u s i n g .  



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

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

e n c l o s e d   and  f i x a b l e - i n   a  h o u s i n g ,   to   w h i c h   h o u s i n g   i s  

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

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

in   p a r a l l e l   r e l a t i o n s h i p ,   t h e   common  a x i s   of  w h i c h   i s  

r o t a t a b l e   a r o u n d   t h e   m e c h a n i c a l   a x i s ,   means   to  t r a n s l a t e  

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

means   to   r o t a t e   t h e   m i r r o r   s y s t e m   a b o u t   t h e   m e c h a n i c a l  

a x i s ,   a  r o t a t a b l e   s u p p o r t   e n c l o s i n g   t h e   h o u s i n g   of  t h e  

t r a n s d u c e r ,   means   to   r o t a t e   t h e   m i r r o r   s y s t e m   a r o u n d  

t h e   f o c a l   p o i n t   as  d e t e r m i n e d ,   a  c o u p l i n g   b e t w e e n   t h e  

m i r r o r   s y s t e m   and  t h e   s u p p o r t ,   and  means   to   f i x   t h e  

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

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

w h i c h   i s   f i x e d   and  f i x a b l e   in   a  h o u s i n g ,   f o r   i n s t a n c e   b y  

means   of  an  a d h e s i v e   s u c h   as  a  r e s i n .  

P r e f e r a b l y   a f t e r   t h e   m e c h a n i c a l   a x i s   and  t h e  

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

of   t h e   c r y s t a l   i s   s e t   by  means   of  an  a u x i l i a r y   r i n g ,  

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

t h e   r e f l e c t i n g   s u r f a c e s   and  w h i c h   can   be  f i x e d   to   t h e  

h o u s i n g .   To  d e t e r m i n e   t h e   a n g u l a r   p o s i t i o n   a f t e r   t h e  

a f o r e m e n t i o n e d   a x e s   a r e   made  to  c o i n c i d e ,   t h e   m i r r o r  

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

t h e   c o m b i n e d   a f o r e m e n t i o n e d   r o t a t i o n a l   and  t r a n s l a t i o n a l  

m o v e m e n t s   have   b e e n   c a r r i e d   o u t ,   t h e   a u x i l i a r y   r i n g   b e i n g  

c o u p l e d   t o  t h e   m i r r o r   s y s t e m   w i t h ' a   c o r d   or   w i t h   a n o t h e r  

m e a n s .   The  f o c a l   p o i n t   i s   d e t e r m i n e d   by  t h e   i n t e r s e c t i o n  

of   t h e   m e c h a n i c a l   a x i s   w i t h   t h e   p l a n e   of  t h e   f i r s t  

r e f l e c t i n g   s u r f a c e   i n   t h e   b e a m .  



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

t o p   end  of  w h i c h   i s   a  r e f l e c t i n g   s u r f a c e   and  t h e   o t h e r   e n d ,  
w h i c h   i s   e n l a r g e d ,   f o r m s   a  s e c o n d   c o n c e n t r i c   a n n u l a r  

r e f l e c t i n g   s u r f a c e .   The  m i r r o r   s y s t e m   i s   p r e f e r a b l y  
m o u n t e d   on  a  C a r d a n   s y s t e m   to  c a r r y   ou t   t h e   d e s i r e d  

t r a n s l a t i o n a l   m o v e m e n t   i n   t h e   o r t h o g o n a l   d i r e c t i o n s .  

R e f e r e n c e   i s   now  made  to   t h e   a c c o m p a n y i n g   d r a w i n g s  

in   w h i c h :  

F i g u r e   1  i s   a  c r o s s - s e c t i o n   of  an  e m b o d i m e n t   of  t h e  

i n v e n t i o n ;  

F i g u r e   2  i s   a  c r o s s - s e c t i o n   a l o n g   t h e   l i n e   I I - I I  

of  F i g u r e   1 ;  

F i g u r e   3  i s - a   s c h e m a t i c   r e p r e s e n t a t i o n   of  t h e   e s s e n t i a l  

