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(54)  Swing-arm  device  for  an  optical  scanning  unit. 
©  A  swinging-arm  device  (5)  for  an  optical  disk  player 
comprises  a  swinging  arm  (16),  which  near  one  end  (17) 
carries  an  optical  scanning  unit  (6)  and  which  is  electro- 
magnetically  pivoted  by  means  of  coils  (27,  28)  arranged  on 
the  swinging  arm  and  a  permanent  magnetic  stator  (29,  30, 
49-52,  54)  arranged  on  a  stationary  mounting  of  the  device. 
The  centre  of  mass  (Z)  of  the  pivotal  assembly  comprising, 
inter  alia  the  swinging  arm  and  the  optical  scanning  unit  is 
disposed  on  the  pivotal  axis  and  the  two  coils  are  disposed 
diametrically  opposite  one  another  on  opposite  sides  of  the 
pivotal  axis  and  exert  equal  pivotal  forces  which  act  in  one 
plane  which  is  perpendicular  to  the  pivotal  axis  and  which 
extends  through  the  centre  of  mass.  The  centre  of  mass  is 
disposed  midway  between  two  ball-bearings  (20,  21). FIG.2 
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carries  an  optical  scanning  unit  (6)  and  which  is  electro- 
magnetically  pivoted  by  means  of  coils  (27,  28)  arranged  on 
the  swinging  arm  and  a  permanent  magnetic  stator  (29,  30, 
49-52,  54)  arranged  on  a  stationary  mounting  of  the  device. 
The  centre  of  mass  (Z)  of  the  pivotal  assembly  comprising, 
inter  alia  the  swinging  arm  and  the  optical  scanning  unit  is 
disposed  on  the  pivotal  axis  and  the  two  coils  are  disposed 
diametrically  opposite  one  another  on  opposite  sides  of  the 
pivotal  axis  and  exert  equal  pivotal  forces  which  act  in  one 
plane  which  is  perpendicular  to  the  pivotal  axis  and  which 
extends  through  the  centre  of  mass.  The  centre  of  mass  is 
disposed  midway  between  two  ball-bearings  (20,  21). 



The  i n v e n t i o n   r e l a t e s   to  a  s w i n g i n g - a r m   d e v i c e  

for   w r i t i n g   a n d / o r   r e a d i n g   r e c o r d i n g   t r a c k s   i n   an  o p t i c a l  

i i s k   by  m e a n s   of  a  r a d i a t i o n   beam  w h i c h   i s   c o n c e n t r a t e d  

to  f o r m   a  r a d i a t i o n   s p o t ,   w h i c h   d e v i c e   c o m p r i s e s :   a  s t a t i -  

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

s y s t e m   w h i c h   i s   m o v a b l e   a l o n g   an  o p t i c a l   a x i s ;   a  s w i n g i n g  

arm  h a v i n g   a  f i r s t   end  p r o v i d e d   w i t h   means   f o r   s e c u r i n g  

the  s c a n n i n g   u n i t   to   t he   s w i n g i n g   arm  and   a  s e c o n d   e n d  

o p p o s i t e   t h e   f i r s t   end ;   a  s w i n g i n g - a r m   b e a r i n g   a r r a n g e m e n t  

w h i c h   p i v o t a l l y   s u p p o r t s   t he   s w i n g i n g - a r m   i n   t h e   m o u n t i n g  

f o r   p i v o t a l   m o v e m e n t   a b o u t   a  p i v o t a l   a x i s   s i t u a t e d   b e t w e e n  

the   two  e n d s   of  t h e   s w i n g i n g   arm;   c o i l   m e a n s   c o n n e c t e d   t o  

t h e   s w i n g i n g   arm  f o r   e x e r t i n g   e l e c t r o m a g n e t i c   p i v o t a l  

f o r c e s   on  t h e   arm  i n   a  p l a n e   p e r p e n d i c u l a r   to  t he   p i v o t a l  

a x i s ;   and   a  p e r m a n e n t m a g n e t i c   s t a t o r   c o m p r i s i n g   p e r m a n e n t  

s t a t o r - m a g n e t   m e a n s   s e c u r e d   to  t he   s t a t i o n a r y   m o u n t i n g ,  

w h i c h   means   c o - o p e r a t e   w i t h   t he   c o i l   means   v i a   an  a i r   g a p .  
D e v i c e s   f o r   m o v i n g   and   p o s i t i o n i n g   o p t i c a l   s c a n -  

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

d i s k s   a r e   known   i n   v a r i o u s   f o r m s .   The  o p t i c a l   d i s k s   may  b e  

v i d e o   d i s k s ,   r o t a t i n g   a t   a  s p e e d   of  1500  or  1800  r e v o l u -  

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

r o t a t e   a t   h i g h   s p e e d ,   or  o p t i c a l   a u d i o   d i s k s .   As  i s   s h o w n ,  

i t   has   b e e n   p r o p o s e d   to  m a n u f a c t u r e   o p t i c a l   a u d i o   d i s k s  

h a v i n g   a  d i a m e t e r   of  a p p r o x i m a t e l y   12  cm.  The  s p e e d   o f  

r o t a t i o n   v a r i e s   b e t w e e n   a p p r o x i m a t e l y   250  and   500  r e v o l u -  

t i o n s   p e r   m i n u t e .  

The  k n o w n   d e v i c e s   f o r   m o v i n g   and  p o s i t i o n i n g  

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

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

r o t a t i n g   s u r f a c e   o f   t h e   o p t i c a l   d i s k .   H o w e v e r ,   i t   ha s   a l s o  

b e e n   p r o p o s e d   to  e m p l o y   a  s w i n g i n g - a r m   d e v i c e   i n   c o n j u n c t i o n  

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



r o t a r y   m o v e m e n t .   T h i s   l i m i t e d   r o t a r y   m o v e m e n t   or  p i v o t a l  

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

to  t h e   a x i s   of  r o t a t i o n   of  t h e   o p t i c a l   d i s k .   A d v a n t a g e s   o f  

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

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

s y s t e m .   I n   g e n e r a l ,   j o u r n a l l i n g   and   d r i v i n g   r o t a r y   d e v i c e s  

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

i s   o f t e n   n e c e s s a r y   to  c o n v e r t   r o t a t i o n a l   i n t o   t r a n s l a t i o n a l  

m o v e m e n t .   The  c o m p a r a t i v e l y   l a r g e   d i m e n s i o n s   and   t h e   c o m -  

p a r a t i v e l y   h i g h   mass   of  t h e   m o v i n g   p a r t   of  t h e   r o t a r y   d e -  

v i c e   may  be  a  d i s a d v a n t a g e .   As  a  r e s u l t   of   t h i s   s u c h   d e -  

v i c e s   may  b e c o m e   more  s u s c e p t i b l e   to  s h o c k s ,   t h a t   i s ,   i f  

an  a p p a r a t u s   i n   w h i c h   a  s w i n g i n g - a r m   d e v i c e   i s   u s e d   i s   s u b -  

j e c t e d   to  a  s h o c k ,   t h i s   may  g i v e   r i s e   to  u n d e s i r e d   m o v e m e n t s  

of  t he   o p t i c a l   s c a n n i n g   u n i t .  

