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©  Scanning  radiographic  apparatus  and  method. 

@  Visual  display  of  dental  or  other  radiographic  images  is 
realized  with  an  X-ray  tube  (13)  in  which  an  electron  beam 
(23)  is  scanned  through  an  X-Y-  raster  in  synchronism  with 
X-Y-sweep  signals  of  a  cathode  ray  display  tube  (17). 

The  intensity  signal  for  the  display  is  derived  from  an 
X-ray  detector  (44)  receiving  X-rays  passing  through  an 
object  (12)  to  be  imaged. 

The  detector  (44)  is.  arranged  in  a  probe  (14a)  supported 
relative  to  the  X-ray  tube  (13.)  at  any  location  and  a  plurality 
of  such  probes  (14a)  of  different  configuration  is  provided  to 
change  focal  length,  to  accomodate  to  different  detector 
placements,  to  enhance  patient  comfort  and  to  enable  pro- 
duction  of.both  periapical,  and  wider  angle  pantomographic 
dental  images.  High  image  definition  with  reduced  radiation 
dosage  may  be  provided  for.  Mounting  means  enable 
changes  of  collimator  (29a)  in  conjunction  with  changes  of 
the  probe  to  change  focal  length. 

A  control  circuit  (16)  modifies  the  X-Y-sweep  signals  and 
modulates  electron  beam  to  correct  for  image  distortions. 



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

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

X - r a y   s y s t e m s   w h i c h   p r o d u c e   s i g n a l s   w h i c h   may  be  u s e d  

to  p r e s e n t   a  v i s i b l e   image   at  a  c a t h o d e   r ay   t u b e   s c r e e n  

or  t he   l i k e .  

The  p r e s e n t   i n v e n t i o n   was  i n i t i a l l y   d e v e l o p -  

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

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

w i t h   r e f e r e n c e   to  t h i s   p a r t i c u l a r   f i e l d   of  u s e .   As  w i l l  

be  a p p a r e n t ,   t he   a p p a r a t u s   may  a l s o   be  a d v a n t a g e o u s l y  

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

The  p r o c e d u r e   w h i c h   has  b e e n   mos t   commonly   u s e  

by  d e n t i s t s   to  o b t a i n   r a d i o g r a p h i c   i m a g e s   of  t h e   t e e t h .  

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

p e r i a p i c a l   X - r a y   r a d i o g r a p h .   In  t h i s   known  p r o c e d u r e   a r  

X - r a y   f i l m   p a c k e t   is   i n s e r t e d   i n t o   t he   p a t i e n t ' s   mou th   n l a  

t h e   t e e t h   or  o t h e r   a n a t o m i c a l   s t r u c t u r e   to  be  i m a g e d .   T h e  

p r o c e d u r e   m a k e s  u s e   of  an  X - r a y   t u b e   of  t h e   form  w h i c h  

a t e s   X - r a y s   at   a  f i x e d   p o i n t   on  an  a n o d e   and  in  w h i c h   t h e  

X - r a y s   r a d i a t e   ou t   f rom  t h a t   f i x e d   p o i n t .   The  t u b e   i s  p a r -  

v i d e d   w i t h   a  s h i e l d   cone   w h i c h   is  d i r e c t e d   at  the   f i l m  

p a c k e t   t h r o u g h   t h e   t e e t h   or  o t h e r   s t r u c t u r e s   to  be  i m a n i  

P r e c i s e   p o s i t i o n i n g   of  b o t h   t he   f i l m   p a c k e t   a n d  t h e   s h i e  

cone   i s   n e c e s s a r y   t o  o b t a i n   u s e f u l   X - r a y   i m a g e s .  

A l t h o u g h   t he   c o n v e n t i o n a l   p e r i a p i c a l   X - r a y   p r o c e -  

d u r e   i s   v e r y   e x t e n s i v e l y   u s e d ,   i t   is   s u b j e c t   to  s e v e r a l  

s e r i o u s   d i s a d v a n t a g e s .   The  need  to  i n s e r t   and  r e t a i n   a  



r e l a t i v e l y   l a r g e   f i l m   p a c k e t   in  a  p a t i e n t ' s   m o u t h ,   f o r   e x -  

a m p l e ,   o f t e n   c a u s e s   d i s c o m f o r t   or  g a g g i n g   and  may  no t   b e  

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

e l d e r l y   p e r s o n s .   F u r t h e r ,   no  v i s i b l e   image   is   a v a i l a b l e   t o  

t h e   d e n t i s t   u n t i l   t he   f i l m   p a c k e t   has   been   r e m o v e d   and  s u b -  

j e c t e d   to   t i m e - c o n s u m i n g   d e v e l o p m e n t   p r o c e d u r e s .   An  i n s t a n -  

t a n e o u s   r a d i o g r a p h i c   i m a g e   can   be  much  more  u s e f u l   to  t h e  -  

d e n t i s t .  

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

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

in   o r d e r   to   p r o d u c e   a  c o m p l e t e   s e t   of   d e n t a l   X - r a y   i m a g e s . .  

T h i s   i s   in   p a r t   a  r e s u l t   of   t h e   v e r y   low  d e t e c t i o n   e f f i c i e n c y  

of   t h e   u n s c r e e n e d   X - r a y   f i l m   c o m m o n l y   u s e d   f o r   d e n t a l   X - r a y  

o p e r a t i o n s .  

T e c h n i q u e s   f o r   r e d u c i n g   r a d i a t i o n   e x p o s u r e   h a v e  

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

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

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

t h e   X - r a y   f i l m   e m u l s i o n   s u r f a c e .   Owing   to  s e v e r a l   d i s a d v a n -  

t a g e s   of   i t s   own,  s u c h   as  r e d u c e d   i m a g e   d e f i n i t i o n ,   t h e  

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

many  s i t u a t i o n s .  

The  p r o b l e m   of  h i g h   r a d i a t i o n   e x p o s u r e   in   d e n t a l  

r a d i o l o g y   i s   o f t e n   a g g r a v a t e d   by  a  n e e d   to  r e p e a t   t h e   X - r a y  

i m a g i n g   p r o c e s s .   I t   may  be  f o u n d   t h a t   t he   c r i t i c a l   a l i g n m e n t  

r e q u i r e m e n t s   w e r e   no t   met  d u r i n g   t h e   o r i g i n a l   e x p o s u r e   o r  

e r r o r s   in   d e v e l o p i n g   t h e   e x p o s e d   X - r a y   f i l m   may  be  m a d e ,   b o t h  

of   w h i c h   a r e   f a i r l y   common  o c c u r r e n c e s .  

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

a n o t h e r   p r o c e d u r e   known  as  t h e   p a n t o m o g r a p h i c   image   t e c h n i q u e  

h a s   b e e n   d e v e l o p e d   and  has   b e e n   e x t e n s i v e l y   u t i l i z e d   in  t h e  

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

p a n o r a m i c   or   w ide   a n g l e   X - r a y   i m a g e s   a r e   p r o d u c e d   by  g e n e r -  

a t i n g   a  n a r r o w   l i n e a r   X - r a y   beam  w h i c h   is   r e v o l v e d   d u r i n g   t h e  

e x p o s u r e   a b o u t   an  a x i s   of   r o t a t i o n   s i t u a t e d   w i t h i n   t h e   p a -  



t i e n t ' s   h e a d .   The  X - r a y   t u b e   is   e s s e n t i a l l y   a  c o n v e n t i o n a l  

o n e  a t   w h i c h   X - r a y s   a r e   g e n e r a t e d   at  a  s m a l l   f i x e d   p o i n t   o n  

an  a n o d e .   R a d i a t i o n   g e n e r a t e d   at   t h i s   p o i n t   is   c o l l i m a t e d  b y  

a  f i r s t   s l i t   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   a n d  

t h e n   p a s s e s   t h r o u g h   t h e   p a t i e n t ' s   h e a d   and  t h e n   t h r o u g h   a  

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

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

t i o n a l   m o v e m e n t   of  t h e   X - r a y   beam.   The  t u b e   and  d e t e c t o r   m o -  

t i o n   c a u s e s   t h e   X - r a y   beam  to  sweep  a c r o s s   t he   i n t e r v e n i n g  

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

i c a l   s t r u c t u r e s   in  t h e   p a t i e n t ' s   h e a d   s u c h   as  t h e   m a n d i b l e   o r  

m a x i l l a .  

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

d o s a g e   may  be  r e a l i z e d   in   c o m p a r i s o n   w i t h   p e r i a p i c a l   p r o c e -  

d u r e s ,   t h e   c o n v e n t i o n a l   p a . n t o m o g r a . p h i c   image   t e c h n i q u e   i s   i t -  

s e l f   s u b j e c t   to  s e v e r a l   d i s a d v a n t a g e s .   I t   is   n e c e s s a r y   t h a t  

t h e   X - r a y   beam  p a s s   t h r o u g h   t he   e n t i r e   s k u l l   of  t h e   p a t i e n t ,  

e v e n   i f   i t   is   o n l y   d e s i r e d   to  o b t a i n   an  image   of  a  p o r t i o n   o f  

t h e   s k u l l   s u c h   as  t h e   d e n t a l   a r c h .   C o n s e q u e n t l y ,   u n w a n t e d  

i m a g e s   a r e   s u p e r i m p o s e d   u p o n   t he   d e s i r e d   image   d a t a .   T h i s  

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

f rom  t h e   g e n e r a l   q u a l i t y   of  t h e   image   by  o b s c u r i n g   d e s i r e d  

d a t a   to  some  e x t e n t   w i t h   u n d e s i r e d   i n f o r m a t i o n .   M o r e o v e r ,  

r a d i a t i o n   e x p o s u r e   r e m a i n s   u n d e s i r a b l y   h i g h   as  t he   X - r a y   b e a m  

mus t   n e c e s s a r i l y   p e n e t r a t e   t h r o u g h   t h e   e n t i r e   s k u l l .  

A n a t o m i c a l   s t r u c t u r e s   w h i c h   a r e   no t   of  p a r t i c u l a r   i n t e r e s t  

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

d o e s   no t   c o n t r i b u t e   any  u s e f u l   i n f o r m a t i o n   bu t   i n s t e a d   d e -  

t r a c t s   f rom  t h e   q u a l i t y   of   t h e   d e s i r e d   d a t a .   F u r t h e r   a  

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

of  t he   X - r a y   beam  t h r o u g h   t h e   p a t i e n t ' s   e n t i r e   h e a d   c r e a t i n g  

a  b a c k g r o u n d   fog   in  t h e   i m a g e   o n  t h e   d e v e l o p e d   f i l m   w h i c h  

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

w h i c h   may  c a u s e   l o s s   of   d e f i n i t i o n .  



A d d i t i o n a l   l o s s e s   of  d e f i n i t i o n   and  c o n t r a s t   a r i s e  

f rom  t h e   p r e s e n c e   of   t h e   i n t e n s i f y i n g   s c r e e n   in  f r o n t   of   t h e  

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

t a t i o n s   p e c u l i a r   to   t h e   p a n t o m o g r a p h i c   image   t e c h n i q u e   i s   t h e  

u n d e s i r a b l y   l i m i t e d   g r e y   s c a l e   l a t i t u d e   of  X - r a y   f i l m   in  g e n -  

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

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

i m a g e .   A-s  a  r e s u l t ,   p r o b l e m s   o f t e n   a r i s e   f rom  p a t i e n t   m o t i o n  

or  e q u i p m e n t   v i b r a t i o n   w i t h   c o n s e q u e n t   b l u r r i n g   of   t h e   r e s u l t -  

i n g   X - r a y   i m a g e s .   T h i s  t e n d s   to   be  p a r t i c u l a r l y   s e v e r e   w h e n  

t h e   p a t i e n t   is   an  i n f a n t   o r  y o u n g   c h i l d .   F i n a l l y ,   a  c o n s i d e r -  

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

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

A  r a d i c a l l y   d i f f e r e n t   fo rm  of   r a d i o g r a p h i c   i m a g i n g  

s y s t e m   t h a t   a l l e v i a t e s   or  e l i m i n a t e s   much  of  t h e   d i s a d v a n -  

t a g e s   of   p r i o r   t e c h n i q u e s   and  a p p a r a t u s   is   d i s c l o s e d   in   A p -  

p l i c a n t ' s   U n i t e d   S t a t e s   P a t e n t   No.  3 , 9 4 9 , 2 2 9   and  A p p l i c a n t ' s  

c o p e n d i n g   a p p l i c a t i o n   S e r i a l   No.  6 6 3 , 9 8 8   f i l e d   M a r c h   4,  1 9 7 6 .  

A p p l i c a n t ' s   c o p e n d i n g   a p p l i c a t i o n s   S e r i a l   No.  6 7 4 , 0 5 9 ,   f i l e d  

A p r i l   5,  1 9 7 6 ,   and  S e r i a l   No.  6 7 3 , 9 0 8 ,   a l s o   f i l e d   March   4 , .  

1976  a r e   a l s o   d i r e c t e d   to   s c a n n i n g   X - r a y   s y s t e m s   of  t h i s  

g e n e r a l   k i n d .  

The  g e n e r a l   f o r m   of  s c a n n i n g   X - r a y   s y s t e m   d i s c l o s e d  

in   t h e   a b o v e - i d e n t i f i e d   p r i o r   p a t e n t   and  c o p e n d i n g   a p p l i c a -  

t i o n s   d i s p e n s e s   w i t h   t h e   u se   of  f i l m   as  an  X - r a y   d e t e c t i o n  

med ium  and   p r o d u c e s   s i g n a l s   w h i c h   may  be  u s e d   to   p r o d u c e   a  

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

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

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

may  be  u t i l i z e d   to  i m a g e   o n l y   a  s e l e c t e d   p o r t i o n   of  a  s u b j e c t  

s u c h   as  a  p a t i e n t ' s   d e n t a l   a r c h   f o r   e x a m p l e   w i t h o u t   i n c l u d i n g  

s u p e r i m p o s e d   d a t a   f r o m   o t h e r   r e g i o n s   of  t h e   s u b j e c t .   I m a g e  

d a t a   may  b e  e l e c t r o n i c a l l y   s t o r e d   on  m a g n e t i c   t a p e   or  by  a n y  

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

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



t e c h n i q u e s   to  f u r t h e r   i m p r o v e   image   q u a l i t y   or  to  e m p h a s i z e  

s p e c i f i c   image   c h a r a c t e r i s t i c s .  

A  s y s t e m   of  t h e   g e n e r a l   t y p e   d e s c r i b e d   in  t h e   a b o v e -  

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

X - r a y   t u b e   in  w h i c h   an  e l e c t r o n   beam  i s   s y s t e m a t i c a l l y ; s w e p t  

in  a  r a s t e r   p a t t e r n  o n   a  b r o a d   t a r g e t   or  a n o d e   p l a t e  t o   p r o - .  
d u c e   a  m o v i n g   p o i n t   s o u r c e   of  X - r a y s .   The  r e g i o n   of  t h e   s u b -  

j e c t   w h i c h   i s  t o   be  i m a g e d   i s   s i t u a t e d   b e t w e e n   t h e   a n o d e   p l a t e  
of   t h e   X - r a y   t u b e   and  an  X - r a y   d e t e c t o r   w h i c h ' i s   s m a l l   in   r e -  

l a t i o n   to   t he   s i z e   of   t h e   r a s t e r   p a t t e r n   and  w h i c h   may  t h e r e -  

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

s p a c e s   of  an  i n a n i m a t e   s u b j e c t .   The  r a s t e r   sweep   s i g n a l s   o f  

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

a c t i o n   of  t he   e l e c t r o n   beam  in  t h e   X - r a y   t u b e   and  a  s i g n a l  

d e r i v e d   f rom  t h e   X - r a y   d e t e c t o r   o u t p u t   i s   a p p l i e d   to  t h e   i n -  

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

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

s i t u a t e d   b e t w e e n   t h e   X - r a y   s o u r c e   and  t h e   d e t e c t o r   is   p r o -  
d u c e d   on  t h e   s c r e e n   of   t h e   d i s p l a y   d e v i c e .  

In  o r d e r   to  be  m o s t   u s e f u l   f o r   d e n t a l   and  m e d i c a l  

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

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

of  t h i s   g e n e r a l   t y p e   s h o u l d   p o s s e s s   c e r t a i n   s p e c i f i c   c a p a -  
b i l i t i e s .   F i r s t ,   r a d i a t i o n   d o s a g e   s h o u l d   be  m i n i m i z e d   to   t h e  

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

and  c o n t r a s t   r a n g e .   S e c o n d ,   t h e   d e n t i s t   or  o t h e r   o p e r a t o r  

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

r e l a t i v e   to  t h e   X - r a y   t u b e   a t   any  of  a  p l u r a l i t y   of  d i f f e r e n t  

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

s p a c e s ,   w i t h   a  m in imum  of   d i f f i c u l t y   and  w i t h   maximum  p a t i e n t  

c o m f o r t .  