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

F i g u r e   4  i s   a  f u r t h e r   s c h e m a t i c   r e p r e s e n t a t i o n  o f   t h e  

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

In  F i g u r e   4,  1  d e n o t e s   a  h o u s i n g   w h e r e i n   t h e   t r a n s d u c e r ,  

in  t h i s   c a s e   a  c r y s t a l   2,  i s   p r e s e n t .   The  c r y s t a l   can   b e  

f i x e d   i n   i t s   p o s i t i o n   by  an  a d h e s i v e   3.  The  h o u s i n g   i s  

e n c l o s e d   i n   an  a u x i l i a r y   r i n g   4,  w h i c h   can   be  t u r n e d   a r o u n d  

t h e  c r y s t a l .   The  a x i s   of  t h e   h o u s i n g   i s   r e p r e s e n t e d   b y  

t he   d a s h e d   l i n e   5,  w h i c h   d e f i n e s   t h e   m e c h a n i c a l   a x i s   o f  

the   r a d i a t i o n   g e n e r a t o r .   The  l i n e s   6  and  7  i n d i c a t e   t h e  

beam  w n i c h   i s   e m i t t e d   by  t h e   c r y s t a l   when   a c t i v a t e d   a n d  

t he   f o c a l   p o i n t   of  w h i c h   i s   a t   0  when  t he   a l i g n m e n t   h a s  

b e e n   p e r f o r m e d .   X  and  Y  show  t h e   o r t h o g o n a l   d i r e c t i o n s  

i n   0.  At  a  s m a l l   d i s t a n c e   of  t h e   m e c h a n i c a l   a x i s   a  d o u b l e  

m i r r o r   s y s t e m   i s   p r e s e n t ,   c o n s i s t i n g   of  a  b a r   8  w i t h   t w o  

r e f l e c t i n g   s u r f a c e s   M1  and  M21  w h i c h   a r e   p a r a l l e l   a n d  

c o n c e n t r i c .   The  a x i s   of  t h e   m i r r o r   s y s t e m   i s  r e p r e s e n t e d  



by  t h e   d a s h e d   l i n e   9.  The  a r r o w   δ  i n d i c a t e s   t h a t   t h e  

a x i s   9  can   be  r o t a t e d   a r o u n d   t h e   m e c h a n i c a l   a x i s   5.  A r r o w s  

a  a n d  β   i n d i c a t e  r o t a t i o n s   in   r e s p e c t i v e l y   X  and  Y 

d i r e c t i o n s .   The  a r r a n g e m e n t   w o r k s   as  f o l l o w s :  

I t   i s   i n t e n d e d   to   a l i g n   t h e  m e c h a n i c a l   a x i s   w i t h   t h e  

a c o u s t i c a l   a x i s   of  t h e   u l t r a s o n i c   beam  F  e m i t t e d   by  t h e  

t r a n s d u c e r   when  a c t i v a t e d .   T h i s   a l i g n m e n t ,   w h i c h   r e s u l t s  

i n   t h e   s e a l i n g   of  t h e   h o u s i n g   1  i n   t h e   a u x i l i a r y   r i n g   4 ,  
w h i c h   i s   u s e d   as  r e f e r e n c e ,   p e r m i t s   t h i s   r i n g   d u r i n g   u s e  
of   t h e   t r a n s d u c e r   b e i n g   u t i l i z e d   as  a  r e f e r e n c e   f o r   t h e  

p o s i t i o n i n g   as  w e l l   as  f o r   t h e   i n c l i n a t i o n   of  t h e   b e a m .  

In   use   a  f i r s t   m e a n s ,   w h i c h   i s   no t   shown ,   r o t a t e s   t h e   a x i s   9 

a r o u n d   t h e   a x i s   5  i n   s u c h   a  way  t h a t   t h e   m i r r o r   s y s t e m   i s  

s u b m i t t e d   to   an  e c c e n t r i c   r o t a t i o n   a r o u n d   t h e   a x i s .   As  i s  

a p p a r e n t   f rom  t h e   d r a w i n g   t h e   e n l a r g e d   s e c t i o n   of  t h e   b a r  

e x t e n d s   a c r o s s   t h e   a x i s   5.  A  s u i t a b l e   means   i s   f o r   i n s t a n c e   a  
C a r d a n   s y s t e m   w h i c h   e n a b l e s   an  o r i e n t a t i o n   in   two  p l a n e s .  