N e v e r t h e l e s s ,   t h e   a d v a n t a g e s   of  a  s w i n g i n g - a r m   d e -  

v i c e   may  o u t w e i g h   i t s   d i s a d v a n t a g e s ,   e s p e c i a l l y   i f   o p t i c a l  

d i s k s   of   s m a l l e r   d i a m e t e r   a r e   u s e d   w h i c h   do  n o t   r o t a t e   t o o  

f a s t ,   s u c h   as  t h e   a f o r e m e n t i o n e d   o p t i c a l   a u d i o   d i s k .   O f  

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

j u n c t i o n   w i t h   an  o p t i c a l   s c a n n i n g   u n i t   e q u i p p e d   w i t h   a  

m o v a b l e   l e n s   s y s t e m   f o r   a u t o m a t i c a l l y   f o c u s s i n g   and   m a i n -  

t a i n i n g   t he   f o c u s s i n g   of   a  r a d i a t i o n   beam  on  t h e   i n f o r m a t i o n  

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

in   an  a u t o m a t i c   c o n t r o l   c i r c u i t   f o r   a u t o m a t i c a l l y   f o l l o w i n g  

the   t r a c k   of  t h e   o p t i c a l   d i s k ,   w h i c h   c o n t r o l   c i r c u i t   c o r -  

r e c t s   t r a c k i n g   e r r o r s   by  s m a l l   p i v o t a l   m o v e m e n t s   of  t h e  

w h o l e   s w i n g i n g   a rm.   T r a c k i n g   e r r o r s   may  o c c u r   as  a  r e s u l t  

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

an  e c c e n t r i c   p o s i t i o n   of   t h e   t r a c k s   r e l a t i v e   to  t h e   c e n t r a l  

a p e r t u r e   of   t h e   d i s k ,   o s c i l l a t i o n s   of  t he   t r a c k s   when   t h e  

d i s k   i s   n o t   p e r f e c t l y   p e r p e n d i c u l a r   to  t h e   a x i s   of  r o t a t i o n  

of  t h e   d r i v e   s p i n d l e ,   a n d   o t h e r   r a n d o m   i n f l u e n c e s .   In   v i e w  

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

t r a c k i n g   s y s t e m   i s   r e q u i r e d   to  h a v e   a  d y n a m i c   b a n d w i d t h  

of  a t   l e a s t   1000  Hz.  M o r e o v e r ,   f o r   t h e   p i v o t a l   m o v e m e n t   o f  

t h e   s w i n g i n g   arm  the   r e q u i r e d   p o w e r   s h o u l d   n o t   be  too   h i g h  
i n   v i e w   of   t he   d e v e l o p m e n t   of  h e a t   and   the   d i m e n s i o n i n g   o f  



t he   s e r v o   c i r c u i t s .  

The  i n v e n t i o n   a ims   to  p r o v i d e   a  s w i n g i n g - a r m  

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

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

p i v o t a l   a x i s   a n d   r e q u i r i n g   a  c o m p a r a t i v e l y   low  p o w e r   f o r  

e f f e c t i n g   t h e   p i v o t a l   m o v e m e n t s ,   and   i s   c h a r a c t e r i z e d   b y  

the   a p p l i c a t i o n   of  a  n u m b e r   of  s t e p s   i n   c o m b i n a t i o n ,   n a m e -  

l y :   t he   c e n t r e   of   mass   of  t he   p i v o t a l   a s s e m b l y   c o m p r i s i n g  

t h e   s w i n g i n g   arm  w i t h   t he   o p t i c a l   s c a n n i n g   u n i t   i s   d i s p o s e d  

on  t he   p i v o t a l   a x i s ;   t he   c o i l   means   c o m p r i s e   f i r s t   a n d  

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

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

the   p i v o t a l   a x i s   and   w h i c h   e x e r t   e q u a l   f i r s t   and  s e c o n d  

p i v o t a l   f o r c e s   on  t he   s w i n g i n g ;   and   t h e   f i r s t   and   s e c o n d  

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

a x i s .   E a c h   of  t h e s e   s t e p s   in   i t s e l f   s e r v e s   to  p r e v e n t   u n -  

d e s i r e d   f o r c e s   and   m o m e n t s   b e i n g   e x e r t e d   on  t h e   s w i n g i n g -  

arm  d e v i c e .   In   t h e   a b s e n c e   of  u n d e s i r e d   f o r c e s   and   m o m e n t s  

t he   arm  can   be  of   a  l e s s   r i g i d   and   c o n s e q u e n t l y   l i g h t e r  

c o n s t r u c t i o n .   I t   h a s   b e e n   f o u n d   t h a t ,   i n   c o m p a r i s o n   w i t h  

t he   o t h e r   p a r t s   of   t h e   s w i n g i n g - a r m   d e v i c e ,   t h e   b e a r i n g  

a r r a n g e m e n t   e s p e c i a l l y   has   a  low  r i g i d i t y .   B e a r i n g   a r r a n g e -  

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

f r i c t i o n   can   be  o b t a i n e d   by  the   u s e   of  a x i a l l y   p r e - s t r e s s e d  

b a l l - b e a r i n g s .   The  b a l l s   a r e   c o m p r e s s e d   o v e r   a  v e r y   s m a l l  

a r e a   so  t h a t ,   a t   l e a s t   i n   t he   m i c r o n   r a n g e ,   t h e y   a r e   e l a s -  

t i c a l l y   d e f o r m a b l e   i n   a  c o m p a r a t i v e l y   e a s y   m a n n e r .   I n   v i e w  

of  t he   d e s i r e d   l a r g e   b a n d w i d t h   i t   i s   t h e r e f o r e   v e r y   i m p o r -  

t a n t   to  aim  a t   a  m i n i m a l   b e a r i n g   l o a d .   The  s m a l l e r   t h e  

mass  of  the   arm  i s ,   t he   s m a l l e r   i s   t he   b e a r i n g   l o a d ,   so  t h a t  

the   a t t a i n a b l e   b a n d w i d t h   c an   be  l a r g e r .   S i n c e   t he   c e n t r e  

of  mass  of  t h e   s w i n g i n g - a r m   d e v i c e   i s   d i s p o s e d   on  t h e   p i v o -  

t a l   a x i s   t h i s   a l s o   y i e l d s   t he   a d v a n t a g e   t h a t   t he   o r i e n -  

t a t i o n   of  t he   p i v o t a l   a x i s   r e l a t i v e   to  t he   d i r e c t i o n   o f  

the   f i e l d   of  g r a v i t y   i s   n o t   c r i t i c a l .  

S i n c e   t h e   c o i l   means   e x e r t   a  p e r f e c t   momen t   a b o u t  

t h e   p i v o t a l   a x i s   on  t he   s w i n g i n g   arm  no  u n d e s i r e d   t r a n s v e r s e  

f o r c e s   a r e   e x e r t e d   on  t h e   s w i n g i n g - a r m   b e a r i n g   a r r a n g e m e n t  



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

i m p o r t a n t   i n   v i e w   of  t h e   a t t a i n a b l e   d y n a m i c   b a n d w i d t h   o f  

t h e   s t i n g i n g - a r m   d e v i c e .   H o w e v e r ,   t r a n s v e r s e   f o r c e s   a r e  

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

r i s e   to  u n d e s i r e d   d e f o r m a t i o n s   i n   t he   s w i n g i n g - a r m   d e v i c e  

and   c o n s e q u e n t   d i s p l a c e m e n t s   of   t h e   r e a d   s p o t .   M o r e o v e r ,  

t r a n s v e r s e   f o r c e s   i n   t h e  s w i n g i n g - a r m   b e a r i n g   a r r a n g e m e n t  

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

e f f e c t   on  t h e   b a n d w i d t h .   S i n c e   t h e   p i v o t a l   f o r c e s   e x e r t e d  

by  t h e   c o i l   means   a c t   i n   one  p l a n e   p e r p e n d i c u l a r   to  t h e  

p i v o t a l   a x i s ,   no  m o m e n t s   a r e   e x e r t e d   on  t h e   s w i n g i n g   a r m  

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

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

t he   s w i n g i n g - a r m   b e a r i n g   a r r a n g e m e n t .  

A l s o ,   i n   one  e m b o d i m e n t   t he   c e n t r e   of  mass   o f  

t h e   s w i n g i n g - a r m   d e v i c e   i s   a r r a n g e d   i n   t h e   s a i d   one  p l a n e  

in   w h i c h   the   two  p i v o t a l   f o r c e s   a c t .   The  a d v a n t a g e   of  t h i s  

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

a x i s   o w i n g   to  t he   m o m e n t s   e x e r t e d   a r e   m i n i m i z e d .  