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

f o c a l   l e n g t h   of   t h e   s y s t e m   be  r e a d i l y   and  p r e c i s e l y   c h a n g e -  

a b l e   i n   o r d e r  t o   o b t a i n   i m a g e s   of  d i f f e r e n t   d e g r e e s   of  m a g -  



n i f i c a t i o n .  

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

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

can  be  p r e s e n t   i n  a p p a r a t u s   of  t h i s   g e n e r a l   f o r m ,   in   o r d e r  

to  f a c i l i t a t e   image   i n t e r p r e t a t i o n .  

Summary  of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   i s   a  s c a n n i n g   X - r a y   s y s t e m   f o r   p r o -  

d u c i n g   s i g n a l s   t h a t   may  be  u s e d   to  p r e s e n t   h i g h - q u a l i t y  

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

w i t h   r e l a t i v e l y   low  r a d i a t i o n   d o s a g e   of  t h e   s u b j e c t   a n d -  

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

o b t a i n i n g   of  r a d i o g r a p h s   of   d i f f e r e n t   f o r m s   and  r a d i o g r a p h s  

t a k e n   f rom  d i f f e r e n t   l o c a t i o n s ,   i n c l u d i n g   l o c a t i o n s   w i t h i n  

a  p a t i e n t ' s   body  or  o t h e r   c o n s t r i c t e d   a r e a s ,   w i t h   a  s i n g l e  

X - r a y   t u b e   and  a c c e s s o r i e s .  

The  X - r a y   t u b e   has   an  e l e c t r o n   g u n ,   a  b r o a d   t a r -  

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

beam  on  t h e   a n o d e   p l a t e   to  p r o d u c e   a  m o v i n g   X - r a y   o r i g i n  

p o i n t .   An  X - r a y   d e t e c t o r   i s   p o s i t i o n e d   in   s p a c e d - a p a r t   r e -  

l a t i c n s h i p   to  t he   X - r a y   t u b e   on  t h e   o p p o s i t e   s i d e   of  t h e  

p o r t i o n   of   a  s u b j e c t   w h i c h   i s   to  be  r a d i o g r a p h e d .   T h e  d e -  

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

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

j e c t   w h i c h  i s   s c a n n e d   by  t h e   m o v i n g   X - r a y   o r i g i n   p o i n t .  

R a s t e r   s c a n n i n g   at   a  c a t h o d e   r a y   t u b e   may  be  c o o r d i n a t e d  

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

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

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

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

t u h e .  

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

t he   p o s i t i o n i n g   and  s u p p o r t   of  t h e   X - r a y   d e t e c t o r   at   a n y  

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



a  d e n t a l   p a t i e n t   or  a t   any  of  v a r i o u s   o t h e r   i n t e r n a l   o r  

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

p a t i e n t   or  an  i n a n i m a t e   o b j e c t   w h i c h   is   to  be  i m a g e d .   F o r  

t h i s   p u r p o s e   a  s e r i e s   of  X - r a y   d e t e c t o r s   a re   p r o v i d e d ,   e a c h  

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

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

p r o b e   has   a  b a s e   end  r e l e a s a b l y   e n g a g e a b l e   in  an  a t t a c h m e n t  

means   s i t u a t e d   on  t he   X - r a y   t u b e   and  w h i c h   c o n t a i n s   m e a n s  

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

t h e   p r o b e .   E m p l a c e m e n t   of  a  d e t e c t o r   a t   any  of  a  v a r i e t y  

of  d i f f e r e n t   p o s i t i o n s   in  or  a d j a c e n t   to   a  p a t i e n t   or  o t h e r  

s u b j e c t   i s   t h e n   e a s i l y   a n d  q u i c k l y   a c c o m p l i s h e d  b y   s e l e c t i n g  

an  a p p r o p r i a t e   one  of  t h e   s e r i e s   of  p r o b e s   of  d i f f e r e n t   l e n g t h  

and  c o n f i g u r a t i o n .   A d a p t a b i l i t y   of  t h e   s y s t e m   to  p r o d u c t i o n  

of  any  of  a  v a r i e t y   of  d i f f e r e n t   r a d i o g r a p h s   of  d i f f e r e n t  

r e g i o n s   of  t h e   s u b j e c t   may  be  s t i l l   f u r t h e r   e n h a n c e d   by  p r o -  

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

l o c a t i o n s   on  t he   X - r a y   t u b e .  

In  a n o t h e r   a s p e c t ,  t h e   i n v e n t i o n   p r o v i d e s   f o r   o b -  

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

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

i m a g e .   A  r a d i a t i o n   c o l l i m a t o r   i s   d i s p o s e d   b e t w e e n   t h e   X - r a y  

t u b e   and  t h e   s u b j e c t ' t o   a b s o r b   X - r a y s   t h a t   a r e   no t   d i r e c t e d  

t o w a r d s   t h e   X - r a y   d e t e c t o r   and  t h e r e f o r e   c o u l d   no t   c o n t r i b u t e  

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

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

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

have   a x e s   c o n v e r g e n t   at  t h e   p o s i t i o n   of  t he   X - r a y   d e t e c t o r .  

U t i l i z a t i o n   of  l e a d  g l a s s   f o r   t he   c o l l i m a t o r   e n a b l e s   t h e  

p r o v i d i n g   of  a  v e r y   l a r g e   n u m b e r   of  e x t r e m e l y   s m a l l   a n d  

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

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

of  t h i s   k i n d   can  r e a d i l y   and  e c o n o m i c a l l y   be  p r o d u c e d   b y  

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



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

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

T h i s   e n a b l e s   q u i e k   c h a n g e s   of  t h e   f o c a l   l e n g t h   of  t h e   s y s -  

t e m ,   to   p r o v i d e   f o r   c h a n g i n g   t h e   d e g r e e   of  m a g n i f i c a t i o n ,  

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

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

on  a  more   d i s t a n t   or  a  c l o s e r   X - r a y   d e t e c t o r   as  m i g h t   b e  

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

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

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

n u m b e r   of   p r o b e s   w h i c h   s i t u a t e   t h e   X - r a y   d e t e c t o r   a t   d i f -  

f e r i n g   d i s t a n c e s   f rom  t h e   X - r a y   t u b e   as  d e t e r m i n e d   by  t h e  

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

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

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

d i s t o r t i o n   and  i m a g e   d e g r a d a t i o n   w h i c h   can  o t h e r w i s e   be  p r e s -  

e n t   in   p o r t i o n s   of  an  i m a g e   p r o d u c e d   by  a  s y s t e m   of  t h i s  

g e n e r a l   t y p e   and  w h i c h   can  c o m p l i c a t e   t h e   p r o c e s s   of  i n t e r -  

p r e t i n g   t h e   i m a g e .   Means   a r e   p r o v i d e d ,   f o r   e x a m p l e ,   f o r   d e -  

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

t h e   X - r a y   t u b e   to  c o m p e n s a t e   f o r   v a r i a b l e   m a g n i f i c a t i o n   e f -  

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

be  i n h e r e n t   in  t h e   g e o m e t r y   of   s u c h   a  s y s t e m .   F u r t h e r   m e a n s  

may  be  p r o v i d e d   to   i n c r e a s e   e l e c t r o n   beam  c u r r e n t   in   t h e  

X - r a y   t u b e   as  t h e   beam  moves   away  f rom  a  c e n t e r e d   p o s i t i o n   o n  

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

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

a m o u n t   of  t a r g e t   m a t e r i a l   as  t h e   X - r a y   o r i g i n   p o i n t   moves   a w a y  

f r o m   t h e   a x i s   of   t h e   t u b e   and   may  a l s o   be  u s e d   to  c o m p e n s a t e  

f o r   i n v e r s e   s q u a r e   law  a t t e n u a t i o n   o f   t h e   X - r a y   beam.   S t i l l  

f u r t h e r ,   means   may  be  p r o v i d e d   to   c h a n g e   t h e   e n e r g y   of  t h e  

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

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

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

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



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

a  d e n t a l   p a t i e n t   as  o p p o s e d   to  t h e   more  f o r w a r d   t e e t h   in  t h e  

d e n t a l   a r c h .  

The  s e v e r a l   a s p e c t s   of  t h e   i n v e n t i o n   b r i e f l y   d e -  

s c r i b e d   a b o v e   a r e   p r e f e r a b l y   j o i n t l y   u t i l i z e d   in  a  s i n g l e  

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

i m a g e s   w i t h   v e r y   low  r a d i a t i o n   d o s e s   of  t h e   s u b j e c t   and  f u r -  

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

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

to  d i f f e r e n t   o r i e n t a t i o n s   of   t h e   X - r a y   t u b e   and  d e t e c t o r  

r e l a t i v e   to  a  s u b j e c t .   H o w e v e r ,   e a c h   of   t h e   a b o v e - d e s c r i b e d  

a s p e c t s   may  a l s o   be  u t i l i z e d   i n d e p e n d e n t l y   of  t h e   o t h e r s   i n  

a  s c a n n i n g   X - r a y   s y s t e m   in  c i r c u m s t a n c e s   w h e r e   a l l   of  t h e  

s e v e r a l   a d v a n t a g e s   of  t h e   i n v e n t i o n   may  not   be  r e q u i r e d .  

B r i e f  D e s c r i p t i o n   of  t h e   D r a w i n g s  

In  t h e   a c c o m p a n y i n g   d r a w i n g s :  

F i g u r e   1  is  a  b r o k e n - o u t   v i ew   of  a  s c a n n i n g   X - r a y  

s y s t e m   in  a c c o r d a n c e   w i t h - t h e   i n v e n t i o n   as  u t i l i z e d   f o r   d e n t a l  

r a d i o g r a p h y   w i t h   p o r t i o n s   of   t h e   X - r a y   t u b e   and  t h e   d e t e c t o r  

p r o b e   b e i n g   b r o k e n   out   to   i l l u s t r a t e   i n t e r n a l   s t r u c t u r e   a n d  

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

b e i n g   shown  in  s c h e m a t i c   f o r m ,  

F i g u r e   2  is   a  f r o n t a l   v i ew  of  t he   f a c e   of  t he   s c a n -  

n i n g   X - r a y - a p p a r a t u s   of  F i g u r e   1 ,  

F i g u r e   3  is   a  d i a g r a m m a t i c   s e c t i o n a l   v i ew   of  a  

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

F i g u r e s   2  and  3  b e t t e r   i l l u s t r a t i n g   t h e   c o n s t r u c t i o n   and  o p e r -  
a t i o n a l   e f f e c t s   of  the   c o l l i m a t o r ,   t a k e n   a l o n g   l i n e   I I I - I I I  

of   F i g u r e   2 ,  

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

t h e   c o l l i m a t o r   of  t he   a p p a r a t u s   of  F i g u r e s   1  and  2  t a k e n  

a l o n g   l i n e   I V - I V   of  F i g u r e  2   at   r i g h t   a n g l e s  t o   t h e   p l a n e   o f  

F i g u r e   3 ,  



F i g u r e   5  is  a  p a r t i a l l y   b r o k e n - o u t   v i e w   of  t h e  

f o r w a r d   p o r t i o n   of  an  X - r a y   t u b e   e s s e n t i a l l y   s i m i l a r   to  t h a t  

o f   F i g u r e s   1  and  2  i l l u s t r a t i n g   how  t h e   f o c a l   l e n g t h   of  t h e  

s y s t e m   may  be  s e l e c t i v e l y   c h a n g e d   by  r e p l a c e m e n t   of  t h e  

X - r a y   p r o b e   and  X - r a y   c o l l i m a t o r ,  

F i g u r e   6 ' i s   a  p e r s p e c t i v e   v iew  of  t h e  f o r w a r d   p o r -  

t i o n   of  an  X - r a y   t u b e   s i m i l a r   to  t h a t   of  F i g u r e s   1  and  2  b u t  

e m p l o y i n g   a  m o d i f i e d   fo rm  of  d e t e c t o r   p r o b e   p a r t i c u l a r l y '  

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

F i g u r e   7  f u r t h e r   i l l u s t r a t e s   t he   u t i l i z a t i o n   o f  

t h e   i n v e n t i o n   f o r   t he   p r o d u c t i o n   of  p e r i a p i c a l   d e n t a l   X - r a y s ,  

F i g u r e   8  is   a n o t h e r   p e r s p e c t i v e   v i e w   of  t h e   f o r w a r d  

p o r t i o n   of  an  X - r a y   t u b e   e s s e n t i a l l y   s i m i l a r   to  t h a t   of  F i g -  

u r e s   1  and  2  i l l u s t r a t i n g   t h e   u s a g e   of  a  d i f f e r e n t   fo rm  o f  

X - r a y   d e t e c t o r   p r o b e   m o u n t e d   at   a  d i f f e r e n t   l o c a t i o n   on  t h e  

f a c e   of  t h e   X - r a y   t u b e ,  

F i g u r e  9   is  a  d i a g r a m   i l l u s t r a t i n g   how  c e r t a i n   o p -  
t i c a l   d i s t o r t i o n s   can  a r i s e   in  a  s c a n n i n g   X - r a y   s y s t e m   i n  

t h e   a b s e n c e   of   c o r r e c t i v e   m e c h a n i s m s ,  

F i g u r e   10  is   a  d i a g r a m   f u r t h e r   c l a r i f y i n g   one  f o r m  

o f   o p t i c a l   d i s t o r t i o n   w h i c h   can   a r i s e   in   a  s c a n n i n g   X - r a y  

s y s t e m   when  t h e   s c a n   d e p a r t s   f rom  t h e   c e n t r a l   a x i s   of  t h e  

s y s t e m   in   a  f i r s t   or  X  d i r e c t i o n ,  

F i g u r e   11  is   a  d i a g r a m   i l l u s t r a t i n g   a  r e l a t e d  

f o r m   of   d i s t o r t i o n   w h i c h   can   a r i s e   in   s u c h   a  s y s t e m   as  t h e  

s c a n   d e p a r t s   f r o m   t he   c e n t r a l   a x i s   in  an  o r t h o g o n a l   or  Y 

d i r e c t i o n ,  

F i g u r e   12  i s   a  d i a g r a m   i l l u s t r a t i n g   how  s t i l l   o t h e r  

f o r m s   of  d i s t o r t i o n   can  a r i s e   in  t h e   a b s e n c e   of  c o r r e c t i v e  

p r o v i s i o n s ,  

F i g u r e   13  is   a  c i r c u i t   d i a g r a m   of  e l e c t r i c a l   c o m -  

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

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

F i g u r e   14  is   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a n  

e x a m p l e   of  a  s u i t a b l e ,   more  d e t a i l e d   c i r c u i t   f o r   c e r t a i n  



c o m p o n e n t s   shown  in  b l o c k   form  in  F i g u r e   1 3 ,  

F i g u r e   15A  i s   a  d i a g r a m   i l l u s t r a t i n g   t h e   X  a x i s  

s w e e p   f r e q u e n c y   wave  fo rm  u t i l i z e d   f o r   the   X - r a y   t u b e   a n d  

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

F i g u r e   15B  is   a  d i a g r a m   i l l u s t r a t i n g   a  m o d i f i c a t i o n  

of   t h e   wave  form  o f  F i g u r e   15A,  p r i o r   to  a p p l i c a t i o n   t o  t h e  

X - r a y   t u b e ,   in  o r d e r   to  c o m p e n s a t e   f o r   t he   f o rm  of  o p t i c a l  

d i s t o r t i o n   w h i c h   can  o t h e r w i s e   o c c u r  i f   .a  l i n e a r   X  a x i s  

sweep   i s   u t i l i z e d   in   t h e   X - r a y   t u b e ,  

F i g u r e   15C  is   a  d i a g r a m   i l l u s t r a t i n g   a  m o d i f i c a t i o n  

of   t h e   Y  a x i s   sweep   wave  f o r m  w h i c h   i s   made  to   c o m p e n s a t e  
f o r   a  f o r m   of  d i s t o r t i o n   w h i c h  c a n   o t h e r w i s e   o c c u r   upon  d e -  

p a r t u r e   of  t h e   e l e c t r o n   beam  of  t h e   X - r a y   t u b e   f rom  t h e   a x i s  

of  t h e   s y s t e m   in  t he   Y  s c a n   d i r e c t i o n ,   a n d  

F i g u r e   16  i l l u s t r a t e s   a  m o d i f i c a t i o n   of  t he   X - r a y  

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

D e s c r i p t i o n   o f   P r e f e r r e d   E m b o d i m e n t s  

R e f e r r i n g   i n i t i a l l y   to  F i g u r e   1  of  t h e   d r a w i n g s ,  

a  s c a n n i n g   X - r a y   s y s t e m   11  is   shown  w h i c h   g r e a t l y   f a c i l i t a t e s  

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

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

i m a g e s   w i t h   r e l a t i v e l y   low  r a d i a t i o n   d o s a g e   of  t h e   p a t i e n t .  