The  two  r e f l e c t i n g   m i r r o r s   M1  and  M2  a r e   s p a c e d   a p a r t   a t  

a  d i s t a n c e   w h i c h   i s   d e t e r m i n e d   by  t h e   f o c a l   c h a r a c t e r i s t i c s  

of   t h e   t r a n s d u c e r ;   i f   f o r   i n s t a n c e   t h e   c h a r a c t e r i s t i c s  

of   t h e   f o c a l   zone   a r e   as   f o l l o w s :   - 4 ( 1 2 m m ) + 6 ,   i . e .   b e t w e e n  

8mm  and  18mm,  t h e   d i s t a n c e  b e t w e e n   t h e   two  r e f l e c t o r s   i s  

c h o s e n   a t   10mm;  t h e   d i s t a n c e  o f   t h e   t r a n s d u c e r   to   t h e  

f i r s t   r e f l e c t o r   i s   t h e n   s e t   a t   8mm.  In  t h i s   way  t h e   f i r s t  

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

t h e   o u t l e t   of  t h e   f o c a l   zone   of  t h e   t r a n s d u c e r .  

T h e s e   v a l u e s ,   w h i c h   a r e   i n d i c a t e d   as  d1  and  d2  i n  

F i g u r e   3,  a r e   n o t   c r i t i c a l   b e c a u s e   t h e   s e n s i t i v i t y   c a n  

e a s i l y   be  a d j u s t e d   by  c o n t r o l l i n g   t h e   a m p l i f i c a t i o n .  



As  shown  in   F i g u r e   4  t h e   s e c o n d   r e f l e c t i o n   s u r f a c e  

e x t e n d s   in   t h e   d i r e c t i o n   of  t h e   a x i s   5  w h i c h   g i v e s   r i s e   t o  

t h e   e c c e n t r i c   m o v e m e n t .   At  t h e   same  t i m e   t h e   e c c e n t r i c  

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

i n s i d e   t he   a u x i l i a r y   r i n g   a r e   s u b j e c t e d   t o   a  t r a n s l a t i o n a l  

m o v e m e n t   in   t h e   o r t h o g o n a l   d i r e c t i o n s   X,  Y  and  Z.  F i n a l l y  
t h e   m i r r o r   s y s t e m   i s   by  meons   of   a  t h i r d   m e c h a n i s m   r o t a t e d  

r o u n d   t h e   i n t e r s e c t i o n   of  a x i s   5  w i t h   t h e   u p p e r   p l a n e   o f  

m i r r o r   M1  by  means   of  a  c o r d   w h i c h   f o r m s   p a r t   of  t h e  

a u x i l i a r y   r i n g .  

The  e c c e n t r i c i t y   i n d i c a t e d   as  d3  i n   F i g u r e   3  w i l l  

be  c h o s e n   a t   a  h i g h e r   v a l u e   i f   t h e   t r a n s d u c e r   i s   f o c u s s e d  

in   one  p o i n t .   The  d e g r e e   of  e c c e n t r i c i t y   i s   d e t e r m i n e d  

by  t h e   d i f f e r e n c e   of  t h e   c o o r d i n a t e s   ( s e e n   on  t h e   s u r f a c e  

of  t h e   a c o u s t i c a l   o u t l e t   s u r f a c e   o f  t h e   t r a n s d u c e r )   of  t h e  

h o u s i n g   of  t h e   t r a n s d u c e r   and  t h e   a c o u s t i c a l   beam.   T h i s  

may  be  e x p r e s s e d   i n   p o l a r   or   c a r t e s i a n   c o o r d i n a t e s .  