A  f u r t h e r   e m b o d i m e n t   i s   c h a r a c t e r i z e d   i n   t h a t  

t h e   s w i n g i n g - a r m   b e a r i n g   a r r a n g e m e n t   c o m p r i s e s   two  b e a r i n g s  

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

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

s a i d   p i v o t a l   a s s e m b l y .   T h i s   e n s u r e s   t h a t   b o t h   b e a r i n g s   a r e  

s u b j e c t   to  s u b s t a n t i a l l y   e q u a l   t r a n s v e r s e - f o r c e   l o a d s ,   s o  

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

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

b o d i m e n t   w h i c h   i s   c h a r a c t e r i z e d   i n   t h a t :   t h e   two  b e a r i n g s  

c o m p r i s e   b a l l - b e a r i n g s ;   t he   s w i n g i n g - a r m   b e a r i n g   a r r a n g e -  
ment   c o m p r i s e s   a  r e s i l i e n t   s u p p o r t   f o r   one  of  t h e   t w o  

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

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

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

p a r a l l e l   to  t h e   p i v o t a l   a x i s   and   to  m o m e n t s   a b o u t   a x e s  

p e r p e n d i c u l a r   to  t h e   p i v o t a l   a x i s ;   and   t h e   r e s i l i e n t   s u p -  

p o r t   i s   s e c u r e d   to  t h e   f r a m e   i n   an  a x i a l   p r e - s t r e s s e d   c o n -  

d i t i o n ,   so  t h a t   t h e   two  b a l l - b e a r i n g s   a r e   u r g e d   a x i a l l y   t o -  



w a r d s   one  a n o t h e r .  

Owing   to  t h e   r e s u l t i n g   a b s e n c e   of   p l a y   i n   t h e  

b e a r i n g s   t he   b e a r i n g s   c a n n o t   a d v e r s e l y   a f f e c t   t h e   a t t a i n -  

a b l e   b a n d w i d t h .   Owing   to  t h e   f l e x i b i l i t y   of  t he   r e s i l i e n t  

b e a r i n g   s u p p o r t   a b o u t   t he   s a i d   moment   a x e s   a l i g n m e n t   e r r o r s  

b e t w e e n   t he   two  b a l l - b e a r i n g s   c an   be  c o m p e n s a t e d   f o r   e l a s -  

t i c a l l y   and   w i t h o u t   p l a y .  

A  s w i n g i n g   arm  i n   a c c o r d a n c e   w i t h   t he   i n v e n t i o n  

may  be  d r i v e n   i n   a  m a n n e r   s i m i l a r   to  t h a t   known  f r o m  

s w i n g i n g - a r m   d e v i c e s   f o r   m o v i n g   and   p o s i t i o n i n g   a  m a g n e t i c  

h e a d   o v e r   t h e   s u r f a c e   of  a  m a g n e t i c   s t o r a g e   d i s k .   S u c h  

known  s w i n g i n g - a r m   d e v i c e s   s o m e t i m e s   e m p l o y   a  f l a t   c o i l  

w h i c h   i s   d i s p o s e d   i n   t he   p l a n e   of  t h e   s w i n g i n g   arm  a n d  

w h i c h   moves   i n   an  a x i a l   p e r m a n e n t - m a g n e t i c   f i e l d   b e t w e e n  

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

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

The  m a g n e t i c   h e a d   i s   s u s p e n d e d   i n   a  s y s t e m   of  weak   s p r i n g s  

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

h a v e   s u b s t a n t i a l l y   no  i n f l u e n c e   on  t h e   p o s i t i o n   of  t h e  

m a g n e t i c   h e a d   a b o v e   t h e   s u r f a c e   o f   t h e   m a g n e t i c   d i s k .   I n  

s w i n g i n g - a r m   d e v i c e s   w h i c h   c o - o p e r a t e   w i t h   an  o p t i c a l   d i s k  

f l e x u r a l   d e f o r m a t i o n s   i n   t he   s w i n g i n g - a r m   d e v i c e   g i v e   r i s e  

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

f l e x u r a l   d e f o r m a t i o n s   c o n s e q u e n t l y   a f f e c t s   the   b a n d w i d t h  

of  t he   a u t o m a t i c   f o c u s s i n g   c o n t r o l   s y s t e m .   An  e m b o d i m e n t  

of  t he   i n v e n t i o n   w h i c h   p r o v i d e s   a  s w i n g i n g   arm  h a v i n g  

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

t a g e s   of  t he   p r e v i o u s   e m b o d i m e n t s ,   i s   c h a r a c t e r i z e d   i n   t h a t :  

t he   s w i n g   arm  has   a t   l e a s t   s u b s t a n t i a l l y   t h e   s h a p e   of  a  

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

r e c t a n g l e   b e i n g   p a r a l l e l   to  t he   p i v o t a l   a x i s ,   so  t h a t   t h e  

b a r   c o m p r i s e s   two  s i d e   s u r f a c e s ,   an  u p p e r   s u r f a c e   to  b e  

d i r e c t e d   t o w a r d s   t he   o p t i c a l   d i s k   and   a  l o w e r   s u r f a c e  

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

h a v i n g   a  h e i g h t   g r e a t e r   t h a n   the   w i d t h   of  t he   u p p e r   a n d  

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

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

p i v o t a l   a x i s   and   w h i c h   e x t e n d   t h r o u g h   t h e   s i d e   s u r f a c e s ;  



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

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

h a v i n g   t h e   s h a p e   of   an  a r c   of  a  c i r c l e ,   w h i c h  m a g n e t s   e x t e n d  

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

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

a p e r t u r e s   i n   t h e   s w i n g i n g   arm  a  h i g h l y   c o m p a c t   b u t   n e v e r -  

t h e l e s s   e a s y - t o - a s s e m b l e   d e v i c e   can   be  o b t a i n e d .  

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

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

of  t he   s w i n g i n g - a r m   d e v i c e   i s   s u f f i c i e n t l y   s m a l l .   H o w e v e r ,  

r e d u c i n g   t h e   d i m e n s i o n s   of  t h e   s w i n g i n g   arm  i s   o n l y   p o s -  
s i b l e   to  a  l i m i t e d   e x t e n t ,   t h e   l i m i t s   i m p o s e d   d e p e n d i n g   o n  

t h e   t y p e   of   means   u s e d   f o r   k e e p i n g   t he   r e a d   s p o t   p o s i t i o n e d  

on  t h e   i n f o r m a t i o n   t r a c k   to  be  r e a d .   As  i s   k n o w n ,   o p t i c a l  
d i s k   p l a y e r s   c o m p r i s e   a t   l e a s t   two  a u t o m a t i c   c o n t r o l   s y s t e m s ,  

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

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

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

t r a c k i n g   c o n t r o l   s y s t e m   s e r v e s   f o r   a u t o m a t i c a l l y   e l i m i n a t -  

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

p l a n e   of  t h e   i n f o r m a t i o n   s u r f a c e   and   t r a n s v e r s e   to  t h e  

d i r e c t i o n   of  t h e   i n f o r m a t i o n   t r a c k .  