The  a p p a r a t u s   is  d e p i c t e d   in  F i g u r e   1  as  u t i l i z e d   to  p r o d u c e  

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

a r c h   of  a  s u b j e c t   12.  As  w i l l   h e r e i n a f t e r   b e  d i s c u s s e d ,   t h e  

same  a p p a r a t u s   may  t h e n   be  q u i c k l y   and  c o n v e n i e n t l y   a d j u s t e d  

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

m o g r a p h i c   i m a g e s ,   to  p r o v i d e   one  or  more  p e r i a p i c a l   i m a g e s   o f  

i n d i v i d u a l   t e e t h   of  p a r t i c u l a r   i n t e r e s t   and  may  a l s o  e a s i l y  

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

of  i n a n i m a t e   o b j e c t s .  

S a l i e n t   c o m p o n e n t s   of  t he   s c a n n i n g   X - r a y   s y s t e m   11  



i n c l u d e   a  s c a n n i n g   X - r a y   t u b e   13  of  s p e c i a l i z e d   c o n s t r u c t i o n ,  

an  X - r a y   d e t e c t o r   p r o b e   14A  e x t e n d i n g   o u t w a r d l y   f rom  t h e   f a c e  

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

c o n t r o l   and  s i g n a l   p r o c e s s i n g   c i r c u i t   16  i n c l u d i n g   a  c a t h o d e  

r a y   t u b e   or  o t h e r   t y p e   of  X - Y  d i s p l a y   d e v i c e   17  of  t h e   f o r m  

h a v i n g   a  s c r e e n   at  w h i c h   v i s i b l e   i m a g e s   a r e   d i s p l a y e d   i n  

r e s p o n s e   to  X  and  Y  a x i s   s w e e p   f r e q u e n c y   s i g n a l s   r e c e i v e d  

at   t e r m i n a l s   X  and  Y  r e s p e c t i v e l y   and  in  r e s p o n s e   to  I n t e n -  

s i t y   s i g n a l s   r e c e i v e d   at  a n o t h e r   t e r m i n a l   Z.  O s c i l l o s c o p e s ,  

t e l e v i s i o n   r e c e i v e r s   and  t h e   l i k e  o f   known  c o n s t r u c t i o n   may  

r e a d i l y   be  u t i l i z e d   as  t h e   d i s p l a y   d e v i c e   1 7 .  

X - r a y   t u b e   13  i n c l u d e s  a   v a c u u m   e n c l o s u r e   19,   f o r m e d  

of   g l a s s   or  o t h e r   s u i t a b l e   e l e c t r i c a l l y   i n s u l a t i v e   m a t e r i a l ,  

w h i c h   d e f i n e s   an  e v a c u a t e d   r e g i o n   21.  Vacuum  e n c l o s u r e   19  

h a s   a  r e l a t i v e l y   n a r r o w   end  c o n t a i n i n g   an  e l e c t r o n   g u n  
22  of   s u i t a b l e   k n o i n c o n s t r u c t i o n   f o r   p r o d u c i n g   and  a c -  

c e l e r a t i n g   an  e l e c t r o n   beam  23  t o w a r d s   an  o p p o s i t e   t a r g e t  

end  of  t h e   e n c l o s u r e .   The  t a r g e t   end  of  e n c l o s u r e   19  i s  

l a r g e r   t h a n   t h e   e l e c t r o n   gun  end  and  i s   p r e f e r a b l y   o f  

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

p r i m a r i l y   f o r   d e n t a l   X - r a y   o p e r a t i o n s .   The  t a r g e t   end  o f  

v a c u u m   e n c l o s u r e   19  i s   f o r m e d   at   l e a s t   in  p a r t   by  a  t a r -  

g e t   a n o d e   p l a t e   24  h a v i n g   a t   l e a s t   an  i n n e r   s u r f a c e   26  

c o n s i s t i n g   of   one   of  t he   e l e c t r i c a l l y   c o n d u c t i v e   m e t a l s  

w h i c h   p r o d u c e   X - r a y s   upon  b e i n g   b o m b a r d e d   by  h i g h - e n e r g y  

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

of   m e t a l s   s u i t a b l e   f o r   t h e   t a r g e t   a n o d e   s u r f a c e   2 6 .  

C o n t r a s t   in  t h e   i m a g e   i s   e n h a n c e d   i f   t h e   X - r a y s   w h i c h  

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

may  be  a r r a n g e d   f o r   by  an  a p p r o p r i a t e   s e l e c t i o n   of  t h e  

t h i c k n e s s   of  t h e   t a r g e t   a n o d e   p l a t e   24  s i n c e   e l e m e n t a l  

t a r g e t   m a t e r i a l s   t e n d   to  be  more  t r a n s m i s s i v e   of  t h e i r  

own  c h a r a c t e r i s t i c   X - r a y s   t h a n   of  o t h e r   X - r a y   w a v e l e n g t h s .  
Vacuum  e n c l o s u r e   19  i s   d i s p o s e d   w i t h i n   a  h o u s -  

i n g   27  to  s u p p o r t   and  p r o t e c t   t h e   e n c l o s u r e   and   to  e n a b l e  



t h e   m o u n t i n g   of  a d d i t i o n a l   c o m p o n e n t s   on  t h e   t u b e   as  w i l l  

h e r e i n a f t e r   be  d e s c r i b e d .   H o u s i n g   27  may  be  f o r m e d   o f  

r a d i a t i o n - a b s o r b e n t   m a t e r i a l   s u c h   as  s t e e l   or  of  any  o f  

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

of  a  h e a v y   r a d i a t i o n - a b s o r b e n t   m e t a l   o r ,   as  in  t h i s   e x -  

a m p l e ,   of  p l a s t i c   h a v i n g   a  l a y e r   2 7 '  o f   r a d i a t i o n - a b s o r b e r  

at   t h e  o u t e r   s u r f a c e .   As  b e s t   s e e n   by  r e f e r r i n g   to  F i g u r e  

2  in  c o n j u n c t i o n   w i t h   F i g u r e   1,  h o u s i n g  2 7   has   a  r e c t a n g u l a r  

c o l l i m a t o r ' r e c e i v i n g   o p e n i n g   28  in  t he   r e g i o n  o f   t he   f a c e   o f  

t h e   t u b e   w h i c h   o p e n i n g   c o n f o r m s   in   s i z e   and  c o n f i g u r a t i o n   w i t h  

t h e   t a r g e t   a n o d e   p l a t e   26  of  t h e   t u b e .   An  X - r a y   c o l l i m a t o r  . 2 9 A ,  

w h i c h   w i l l   h e r e i n a f t e r   be  d i s c u s s e d   in  more  d e t a i l ,   i s   r e c e i v e d  

and  s u p p o r t e d   in  o p e n i n g   2 8 .  

To  g e n e r a t e   a  m o v i n g   p o i n t   s o u r c e   of  X - r a y s ,   e l e c t r o n  

beam  23  is   s w e p t   in  a  r a s t e r   p a t t e r n   on  t a r g e t   a n o d e   p l a t e   2 6 .  

The  e l e c t r o n   beam  m o v e m e n t   i n c l u d e s   a  r e p e t i t i v e   sweep  m o v e m e n t  

back   and  f o r t h   a c r o s s   t he   a n o d e   s u r f a c e   26  in  a  f i r s t   d i r e c t i o n  

w h i c h   is   p a r a l l e l   to  t h e  p l a n e   of  F i g u r e   1,  and  w h i c h   i s  

h e r e i n   d e s i g n a t e d   t he   X - a x i s   d i r e c t i o n .   At  t h e   same  t i m e ,  

t h e   e l e c t r o n   beam  is   a l s o  s w e p t   at  a  s l o w e r   r a t e   b a c k   a n d  

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

n o r m a l   to   t he   p l a n e   of  F i g u r e   1  and  i s   h e r e i n   d e s i g n a t e d  

t h e   Y - a x i s   d i r e c t i o n .   The  c o m b i n i n g   of  t h e s e   two  m o v e m e n t s  

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

of   s u b s t a n t i a l l y   p a r a l l e l   l i n e s   w h i c h   j o i n t l y   d e f i n e  a   r e c -  

t a n g u l a r   r a s t e r   p a t t e r n   a r e a   on  s u r f a c e   26  of  t h e  a n o d e   p l a t e .  

S w e e p i n g   of  t h e . e l e c t r o n   beam  in  t h i s   m a n n e r  i s   a c c o m p l i s h e d  

w i t h   d e f l e c t o r   means   w h i c h   may  be  of  known  i n t e r n a l   c o n s t r u c -  

t i o n ,   an  a n n u l a r   m a g n e t i c   b e a m  d e f l e c t o r   31  b e i n g   u t i l i z e d  

in  t h i s   e x a m p l e .   Magne t   d e f l e c t o r   31  may  be  of  t h e   f o r m  

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

of  w h i c h   a  s i n g l e   p o l e   32Y  and  w i n d i n g   33Y  a p p e a r s   in  F i g -  

u r e   1,  and  h a v i n g   an  a n n u l a r   f e r r o m a g n e t i c   yoke   34  w h i c h  

e n c i r c l e s   e a c h   of  t h e   p o l e s .   D e f l e c t o r   31  i s   d i s p o s e d   c o -  

a x i a l l y   a r o u n d . t h e   vacuum  e n c l o s u r e   19  b e t w e e n  t h e   e l e c t r o n  



gun  22  and  t a r g e t   a n o d e   p l a t e   26  w i t h i n   an  a n n u l a r   g r o o v e  3 6  

in  t h e   i n s i d e   s u r f a c e   of  h o u s i n g   2 7 .  

U n d e r   c e r t a i n   c i r c u m s t a n c e s   i t   may  be  d e s i r a b l e  

to  s e l e c t i v e l y   c h a n g e   t h e   f o c a l   l e n g t h   of  t he   s c a n n i n g   X - r a y  

s y s t e m   by  m a k i n g   c e r t a i n   a d j u s t m e n t s   w h i c h   w i l l   h e r e i n a f t e r  

be  e x p l a i n e d   in  more  d e t a i l .   One  a d j u s t m e n t   w h i c h   c o m p e n -  
s a t e s   f o r   an  o p t i c a l   d i s t o r t i o n   w h i c h   c o u l d   o t h e r w i s e   o c c u r  

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

w h i c h   beam  d e f l e c t i o n   o c c u r s   so  t h a t   t h e   beam  d e f l e c t i o n   a r e a  

may  be  moved  f u r t h e r   f r o m  t a r g e t   a n o d e   p l a t e   2 6 - o r   c l o s e r   t o  

t h e   t a r g e t   a n o d e   p l a c e .   To  e n a b l e   s u c h   an  a d j u s t m e n t   i n   t h i s  

e x a m p l e ,   t h e   a n n u l a r   g r o o v e   36  in  w h i c h   d e f l e c t o r   31  i s  

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

t h a n   i s   t h e   d e f l e c t o r   i t s e l f   so  t h a t  t h e   d e f l e c t o r   may  b e  

moved  in  t h e   a x i a l   d i r e c t i o n   t o w a r d s   t h e   t a r g e t   a n o d e  

p l a t e   26  or  t o w a r d   t h e   e l e c t r o n   gun  32  as  d e s i r e d .   To  

f a c i l i t a t e   s u c h   m o v e m e n t   of  t h e   d e f l e c t o r   31  and  to  h o l d  t h e  

d e f l e c t o r   a t   a  s e l e c t e d   a x i a l   p o s i t i o n ,   t a t s   37  e x t e n d   r a -  

d i a l l y   o u t w a r d l y   f r o m   o p p o s i t e   s i d e s   of   t h e   d e f l e c t o r   t h r o u g h  
s l o t s   38  p r o v i d e d   in  h o u s i n g   27  f o r   t h a t   p u r p o s e .   A  b o s s   39  

i s   f o r m e d   on  h o u s i n g   27  a d j a c e n t   t h e   f o r w a r d   end  of  e a c h  

s l o t   38  and  one  of  a  p a i r   of  d i s e n g a g e a b l e   s c r e w s   41  e x t e n d s  

t h r o u g h   e a c h   t a b   37,   t h r o u g h   a  s e r i e s   of  a n n u l a r   w a s h e r s   42  

and  e n g a g e s   in   a  t h r e a d e d   b o r e   113  in   t h e   a d j a c e n t   b o s s   3 9 .  
Thus   by  t e m p o r a r i l y  d i s e n g a g i n g   s c r e w s   41  and  a d d -  

i n g   or   r e m o v i n g   w a s h e r s   42  as  n e c e s s a r y ,   and  t h e n   r e p l a c i n g  
t h e   s c r e w s ,   t h e   d e f l e c t o r   31  may  be  l o c a t e d   and  f i x e d   a t ' a n y  
d e s i r e d   a x i a l   p o s i t i o n   w i t h i n   t h e   l i m i t s   e s t a b l i s h e d   by  t h e  

l e n g t h   of   g r o o v e   36.  In  i n s t a n c e s   w h e r e   f r e q u e n t   c h a n g e s   o f  

t h e   a x i a l   p o s i t i o n   of  t h e   d e f l e c t o r   31  may  be  d e s i r a b l e ,   m o r e  

q u i c k l y   o p e r a t e d   a x i a l   p o s i t i o n i n g   means   of  any  of   v a r i o u s  

f o r m s   may  be  u t i l i z e d   i n  p l a c e   of  t h e   s c r e w s   41,   t h e   t h r e a d e d  

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

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



m o v e m e n t . o f   l e n s e s   b e i n g   one  e x a m p l e .   I t   s h o u l d   a l s o   be  n o t e d  

t h a t   w h i l e   t h i s   e x a m p l e   of  t h e   i n v e n t i o n   u t i l i z e s   beam  d e f l e c -  

t i o n   means   of  t h e   m a g n e t i c   v a r i e t y ,   e l e c t r o s t a t i c   beam  d e f l e c -  

t i o n   may  a l s o   be  u s e d .  