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

In  t h e   f i r s t   s t e p   t h e   m i r r o r   M1,  M2  i s   pu t   i n t o  

r o t a t i o n   as  e x p l a i n e d   a b o v e .   In  t h e   s e c o n d   s t e p   t h e  

echo   of  t h e   f r o n t   r e f l e c t i n g   s u r f a c e   i s   a d j u s t e d   u n t i l   a  

maximum  c o n s t a n t   a m p l i t u d e   i s  o b t a i n e d   by  d i s p l a c i n g  

t h e   h o u s i n g   in   t h e   r i n g   as  e x p l a i n e d   a b o v e .   When  t h e  

echo   s i g n a l   i s   c o n s t a n t   and  a t   a  maximum,   t h e   f o c a l   p o i n t ,  

i f   a n y ,   i s   c e n t r e d   by  s y m m e t r i c a l   c o n s i d e r a t i o n s .   T h i s  

b e c o m e s   as  e x p l a i n e d   p o i n t   0  of  t h e   g e n e r a t o r .  

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

of  t h e   m i r r o r   s y s t e m   and  c o n s e q u e n t l y   of  t h e   r i n g   w h i c h   i s  



c o u p l e d   to   t h e   m i r r o r   s y s t e m   i s   a d j u s t e d   u n t i l   a  m a x i m u m  
c o n s t a n t   a m p l i t u d e   of  t h e   r e a r   m i r r o r s   echo   i s   o b t a i n e d .  

S u b s e q u e n t l y   t h e   h o u s i n g   i s   s e a l e d   to   t h e   r i n g   in   t h e  

p o s i t i o n   as  o b t a i n e d   a t   t h e   end  of  t he   t h i r d   s t e p .   T h e  

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

of   r e f e r e n c e   s y s t e m s   and  i s   i n d e p e n d e n t   of  t he   t y p e   o f  

t h e   m e c h a n i s m   by  w h i c h   t h e   r e l a t i v e   m o v e m e n t s   of  t h e  

t r a n s d u c e r   and  m i r r o r s   a r e   e f f e c t e d .  

The  v a r i o u s   s t e p s   w h i c h   a r e   c a r r i e d   out   in   t h e  

a l i g n m e n t   p r o c e d u r e   a r e   f o r   t h e   s a k e   of  c l a r i t y   s e p a r a t e l y  
i l l u s t r a t e d   in   F i g u r e   3,  w h e r e i n   t h e   e l e m e n t   and  t h e  

m i r r o r   s y s t e m   a r e   once   more  s h o w n .   The  m i r r o r s   M1  a n d  

M2  a r e   r o t a t e d   in   t h e   d i r e c t i o n   of  t h e   δ  a r r o w   by  m e a n s  

of  m p t o r   M. 

T h i s   δ  a r r o w   r e p r e s e n t s   a  r o t a t i o n   a b o u t   t h e   Z - a x i s .  

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

o r t h o g o n a l   X  and  Y  d i r e c t i o n s ,   w h i c h   may  f o r   i n s t a n c e  

be  c a r r i e d   out   t h r o u g h   a  C a r d a n   s y s t e m .   The  a r r o w s   x ,  

y  and  z  r e p r e s e n t   t he   t r a n s l a t i o n a l   m o v e m e n t s   to  w h i c h  

t h e   t r a n s d u c e r   may  be  s u b j e c t e d  i n   o r d e r   to  c a r r y   o u t  

f o c a l   d i s t a n c e   c o r r e c t i o n s   as  w e l l   as  e c c e n t r i c i t y  

c o r r e c t i o n s .  

In  a  f r a m e   26  of  t h e   a p p a r a t u s   two  a x e s   16  a r e   e a c h  

r o t a t a b l y   s u p p o r t e d   by  a  b e a r i n g  2 7 .   In  b o t h   a x e s   16  a  

s e c o n d   b e a r i n g   18  i s   p r e s e n t   w h i c h   i s   c o n n e c t e d   to  a  f i r s t  

C a r d a n   r i n g   17.  On  one  of   t h e   a x e s   16  a  g e a r   15  i s   f i x e d  

w h i c h   e n g a g e s   w i t h   a  worm  12,  r o t a t a b l y   m o u n t e d   in   a  

b e a r i n g   14,  f i x e d   to   f r a m e   26,  by  w h i c h   t h e   C a r d a n   r i n g  

1 7  m a y   be  p i v o t e d   i n   r e s p e c t  o f   f r a m e   26.  A  g r a d u a t i o n  



1 3 . . i n d i c a t e s   t h e   a n g l e   of  r o t a t i o n   of  r i n g   1 7 .  