F o r   t r a c k i n g   p u r p o s e s   t he   o p t i c a l   r e a d   u n i t   i s  

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

m e a s u r e s   d e v i a t i o n s   of  t h e   r e a d   s p o t   i n   d i r e c t i o n s   t r a n s -  

v e r s e   to   t h e   i n f o r m a t i o n   t r a c k .   S i n c e   t h e   i n f o r m a t i o n   t r a c k s  

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

t h e   o p t i c a l   d i s k ,   s a i d   d e v i a t i o n s   may  be  r e f e r r e d   to  a s  

" r a d i a l - p o s i t i o n   e r r o r s "   of  t h e   l i g h t   s p o t .   I n   a  s w i n g i n g -  

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

o v e r   t h e   i n f o r m a t i o n   s u r f a c e   of  t h e   o p t i c a l   d i s k .   C o n s e -  

q u e n t l y ,   t h e   r e a d   s p o t   d o e s   n o t   move  o v e r   t h e   i n f o r m a t i o n  

s u r f a c e   i n   a  p u r e l y   r a d i a l   d i r e c t i o n .   The  d e g r e e   of   c u r -  
v a t u r e   of   t h e   s c a n n i n g   p a t h   of   t h e   r e a d   s p o t   i n c r e a s e s   a s  
t h e   d i s t a n c e   b e t w e e n   t h e   o p t i c a l   r e a d   u n i t   and   t h e   p i v o t a l  
a x i s   of  t h e   s w i n g i n g - a r m   d e v i c e   d e c r e a s e s .   The  d e v i a t i o n s  



b e t w e e n   t he   m o v e m e n t s   of  t he   r e a d   s p o t   r e l a t i v e   to  t h e  

t r a c k   and   the   d e s i r e d   r a d i a l   d i r e c t i o n   of  m o v e m e n t   w i l l  

i n c r e a s e   as  t h e   d e g r e e   of  c u r v a t u r e   i n c r e a s e s .   The  m e a s u r -  

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

a  l i m i t e d   s e n s i t i v i t y ,   so  t h a t   t h e   s e n s i t i v i t y   of  s a i d  

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

p e r m i s s i b l e   e r r o r .   In   s w i n g i n g - a r m   d e v i c e s   f o r   s c a n n i n g  

o p t i c a l   d i s k s   t h i s   l e a d s   to  a  p r o b l e m   w h i c h   g r e a t l y   r e s e m -  

b l e s   t he   p r o b l e m s   e n c o u n t e r e d   w i t h   p i c k - u p   a rms  of   r e c o r d  

p l a y e r s .   In   r e c o r d   p l a y e r s   t h i s   i s   r e f e r r e d   to   as  a  

" t r a c k i n g - a n g l e   e r r o r " ,   w h i c h   i s   t h e   a n g l e   f o r m e d   by  t h e  

r a d i u s   and   the   t a n g e n t   to  t he   a r c u a t e   s c a n n i n g   p a t h   f o l -  

l o w e d   by  the   s t y l u s   of  t he   p i c k - u p   h e a d   a t   t he   p o i n t   o f  

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

a m o u n t   of  l i t e r a t u r e   i s   a v a i l a b l e   on  t he   s u b j e c t   of   d e t e r -  

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

the   p i c k - u p   h e a d   o v e r   t h e   g r a m o p h o n e   r e c o r d .   R e f e r e n c e   m a y  

be  m a d e ,   f o r   e x a m p l e   to  t h e   a r t i c l e   " T r a c k i n g   A n g l e "   b y  

B . B . B a u e r   i n   t he   m a g a z i n e   E l e c t r o n i c s ,   M a r c h   1 9 4 5 ,   p a g e s  

110  to  1 1 5 .  

I n   t h e   c a s e   of  s w i n g i n g - a r m   d e v i c e s   f o r   o p t i c a l  
d i s k   p l a y e r s   i t   i s   a l s o   p o s s i b l e   to  s p e a k   of  a  t r a c k i n g -  

a n g l e   e r r o r .   T h i s   e r r o r   may  be  d e f i n e d   as  t h e   a n g l e ,   a t   t h e  

p o i n t   w h e r e   t he   l i g h t   s p o t   i l l u m i n a t e s   t he   i n f o r m a t i o n  

s u r f a c e ,   b e t w e e n   the   r a d i u s   and   a  t a n g e n t   to  t h e   a r c u a t e  

s c a n n i n g   p a t h .   L a r g e r   t r a c k i n g - a n g l e   e r r o r s   a r e   p e r m i s s i b l e  

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

t r a c k   i n c r e a s e s .   An  e x a m p l e   of  t h i s   i s   an  o p t o - e l e c t r o n i c  

m e a s u r i n g   d e v i c e   u s i n g   a  beam  s p l i t t e r   w h i c h   s p l i t s   a  l i g h t  

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

i n t o   two  s u b - b e a m s   w h i c h   e a c h   c o - o p e r a t e   w i t h   two  p h o t o -  

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

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

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

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

d i r e c t i o n   r e l a t i v e   to  t he   i n f o r m a t i o n   t r a c k ,   a  m a x i m u m  

t r a c k i n g   a n g l e   e r r o r   of  200  b e i n g   r e g a r d e d   as  p e r m i s s i b l e .  



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

p a t h   c a n   be  s e l e c t e d   by  means   of  t h e   s a i d   known   t h e o r y ,  

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

b e t w e e n   t h e   r e a d   s p o t   and   t h e   p i v o t a l   a x i s   of  t h e   s w i n g i n g  

arm  i s   o b t a i n e d   and   f o r   w h i c h   t he   t r a c k i n g   a n g l e   e r r o r s  

n e v e r   e x c e e d   t h e   maximum  p e r m i s s i b l e   v a l u e .  

I n   p r a c t i c e   t h i s   may  mean   t h a t   t h e   s c a n n i n g   p a t h  

e x t e n d s   f r o m   a  p o i n t   on  t h e   o u t e r   d i a m e t e r   of   t h e   i n f o r -  

m a t i o n   s u r f a c e   to  a  p o i n t   on  t h e   i n n e r   d i a m e t e r   of  t h e  

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

r e l a t i v e   to  e a c h   o t h e r ,   t h a t   i s   t h e   r e l e v a n t   p o i n t s   a r e  

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

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

A  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   n o w  
be  d e s c r i b e d   i n   more   d e t a i l ,   by  way  of   e x a m p l e ,   w i t h   r e -  

f e r e n c e   to   t h e   d r a w i n g ,   i n   w h i c h :  

F i g u r e   1  i s   a  p l a n   v i e w   of  an  o p t i c a l   a u d i o   d i s k  

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

F i g u r e   2  i s   a  s e c t i o n a l   v i e w ,   t a k e n   on  t h e   l i n e  

I I - I I   i n   F i g u r e   1  a n d   d r a w n   to  a  l a r g e r   s c a l e ,   of  a  p a r t  
of  t h e   o p t i c a l   d i s k   p l a y e r   of  F i g u r e   1,  t h e   s w i n g i n g - a r m  

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

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

as  s h o w n   i n   F i g u r e   2 ,  

F i g u r e   4  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   s w i n g i n g -  

arm  d e v i c e ,   t a k e n   on  t h e   l i n e   I V - I V   i n   F i g u r e   3 ,  

F i g u r e   5  i s   a  s i d e   v i e w   of  t h e   a c t u a l   s w i n g i n g -  

arm  of   t h e   d e v i c e ,  

F i g u r e   6  i s   an  u n d e r n e a t h   v i e w   of   t h e   s w i n g i n g  

arm  of  F i g u r e   5 ,  

F i g u r e   7  i s   an  u n d e r n e a t h   v i e w   of   a  m a i n   p o r t i o n  
of   t h e   m o u n t i n g   of  t h e   s w i n g i n g - a r m   d e v i c e ,  

F i g u r e   8  i s   a  s e c t i o n a l   v i e w   t a k e n   on  t he   l i n e  

V I I I - V I I I   i n   F i g u r e   7 ,  

F i g u r e   9  i s   a  s e c t i o n a l   v i e w   t a k e n   on  t h e   l i n e  

I X - I X   i n   F i g u r e   7 ,  

F i g u r e s   10,  11  and   12  a r e   a  t r a n s v e r s e   s e c t i o n a l  

v i e w ,   a  p l a n   v i e w   and   a  s i d e   e l e v a t i o n   r e s p e c t i v e l y   of  a  



c o i l   f o r   t h e   s w i n g i n g - a r m   d r i v e ,  

F i g u r e s   13  and   14  a r e   a  p l a n   v i e w   and   a  s i d e  

e l e v a t i o n   of  an  a r c u a t e   p e r m a n e n t   m a g n e t   a r r a n g e d   on  a  
s e m i - c i r c u l a r   i r o n   y o k e   p o r t i o n   of  a  p e r m a n e n t   m a g n e t i c  

s t a t o r   of  t h e   s w i n g i n g   arm  d e v i c e ,   a n d  

F i g u r e s   15  and   16  show  a  r e s i l i e n t   b e a r i n g   s u p p o r t  
i n   p l a n   and  s e c t i o n a l   v i e w s   r e s p e c t i v e l y .  