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

p r o b e   14A,  X - r a y s   p r o d u c e d   a t   t a r g e t   a n o d e   p l a t e   s u r f a c e   26 

and  t r a n s m i t t e d   t h r o u g h   c o l l i m a t o r   29A  c o n v e r g e   a t   a  r e l a -  

t i v e l y   s m a l l  X - r a y   d e t e c t o r   4 4  s i t u a t e d   at  t h e   d i s t a l   end  o f  

t h e   p r o b e   l4A  at   a  l o c a t i o n   on  t h e   c e n t r a l   l o n g i t u d i n a l   a x i s  

of  t h e   X - r a y   t u b e .   The  l o c a t i o n   of  d e t e c t o r   44  i s   s p a c e d  

f rom  t h e   f a c e   of  t h e   t u b e ,   i n c l u d i n g   c o l l i m a t o r   2 9 A ,  t o   e n a b l e  

p o s i t i o n i n g   of  t h e   s u b j e c t   1 2  w h i c h   is   to  be  i m a g e d   b e t w e e n  

t he   c o l l i m a t o r   and  d e t e c t o r .   Thus   X - r a y s   r e c e i v e d   a t   t h e   d e -  

t e c t o r   44  mus t   f i r s t   p a s s   t h r o u g h   t he   a n a t o m i c a l   r e g i o n   o r  
t h e   l i k e   w h i c h   i s   to  be  i m a g e d .   D e f i n i t i o n   in  t h e   image   is  i n  

p a r t   a  f u n c t i o n   of  t he   d i f f e r e n c e   in  s i z e   b e t w e e n   t h e   r a s t e r  

p a t t e r n   a r e a  a t   t a r g e t   a n o d e   p l a t e   26  and  t h e   r a d i a t i o n - s e n s i -  

t i v e   a r e a   of  t h e   d e t e c t o r   44.  A c c o r d i n g l y   d e t e c t o r   44  s h o u l d  

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

c o n s i s t e n t   w i t h   t h e   n e e d   to  o b t a i n   an  a d e q u a t e   c o u n t   r a t e   f r o m  

t h e   a m o u n t   of   r a d i a t i o n   w h i c h   i s   r e c e i v e d .   A  fo rm  of  r a d i a t i o n  

d e t e c t o r   44  h i g h l y   s u i t e d   f o r   t h i s   p u r p o s e ,   in   v i ew  of  a  v e r y  

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

t i o n ,   i s   a  s c i n t i l l a t i o n   c r y s t a l   of  any  of  t h e   known  s u i t a b l e  

f o r m s   s u c h   as  s o d i u m   i o d i d e   d o p e d   w i t h   t h a l l i u m ,   b i s m u t h   g e r -  
m a n a t e   o r  c a l c i u m   f l u o r i d e .   Fo r   c l a r i t y   of  i l l u s t r a t i o n ,   t h e  

s c i n t i l l a t i o n   c r y s t a l   d e t e c t o r   44  is   n e c e s s a r i l y ' d e p i c t e d   i n  

F i g u r e   1  as  b e i n g   s o m e w h a t   l a r g e r   t h a n   i s   u s u a l l y   o p t i m u m   i n  

a c t u a l   p r a c t i c e ,   c r y s t a l s .   m e a s u r i n g   l e s s   t h a n   one  m i l l i m e t e r  

in  s i z e   b e i n g   t y p i c a l .   S c i n t i l l a t i o n   c r y s t a l s   of  t h i s   k i n d  

r e s p o n d   to  i n d i v i d u a l   X - r a y s   by  p r o d u c i n g   s c i n t i l l a t i o n s   o f  

v i s i b l e   l i g h t   w h i c h . m a y   be  c o n v e r t e d   to  e l e c t r i c a l   X - r a y  

c o u n t   s i g n a l s   by  p h o t o s e n s i t i v e   m e a n s .   To  f u r t h e r   o p t i m i z e  

d e f i n i t i o n   in  t h e   i m a g e ,   d e t e c t o r   s c i n t i l l a t o r   44  p r e f e r a b l y  

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



c o a x i a l l y   w i t h   t h e   a x i s   of  t h e   X - r a y   t u b e   w i t h   t h e   a p e x   o f .  

t h e   s e c t o r   b e i n g   most   d i s t a n c e   f rom  t he   X - r a y   t u b e   and  b e i n g  

i t   t h e   p o i n t   of  c o n v e r g e n c e  o f   t he   X - r a y s   f rom  t a r g e t   a n o d e  

p l a t e   26  t h a t   a r e   t r a n s m i t t e d   t h r o u g h   c o l l i m a t o r   2 9 A .  

In  a d d i t i o n   to  s u p p o r t i n g   and  p o s i t i o n i n g   t h e  

X - r a y   d e t e c t o r   4 4 ,  t h e   p r o b e   14A  a l s o   t r a n s m i t s   t h e  X - r a y  

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

t u b e   46  of  known  i n t e r n a l   c o n s t r u c t i o n   w h i c h   in  t h i s   e x a m p l e  

is   s i t u a t e d   a d j a c e n t   t h e   s m a l l   end  of  vacuum  e n c l o s u r e   19  

w i t h i n   h o u s i n g   27,  t h e   h o u s i n g   h a v i n g   a  p r o t r u d i n g   p o r t i o n  

47  f o r m e d   to  r e c e i v e   t h e   p h o t o m u l t i p l i e r   t u b e .   For   t h i s  

p u r p o s e   t h e   p r o b e   l4A  is   p r i m a r i l y   f o r m e d   of  a  l i g h t   p i p e  

c o r e   48  of   l i g h t - t r a n s m i s s i v e   m a t e r i a l ,   t he   d e t e c t o r   44  s c i n -  

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

o p t i c a l l y   c o u p l e d   to  t h e   l i g h t   p i p e   c o r e   48  n e a r   t h e   end  o f  

t h e   c o r e   w h i c h   i s   r e m o t e   f rom  t h e   X - r a y   t u b e .   To  p r e v e n t  

a m b i e n t   e x t e r n a l   l i g h t   f rom  a f f e c t i n g   t he   o p t i c a l   X - r a y   c o u n t  

s i g n a l s ,   a  c o a t i n g   49  of  o p a q u e   m a t e r i a l   e n c l o s e s   a l l   s u r f a c e s  

of  t h e   c o r e   48  and  of  t h e   X - r a y   d e t e c t o r   44  w h i c h   w o u l d   o t h e r -  

w i s e   be  e x p o s e d   to  a m b i e n t   l i g h t .   To  r e d u c e   s p u r i o u s   X - r a y  

c o u n t   s i g n a l s   f r o m   r a d i a t i o n   a r r i v i n g   at   d e t e c t o r   44  f rom  d i -  

r e c t i o n s   o t h e r   t h a n   t h a t   of  t h e   c o l l i m a t o r   29A,  an  a d d i t i o n a l  

i n n e r   l i n i n g   49  of  l e a d  o r   o t h e r   h i g h l y   r a d i a t i o n - a b s o r b e n t  

m a t e r i a l   may  e n c l o s e   t h e   end  p o r t i o n   of  t h e   c o r e   48  in   t h e  

r e g i o n   of  d e t e c t o r   44  e x c e p t   f o r   t h e   s u r f a c e   of  t h e   d e t e c t o r  

w h i c h   f a c e s   t h e   X - r a y   t u b e .  

P r o b e   14A  h a s  a   b a s e   end  51A  r e l e a s a b l y   s e c u r a b l e  

in   any  s e l e c t e d   one  of   a  s e r i e s   of  a t t a c h m e n t   means   52A,  5 2 B ,  

52C  and  52D  s i t u a t e d   a t   d i f f e r e n t   p o s i t i o n s   on  t h e   X - r a y   t u b e .  

As  b e s t   s e e n   by  r e f e r r i n g   to  F i g u r e s   1  and  2  in   c o n j u n c t i o n ,  

a t t a c h m e n t   means   52A  in  t h i s   e x a m p l e   is   s i t u a t e d   at   one  s i d e  

of  t h e   c o l l i m a t o r - r e c e i v i n g   o p e n i n g   28  at   t h e   m i d - p l a n e   o f  

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

means   52B  is   p r o v i d e d   a t   t h e   same  p l a n e   on  t h e   o p p o s i t e   s i d e  

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



m e a n s   52C  is   l o c a t e d   b e l o w   t h e   c e n t e r   of  t he   c o l l i m a t o r -  

r e c e i v i n g   o p e n i n g   28  w h i l e   s t i l l   a n o t h e r   s u c h   a t t a c h m e n t  

m e a n s   52D  is   s i t u a t e d   a b o v e   t h e   c e n t e r   of   t he   o p e n i n g .  

A t t a c h m e n t   m e a n s   52A  may  i n c l u d e   a  c y l i n d r i c a l  

p a s s a g e   5 3  p e n e t r a t i n g   f o r   a  d i s t a n c e   i n t o   t he   f a c e   o f  

h o u s i n g   27  and  s h a p e d   to  r e c e i v e   b a s e   p o r t i o n   51A  of   p r o b e  
14A.  In  o r d e r  t o   a s s u r e   t h a t   t h e   p r o b e   e n t e r s   t h e   p a s s a g e  

53  o n l y   in   an  o r i e n t a t i o n   w h i c h   s i t u a t e s   t h e   X - r a y   d e t e c t o r  
44  a t   t h e   c e n t r a l   a x i s   of   t h e   X - r a y  t u b e ,   a  l i n e a r   r i b   or  k e y  

54  i s   f o r m e d   on  b a s e   p o r t i o n   51A  of  t he   p r o b e   and  i s   r e c e i v e d  

in   a  c o n f o r m i n g   a x i a l l y   e x t e n d i n g   s l o t   56  in  t he   w a l l   of   p a s -  

s a g e   53.  To  a s s u r e   t h a t   t h e   p r o b e   is   f i r m l y   and  f u l l y   s e a t e d  

in  t h e   a t t a c h m e n t   m e a n s   w i t h   t h e   X - r a y   d e t e c t o r   44  b e i n g   s i t u -  

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

t h r o u g h   c o l i m a t o r   59,   d e t e n t   means   may  be  p r o v i d e d   w h i c h   i n  

t h i s   e x a m p l e   c o n s i s t   of   a  p l u n g e r   56  a x i a l l y   s l i d a b l e   in  a  

p a s s a g e   57  at   r i g h t   a n g l e s   to  p a s s a g e   53  and  h a v i n g   a  s p h e r i -  

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

c a v i t y   in  t h e   s i d e   w a l l   of   t h e   b a s e   p o r t i o n   51A  of  t h e   p r o b e  
14A.  P l u n g e r   56  is   b i a s e d   t o w a r d s   p a s s a g e   53  by  a  c o m p r e s s i o n  

s p r i n g   58  and  s n a p s   i n t o   d e t e n t i n g   p o s i t i o n   when  t h e   p r o b e  
has   b e e n   f u l l y   i n s e r t e d   w h i l e   e n a b l i n g   e a s y   r e m o v a l   of  t h e  

p r o b e   when  i t   is   to  be  r e p l a c e d   w i t h   a  p r o b e   of  d i f f e r e n t  

c o n f i g u r a t i o n   or  when  i t   i s   to  be  s h i f t e d   to  a  d i f f e r e n t   o n e  
of   t h e   a t t a c h m e n t   m e a n s   5 2 .  

In  o r d e r   to  r e t r a c t   t h e   p l u n g e r   56  as  t he   p r o b e   14A 

is   b e i n g   i n s e r t e d   in   p a s s a g e   53  and  to  p r o v i d e   f o r   e f f i c i e n t  

c o u p l i n g   of   o p t i c a l   s i g n a l s   to  p h o t o m u l t i p l i e r   t u b e   46,  t h e  

end   59  of   t h e   b a s e   p o r t i o n   51A  of  the   p r o b e . 1 4 A   is   a  

p r o j e c t i n g   end  of  t h e   l i g h t   p i p e   c o r e   48  h a v i n g   a  c o n i c a l  

c o n f i g u r a t i o n .  

Each   of  t h e   o t h e r   a t t a c h m e n t   means  52B,  52C  a n d  

52D  may  h a v e   a.  s i m i l a r   c o n s t r u c t i o n   e x c e p t   i n s o f a r   as  e a c h  

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

w i t h   t h e   k e y w a y   s l o t s   56  of   e a c h   a t t a c h m e n t   means   a l w a y s  



b e i n g   a d j a c e n t   t h e   c o l l i m a t o r - r e c e i v i n g   o p e n i n g   28  and  t h e  

d e t e n t   means   a l w a y s   b e i n g   on  t h e   o u t w a r d   s i d e .  

To  t r a n s m i t   X - r a y  c o u n t   d a t a   o p t i c a l   s i g n a l s   f r o m  

end  59  o f   p r o b e   14A  to  t h e   p h o t o s e n s i t i v e   s u r f a c e   of  p h o t o -  

m u l t i p l i e r   t u b e   46,   a  l i g h t   p i p e   61  is  d i s p o s e d   w i t h i n  

h o u s i n g   27  and  h a s  a  b r o a d   b a s e   p o r t i o n   6?  d i s p o s e d   a g a i n s t  

t h e   p h o t o s e n s i t i v e   s u r f a c e   of  t h e   p h o t o   t u b e   46.  F o r w a r d  

f r o m   b a s e   p o r t i o n   62 ,   t h e   l i g h t   p i p e   61  d i v i d e s   i n t o   f o u r  

a r m s   63A,   63B,  63C  and  63D.  Arm  63A  has  a  f o r w a r d   end  e x -  

t e n d i n g   i n t o   the   i n n e r   end  of   p a s s a g e   53  of   a t t a c h m e n t   m e a n s  

52A  and   has   a  c o n i c a l   i n d e n t a t i o n   r e c e i v i n g   t h e   p o i n t e d   e n d  

59  o f   t h e   b a s e   51A  of  p r o b e   14A.  To  f a c i l i t a t e   t he   t r a n s m i s -  

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

b e t w e e n   end  59  of   t h e   p r o b e   and  the   f o r w a r d   end  of  arm  63A 

of  l i g h t   p i p e   61  may  be  c o a t e d   w i t h   s i l i c o n e   g r e a s e   or  o t h e r  

known  m a t e r i a l s   s u i t a b l e   f o r   s u c h   p u r p o s e .   The  o t h e r   a r m s  

6 3 B ,  6 3 C   and  63D  of  t he   l i g h t   p i p e  6 1   e x t e n d   to  t he   o t h e r   a t -  

t a c h m e n t   means   52B,  52C  and  52D  r e s p e c t i v e l y   in  an  e s s e n t i a l l y  

s i m i l a r   m a n n e r .  

To  p r e v e n t   e x t e r n a l   l i g h t   from  e n t e r i n g   the   p a s s a g e s  

53  of   t h e   ones   of   t h e   a t t a c h m e n t   means  52  w h i c h   a r e   no t   c o u p l e d  

to  p r o b e   14A  d u r i n g   an  o p e r a t i o n   of  the  s y s t e m ,   o p a q u e   c l o s u r e  

p l u g s   64  a r e   i n s e r t e d   in  t he   p a s s a g e s   53  of  s u c h   a t t a c h m e n t  

m e a n s  a n d   a r e   d i s e n g a g e a b l y   r e t a i n e d   t h e r e i n   by  the   same  d e t e n t  

p l u n g e r s   56B  w h i c h   o t h e r w i s e   e n g a g e   a  p r o b e .  

The  p r o b e   14A  d e p i c t e d   i n  F i g u r e s   1  and  2  is   d e -  

s i g n e d   to   f a c i l i t a t e   t he   o b t a i n i n g   of  p a n t o m o g r a p h i c   i m a g e s  

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

12.   S u c h   i m a g e s   a r e   u s u a l l y   a  p a n o r a m i c   i m a g e   of  a p p r o x i -  

m a t e l y   o n e - h a l f   of  t h e   d e n t a l   a r c h .   For  s u c h   p u r p o s e s ,   i t  

i s   u s u a l l y   p r e f e r a b l e   to  l o c a t e   the   X - r a y   d e t e c t o r   44  in  t h e  

g e n e r a l   v i c i n i t y   of  t he   p a t i e n t ' s   t h i r d   m o l a r   t o o t h   at   t h e  

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

d i s p o s i t i o n   w i t h   a  min imum  of  d i s c o m f o r t   to  t he   p a t i e n t   t h i s  

p a r t i c u l a r   p r o b e   14A  has  an  e s s e n t i a l l y   q u a r t e r   c i r c u l a r   c o n -  



f i g u r a t i o n   b e t w e e n   t h e   l i n e a r   b a s e   p o r t i o n   51A  and  t h e   i m m e -  

d i a t e   r e g i o n   of   t he   d e t e c t o r   44  so  t h a t   i t   c u r v e s   a r o u n d   t h e  

f r o n t   of   t h e   p a t i e n t ' s   f a c e   and  e x t e n d s   a  s m a l l   d i s t a n c e   i n t o  

t h e   o p p o s i t e   s i d e   o f  t h e   m o u t h .  

'In  o r d e r   to  o b t a i n   a  c o m p l e m e n t a r y   p a n t o m o g r a p h i c  

i m a g e   o f   t h e   o t h e r   s i d e   o f   t h e   d e n t a l   a r c h   of   t h e   s u b j e c t   1 2 ,  

c l o s u r e   64  i s   r e m o v e d   f r o m   a t t a c h m e n t   means   56B  and  t h e   p r o b e  

14A  i s  r e m o v e d   f rom  a t t a c h m e n t   means   52A.  The  p r o b e   i s   t h e n  

r o t a t e d   and  i n s e r t e d   i n t o   a t t a c h m e n t   means   5 2 8 ,   and  t h e   c l o -  

s u r e   64  i s   t h e n   i n s e r t e d   i n t o   a t t a c h m e n t   m e a n s   52A.  The  p r o b e  

14A  t h e n   e x t e n d s   f rom  t h e .  o p p o s i t e  - s i d e   of  t h e   f a c e  o f   t h e  

X - r a y   t u b e   13  as  d e p i c t e d  b y   d a s h e d   l i n e s   1 4 A '  i n   F i g u r e   1 ,  

t h e   X - r a y   d e t e c t o r   44  a g a i n   b e i n g   s i t u a t e d   a t   t h e   same  c e n -  

t e r e d   p o s i t i o n   as  b e f o r e .   The  X - r a y   t ube   13 ,   i n c l u d i n g   t h e  

p r o b e   14A,  may  t h e n   be  r o t a t e d   a r o u n d   to  t he   o p p o s i t e   s i d e   o f  

t h e   p a t i e n t   or  a l t e r n a t e l y   t h e   p a t i e n t   may  be  t u r n e d   to  l o c a t e  

t h e   d e t e c t o r  4 4   in  an  e s s e n t i a l l y   s i m i l a r   m a n n e r   bu t   a t   t h e  

o t h e r   r e a r   m o l a r   65L  of   t h e   d e n t a l   a r c h .  