P e r p e n d i c u l a r   to   a x e s   16,  o f  w h i c h   t h e   c e n t r e   l i n e s   a r e  

i n  a   d i r e c t   l i n e   w i t h   e a c h   o t h e r ,   two  a x e s   31  a r e   m o u n t e d  

in   r i n g   17  t h r o u g h   b e a r i n g s   33,   w h i c h   a x e s   c a r r y i n g   a  

b e a r i n g   35  e a c h   a r e   p r e s e n t   i n   a  s e c o n d   C a r d a n   r i n g   3 4 .  

On  one  of  t h e s e   a x e s   a  g e a r   32  i s   f i x e d   w h i c h   e n g a g e s  
w i t h   a  s c r e w   30  r o t a t a b l y   m o u n t e d   i n   a  b e a r i n g   29,  t h r o u g h  

w h i c h   t h e   C a r d a n   r i n g   34  may  be  p i v o t e d   i n   r e s p e c t   o f  

r i n g   17.  A  g r a d u a t i o n   28  may  be  p r e s e n t .   R i n g   34  i s  

c o n n e c t e d   to   a  s u p p o r t   20  i n   w h i c h   a  b e a r i n g   24  i s  

a r r a n g e d   of  w h i c h   t h e   c e n t r e   l i n e   c o i n c i d e s   w i t h   t h a t  

of   b o t h   r i n g s .   In   b e a r i n g   24  an  a x i s   23  i s   p r o v i d e d  

w i t h   a  p u l l e y   25,  w h i c h   may  be  d r i v e n   by  a  m o t o r   ( n o t  

s h o w n ) .   The  e x c e n t r i c   m i r r o r   s y s t e m   i s   c o n n e c t e d   t o  

a x i s . 2 3   and  c o m p r i s e s   m i r r o r s   22  and  21.   P e r p e n d i c u l a r  

to  t h e   p l a n e   of  t h e   a x e s   16  and  31  a  s e t   of   b o r e s   i s '  

p r o v i d e d   i n   b o t h   of  w h i c h   a  b a r   44  i s   f i x e d   by  means   o f  

a  s c r e w   19.  S l i d a b l e  a l o n g   t h e s e   b a r s   44  c a r r i e r   r i n g s  

10  a r e   p o s i t i o n e d ,   w h i c h   may  be  a d j u s t a b l y   f i x e d   i n  

p o s i t i o n   by  a  s c r e w   1 1 .  A   s u p p o r t   member   43  i s   s u p p o r t e d  

by  t h e   c a r r i e r   r i n g s   10.  The  s u p p o r t   member   i s   p r o v i d e d  

w i t h   a  c e n t r a l   b o r e ,  o f   w h i c h   t h e   c e n t r e   l i n e   c o i n c i d e s  

w i t h   t h a t   of   t h e   r i n g s   17  and  34,  i n   w h i c h   an  i n s e r t   i s  

r o t a t a b l y   s e a t e d   a t   40.   The  p o s i t i o n   of   i n s e r t   40  m a y  

be  f i x e d   by  means   of  a  s e t   of  s c r e w s   38  w i t h   c l a m p i n g  

f l a n g e s   39.   I n s e r t   40  i s   f u r t h e r   p r o v i d e d   w i t h   a n  

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

41  w i t h i n   an  e x c e n t r i c a l l y   c o n t i n u i n g   b o r e .   E l e m e n t   h o l d e r  

41  i s   r o t a t a b l e   i n   r e s p e c t   of  i n s e r t   4 0  b y   means   of  a  

s c r e w   42.   T o  f r a m e   26  a  s u p p o r t   member   37  i s   r i g i d l y  

f i x a b l e ,   i n   w h i c h   member   a  t u b e   c o n d u c t o r   36  i s   a d j u s t a b l y  

f i x a b l e .   The  c e n t r e   l i n e   of  t h e   t u b e   c o n d u c t o r   36  c o i n c i d e s  



w i t h   t h a t   of  t h e   C a r d a n   r i n g   i n   a  p o s i t i o n   o f  r e s t  a s  

f o l l o w s   f rom  F i g u r e   1 .  