The  o p t i c a l   a u d i o - d i s k   p l a y e r   s h o w n   i n   F i g u r e   1 

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

o p t i c a l   a u d i o   d i s k   3  h a v i n g   a  d i a m e t e r   of  a p p r o x i m a t e l y  

120  mm  r o t a t e s   on  a  s p i n d l e   4  i n   a  p l a n e   of  r o t a t i o n   w h i c h  

is  p a r a l l e l   to  t he   d e c k   2.  The  d i s k   i s   r e a d   i n   t h e   r e f l e c -  

t i o n   mode  by  an  o p t i c a l   s c a n n i n g   u n i t   6  w i t h   t h e   a i d   of  a  

s w i n g i n g - a r m   d e v i c d   5.  The  a x i s   of  r o t a t i o n   7  of  t he   s p i n d l e  
4,  t h e   p i v o t a l   a x i s   8  of  t he   s w i n g i n g - a r m   d e v i c e   5  and   t h e  

o p t i c a l   a x i s   9  of  a  m o v a b l e   l e n s   s y s t e m   10  of  t he   o p t i c a l  

s c a n n i n g   u n i t  6   a r e   p a r a l l e l   to  e a c h   o t h e r   and   e x t e n d   s u b -  

s t a n t i a l l y   p e r p e n d i c u l a r l y   to  t he   d e c k   2.  The  s p i n d l e   4 

i s   d r i v e n   by  an  e l e c t r i c   m o t o r   11.  The  l e n s   s y s t e m   10  

p r o j e c t s   s l i g h t l y   f r o m   t he   d e c k   2  t h r o u g h   a  s l o t   12.  T h e  

s c a n n i n g   u n i t  6   c o m p r i s e s   a  s e m i c o n d u c t o r   l a s e r   as  a  l i g h t  

s o u r c e   and   a l l   t h e   o p t i c a l   and   o p t o - e l e c t r o n i c   means   r e -  

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

on  t he   d i s k   3.  As  t he   n a t u r e   and   c o n s t r u c t i o n   of  t he   s c a n -  

n i n g   u n i t   a r e   i r r e l e v a n t   to  t he   p r e s e n t   i n v e n t i o n ,   t h e  

s c a n n i n g   u n i t   w i l l   n o t   be  d e s c r i b e d   i n   more   d e t a i l .   T h e  
l e n s   s y s t e m   10  c o n c e n t r a t e s   a  l a s e r   beam  13  to  f o r m   a  r e a d  

s p o t   14  on  the   i n f o r m a t i o n   s u r f a c e   d i s p o s e d   on  t he   u p p e r  
s i d e   of  t h e   o p t i c a l   d i s k   3,  w h i c h   i s   t r a n s p a r e n t   e x c e p t   f o r  

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

The  s w i n g i n g - a r m   d e v i c e   c o m p r i s e s   a  s t a t i o n a r y  

m o u n t i n g   w i t h   a  d i s c - s h a p e d   m a i n   p o r t i o n   15.  A  s w i n g i n g   a r m  
16  has   a  f i r s t   end   17  w i t h   c l a m p i n g   means   f o r   t he   o p t i c a l  

s c a n n i n g   u n i t   6  and  a  s e c o n d   end  18  c a r r y i n g   a  c o u n t e r w e i g h t  

19.  A  s w i n g i n g - a r m   b e a r i n g   a r r a n g e m e n t   f o r   t he   p i v o t a l  
m o v e m e n t   of  t he   s w i n g i n g   arm  16  a b o u t   t h e   p i v o t a l   a x i s   8 

c o m p r i s e s   two  b a l l - b e a r i n g s   20  and  21  a r r a n g e d   a b o v e   a n d  
b e l o w   the   s w i n g i n g   a rm.   The  b a l l - b e a r i n g   20  i s   m o u n t e d   i n  



t h e   m a i n  m o u n t i n g   p o r t i o n   15  and   t h e   b a l l - b e a r i n g   g1  i s  

m o u n t e d   i n   a  r e s i l i e n t   s u p p o r t   22.  F u r t h e r ,   t h e   b e a r i n g  

a r r a n g e m e n t   c o m p r i s e s   a  b e a r i n g   b o l t   23  h a v i n g   a  h e a d   2 4  

and   a  t h r e a d e d   p o r t i o n   25  o n t o   w h i c h   a  n u t   26  i s   f i t t e d .  

The  i n n e r   r a c e s   of  t h e   b a l l - b e a r i n g s   20  and   21  and   t h e  

s w i n g i n g   a rm  16  a r e   r e t a i n e d   b e t w e e n   t h e   n u t   26  a n d   t h e  

h e a d   2 4 .  

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

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

p r o v i d e d   two  c o i l s   27  and   28  and   p e r m a n e n t   m a g n e t s   29  a n d  

30.  T h e s e   m a g n e t s   c o - o p e r a t e   w i t h   t he   two  c o i l s   v i a   a n  

a i r   g a p .   The  c o i l s   a r e   so  wound   and   t h e   m a g n e t s   a r e   s o  

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

f o r c e   on  t h e   s w i n g i n g   arm  i n   a  p l a n e   p e r p e n d i c u l a r   to  t h e  

p i v o t a l   a x i s   8  ( s e e   F i g s .   1 0 - 1 4 ) .   The  c e n t r e   of  mass   Z  o f  

t h e   p i v o t a l   a s s e m b l y   c o m p r i s i n g   m a i n l y   t h e   s w i n g i n g   a r m  
16  w i t h   t h e   o p t i c a l   s c a n n i n g   u n i t   6,  t h e   c o u n t e r w e i g h t   19 

and   t h e   two  c o i l s   27  and   28,   i s  d i s p o s e d   on  t h e   p i v o t a l  

a x i s   8.  F o r   p i v o t a l   m o v e m e n t s   a b o u t   t h e   p i v o t a l   a x i s   8 

t he   mass   m o m e n t   of   i n e r t i a   of  t h a t   p a r t   of   t h e   p i v o t a l  

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

17  of   t h e   s w i n g i n g   arm  i s   e q u a l   to  t h e   mass   moment   o f  

i n e r t i a   o f   t h e   p a r t   w h i c h   e x t e n d s   i n   t h e   d i r e c t i o n   o f  

t he   s e c o n d   e n d   18.  The  c o i l s   27  and   28  a r e   d i s p o s e d   d i a -  

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

at   e q u a l   d i s t a n c e s   f r o m   t h e   p i v o t a l   a x i s   8.  T h e y   e x e r t  

e q u a l   v a r i a b l e   p i v o t a l   f o r c e s   K1  on  t h e   s w i n g i n g   arm  ( s e e  

F i g u r e   3 ) .   T h e s e   p i v o t a l   f o r c e s   a c t   i n   a  p l a n e   p a s s i n g  

t h r o u g h   t h e   c e n t r e   of   mass   Z  and   p e r p e n d i c u l a r   to  t h e   p i v o -  

t a l   a x i s   8.  T h i s   p l a n e   i n t e r s e c t s   t he   p l a n e   of   t h e   d r a w i n g  

a l o n g   a  l i n e   31  i n   F i g u r e   2  and   a l o n g   a  l i n e   32  i n   F i g u r e  