B a s i c a l l y ,   t h e   a b i l i t y   of  a  s c a n n i n g   X - r a y   s y s t e m  

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

a  s u b j e c t   i s   not   d e p e n d e n t   on  t h e   p r e s e n c e   of  a  c o l l i m a t o r  

29A  s i n c e   o n l y   X - r a y s   w h i c h   a r e   d i r e c t e d   t o w a r d s   t h e   m i n u t e  

d e t e c t o r   44  can  c o n t r i b u t e   to  t h e   i m a g e .   The  p r i m a r y   f u n c -  

t i o n   of   t h e   c o l l i m a t o r   2 9 A . i s   to  m i n i m i z e   r a d i a t i o n   d o s a g e  

of   t h e   s u b j e c t .   In  a d d i t i o n ,   t h e   c o l l i m a t o r   a c t s   to  e n h a n c e  

c o n t r a s t   in   t he   image   by  r e d u c i n g   s p u r i o u s   c o u n t s   at  d e t e c t o r  

44  f r o m   s c a t t e r e d   r a d i a t i o n ,   X - r a y   f l u o r e s c e n c e   and  t h e   l i k e .  

As  a  p r a c t i c a l   m a t t e r ,   t h e   c o l l t m a t o r   29A  may  d e t r a c t   s o m e w h a t  

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

n i n g   X - r a y   s y s t e m  n o t   h a v i n g  a   c o l l i m a t o r   bu t   t he   m a g n i t u d e  

of   t h i s   e f f e c t   can   e a s i l y   be  k e p t   w i t h i n   a c c e p t a b l e   l i m i t s   a n d  

may  be  made  i n s i g n i f i c a n t   s i n c e   any  r e d u c t i o n   of  d e f i n i t i o n  

c a u s e d   by  t h e   c o l l i m a t o r   may  be  made  to  be  l e s s   t h a n   t he   i n -  

h e r e n t   d e f i n i t i o n   l i m i t a t i o n s   of  t he   image  d i s p l a y   d e v i c e   1 7 .  

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



a  more   c r i t i c a l   o n e ,  i t  i s   u s u a l l y   d e s i r a b l e   in   d e n t a l   o r  m e d -  

i c a l   u s a g e s   to  o p e r a t e   s y s t e m   11  w i t h   t he   c o l l i m a t o r   29A  i n  

p l a c e .  

T h e   c o l l i m a t e r   29A  of   t h i s   i n v e n t i o n   is  of  a  s p e c i a l -  

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

of   p a t i e n t   r a d i a t i o n   e x p o s u r e   w h i l e   m i n i m i z i n g   a n y  c o n s e q u e n t  
l o s s   o f   i m a g e   d e f i n i t i o n .   In  p a r t i c u l a r ,   t h e   c o l l i m a t o r  2 9 A  

i n c l u d e s   a  c o l l i m a t i o n   e l e m e n t   6 7  f o r m e d   of  l e a d   g l a s s   or  o t h e r  

r a d i a t i o n   a b s o r b e n t   m a t e r i a l   h a v i n g   s i m i l a r   p r o p e r t i e s .   C o l l i -  

m a t i o n   e l e m e n t   6'i  i s   f o r m e d   w i t h   a  l a r g e   n u m b e r   of  s p a c e d - a p a r t  

r a d i a t i o n   t r a n s m i s s i v e   p a s s a g e s   68,   of  v e r y   s m a l l   c r o s s - s e c t i o n a l  

a r e a ,   f o r   t r a n s m i t t i n g   X - r a y s   w h i c h   o r i g i n a t e   at  t a r g e t  s u r f a c e  

26  t o w a r d s   t h e   d e t e c t o r   4 4 .   The  p a s s a g e s   68  a r e   a l i g n e d   i n  

d i r e c t i o n s   w h i c h   a r e   c o n v e r g e n t   at   t he   X - r a y   d e t e c t o r  4 4 .  

In  o t h e r   w o r d s ,   e a c h   of   t h e   p a s s a g e s   68  e x t e n d s   a l o n g   a  s e p a -  

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

d e t e c t o r   44  as  a  c e n t e r .  

R e f e r r i n g   now  to  F i g u r e   3,  the   i m p a c t   of  t h e   e l e c -  

t r o n   beam  23  on  t a r g e t   a n o d e   p l a c e   26  c a u s e s   X - r a y s   69  t o  

be  e m i t t e d   in   a l l   d i r e c t i o n s   f r o m   t he   p o i n t   of  i m p a c t .   T h e  

e f f e c t   o f   t h e   c o l l i m a t o r   29A  i s   to  a b s o r b   t h o s e   of  t he   X - r a y s  

69  w h i c h   a r e   e m i t t e d   i n   t h e   g e n e r a l   d i r e c t i o n   of  t h e  p a t i e n t  

b u t   w h i c h   a r e   no t   t r a v e l i n g   p r e c i s e l y   t o w a r d s   the   d e t e c t o r   44 

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

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

X - r a y s   w h i c h   may  be  p r o d u c e d   by  i n t e r a c t i o n   of  a  p r i m a r y  X - r a y  

69  w i t h   m a t e r i a l   b e h i n d   or   w i t h i n   t he   c o l l i m a t e r .  

As  may  be  s e e n   by  r e f e r e n c e   to  F i g u r e   4,  w h i c h   i s  

a  c r o s s   s e c t i o n   of   t h e   c o l l i m a t o r   29A  t a k e n   at   r i g h t   a n g l e s  

to  t h e   p l a n e   of   F i g u r e   3,  t h e   r a d i a t i o n   t r a n s m i s s i v e   p a s s a g e s  

68  a r e   c o n v e r g e n t   t o w a r d   d e t e c t o r   44  when  v i e w e d   in  an  o r t h o g o -  

n a l   p l a n e   as  w e l l   as  in  t h e   p l a n e   of  F i g u r e s   1  and  3  and  t h u s  

t h e   e f f e c t   of   t h e   c o l l i m a t o r   i s   to  i n t e r c e p t   X - r a y s   69  w h i c h  

a r e   d i r e c t e d   t o w a r d s   t h e   s u b j e c t   12  o t h e r   t h a n   the   p a r t i c u l a r  

X - r a y s   6 9 '   w h i c h   a r e   d i r e c t e d   e x a c t l y   t o w a r d s   d e t e c t o r   4 4 ,  



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

X - r a y s   69  d e v i a t e   from  a  l i n e   e x t e n d i n g   t o w a r d s   t he   d e t e c t o r .  

R e f e r r i n g   a g a i n   to  F i g u r e   1,  t h e   X - r a y s   p r o d u c e d  

at   t a r g e t   a n o d e   p l a t e   24  by  i m p a c t   of   t he   e l e c t r o n   beam  23 

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

e n e r g y   c o m p o n e n t   of  t h e   X - r a y   s p e c t r u m   is   of   l i t t l e   or   m i n i m a l  

v a l u e   i n s o f a r   as  t he   p r o d u c t i o n   of   t h e   d e s i r e d   image   i s   c o n -  
c e r n e d .   T o .  a v o i d   u n n e c e s s a r y   e x p o s u r e   of  t h e   p a t i e n t   to  t h e s e  

l o w - e n e r g y   X - r a y s ,   one  or   more   a b s o r b e n t   f i l t e r i n g   m e a n s  
f o r m e d   of   a  l o w - a t o m i c - n u m b e r   m a t e r i a l ,   s u c h   as  a l u m i n u m  

f o r   e x a m p l e ,   may  be  s i t u a t e d   b e t w e e n   t h e   t a r g e t   a n o d e   p l a t e  
26  and  t h e   p a t i e n t .   In  t h i s - e x a m p l e   a  f i r s t   such   f i l t e r  

l a y e r   71 ,   w h i c h   may  t y p i c a l l y   be  two  o r  t h r e e   m i l l i m e t e r s  

of   a l u m i n u m   or   e q u i v a l e n t   r a d i a t i o n   a b s o r b e r ,   is  d i s p o s e d .  

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

A d d i t i o n a l   s u p p r e s s i o n   of   l o w - e n e r g y   X - r a y s   may  be  p r o v i d e d  
f o r   by  d i s p o s i n g   a n o t h e r   l a y e r   72  of   f i l t e r   m a t e r i a l   on  t h e  

s u r f a c e   of   c o l l i m a t o r   e l e m e n t   67  w h i c h   is   c l o s e s t   to  t h e  

t a r g e t   a n o d e   p l a t e   and  by  p r o v i d i n g   s t i l l   a n o t h e r   l a y e r   o f  

s u c h   m a t e r i a l   73  on  t h e   o u t e r   s u r f a c e   of   t h e   c o l l i m a t o r   e l e -  

m e n t .   The  o u t e r   l a y e r   73  of   f i l t e r   m a t e r i a l   has  t he   f u r t h e r  

b e n e f i c i a l   e f f e c t   of   a b s o r b i n g   s c a t t e r e d . X - r a y s   a r a i s i n g   f r o m  

s c a t t e r i n g   e f f e c t s   w i t h i n   t h e   c o l l i m a t o r   29A  i t s e l f .   F o r  

s i m i l a r   r e a s o n s ,   t h e   r a d i a t i o n   t r a n s m i s s i v e   p a s s a g e s   6 8 . m a y  

be  f i l l e d   w i t h   a  m a t e r i a l   s u c h   as  a l u m i n u m   or  any  of  v a r i o u s  
s u i t a b l e   p l a s t i c s   w h i c h   a b s o r b   v e r y  l o w - e n e r g y   X - r a y s   i n  
o r d e r   to   f u r t h e r   r e d u c e   r a d i a t i o n   d o s a g e   f r o m   X - r a y   s c a t t e r -  

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

t h a t   t h e   r a d i a t i o n - t r a n s m i s s i v e   p a s s a g e s   68  a r e   n o t  n e c e s -  

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

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

e n e r g y   bu t   no t   n e c e s s a r i l y   t r a n s m i s s i v e   to  o t h e r   t h i n g s .  
A  c o l l i m a t o r   e l e m e n t   67  h a v i n g   t h e   p h y s i c a l   c h a r -  



a c t e r i s t i c s   d e s c r i h e d   a b o v e   may  be  m a n u f a c t u r e d   by  v e r y  

p r e c i s e   d r i l l i n g   of   t h e   p a s s a g e s   68  t h r o u g h   a  l e a d   g l a s s  

e l e m e n t   and  i f   f o r m e d  i n   t h i s   m a n n e r ,   l a s e r   beam  d r i l l i n g  

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

of   a  v e r y   l a r g e   n u m b e r   of   c l o s e l y   s p a c e d   p a s s a g e s   68  of   a  

v e r y  m i n u t e   c r o s s - s e c t i o n a l   a r e a .   As  a  p r a c t i c a l   m a t t e r   i t  

i s   p r e f e r a b l e   to   f o r m   t h e   c o l l i m a t o r   e l e m e n t   67  by  f i b e r  

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

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

v i s i o n   d e v i c e s   and  i m a g e - i n t e n s i . f i e r s .   In  one  s u c h   t e c h n i q u e ,  

f o r   e x a m p l e ,   t h e   e l e m e n t   6 7  i s   i n i t i a l l y   f o r m e d  b y  d i s p o s i n g  

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

f i l l e d   w i t h   a  w a t e r -   or  a c i d - s o l u b l e   c o r e   m a t e r i a l .   The  a r r a y  
of   g l a s s   r o d s   is   t h e n   f u s e d   by  h e a t i n g   and  i s   t h e n   d r a w n ,   i n  

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

e l i m i n a t e d   and  c r o s s - s e c t i o n a l   s i z e   is   r e d u c e d .   The  f u s e d  

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

an  e l e m e n t   of  t h e   d e s i r e d   t h i c k n e s s .   The  r e s u l t i n g   f u s e d   a r -  

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

t h e   p a s s a g e s   and  t h e   f a c e s   a r e   p o l i s h e d   to  fo rm  t h e   d e s i r e d  

m i c r o c h a n n e l   p l a t e .   E l e m e n t s   can   be  p r o d u c e d   by  t h e s e   t e c h -  

n i q u e s   in   w h i c h   t h e   p a s s a g e s   68  a r e   t y p i c a l l y   a b o u t   25  m i c r o n s  

in   d i a m e t e r   and  h a v e   a  c e n t e r - t o - c e n t e r   s p a c i n g   of  a b o u t   37 

m i c r o n s .   A f t e r   p r o c e s s i n g   to   t h e   e x t e n t   d e s c r i b e d   a b o v e ,   t h e  

c o l l i m a t i n g   e l e m e n t   h a s   p a s s a g e s   68  w h i c h   a r e   p a r a l l e l   r a t h e r  

t h a n   c o n v e r g e n t .   To  p r o d u c e   t h e  d e s i r e d   c o n v e r g e n c e ,   a  s a g -  

g i n g   p r o c e s s   may  be  u s e d   in   w h i c h   t h e   m i c r o c h a n n e l   p l a t e  i s   d i s -  

p o s e d   on  a  s p h e r e   h a v i n g   a  c e n t e r   at  t h e   p o i n t   t o w a r d s   w h i c h   t h e  

p a s s a g e s   a r e   to   c o n v e r g e .   The  e l e m e n t   is  t h e n   h e a t e d   to  a  t e m -  

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

of   t h e   mass   of   t h e   m j c r o c h a n n e l   p l a t e   or  i f   n e c e s s a r y   w i t h   t h e  

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

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

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



p a s s a g e s   68  to  now  be  c o n v e r g e n t   at  t he   c e n t e r   of   c u r v a t u r e  

of  t he   s p h e r e .  

As  w i l l   h e r e i n a f t e r   be  d i s c u s s e d   in  more  d e t a i l ,  

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

c o n v e r g e n c e   of  t h e   r a d i a t i o n - t r a n s m i s s i v e   p a s s a g e s . 6 8 .   T h e  

s p h e r i c a l   c u r v a t u r e   of  t h e   c o l l i m a t o r   e l e m e n t   67  as  a  w h o l e  

as  d e p i c t e d   in  F i g u r e   1  i s   a l s o   p r o d u c e d   by  t he   s a g g i n g   o p e r -  

a t i o n   and  may  have   an  a d v a n t a g e   in  many  c a s e s   in   t h a t   i t  

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

e x t e r i o r   p o r t i o n s   of  t h e   p a t i e n t ' s   a n a t o m y   s u c h   as  t h e   c u r v a -  

t u r e   in  t h e   jaw  r e g i o n .   H o w e v e r ,   in  o t h e r   i n s t a n c e s   t h e  

c o l l i m a t o r   e l e m e n t   67  n e e d   n o t   have   an  o v e r a l l  c u r v a t u r e   b u t  

can   be  p l a n a r   p r o v i d e d   t h a t   t h e   i n t e r n a l   p a s s a g e s   68  h a v e  

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

b e i n g   h e r e i n a f t e r   d e s c r i b e d .   I f   t h e   c o l l i m a t o r   i s   to  be  f l a t ,  

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

no t   i n v o l v e   the   s a g g i n g   s t e p .   In  p a r t i c u l a r ,   a  f u s e d   a r r a y  
of  h o l l o w   l e a d   g l a s s   c a p i l l a r y   t u b i n g   may  be  h e a t e d   and  d r a w n  

i n t o   t h e   fo rm  of  a  l o n g   c o n e   b o t h   to  r e d u c e   p a s s a g e   s i z e   a n d  

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

s i n g l e   p o i n t .   A  d e s i r e d   f l a t   s e c t i o n   of   t he   cone   may  t h e n   b e  

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

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

m e n t .   T h i s   t e c h n i q u e   i s   c a p a b l e   of  p r o d u c i n g   p a s s a g e s   68  

down  to  a r o u n d   200  m i c r o n s   in  d i a m e t e r   w i t h o u t   d i f f i c u l t y  

a l t h o u g h   w i t h   c a r e   s t i l l   s m a l l e r   p a s s a g e s   may  be  p r o d u c e d .  