1.  A  m e t h o d   f o r   t h e   a l i g n m e n t   of   a  t r a n s d u c e r   f o r m i n g  

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

w h i c h   t h e   m e c h a n i c a l   a x i s   and  t h e   o p t i c a l   a x i s   or   t h e  

a c o u s t i c a l   a x i s   a r e   c a u s e d   to   c o i n c i d e ,   w h e r e i n   a  b e a m  

e m i t t e d   by  t h e   t r a n s d u c e r   i s   r e f l e c t e d   a t   s p a c e d   a p a r t  

c o n c e n t r i c   s u r f a c e s   in   p a r a l l e l   r e l a t i o n s h i p   w i t h   e a c h  

o t h e r ,   t h e   common  a x i s   of   w h i c h   i s   p a r a l l e l   to   a n d  

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

a r o u n d . t h e   l a t t e r   a x i s   i n   a  f i r s t   s t e p ,   t h e   t r a n s d u c e r  

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

d i r e c t i o n s   i n   a  s e c o n d   s t e p ,   w h i c h   s t e p s   a r e   c a r r i e d   o u t  

u n t i l   t h e   p o s i t i o n   of   t h e   t r a n s d u c e r   i s   a d j u s t e d   i n   s u c h  

a  way  t h a t   a  c o n s t a n t   maximum  r e f l e c t a n c e   s i g n a l   i s  

o b t a i n e d ,   w h e r e a f t e r   t h e   a n g u l a r   p o s i t i o n   of   t h e   r e f l e c t i n g  

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

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

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

and  s e c o n d   s t e p   u n t i l   once   m b r e ' a   c o n s t a n t   m a x i m u m  

r e f l e c t a n c e   s i g n a l   i s   o b t a i n e d ,   t h e   f i n a l   s t e p   c o n s i s t i n g  

i n  f i x i n g   t h e   s u p p o r t   to   t h e   h o u s i n g .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m  1 ,   w h e r e i n   t h e  

r e f l e c t i n g   s u r f a c e s   a r e   c o n n e c t e d   by  a  b a r ,   a  f i r s t  

r e f l e c t i n g   s u r f a c e   b e i n g   f o r m e d   by  t h e   t o p   end  of   t h e  

b a r   and  a  s e c o n d   by  t h e   e n l a r g e d   l o w e r   end  of   t h e   b a r .  

3.  A  m e t h o d   a  a c c o r d i n g   to   c l a i m s   1  to   2,  w h e r e i n  

t h e   d i s t a n c e   b e t w e e n   t h e   r e f l e c t i n g   s u r f a c e s   i s   d e t e r m i n e d  

t h e   f o c a l   z o n e   of  t h e   t r a n s d u c e r .  



4.  A  m e t h o d   a c c o r d i n g   t o   c l a i m s   1  t o  3 ,  w h e r e i n  t h e  

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

and  t h e   s e c o n d   a t   t h e   e x i t   t h e r e o f .  

5.  A  m e t h o d   a c c o r d i n g   to   c l a i m s   1  to   4,  w h e r e i n  

t h e   d i m e n s i o n s   of  t h e   b a r   w i t h   r e f l e c t i n g   s u r f a c e s   a r e  
o f   t h e   same  o r d e r   as   t h o s e   of   t h e   t r a n s d u c e r .  

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m s   1  t o   5,  w h e r e i n   t h e  

m i r r o r   s y s t e m   i s   m o u n t e d   o n  a   C a r d a n   s y s t e m .  

7 .   A  m e t h o d   a c c o r d i n g   t o  c l a i m s   1  to   6;  w h e r e i n   t h e  

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

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

8.  A  m e t h o d   a c c o r d i n g   to  c l a i m s   1  t o   7,  w h e r e i n  t h e  

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

c r y s t a l .  