4.  In   t h e   e m b o d i m e n t   s h o w n   t h e   two  f o r c e s   K   a r e   e q u a l   t o  

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

a x i s   8,  so  t h a t   s u b s t a n t i a l l y   no  t r a n s v e r s e   f o r c e   c o m p o -  
n e n t s   a r e   e x e r t e d   on  t h e   b e a r i n g s .   The  two  f o r c e s   a r e  

a p p l i e d   a t   e q u a l   d i s t a n c e s   f r o m   t h e   p i v o t a l   a x i s   8,  so  t h a t  

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

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



c l o s e   to  t he   p a r t s   of   t he   s w i n g i n g - a r m   d e v i c e   h a v i n g   t h e  

l a r g e s t   m a s s ,   t h a t   i s ,   t h e   s c a n n i n g   u n i t   6  and   t h e   c o u n t e r -  

w e i g h t   19.  T h i s   has   t he   a d v a n t a g e   of  a  low  d y n a m i c   f l e x u r a l  

d e f o r m a t i o n   of  t he   s w i n g i n g   arm  16.  In   t he   i d e a l   c a s e   t h e  

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

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

the   s c a n n i n g   u n i t   6  and  of  t h e   c o u n t e r w e i g h t   19.  H o w e v e r ,  

t h i s   is   d i f f i c u l t   to  a c h i e v e   i n   p r a c t i c e .  

The  two  b a l l - b e a r i n g s   20  and  21  a r e   d i s p o s e d   a t  

e q u a l   a x i a l   d i s t a n c e s   f r o m   t he   c e n t r e   of  mass   Z.  The  o p -  
t i c a l   a x i s   9  of  t h e   m o v a b l e   l e n s   s y s t e m   10  i s   d i s p o s e d   i n  

a  p l a n e   of  s y m m e t r y   of  t he   s w i n g i n g   arm  16  w h i c h   c o n t a i n s  

the   p i v o t a l   a x i s   8.  T h i s   p l a n e   of  s y m m e t r y   i n t e r s e c t s   t h e  

p l a n e   of  t h e   d r a w i n g   a l o n g   a  l i n e   33  i n   F i g u r e   3.  A  v a r i -  

a b l e   f o c u s s i n g   f o r c e   K2  ( s e e   F i g u r e   2)  w h i c h   i s   e x e r t e d  

on  the   l e n s   s y s t e m   10  f o r   f o c u s s i n g   p u r p o s e s   by  means   t o  

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

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

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

s w i n g i n g   arm  16,  t h e   s w i n g i n g   arm  b e i n g   s u b j e c t e d  o n l y   t o  

a  b e n d i n g   l o a d   by  t he   f o r c e   K2.  The  v a r i a b l e   r e a c t i o n  

f o r c e s   o c c u r r i n g   i n   t he   b a l l - b e a r i n g s   20  and   21  a r e   e q u a l  

to  e a c h   o t h e r   b e c a u s e ,   as  a l r e a d y   s t a t e d ,   t he   c e n t r e   o f  

mass   Z  of  t he   p i v o t a l   a s s e m b l y   i s   d i s p o s e d   m i d w a y   b e t w e e n  

the   two  b a l l - b e a r i n g s .  

The  b a l l - b e a r i n g   21  i s   m o u n t e d   i n   t he   r e s i l i e n t  

s u p p o r t   22.   T h i s   s u p p o r t   c o m p r i s e s   an  e x t r u d e d   h o l l o w  

c y l i n d r i c a l   p o r t i o n   34  f o r   r e c e i v i n g   t he   o u t e r   r a c e   o f  

the   b a l l - b e a r i n g   21,   w h i c h   c y l i n d r i c a l   p o r t i o n   i s   c o n n e c t e d  

to  f o u r   r a d i a l l y   e x t e n d i n g   s t r i p - s h a p e d   m e m b e r s   35.  T h i s  

e n s u r e s   t h a t   t he   r e s i l i e n t   s u p p o r t   p r e s e n t s   a  h i g h e r   r e s i s -  

t a n c e   to  f o r c e s   p e r p e n d i c u l a r   to  t he   p i v o t a l   a x i s   8  a n d  

m o m e n t s   a b o u t   t he   p i v o t a l   a x i s   8  t h a t   to  f o r c e s   d i r e c t e d  

a l o n g   or  p a r a l l e l   to  t he   p i v o t a l   a x i s   8  and  m o m e n t s   a c t i n g  

a b o u t   a x e s   p e r p e n d i c u l a r   to  t h e   p i v o t a l   a x i s .   By  means   o f  

two  s c r e w s   36  t he   b e a r i n g   s u p p o r t   i s   s e c u r e d   i n   an  a x i a l l y  

p r e - s t r e s s e d   c o n d i t i o n   to  two  p o r t i o n s   37  of  t h e   s w i n g i n g -  

arm  m o u n t i n g   w h i c h   e x t e n d   d o w n w a r d l y   f r o m   the   m a i n   p o r t i o n  



15.  When  t h e   b e a r i n g   a r r a n g e m e n t   i s   m o u n t e d   t he   b r a c k e t  

22  i s   s h i f t e d   u n t i l   t h e   o p t i c a l   a x i s   of  t h e   l e n s   s y s t e m   i s  

e x a c t l y   p e r p e n d i c u l a r   to  t h e   m o u n t i n g   f a c e   38  on  t h e   u p p e r  

s i d e   of  t he   s w i n g i n g - a r m   m o u n t i n g ( s e e   F i g u r e s   4,  8  and   9 ) .  

P o s s i b l e   a l i g n m e n t   e r r o r s   of  t h e   two  b e a r i n g s   20  and  21: :  

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

a c t i o n   of  t h e   s u p p o r t   22  and   t h e   a x i a l   p r e - s t r e s s   i n   t h e  

s u p p o r t ,   w h i c h   p r e - s t r e s s   u r g e s   the   b e a r i n g s   20  and   21 

a x i a l l y   t o w a r d s   one  a n o t h e r ,   e l i m i n a t e s   a n y   b e a r i n g   p l a y .  

As  c an   be  s e e n   i n   F i g u r e s   5  and   6,  t he   s w i n g i n g  

arm  16  has   s u b s t a n t i a l l y   t h e   f o r m   of  a  b a r   of  r e c t a n g u l a r  

c r o s s - s e c t i o n ,   t h e   two  l o n g   s i d e s   of  t h e   r e c t a n g l e   b e i n g  

p a r a l l e l   to  t h e   p i v o t a l   a x i s   8,  so  t h a t   t h e   b a r   c o m p r i s e s  

two  s i d e   s u r f a c e s   39  and   40,   an  u p p e r   s u r f a c e   41  to   b e  

d i r e c t e d   t o w a r d s   t h e   o p t i c a l   d i s k   3,  and   a  l o w e r   s u r f a c e  

42  o p p o s i t e   t he   l a s t - m e n t i o n e d   s u r f a c e .   The  s i d e   s u r f a c e s  

39  and   40  h a v e   a  h e i g h t   w h i c h   i s   g r e a t e r   t h a n   the   w i d t h  

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

w i t h   two  a p e r t u r e s   43  a n d   44  w h i c h   a r e   d i s p o s e d   on  o p p o -  
s i t e   s i d e s   of  and   a t   e q u a l   d i s t a n c e s   f r o m   t h e   p i v o t a l   a x i s  

8  a n d  w h i c h   e x t e n d   t h r o u g h   t he   s i d e   s u r f a c e s   39  and  4 0 .  

The  c o i l s   27  and  28  a r e   a c c o m m o d a t e d   i n   t h e s e   two  a p e r t u r e s .  

F i g u r e s   10 to   12  show  o n l y   one  of  t h e   c o i l s ,   n a m e l y   t h e  

c o i l   27,  t h e   c o i l   28  b e i n g   i d e n t i c a l   to  t h e   c o i l   27.  E a c h  

c o i l   c o m p r i s e s   a  c o i l   f o r m e r   w i t h   end   f l a n g e s   46  a n d   47.   T h e  

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

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

s w i n g i n g   a rm,   t h e   arm  b e i n g   l o c a l l y   r e c e s s e d   on  b o t h   s i d e s  

to  r e c e i v e   t h e   f l a n g e s   46  and   4 7 .  