In  i n s t a n c e s   w h e r e   i t   w i l l   no t   be  n e c e s s a r y   t o  

c h a n g e   t h e   f o c a l   l e n g t h   of  t h e   X - r a y   t u b e ,   d e f i n e d   as  t h e  

d i s t a n c e  b e t w e e n   t h e   d e t e c t o r   44  and  t h e   t a r g e t   a n o d e   p l a t e  

24,   t he   c o l l i m a t o r - 2 9 A   may  s i m p l y   be  p e r m a n e n t l y   m o u n t e d   i n  

p o s i t i o n   at   t h e   f a c e   of  t h e   X - r a y   t u b e .   The  e m b o d i m e n t   o f  

F i g u r e   1  u t i l i z e s   a  r e l e a s a b l e   c o l l i m a t o r   29A  so  t h a t   t h e  

c o l l i m a t o r   may  be  r e m o v e d   and  r e p l a c e d   w i t h   a n o t h e r   c o l l i -  

m a t o r   in  w h i c h   t h e   p a s s a g e s   68  c o n v e r g e   at   a  p o i n t   f u r t h e r  

ou t   f rom  or  c l o s e r   to  t h e   t a r g e t   a n o d e   p l a t e   d e p e n d i n g   o n  



w h e t h e r  f o c a l   l e n g t h   is   to  be  i n c r e a s e d   or  d e c r e a s e d .   F o r  

t h i s   p u r p o s e   the   c o l l i m a t o r   e l e m e n t   67  is  d i s p o s e d   in   a  r e c -  

t a n g u l a r   f r a m e   74  w h i c h   f i t s   i n t o   t he   c o l l i m a t o r - r e c e i v i n g  

o p e n i n g   28  at   t he   f a c e   of   t h e   t u b e   and  w h i c h   is  d i s e n g a g e a b l y  

r e t a i n e d   t h e r e i n   by  t h r e a d e d   s c r e w s   76  and  w h i c h   is   p r e f e r -  

a b l y   f o r m e d   of   r a d i a t i o n - a b s o r b e n t   m a t e r i a l .   As  b e s t   s e e n  

in  F i g u r e - 2 ,   s c r e w s   76  e x t e n d   i n t o   t h e   f o r e w a r d   s i d e   p o r t i o n s  

of   h o u s i n g   27  and  e n t e r   a  s h o r t   d i s t a n c e   i n t o   a p p r o p r i a t e l y  

l o c a t e d   b o r e s   in  t h e   s i d e   of   t h e   c o l l i m a t o r   f r a m e   74.   T h u s  

by  d i s e n g a g i n g   t h e  s c r e w s   76,   t h e   c o l l i m a t o r   29A  may  be  r e -  

moved  f r o m   o p e n i n g   28  and  a n o t h e r   c o l l i m a t o r   of  d i f f e r e n t  

f o c a l   l e n g t h   may  be  i n s e r t e d   a n d  m a y   be  h e l d   in  p l a c e   by  r e -  

e n g a g i n g   t h e   s c r e w s .   S c r e w s   76  may  be  r e p l a c e d   by  more   e l a b -  

o r a t e   b u t   more   q u i c k l y   o p e r a t e d   l a t c h i n g   means   in   i n s t a n c e s  

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

R e f e r r i n g   a g a i n   to  F i g u r e   1,  a  p a n t o m o g r a p h i c   i m a g e  

of   t h e   l e f t   s i d e   of  t h e   d e n t a l   a r c h   of  a  s u h j e c t   12  w i l l   b e  

p r o d u c e d   on  s c r e e n   18  of   X-Y  d i s p l a y   d e v i c e   17  by  c o u p l i n g  

t h e   o u t p u t   of   an  X - s w e e p   f r e q u e n c y   g e n e r a t o r   or  o s c i l l a t o r   77  

to   b o t h   t h e   X - s w e e p   t e r m i n a l   78  of  beam  d e f l e c t o r   31  and  t o  

t h e   X - s w e e p   t e r m i n a l   79  of   t h e   d i s p l a y   17.  The  o u t p u t   of  a  

Y - s w e e p   f r e q u e n c y   g e n e r a t o r   81,   w h i c h   p r o d u c e s   a  r e p e t i -  

t i v e   s w e e p   wave  fo rm  of  s u b s t a n t i a l l y   l o w e r   f r e q u e n c y  

t h a n   t h a t   of   t h e   X - s w e e p   f r e q u e n c y   g e n e r a t o r   77,   i s  

c o u p l e d   to  t h e   Y - s w e e p   s i g n a l   t e r m i n a l   82  of  t h e   b e a m  

d e f l e c t o r   31  and  a l s o   to  t h e   Y - s w e e p   t e r m i n a l   83  of   t h e  

d i s p l a y   d e v i c e   17.  A c c o r d i n g l y ,   t h e   e l e c t r o n   beam  23  i s  

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

t a r g e t   a n o d e   p l a t e   24  and  t h e   e l e c t r o n   beam  s w e e p   of   t h e  

d i s p l a y   d e v i c e   17  i s   c o o r d i n a t e d   w i t h   t h a t   of  t h e   s o u r c e .  

C i r c u i t s   f o r   t h i s   p u r p o s e   w i l l   h e r e i n a f t e r   be  d e s c r i b e d  

in   more  d e t a i l .  

The  X - r a y   c o u n t   s i g n a l s   p r o d u c e d   a t   d e t e c t o r  

44  v a r y   in   n u m b e r   in  t h e   c o u r s e   of  t h i s   s c a n n i n g   a c t i o n  

in  a c c o r d a n c e   w i t h   v a r i a t i o n s   of   t h e   r a d i a t i o n - t r a n s -  



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

of   t he   p a t i c  w h i c h   is  b e i n g   i n t e r c e p t e d   b y  

X - r a y s  6 9 '   me  i n  t h e   c o u r s e  o f   t h e  

s c a n n i n g   The  c o u n t   w h i c h   a re   i n i t i a l l y  

o p t i c a l   s i g n  a r e   t r a n s m i t t  ay  l i g h t   p i p e   c o r e   48  o f  

p r o b e   14A  a n d  t  hen  by  t h e   i  l i g h t   p i p e   42  of  t h e  

X - r a y   t u b e   p h o t o m u l t i p l i e   46  whe re   t he   c o u n t  

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

s i g n a l .   T h e  o u t p u t   s i g n a l   t e  84  of  p h o t o m u l i t  

t u b e   46  is  c o u p l e d   to  t h e   Z   n s i t y   s i g n a l  
86  o f   d i s p l a n y  d e v i c e   17  t h r  v i d e o   t y p e   of  a m  

87.  Thus   s u c c e s s i v e   p o i n t s   i   v i s i b l e   image   e t  

s c r e e n   18  of  d e v i c e   17  h a v e   d e g r e e   of  i l l u m i n a  

t e n s i t y   d e t e r m i n e d   by  t h e   r a d i  t r a n s m i s s i v e s s   a t  

t h e   c o r r e s p o n d i n g   p o i n t s   in  the  r e g i o n   of  t h e   p a t i e n t  ' s  

a n a t o m y   w h i c h   is  b e i n g   s c a n n e d   a n d   t h e   image  at  s c r e e n  

18  c o n s t i t u t e s   t h e   d e s i r e d   r a d i e g r a p h i c   i m a g e .   I f   e a c h  

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

of  eye  p e r s i s t e n c e   of  t h e   human  b i o v i s u a l   s y s t e m ,   t h e  

image   may  he  v i e w e d   d i r e c t l y   at   s c r e e n   18.  The  i m a g e  

may  a l s o   be  v i e w e d   in  t h a t   m a n n e r ,   w i t h o u t   r e g a r d   t o  

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

c a t h o d e   r a y   t u b e   s c r e e n   18  is  u s e d   and  p r e f e r a b l y   o n e  

of  t h e   a d j u s t a b l e   p e r s i s t e n c e   t y p e .   To  p r o v i d e   a  p e r m a -  .  

n e n t   r e c o r d   or  to  p r o v i d e   t he   v i e w a b l e   image   i t s e l f   w h e r e  

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

s c r e e n   18  p r e v e n t  d i r e c t   v i e w i n g ,   a  c a m e r a   18'   may  b e  

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

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

s c a n n i n g   r a s t e r .  

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

d e s c r i b e d   c o n t r o l   c i r c u i t   16,  by  w h i c h   v a r i o u s   e l e c t r o n i c  

image   e n h a n c e m e n t   t e c h n i q u e s   may  he  u t i l i z e d   i f   d e s i r e d  

and  by  w h i c h   r a d i o g r a p h i c   image   d a t a   may  b e  s t o r e d   on  m a g -  
n e t i c   t a p e   or   t h e   l i k e   i n s t e a d   of  at  i l i z i n g   t h e  c u m b e r s o m e  



c o n v e n t i o n a l   f i l m   s t o r a g e ,   a re   d e s c r i b e d   in  a p p l i c a n t ' s  

p r i o r   U n i t e d   S t a t e s   P a t e n t   No.  3 , 9 4 9 , 2 2 9   and  may  be  e m -  
b o d i e d   in   t h e   p r e s e n t   s y s t e m   i f   d e s i r e d .   The  e l e c t r i c a l  

c o n t r o l   c i r c u i t   16  of  t h i s   e x a m p l e   w i l l   h e r e i n a f t e r   be  d e -  

s c r i b e d   in  more   d e t a i l   in   c o n n e c t i o n   w i t h   c e r t a i n   a d d i t i o n a l  

p r o v i s i o n s   w h i c h   may  be  e m p l o y e d   in  t he   c i r c u i t   to   a l l e v i a t e  

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

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

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

of  t h e   s y s t e m .   A  f o c a l   l e n g t h   a d j u s t m e n t   may  be  n e e d e d   w h e r e  

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

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

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

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

T h i s   i s   a c c o m p l i s h e d   by  r e p l a c i n g   t h e   p r o b e   14A  w i t h   a n o t h e r  

p r o b e   w h i c h   l o c a t e s   t h e   d e t e c t o r   44  f u r t h e r   ou t   f r o m   t h e  

t a r g e t   a n o d e   p l a t e   24  when  f o c a l   l e n g t h   i s   to   be  i n c r e a s e d  

or  w h i c h   l o c a t e s   t h e   d e t e c t o r   c l o s e r   to  t he   t a r g e t   a n o d e  

p l a t e   when  f o c a l   l e n g t h   i s   to  be  d e c r e a s e d .   When  t h e   l o c a -  

t i o n   of   t h e   d e t e c t o r   44  i s   c h a n g e d   in   t h i s   m a n n e r ,   c o l l i m a t o r  

29A  m u s t   a l s o   be  r e p l a c e d   w i t h   a n o t h e r   c o l l i m a t o r   h a v i n g  

r a d i a t i o n   t r a n s p a r e n t   p a s s a g e s   68  c o n v e r g e n t   t o w a r d s   t h e  

new  l o c a t i o n   of  t h e   d e t e c t o r   44.  S t i l l   a n o t h e r   a d j u s t m e n t  

may  a l s o   be  made  in   c o n j u n c t i o n   w i t h   s u c h   a  c h a n g e   of  p r o b e  

and  c o l l i m a t o r .   In  p a r t i c u l a r ,   i f   t h e   r e g i o n   w i t h i n   t h e  

X - r a y   t u b e   w h e r e   t h e   e l e c t r o n   beam  23  i s   b e i n g   d e f l e c t e d  

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

a n o d e   p l a t e   24  a  d i s t a n c e   s u b s t a n t i a l l y   d i f f e r e n t   f rom  t h e  

s p a c i n g   of   t h e   d e t e c t o r   44  f rom  t h e   t a r g e t   a n o d e   p l a t e   a  

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

t i o n   can   be  t o l e r a t e d   in   many  i n s t a n c e s ,   i t   may  be  r e d u c e d  

or   e l i m i n a t e d   i f   in  c o n j u n c t i o n   w i t h   t h e   a b o v e - d e s c r i b e d  

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

l e n g t h ,   t h e   a x i a l   p o s i t i o n   of  t h e   d e f l e c t o r   31  i s   a l s o  



s h i f t e d   by  t h e   p r e v i o u s l y   d e s c r i b e d   means   so  t h a t   t h e   e l e c -  

t r o n   beam  d e f l e c t i o n   r e g i o n   and  the   d e t e c t o r   44  r e m a i n  

s u b s t a n t i a l l y   e q u i d i s t a n t   f r om,   or  in  c o n s t a n t   d i s t a n c e  

r a t i o   t o ,  t h e   t a r g e t   a n o d e   p l a t e   s u r f a c e   2 6 .  

F i g u r e   5  d e p i c t s   t he   f o r w a r d   p o r t i o n   o f  t h e  X - r a y  

t u b e   13  a f t e r   a d j u s t m e n t   have   been   made  as  d i s c u s s e d   a b o v e  

in  o r d e r   to  i n c r e a s e   t h e   f o c a l   l e n g t h .   Thus   in  F i g u r e   5 ,  

t h e   o r i g i n a l   p r o b e   has   b e e n   r e p l a c e d   w i t h   a  new  p r o b e   14B  

w h i c h   may  have   an  i n t e r n a l   c o n s t r u c t i o n   e s s e n t i a l l y   s i m i l a r  

to  t h a t   of  t h e   p r o b e   d e s c r i b e d   a b o v e   e x c e p t   t h a t   i t   is   o f  

g r e a t e r   l e n g t h   to  p o s i t i o n   the   d e t e c t o r   44B  f u r t h e r   o u t  

f rom  t h e   f a c e   of  t he   t u b e .   The  c u r v a t u r e   of  t h e   p r o b e   1 4 B  

m a y   a l s o   be  m o d i f i e d   as  n e c e s s a r y   to  m a x i m i z e   p a t i e n t   c o m -  

f o r t .   S i m i l a r l y ,   t h e   o r i g i n a l   c o l l i m a t o r   has  b e e n   r e p l a c e d  

w i t h   a  s e c o n d   c o l l i m a t o r   29B  in  w h i c h   the   r a d i a t i o n - t r a n s -  

m i s s i v e   p a s s a g e s   68B  have   a  d i f f e r e n t   a n g u l a r   o r i e n t a t i o n   i n  

o r d e r   to   be  c o n v e r g e n t   at   the   new,  more  d i s t a n t ,   l o c a t i o n  

of  t h e   d e t e c t o r   44B.  I t   may  be  o b s e r v e d   t h a t   c o l l i m a t o r   29B 

a l s o   d i f f e r s   f rom  t h a t   d e p i c t e d   in  F i g u r e   1  by  b e i n g   of  t h e  

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

The  f o r m s   of  p r o b e   14  d e s c r i b e d   in   c o n n e c t i o n   w i t h  

F i g u r e s   1  t o   5  a r e   p r i m a r i l y   d e s i g n e d   f o r   p r o d u c t i o n   of  p a n -  

t o m o g r a p h i c   d e n t a l   X - r a y s   and  have   been   shown  and  d e s c r i b e d  

as  b e i n g   m o u n t e d   at   one  l a t e r a l   s i d e   or  t h e   o t h e r   of  t h e  

f a c e   of  t h e   X - r a y   t u b e .   For   o t h e r   p u r p o s e s ,   s u c h   as  t h e   m a k i n g  

of  p e r i a p i c a l   d e n t a l   X - r a y s ,   t h e   p r o b e   may  h a v e  a   c o n s i d e r a b l y  

d i f f e r e n t   c o n f i g u r a t i o n   and  may  be  a t t a c h e d   to  t h e   X - r a y   t u b e  

at   a  d i f f e r e n t   l o c a t i o n .   F i g u r e  6   d e p i c t s   t h e   f o r w a r d   p o r -  

t i o n   of  t h e   X - r a y  t u b e   13  as  a d j u s t e d   to  p r o v i d e   f o r   t h e - m a k i n g .  

of  p e r i a p i c a l   X - r a y   i m a g e s   of  i n d i v i d u a l   t e e t h   or  of  a  s m a l l  

n u m b e r   of  i n d i v i d u a l   t e e t h   of  t h e   l o w e r   jaw  of  t he   p a t i e n t .  