9.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   8 ,   w h e r e i n   t h e  

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

10.   A p p a r a t u s   f o r   c a r r y i n g   o u t   t h e   m e t h o d  a c c o r d i n g  

to   c l a i m s   1  t o   8,  c o m p r i s i n g  a   t r a n s d u c e r   i s   e n c l o s e d   a n d  

f i x a b l e   i n   a  h o u s i n g   t o   w h i c h   h e n s i n g   i s   c o n n e c t e d   a  

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

a t   l e a s t  t w o   c o n c e n t r i c ,   s p a c e d   a p a r t   s u r f a c e s   i n   p a r a l l e l  

r e l a t i o n s h i p ,   t h e   common  a x i s   o f   w h i c h   i s   r o t a t a b l e  

a r o u n d   a  m e c h a n i c a l   a x i s ,   m e a n s   to   t r a n s l a t e   t h e  

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

m e a n s   to   r o t a t e   t h e   m i r r o r   s y s t e m   a r o u n d   t h e   m e c h a n i c a l  

a x i s ,   a  r o t a t a b l e   s u p p o r t   e n c l o s i n g   t h e   h o u s i n g   of   t h e  



t r a n s d u c e r ,   m e a n s   t o   r o t a t e   t h e  m i r r o r  s y s t e m   a r o u n d   t h e  

f o c a l   p o i n t   as  d e t e r m i n e d ,   a  c o u p l i n g   b e t w e e n  t h e   m i r r o r  

s y s t e m   and   t h e   s u p p o r t ,  a n d   m e a n s   t o   f i x   t h e   s u p p o r t   to   t h e  

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

11.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   10,  w h e r e i n   t h e  

m i r r o r   s y s t e m   c o n s i s t s   of  a  b a r ,   t h e   t o p   end  of   w h i c h  

b e i n g   a  r e f l e c t i n g   s u r f a c e   and   t h e   e n l a r g e d   o t h e r   e n d  

f o r m i n g   a  s e c o n d   c o n c e n t r i c   a n n u l a r   r e f l e c t i n g   s u r f a c e .  

1 2 .  A p p a r a t u s   a c c o r d i n g   to   c l a i m s   1 0  t o   11,   w h e r e i n  

t h e   d i s t a n c e   b e t w e e n   t h e   r e f l e c t i n g   s u r f a c e s  i s   d e t e r m i n e d  

by  t h e   f o c a l   z o n e   of   t h e   t r a n s d u c e r .  

1 3 .   A p p a r a t u s   a c c o r d i n g   to   c l a i m s   10  to   12 ,   w h e r e i n  

t h e   f i r s t   r e f l e c t i n g   s u r f a c e   i s   a t   t h e   e n t r y   o f   t h e  

f o c a l   zone   and  t h e   s e c o n d   a t   t h e   e x i t   t h e r e o f .  

14.   A p p a r a t u s   a c c o r d i n g   to   c l a i m s   10  to   13,   w h e r e i n  

t h e   d i m e n s i o n s   of   t h e   b a r   w i t h   r e f l e c t i n g   s u r f a c e s   a r e  

of   t h e   same  o r d e r   as   t h o s e   of   t h e   t r a n s d u c e r .  

15.   A p p a r a t u s   a c c o r d i n g  t o   c l a i m s   9  t o   10,   w h e r e i n  

t h e   m i r r o r   s y s t e m   i s   m o u n t e d   on  a  C a r d a n   s y s t e m .  

16.   A p p a r a t u s   a c c o r d i n g   t o   c l a i m s   9  t o   11,   w h e r e i n  

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

s y s t e m   by  a  c o r d   or   s i m i l a r   m e a n s .  



17.  A p p a r a t u s   s u b s t a n t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d  

w i t h   r e f e r e n c e   to   F i g u r e s   1  and  2 .  

18.  A  m e t h o d   s u b s t a n t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d  

w i t h   r e f e r e n c e   to   F i g u r e s   3  and  4 .  
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