The  p e r m a n e n t   m a g n e t s   29  and   30  e a c h   h a v e   t h e  

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

43  and   44  r e s p e c t i v e l y .   F i g u r e s   13  and   14  show  t h e   p e r -  
m a n e n t   s t a t o r   m a g n e t   29.  T h i s   m a g n e t   i s   g l u e d   o n t o   a  s e m i -  

c i r c u l a r   i r o n   y o k e   m e m b e r   49.   The  p e r m a n e n t   m a g n e t   3 0 ,  

w h i c h   i s   i d e n t i c a l   to  t h e   m a g n e t   29,   i s   g l u e d   o n t o   a  s i m i l a r  

y o k e   member   50.   I d e n t i c a l   s e m i c i r c u l a r   y o k e   m e m b e r s   51  a n d  

52  e x t e n d   t h r o u g h   t h e   c o i l s   27  and  28.  In   t h e   p r e s e n t   e m -  

b o d i m e n t   t h e   s t a t o r   m a g n e t s   a r e   a x i a l l y   m a g n e t i z e d .   T h e  



y o k e s   49  to  52  a r e   s e c u r e d   to  t h e   s w i n g i n g - a r m   m o u n t i n g  

by  means   of  b o l t s   53,  w i t h   i r o n   s p a c i n g   e l e m e n t s   54  i n t e r -  

p o s e d   b e t w e e n   t he   y o k e s   of  e a c h   p a i r   of  a s s o c i a t e d   y o k e s .  

The  f i e l d   of  t he   p e r m a n e n t   m a g n e t   29  e x t e n d s   a x i a l l y   t o -  

w a r d s   t h e   i r o n   y o k e   member   51,   v i a   t he   a i r   gap  i n   w h i c h   t h e  

t u r n s   of  t he   c o i l   28  a r e   d i s p o s e d .   The  f i e l d   i s   c l o s e d  

v i a   t he   i r o n   s p a c i n g   e l e m e n t   54  and   t h e   i r o n   y o k e   m e m b e r  

4 9 .  T h e   f i e l d   of  t he   p e r m a n e n t   m a g n e t   30  e x t e n d s   i n   a  

s i m i l a r   w a y .  

N e a r   i t s   end   17  t he   s w i n g i n g   arm  16  c o m p r i s e s  

a  c l a m p i n g   d e v i c e   f o r   m o u n t i n g   t h e   s c a n n i n g   u n i t   6.  T h i s  

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

s w i n g i n g   arm  has   a  c y l i n d r i c a l   b o r e   55  i n   w h i c h   t h e   s c a n -  

n i n g   u n i t   can   be  m o u n t e d .   The  b o r e   55  i s   f o r m e d   i n   a  c l a m -  

p i n g   r i n g   56  w h i c h   c a n   be  t i g h t e n e d   a r o u n d   t h e   s c a n n i n g  

u n i t   by  means   of  a  s c r e w   5 7 .  

The  l e n s   s y s t e m   10  i s   m o v a b l e   a l o n g   t h e   o p t i c a l  

a x i s   9  and   i s   s u s p e n d e d   i n   two  l e a f   s p r i n g s   58,   of  w h i c h  

t he   l o w e r   one  i s   v i s i b l e   i n   F i g u r e   3.  T h e s e   l e a f   s p r i n g s  

a r e   s e c u r e d   to  t h e   b o d y   of  of  t h e   s c a n n i n g   u n i t   by  s c r e w s  

59  and   a l w a y s   r e m a i n   p a r a l l e l   to  e a c h   o t h e r ,   so  t h a t   t h e  

o p t i c a l   a x i s   9  i s   n o t   s u b j e c t   to  p i v o t a l   m o v e m e n t s   d u r i n g  

the   f o c u s s i n g   m o v e m e n t s   of  t he   l e n s   s y s t e m .   The  l e a f   s p r i n g s  
e x t e n d   s u b s t a n t i a l l y   t a n g e n t i a l l y   r e l a t i v e   to  t h e   p i v o t a l  

a x i s   8  of  t h e   s w i n g   a rm.   P i v o t a l   m o v e m e n t s   of  t h e   s w i n g i n g  

arm  c o n s e a u e n t l y   s u b j e c t   t he   l e a f   s p r i n g s   to  t e n s i l e   a n d  

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

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

the   p i v o t a l   m o v e m e n t s   h a r d l y   i n f l u e n c e   a  c o r r e c t   o p e r a -  
t i o n .   Fo r   d r i v i n g   t he   l e n s   s y s t e m   t h e r e   i s   p r o v i d e d   a n  

a n n u l a r   f o c u s s i n g   c o i l   60,  w h i c h   c o - o p e r a t e s   w i t h   a  p e r -  
m a n e n t   m a g n e t   s y s t e m   61  w h i c h   i s   c o a x i a l l y   m o u n t e d   on  t h e  

l e n s   s y s t e m .  

As  i s   shown  in   F i g u r e   1,  t h e   s c a n n i n g   p a t h   T  o f  

the   r e a d   s p o t   i s   an  a r c   of  c i r c l e ,   w h i c h   e x t e n d s   b e t w e e n  

an  o u t e r   p o i n t   B   and  an  i n n e r   p o i n t   B2  s i t u a t e d   on  a  

r a d i u s   R1  and  a  r a d i u s   R2  r e s p e c t i v e l y ,   e a c h   of  w h i c h   h a s  

i t s   o r i g i n   on  the   a x i s   of  r o t a t i o n   7  of  t h e   s p i n d l e   4.  T h e  



a n g l e  @   b e t w e e n   t h e   r a d i i   R 1  a n d   R2  i s   a p p r o x i m a t e l y   1 8 ° .  

In   c o m p a r i s o n   w i t h   a  s c a n n i n g   p a t h   b e t w e e n   t h e   p o i n t   B1 
and   a  p o i n t   B3  s i t u a t e d   on  t he   r a d i u s   R1  t h e   d i s t a n c e   b e -  

t w e e n   t h e   o p t i c a l   a x i s   9  of  t h e   s c a n n i n g   u n i t   and   t h e  

p i v o t a l   a x i s   8  i s   t h e n   r e d u c e d   by  a  f a c t o r   1 1 2 . 

The  r e f e r e n c e   s i g n s   i n   t h e   c l a i m s ,   r e l a t i n g   t o  

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

t h e   c l a i m s ,   b u t   a r e   o n l y   i n c l u d e d   w i t h   i n t e n t i o n   of  c l a r i -  

f i c a t i o n .  