In  p a r t i c u l a r ,   a  m o d i f i e d   p r o b e   14C  is  m o u n t e d   on  t h e  f a c e  

of  t h e   X - r a y   t u b e   at  t h e   p a r t i c u l a r   a t t a c h m e n t   means   52B  w h i c h  

is   s i t u a t e d   a b o v e   t h e   c e n t r a l   a x i s   o f  t h e   t u b e .   The  m o d i f i e d  

p r o b e . l 4 C   has  a  d i f f e r e n t   c o n f i g u r a t i o n   f rom  t h e   p r e v i o u s l y  



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

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

mo te   or  d i s t a l   end  of   t h e   p r o b e .   In  t h i s   e x a m p l e   t h i s   s i t u -  

a t e s   t h e   d e t e c t o r   44C  at   a  d i f f e r i n g   d i s t a n c e   f rom  t h e   f a c e  

of   t h e   t u b e   t h a n   in  t h e   c a s e   of  t h e   o t h e r   p r o b e   and  t h e r e f o r e  

a  d i f f e r e n t   c o l l i m a t o r   29C  is   u t i l i z e d   w h i c h   has   a  c o r r e s p o n d -  

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

The  same  m o d i f i e d   p r o b e   14C  may  t h e n   be  u s e d   t o  

make  p e r i a p i c a l   X - r a y s   of   t e e t h   of   t h e   u p p e r   jaw  by  r e m o v i n g  

t h e   p r o b e   f rom  a t t a c h m e n t   means   52D  and  r e m o u n t i n g   i t   i n  t h e  

l o w e r   a t t a c h m e n t   m e a n s   52C  b e l o w   t h e   c o l l i m a t o r   29C  as  s h o w n  

by  d a s h e d   l i n e s   14C'   in   F i g u r e   6 . '   U s e  o f   t h e   a p p a r a t u s   o f  

F i g u r e   6  to   make  a  p e r i a p i c a l   X - r a y   i m a g e   of  t h e   u p p e r   i n -  

c i s o r   t e e t h   of   a  p a t i e n t ,   w i t h   t h e   p r o b e   at   d a s h e d   l i n e   p o s i -  
t i o n   l 4 C '   i s   d e p i c t e d   in  F i g u r e   7.  In  p a r t i c u l a r ,   t h e   X - r a y  
t u b e   13  may  be  p o s i t i o n e d   d i r e c t l y   in   f r o n t   of  t he   p a t i e n t ' s  

u p p e r   j aw  w i t h   t h e   p r o b e   14C'   e x t e n d i n g   i n t o   t he   p a t i e n t ' s  
m o u t h   and  s l i g h t l y   u p w a r d l y   to   l o c a t e   t h e   d e t e c t o r   44C  o f  

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

t h e   s u b j e c t   1 2 .  

In  o r d e r   to   s u p p o r t   t h e   X - r a y   t u b e   13  i n c l u d i n g  

p r o b e   l 4 C ' ,   a  m o u n t i n g   b r a c k e t   88  may  be  s e c u r e d   to  h o u s i n g  

27  a t   t h e   u n d e r s i d e   of   t h e   h o u s i n g ' i n   t h i s   i n s t a n c e   f o r   c o n -  
n e c t i o n   to   s u i t a b l e   s u p p o r t   means   89.   The  s u p p o r t   m e a n s   89  

in  t h i s   e x a m p l e   i s   a  s e m i - r i g i d   t u b u l a r   g o o s e n e c k   of  t h e   f o r m  

w h i c h   c an   be  b e n t   to   d i f f e r e n t ' c o n f i g u r a t i o n s   by  a p p l y i n g  
s i z a b l e   f o r c e   b u t   w h i c h   i s   o t h e r w i s e   s u f f i c i e n t l y   r i g i d   t o  

s u p p o r t   t h e   X - r a y   t u b e   13  in  a  s e l e c t e d   p o s i t i o n   and  o r i e n t a -  

t i o n .   In  i n s t a n c e s   w h e r e   t h e   w e i g h t   of  t h e   X - r a y   t u b e   13  o r  

o t h e r   c a u s e s   r e q u i r e   a  n o n - b e n d a b l e   s u p p o r t ,   s c i s s o r s   b r a c k e t s  

or  t h e   l i k e   of  t h e   known  f o r m s   u s e d   to   s u p p o r t   more  c o n v e n -  
t i o n a l   d e n t a l   X - r a y   t u b e s   may  be  u s e d .   S u p p o r t   means   89  m a y ,  
i f   d e s i r e d ,   a t t a c h   to   a  h o u s i n g   91  w h i c h   c o n t a i n s   e l e c t r i c a l  

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

d u c t o r s   f o r   c o u p l i n g   t h e   e l e c t r i c a l   c o m p o n e n t s   of  t h e   t u b e '  



w i t h   t h e   r e s t   of   t h e   c i r c u i t   may  be  s i t u a t e d   w i t h i n   t he   s u p -  

p o r t   t u b e   8 9 .  

The  e x a m p l e s   of   t h e   i n v e n t i o n   d e s c r i b e d   a b o v e   h a v e  

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

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

of   d e n t a l   r a d i o g r a p h .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   o t h e r  

p r o b e s  1 4   may  be  p r o v i d e d   w i t h   d i f f e r e n t   l e n g t h s   and  c o n f i g u -  

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

w i t h   i n v i v o   s u b j e c t s   or   in  c o n n e c t i o n   w i t h   X- . ray   i n s p e c t i o n  

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

e x a m p l e .   F i g u r e   8,  f o r   e x a m p l e ,   i l l u s t r a t e s   t h e   f o r w a r d  

p o r t i o n   of   t h e   X - r a y   t u b e   1 3  s u p p o r t i n g   s t i l l   a n o t h e r   p r o b e  
14D  w h i c h   is   d e s i g n e d   f o r   f a c i l i t a t i n g   t he   m a k i n g   of  a  m e d i -  

c a l . X - r a y   i m a g e   of   t h e   c e n t r a l   r e g i o n   of  a  p a t i e n t ' s   h e a d  

and  s h o w i n g ,   among  o t h e r   a n a t o m i c a l   f e a t u r e s ,   t h e   bony  s t r u c -  

t u r e   of  t h e   e a r .   Fo r   t h i s   p u r p o s e ,   t h e   p r o b e   14B  may  b e  

m o u n t e d   in   one  of  t h e   s i d e   a t t a c h m e n t   means   at  t he   f a c e   o f  

t h e   t u b e ,   a t t a c h m e n t   m e a n s   52B  in  t h i s   c a s e .   P r o b e   14D  i s  

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

and  is   s h a p e d   to  c u r v e   a r o u n d   t h e   h e a d   of  t h e   p a t i e n t   and  t o  

e n t e r   a  s m a l l   d i s t a n c e   i n t o   t h e   e a r   c a n a l   at   t h e   s i d e   of  t h e  

p a t i e n t ' s   h e a d   o p p o s i t e   f r o m   t h e   f a c e   of  t he   X - r a y   t u b e .   As 

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

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

e i t h e r   at   t h e   o p p o s i t e   s i d e   of  a  p a t i e n t   f rom  t h e   X - r a y   s o u r c e  

or  w i t h i n   any  of   v a r i o u s   b o d y   c a v i t i e s   and  o p e n i n g s   i n t o   w h i c h  

p r o b e s   may  be  i n s e r t e d .   S i m i l a r l y ,   p r o b e s   h a v i n g   s t i l l   o t h e r  

c o n f i g u r a t i o n s   may  be  p r o v i d e d   to   l o c a t e   t he   d e t e c t o r   w i t h i n  

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

for   e x a m p l e ,   w h i c h  a r e   to   be  i n s p e c t e d   by  X - r a y   i m a g i n g .  

R e f e r e n c e   has   b e e n   made  to  t he   f a c t   t h a t   t he   b a s i c  

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

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

of  o p t i c a l   d i s t o r t i o n   in   t h e   v i s i b l e   image   a t   t h e   d i s p l a y   d e -  

vice  17.  D i s t o r t i o n s   may  be  t o l e r a t e d   in  t he   i m a g e ,   at  l e a s t  



f o r   many  p u r p o s e s   p r o v i d e d   t h a t   t h e   d e n t i s t ,   d o c t o r   o r ' o t h e r  

i n t e r p r e t e r   of  t h e   i m a g e   i s   a w a r e   of   t h e   d i s t o r t i o n s   and  m a k e s  

a p p r o p r i a t e   a l l o w a n c e s   in  i n t e r p r e t i n g   t h e   d a t a .   H o w e v e r ,   i t  

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

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

i m a g e - i n t e r p r e t a t i o n .   The  p r e s e n t   i n v e n t i o n   f u r t h e   p r o v i d e s  

c o n t r o l   c i r c u i t   c o m p o n e t n s   f o r   t h i s   p u r p o s e .  

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

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

d e t e c t o r   and  t h e   t u b e   e l e c t r o n   beam  d e f l e c t i o n   r e g i o n   f r o m  

t h e   t a r g e t   a n o d e   p l a t e   h a v e   a l r e a d y   been   d e s c r i b e d .   S e v e r a l  

o t h e r   f o r m s   of  i m a g e   d i s t o r t i o n   or   image   d e g r a d a t i o n   can   o c c u r  

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

m a g n i f i c a t i o n   at  d i f f e r e n t   a r e a s   of  t he   i m a g e   and  i m a g e   i n t e n -  

s i t y   v a r i a t i o n s   a r i s i n g   f rom  u n w a n t e d   v a r i a t i o n s   of  t h e   a m o u n t  

of  r a d i a t i o n   w h i c h   r e a c h e s   t h e   s u b j e c t   or  t h e   d e t e c t o r   a t   d i f -  

f e r e n t   t i m e s   or  at   d i f f e r e n t   a r e a s   of  t h e   s c a n n i n g   r a s t e r .  

C o n s i d e r i n g   v a r i a b l e   m a g n i f i c a t i o n   e f f e c t s   f i r s t ,  

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

d e g r e e   of   m a g n i f i c a t i o n   of   t h e   s u b j e c t   in  t h e   image   i s   one  o f  

t h e   a d v a n t a g e s   of  a  s c a n n i n g   X - r a y   s y s t e m   of  t h i s   g e n e r a l   t y p e .  

T h i s   can   be  done   in   e i t h e r   o f   two  w a y s .   A  f i r s t   m e t h o d   i s   t o  

i n c r e a s e   or  d e c r e a s e   t h e   s i z e   of   t h e   s c a n n i n g   r a s t e r   a t   t h e  

v i s u a l   d i s p l a y   d e v i c e   17  r e l a t i v e   to  t h e   s c a n n i n g   r a s t e r   s i z e  

a t   t h e   X - r a y   t u b e   13.  The  o t h e r   m e t h o d   is   to  c h a n g e   t h e   p o s i -  

t i o n   of  t h e   s u b j e c t   r e l a t i v e   to   t h e   t a r g e t   a n o d e   p l a t e   24  a n d  

d e t e c t o r   44.  I f   t h e   s u b j e c t   i s   p o s i t i o n e d   r e l a t i v e l y   c l o s e   t o  

t h e   d e t e c t o r   44  i t   i s   h i g h l y   m a g n i f i e d   in  t h e   image   a l t h o u g h  

t h e   f i e l d   of   v iew  is   r e d u c e d .   C o n v e r s e l y ,   i f   t h e   s u b j e c t   i s  

r e p o s i t i o n e d   c l o s e r   to  t h e   t a r g e t   a n o d e   p l a t e   24  and  f u r t h e r  

f r o m   t h e   d e t e c t o r   44,   m a g n i f i c a t i o n   is  d e c r e a s e d   but   a  w i d e r -  

a n g l e   v i e w   i s   o b t a i n e d .  

The  f i r s t   m e t h o d   of   m a g n i f i c a t i o n   c o n t r o l   c an   r e a d i l y  

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

of   e i t h e r   t h e   X - r a y   t u b e   13  or   t h e   v i s u a l   d i s p l a y   d e v i c e   1 7  



or  b o t h .   The  s e c o n d   m e t h o d   is   a c c o m p l i s h e d   by  s i m p l y   m o v i n g  

t h e   X - r a y   t u b e   13  and  p r o b e   14  r e l a t i v e   to  t h e   s u b j e c t   or  v i c e  

v e r s a . -  

The  p r o b l e m  o f   v a r i a b l e   m a g n i f i c a t i o n   at  d i f f e r e n t  

r e g i o n s   of   t h e   image   a r i s e s   in  p a r t   f rom  t he   same  f a c t o r s  

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

d e s c r i b e d   a b o v e .   By  r e f e r r i n g   to  F i g u r e   9,  i t   i s   r e a d i l y   a p -  

p a r e n t ' t h a t   t h e   s e v e r a l   t e e t h   of   t h e   d e n t a l   a r c h   12  w h i c h   a r e  

b e i n g   d i s p l a y e d   in  t h e   i m a g e   h a v e   d i f f e r e n t   r e l a t i v e   p o s i t i o n s  
b e t w e e n   t h e   t a r g e t   a n o d e   p l a t e   2.4  and  the   d e t e c t o r   44.  T e e t h  

n e a r   t h e   c e n t e r   of  t he   i m a g e   a r e a   a r e   r e l a t i v e l y   c l o s e   to  t h e  

t a r g e t   a n o d e   p l a t e   24  and  r e l a t i v e l y   d i s t a n t   f rom  t h e   d e t e c t o r  
4 4   as  c o m p a r e d   w i t h   t he   t e e t h   n e a r e r   t he   s i d e s   of   t h e   i m a g e  

a r e a .   T h u s ,   in   a c c o r d a n c e   w i t h   t h e   f a c t o r s   d i s c u s s e d   a b o v e ,  

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

t h e   image   i n ' t h e   a b s e n c e   of   a  c o r r e c t i o n .  

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

t i o n   at   d i f f e r e n t   a r e a s   of   t h e   image   a r i s e   f rom  t h e   f a c t   t h a t  

i f   t h e   r a t e   of   s c a n n i n g   of   t h e   e l e c t r o n   beam  a l o n g   t h e   t a r g e t  

a n o d e   p l a t e   24  is   u n i f o r m ,   t h e n   t h e   e f f e c t i v e   r a t e   of   s c a n n i n g  

a l o n g   t h e   s u b j e c t   to  be  i m a g e d   may  no t   be  u n i f o r m .   R e f e r r i n g  

a g a i n   to  F i g u r e   9,  t h e   t e e t h   of  t h e   d e n t a l   a r c h   12  to   b e  

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

c i r c u l a r   a r c   A  h a v i n g   a  r a d i u s   R  and  h a v i n g   a  c e n t e r   of  c u r v a -  

t u r e   D  at   t h e   d e t e c t o r   44.   I f   t h e   e l e c t r o n   beam  of  X - r a y  

t u b e   13  i s '  s c a n n e d   in   t h e   X - d i r e c t i o n ,   t h a t   i s   in  t h e   p l a n e  

of   F i g u r e   9,  at   a  u n i f o r m   s p e e d ,   t h e   e f f e c t i v e   s c a n n i n g   r a t e  

a l o n g   a r c   A  i s   v a r i a b l e . .   E f f e c t i v e   s c a n n i n g   r a t e   i s   s l o w e s t  

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

p a r a l l e l   to  t h e   t a r g e t   a n o d e   p l a t e   24  bu t   p r o g r e s s i v e l y  

i n c r e a s e s   t o w a r d   the   end  p o r t i o n s   of  a rc   A  w h i c h   i n c r e a s -  

i n g l y   c u r v e   away  f rom  t h e   p l a n e   of  t h e   t a r g e t   a n o d e   p l a t e .  

In  t h e   a b s e n c e   of  c o r r e c t i o n ,   t he   p r a c t i c a l   e f f e c t   i s   t h a t  

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

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



t e n d   to  be  more   g r e a t l y   m a g n i f i e d   in  t h e   X  d i r e c t i o n   t h a n   a r e  

t h e   t e e t h   n e a r e r   t he   s i d e s   of   t h e   i m a g e .  

B o t h   of  t he   v a r i a b l e   m a g n i f i c a t i o n   e f f e c t s   d e s c r i b e d  

a b o v e   m a y  b e   r e d u c e d   or   s u b s t a n t i a l l y   e l i m i n a t e d   b y  d e l i n e a r -  

i z i n g   t h e   s c a n n i n g   sweep   s p e e d s   in  b o t h   t h e   X  and  t h e   Y  d i -  

r e c t i o n s   in  e i t h e r  t h e   X - r a y   t u b e   13  or   t h e   v i s u a l   d i s p l a y  

d e v i c e   17  in  o r d e r   to  c o m p e n s a t e   f o r   t h e   e f f e c t s   d e s c r i b e d  

a b o v e .   I t   i s   p r e f e r a b l e   to   d e l i n e a r i z e   t h e   s c a n n i n g   a c t i o n  

of   t h e   X - r a y   t u b e   13  f o r   t h i s   p u r p o s e ,   and  e l e c t r i c a l   c i r c u i t s  

f o r   t h i s   p u r p o s e   w i l l   be  h e r e i n a f t e r   d e s c r i b e d .   In  o r d e r   t o  

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

m a t i c a l   a n a l y s i s   of   t h e   a b o v e - d e s c r i b e d   e f f e c t s   i s   r e q u i r e d .  