1.  A  s w i n g i n g - a r m   d e v i c e   f o r   w r i t i n g   a n d / o r   r e a d i n g  

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

d i s k   by  means   of  a  r a d i a t i o n   beam  ( 1 3 )   w h i c h   i s   c o n c e n t r a -  

t e d   to  f o r m   a  r a d i a t i o n   s p o t   ( 1 4 ) ,   w h i c h   d e v i c e   c o m p r i s e s :  

-  a  s t a t i o n a r y   m o u n t i n g   ( 1 5 ) ,  

-  a n   o p t i c a l   s c a n n i n g   u n i t   (6)   c o m p r i s i n g   a  l e n s   s y s t e m  

(10 )   w h i c h   i s   m o v a b l e   a l o n g   an  o p t i c a l   a x i s   ( 9 ) ,  

-  a   s w i n g i n g   arm  ( 1 6 )   h a v i n g   a  f i r s t   end   p r o v i d e d   w i t h  

means   f o r   s e c u r i n g   t he   s c a n n i n g   u n i t   (6)   to  t h e   s w i n g i n g  

arm  and  a  s e c o n d   end   o p p o s i t e   t h e   f i r s t   e n d ,  

-  a   s w i n g i n g   arm  b e a r i n g   a r r a n g e m e n t   ( 2 0 - 2 6 )   w h i c h   p i v o -  

t a l l y   s u p p o r t s   t h e   s w i n g i n g   arm  i n   t h e   m o u n t i n g   f o r   p i -  

v o t a l   m o v e m e n t   a b o u t   a  p i v o t a l   a x i s   (8)   s i t u a t e d   b e t w e e n  

the   two  e n d s   ( 1 6 ,   17)  of  t he   s w i n g i n g   a r m ,  

-  c o i l   m e a n s   ( 27 ,   28)  c o n n e c t e d   to  t h e   s w i n g i n g   arm  f o r  

e x e r t i n g   e l e c t r o m a g n e t i c   p i v o t a l   f o r c e s   on  t h e   arm  i n  

a  p l a n e   p e r p e n d i c u l a r   to  t he   p i v o t a l   a x i s   ( 8 ) ,   a n d  

-  a   p e r m a n e n t - m a g n e t i c   s t a t o r   c o m p r i s i n g   p e r m a n e n t   s t a t o r -  

m a g n e t   means   ( 2 9 ,   30)  s e c u r e d   to  t he   s t a t i o n a r y   m o u n t i n g ,  

w h i c h   means   c o - o p e r a t e   w i t h   t h e   c o i l   means   v i a   an  a i r  

g a p ,  
c h a r a c t e r i z e d   i n   t h a t  

-  the   c e n t r e   of  mass   (Z)  of  t h e   p i v o t a l   a s s e m b l y   c o m p r i s i n g  

the   s w i n g i n g   arm  ( 1 6 )   w i t h   t he   o p t i c a l   s c a n n i n g   u n i t   ( 6 )  

is   d i s p o s e d   on  t h e   p i v o t a l   a x i s   ( 8 ) ,  

-  t h e   c o i l   means   ( 2 7 ,   28)  c o m p r i s e   f i r s t   and  s e c o n d   c o i l  

means   w h i c h   a r e   d i s p o s e d   d i a m e t r i c a l l y   o p p o s i t e   e a c h  

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

the   p i v o t a l   a x i s   (8)   and   w h i c h   e x e r t   e q u a l   f i r s t   a n d  

s e c o n d   p i v o t a l   f o r c e s   (K l )   on  t h e   s w i n g i n g   a rm,   a n d  

-  t he   f i r s t   and   s e c o n d   p i v o t a l   f o r c e s   ( K l )   a c t   i n   o n e  

p l a n e   p e r p e n d i c u l a r   to  t he   p i v o t a l   a x i s .  

2.  A  s w i n g i n g - a r m   d e v i c e   as  c l a i m e d   i n   C l a i m   1 ,  



c h a r a c t e r i z e d   i n   t h a t   t he   c e n t r e   of  mass   (Z)  of  s a i d   p i -  
v o t a l   a s s e m b l y   i s   d i s p o s e d   i n   t h e   s a i d   one  p l a n e .  

3.  A  s w i n g i n g - a r m   d e v i c e   as  c l a i m e d   i n   C l a i m   1 ,  
c h a r a c t e r i z e d   i n   t h a t   t h e   s w i n g i n g - a r m   b e a r i n g   a r r a n g e m e n t  

c o m p r i s e s   two  b e a r i n g s   w h i c h   a r e   d i s p o s e d   on  o p p o s i t e   s i d e s  

of  t he   s w i n g i n g   arm  ( 1 6 )   a t   s u b s t a n t i a l l y   e q u a l   d i s t a n c e s  

f r o m   t h e   c e n t r e   of  mass   (Z)  of  s a i d   p i v o t a l   a s s e m b l y .  
4.  A  s w i n g i n g - a r m   d e v i c e   as  c l a i m e d   i n   C l a i m   3 ,  
c h a r a c t e r i z e d   i n   t h a t  

-  t h e   two  b e a r i n g s   c o m p r i s e   b a l l - b e a r i n g s   ( 2 0 ,   2 1 ) ,  

-  t h e   s w i n g i n g - a r m   b e a r i n g   a r r a n g e m e n t   c o m p r i s e s   a  r e s i -  

l i e n t   s u p p o r t   ( 22 )   f o r   one  of  t he   two  b a l l - b e a r i n g s   ( 2 1 )  

w h i c h   s u p p o r t   p r e s e n t s   a  h i g h e r   r e s i s t a n c e   to  f o r c e s  

p e r p e n d i c u l a r   to  t h e   p i v o t a l   a x i s   (8)   and   to  m o m e n t s  

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

p a r a l l e l   to  t h e   p i v o t a l   a x i s   and   to   m o m e n t s   a b o u t   a x e s  

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

-  t h e   r e s i l i e n t   s u p p o r t   i s   s e c u r e d   to  t h e   f r a m e   i n   an  a x i -  

a l l y   p r e - s t r e s s e d   c o n d i t i o n ,   so  t h a t   t h e   two  b a l l - b e a r i n g s  

a r e   u r g e d   a x i a l l y   t o w a r d s   one  a n o t h e r .  

5.  A  s w i n g i n g - a r m   d e v i c e   as  c l a i m e d   i n   C l a i m   1 ,  
c h a r a c t e r i z e d   i n   t h a t  

-  t h e   s w i n g i n g - a r m   ( 1 6 )   h a s   a t   l e a s t   s u b s t a n t i a l l y   t h e  

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

l o n g   s i d e s   of  t he   r e c t a n g l e   b e i n g   p a r a l l e l   to  t h e   p i v o t a l  
a x i s   ( 8 ) ,   so  t h a t   t h e   b a r   c o m p r i s e s   two  s i d e   s u r f a c e s  

( 3 9 ,   40)  an  u p p e r   s u r f a c e   ( 4 1 )   to  be  d i r e c t e d   t o w a r d s  

t h e   o p t i c a l   d i s k   ( 3 ) ,   and   a  l o w e r   s u r f a c e   ( 4 2 )   o p p o s i t e  
t h e   l a s t - m e n t i o n e d   s u r f a c e ,   t he   s i d e   s u r f a c e s   h a v i n g   a  

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

l o w e r   s u r f a c e s ,  

-  t h e   s w i n g i n g   arm  i s   f o r m e d   w i t h   f i r s t   and   s e c o n d   a p e r t u r e s  
( 4 3 ,   44)  w h i c h   a r e   d i s p o s e d   on  o p p o s i t e   s i d e s   of  t h e  

p i v o t a l   a x i s   (8)   and   w h i c h   e x t e n d   t h r o u g h   t he   s i d e   s u r f a c e s  

( 3 9 ,   4 0 ) ,  

-  t h e   f i r s t   and   s e c o n d   c o i l   means   ( 2 7 ,   28)  a r e   m o u n t e d   i n  

t h e   f i r s t   and  s e c o n d   a p e r t u r e s   ( 43 ,   44)   r e s p e c t i v e l y ,   a n d  

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



s t a t o r   m a g n e t s   ( 2 9 ,   30)  e a c h   h a v i n g   the   s h a p e   of  an  a r c  

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

s e c o n d   a p e r t u r e s   ( 4 3 ,   44)   r e s p e c t i v e l y .  

5.  A  s w i n g i n g - a r m   d e v i c e   as  c l a i m e d   i n   C l a i m   1 ,  

c h a r a c t e r i z e d   i n   t h a t   t he   o p t i c a l   a x i s   (9)   of  t he   m o v a b l e  

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

s w i n g i n g   arm  ( 1 6 )   w h i c h   c o n t a i n s   t h e   p i v o t a l   a x i s   (8)   o f  

the   s w i n g i n g   a r m .  

7.  A  s w i n g i n g - a r m   d e v i c e   as  c l a i m e d   i n   C l a i m   1,  i n  

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

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

a x i s .  
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