In  F i g u r e   9,  p o i n t   0  d e s i g n a t e s   t h e   c e n t e r   of   t h e  

t a r g e t   a n o d e   p l a t e   24  w h i c h   i s   t h e   p o i n t   of  i m p a c t   o f  t h e   u n -  
d e f l e c t e d   e l e c t r o n   beam  a l o n g   t h e   a x i s   of  t he   t u b e   and  d e f i n e s  

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

e q u a t i o n s .   P o i n t   P  r e p r e s e n t s   an  a r b i t r a r i l y   c h o s e n   p o i n t   o f  

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

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

of   t h e   d e t e c t o r   44  at   t h e   c e n t e r   of  c u r v a t u r e   of  a r c   A  a l o n g  

w h i c h   t h e   t e e t h   to  be  i m a g e d   a r e   s i t u a t e d  w h i l e   R  i s   t h e   r a d i u s  

of   t h e   a r c .   C  d e s i g n a t e s   t h e   f i x e d   d i s t a n c e   of   a r c   A  f r o m  

p o i n t   0  a l o n g   t h e   c e n t r a l   r a y   p a t h   O-D  w h i l e   V  is   a  v a r i a b l e  

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

beam  i m p a c t   p o i n t   P.  X  i s   a  v a r i a b l e   r e p r e s e n t i n g   t h e   d i s -  

p l a c e m e n t   of   p o i n t   P  f rom  p o i n t   0  in  t h e   X - s c a n   d i r e c t i o n   a n d  

9  i s   a  v a r i a b l e   r e p r e s e n t i n g   t h e   a n g l e   f o r m e d   by  r a y   l i n e s  

O-D  and  P-D.   S  is   t he   c o o r d i n a t e   d i s t a n c e   of   r a y   l i n e   P - D  

f r o m   r a y   l i n e   O-D  m e a s u r e d   a l o n g   a r c   A. 

From  b a s i c   t r i g o n o m e t r i c   r e l a t i o n s h i p s ,   i t   may  b e  

s e e n   t h a t :  

a n d  

F r o m  ( 1 )   and  ( 2 ) ,   i t   f o l l o w s   t h a t   t h e r e   i s   a  n o n -  



l i n e a r   r e l a t i o n s h i p   b e t w e e n   S  and  X  s i n c e   S  v a r i e s   l i n e a r l y  

w i t h   9  w h i l e   X  v a r i e s   as  t he   t a n g e n t   of  9.  Thus  i f   t h e   e l e c -  

t r o n   beam  sweep   r a t e s   of  b o t h   t h e   X - r a y   t u b e   13  and  t h e   v i s u a l  

d i s p l a y   d e v i c e   17  a r e   c o n s t a n t ,   image  d i s t o r t i o n   o c c u r s   w h e r e i n  

t e e t h   c l o s e r   to  t he   c e n t r a l   r ay   p a t h   O-D  a re   more  g r e a t l y   m a g -  
n i f i e d   t h a n   t e e t h   w h i c h   a r e   f u r t h e r   away  f rom  p a t h   O - D .  I n  

o r d e r   to  r e m o v e   t h i s   p a r t i c u l a r   form  of  d i s t o r t i o n ,   9,  r a t h e r  

t h a n  X ,   i s   c a u s e d   to  v a r y   in  a  l i n e a r   m a n n e r   in  t h e   c o u r s e   o f  

e a c h   X - d i r e c t i o n   s c a n .   T h i s   is   a c c o m p l i s h e d   by   c a u s i n g   t h e  

e l e c t r o n   beam  sweep  r a t e ,   in  t he   X - d i r e c t i o n ,   to  v a r y   as  a  f u n c -  

t i o n   of  t h e   t a n g e n t   of  9,  s u i t a b l e   e l e c t r i c a l   c i r c u i t   means   f o r  

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

may  be  a p p l i e d   to  c o r r e c t   f o r   c u r v a t u r e s   in  t he   o r t h o g o n a l   o r  

Y - d i r e c t i o n   when  the   c o n f i g u r a t i o n   of  the   s u b j e c t   makes   i t  

a d v i s a b l e .  

C o n s i d e r i n g   now  s u i t a b l e   c o r r e c t i o n s   f o r   v a r i a b l e  

m a g n i f i c a t i o n   e f f e c t s   in  t he   Y - d i r e c t i o n ,   t h a t   i s   at  r i g h t  

a n g l e s   to   t h e   p l a n e   of  f i g u r e   9,  f o r   a  s u b j e c t   h a v i n g   t h e  

c o n f i g u r a t i o n   of  d e n t a l   a r c h   12  i t   s h o u l d   be  a s s u m e d ,   t o  

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

a l l   of  t h e   t e e t h   l y i n g   a l o n g   a rc   A  have   the   same  v e r t i c a l  

h e i g h t   in   t h e   Y - d i r e c t i o n .   F i g u r e   10  is   a  d i a g r a m m a t i c   s e c -  

t i o n   v i e w   t a k e n   a l o n g   l i n e   X-X  of  F i g u r e   9  or  in  o t h e r   w o r d s  

a l o n g   a  v e r t i c a l   p l a n e   c o n t a i n i n g   t h e   c e n t r a l   r ay   p a t h   O - D .  

The  t o o t h   Tl  w h i c h   t h a t   p l a n e   i n t e r c e p t s   r e q u i r e s   a  Y - d i r e c -  

t i o n   s w e e p  d i s t a n c e   of  Y   in  o r d e r   to  be  f u l l y   i m a g e d   and  i s  

m a g n i f i e d   by  t h e  f a c t o r   (R  +  C) /R   f o r   t h e   r e a s o n s   h e r e i n b e -  

f o r e   d i s c u s s e d .   F i g u r e   11  is   a  d i a g r a m m a t i c   s e c t i o n   v i e w  

t a k e n   a l o n g   l i n e   X I - X I   of  F i g u r e   9  or  in  o t h e r   words   a l o n g  

a  v e r t i c a l   p l a n e   c o n t a i n i n g   t he   r ay   p a t h   P-D.  The  d i f f e r e n t  

t o o t h   T2  w h i c h   t he   p l a n e   of  F i g u r e   11  i n t e r c e p t s   r e q u i r e s   a  

Y - d i r e c t i o n   sweep  d i s t a n c e   of  Y  in  o r d e r   to  be  f u l l y   i m a g e d  

and  i s   m a g n i f i e d   by  t h e   f a c t o r   (V  +  R ) / ( C   +  R)  r e l a t i v e   t o  

t h e   m a g n i f i c a t i o n   of  t o o t h . T l .   Thus  w h i l e   t h e   t e e t h   Tl  a n d  

T 2  o f   F i g u r e s  1 0   and  11  r e s p e c t i v e l y   a r e   a c t u a l l y   of  t h e   s a m e  



h e i g h t ,   t o o t h   T2  is  more  g r e a t l y   m a g n i f i e d   in  t h e   image   t h a n  

is   t o o t h   T l .   By  a n a l y z i n g   t h i s   e f f e c t   fo r   a  s e r i e s   of  a d d i -  

t i o n a l   v e r t i c a l   p l a n e s ,   i t  m a y   be  s e e n ,   r e f e r r i n g   b a c k   t o  

F i g u r e   9,  t h a t   o b j e c t s   of  c o n s t a n t   h e i g h t   s u c h   as  t h e   t e e t h  

a r e   a s s u m e d   to   be  in  t h i s   c a s e   and  w h i c h   l i e   a l o n g   a r c   A  b e -  

come  i n c r e a s i n g l y   more  m a g n i f i e d   in  t h e   image   as  S  i n c r e a s e s  

in  e i t h e r   d i r e c t i o n   f rom  t h e   c e n t r a l   r a y   p a t h   O-D.  T h i s   e f -  

f e c t   may  be  r e d u c e d   or  e l i m i n a t e d   by  d e l i n e a r i z i n g   t h e   Y -  

d i r e c t i o n   e l e c t r o n   beam  s w e e p   r a t e   in  t h e   X - r a y   t u b e   13.  T h e  

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

as  f o l l o w s :  

R e f e r r i n g   to  F i g u r e s   1 0  a n d   11,   i t   may  be  s e e n   t h a t :  

From  F i g u r e   9,  i t   may  be  s e e n   t h a t :  

C o m b i n i n g   (3)  and  (4)  g i v e s :  

The  o b j e c t i v e   of  t h e   c o r r e c t i o n   is   to   c a u s e   a l l  

t e e t h   in   t h e   i m a g e   to  e x h i b i t ' t h e   same  h e i g h t   Yo  s i n c e   as  p o s -  
t u l a t e d   f o r   t h e   p r e s e n t   a n a l y s i s ,   t h a t   i s   t h e   a c t u a l   f a c t .  

M a t h e m a t i c a l l y   t h i s   may  be  d e r i v e d   as  f o l l o w s :  

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

0  v a r i e s   w i t h   t i m e :  

In  t h i s   e x a m p l e ,   F ( t )   i s   a  t r i a n g u l a r   wave  f u n c t i o n   o w i n g   t o  

t h e   l a c k   of  s i g n i f i c a n t   c u r v a t u r e   of  t h e   t e e t h   in  t h e   v e r t i c a l  

d i r e c t i o n .  

C o m b i n i n g   (5)  and  (6)  g i v e s :  

Thus   t h e   Y - d i r e c t i o n   sweep   r a t e   of  t h e   e l e c t r o n   b e a m  



in  t h e   X - r a y   t u b e   13  s h o u l d   be  d e l i n e a r i z e d   and  c a u s e d   to  v a r y  

as  a  s e c a n t   f u n c t i o n   of  @,  c i r c u i t   means   f o r   t h i s   p u r p o s e   b e i n g  

h e r e i n a f t e r   d e s c r i b e d .  

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

f rom  t he   d i s p o s i t i o n   of  t h e   t e e t h   a l o n g   an  a r c   A  h a v i n g   a  

c o n s t a n t   r a d i u s   o f  c u r v a t u r e   R.  I f   t he   o b j e c t   or  s e r i e s   o f  

o b j e c t s   to  be  i m a g e d   l i e   a l o n g   a  p a t h   h a v i n g   some  o t h e r   c o n -  

f i g u r a t i o n   w h e r e i n   t h e   r a d i u s   of  c u r v a t u r e   i s   no t   c o n s t a n t ;   b u t  

i n s t e a d   v a r i e s   as  a  f u n c t i o n   of  9,  t h e n   a  more  c o m p l i c a t e d   f u n c -  

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

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

C o n s i d e r i n g   now  t e c h n i q u e s   f o r   c o r r e c t i n g   t h o s e  

f o r m s   of  i m a g e   d e g r a d a t i o n   w h i c h   a r e   not   g e o m e t r i c a l   in  n a t u r e  

but   i n s t e a d   c a u s e   u n d e s i r a b l e   v a r i a t i o n s   in  i n t e n s i t y   or  c o n -  

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

a g a i n   be  made  to  F i g u r e   9.  L i k e   many  o t h e r   s u b j e c t s ,   t h e  

t e e t h   w h i c h   a r e   to  be  i m a g e d   in  t h i s   e x a m p l e   a r e   of  d i f f e r e n t  

t h i c k n e s s   a l o n g   t h e   X - r a y   p a t h s   f rom  t he   t a r g e t   anode   p l a t e  
24  to   d e t e c t o r   44.  Thus   t he   X - r a y   e n e r g y   l e v e l   b e s t   s u i t e d  

f o r   p r o d u c i n g   a  c l e a r   i m a g e   of  one  t o o t h   may  no t   be  t h e   v a l u e  

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

d i f f e r e n t   r a d i o l u c e n c e .   In  t h e   e x a m p l e   of  F i g u r e   9,  t h e  

t e e t h   t e n d   to   i n c r e a s e   in   t h i c k n e s s   and  t h e r e f o r e   in   r a d i o -  

o p a c i t y   f rom  t h e   f r o n t   of  t h e   p a t i e n t ' s   d e n t a l   a r c h   12  t o w a r d s  

t h e   b a c k   o r ,   in   t he   d e p i c t e d   g e o m e t r y ,   in  t h e   d i r e c t i o n   o f  

i n c r e a s i n g   9.  In  o t h e r   w o r d s ,   t h e   X - r a y   a b s o r b e n c y   of  t h e  

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

of  t he   X - d i r e c t i o n   s c a n   and  t e n d s   to   i n c r e a s e   as  t he   a n g l e   9 

a p p r o a c h e s   i t s   maximum  p o s i t i v e   v a l u e .  

C l a r i t y   of  t h e   image   may  be  e n h a n c e d   by  c h a n g i n g   t h e  

e n e r g y   of  t h e   e l e c t r o n   beam  w i t h i n   t h e   X - r a y   t u b e   13  in  t h e  

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

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

r e g i o n s   of  t h e   s u b j e c t   w h i c h   have   b e e n   d e s c r i b e d   a b o v e ,   c i r -  

c u i t   means   f o r   t h i s   p u r p o s e   b e i n g   h e r e i n a f t e r   d e s c r i b e d .   I n  



t h e   e x a m p l e   of  F i g u r e   9,  t h i s   may  t a k e   t h e   f o r m  o f   p r o g r e s -  

s i v e l y   i n c r e a s i n g   e l e c t r o n   beam  e n e r g y ,   in  t h e   c o u r s e   of  e a c h  

X - s c a n ,   as  a  f u n c t i o n   of  9.  I f   a  more   p r e c i s e   c o m p e n s a t i o n   i s  

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

be  a  c o n t i n u o u s   g r a d u a l ,  r i s e   bu t   may  c o n s i s t   of   a  s e r i e s   o f  

s t e p p e d   i n c r e a s e s   or  d e c r e a s e s   e a c h   d e t e r m i n e d   by  t h e   r a d i o -  

l u c e n c e   of   t h e   p a r t i c u l a r   t o o t h   or  p o r t i o n   of  a  t o o t h   b e i n g  

i m a g e d   a t   s u c c e s s i v e   s t a g e s   in   t h e   s c a n .   A l t e r n a t e l y ,   an  a c -  

c e p t a b l e   d e g r e e   of   c o m p e n s a t i o n   may  o f t e n   be  a c h i e v e d   by  s i m p l y  

c h a n g i n g   e l e c t r o n   beam  e n e r g y   l e v e l   o n c e   in  t h e   c o u r s e   of  e a c h  

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

t h i c k   b a c k   or  m o l a r   t e e t h   and  t h e   more   r a d i a t i o n - t r a n s p a r e n t  

a n t e r i o r   t e e t h .  

E s s e n t i a l l y   s i m i l a r   p r o g r a m m i n g   of  beam  e n e r g y   a t  

d i f f e r e n t   r e g i o n s   of   t h e   s c a n n i n g   r a s t e r   may  be  u s e d   w h e r e   t h e  

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

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

a n d / o r   of   r a d i a t i o n   a b s o r b e n c y   a t   d i f f e r e n t   r e g i o n s .   W h i l e  

t h e   f o r e g o i n g   d i s c u s s i o n   of  v a r y i n g   X - r a y   e n e r g y   has   d e a l t  

w i t h   v a r i a t i o n s   in   t h e   X - d i r e c t i o n ,   s i m i l a r   s t e p s   may  b e  

t a k e n   in  c o n j u n c t i o n   w i t h   t h e   s c a n n i n g   a c t i o n   in  t he   o r t h o g -  

o n a l   or  Y - d i r e c t i o n   i f   t h e   c h a r a c t e r i s t i c s   of   t h e   s u b j e c t  

make  i t   d e s i r a b l e .   T h u s ,   w i t h   r e f e r e n c e   to  F i g u r e   10,   e l e c -  

t r o n   beam  e n e r g y   may  be  v a r i e d   in   a  c o n t i n u o u s   or  s t e p p e d  

m a n n e r   or  in   a  c o m b i n a t i o n   t h e r e o f   as  a  f u n c t i o n   of  a n g l e   0  

as  d e t e r m i n e d   by  v a r i a t i o n s   of  r a d i o l u c e n c e   of  t h e   s u b j e c t   i n  

t h e   Y - d i r e c t i o n .  

To  e n h a n c e   i m a g e   c l a r i t y ,   i t   may  a l s o   be  d e s i r a b l e  

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

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

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

to  v a r i a t i o n s   of   r a d i o l u c e n c e   as  d e s c r i b e d   i m m e d i a t e l y   a b o v e .  

In  t h e   a b s e n c e   of  c o r r e c t i o n s ,   n o n - u n i f o r m   i r r a d i a t i o n   of  t h e  

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

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



d i f f e r e n t   p o i n t s   on  t he   t a r g e t   a n o d e   p l a t e   24  at   d i f f e r e n t  

t i m e s   in  e a c h   s c a n n i n g   r a s t e r .   Two  d i f f e r e n t   e f f e c t s   c r e a t e  

s u c h   a  n o n - u n i f o r m i t y .   A  f i r s t   s u c h   e f f e c t   is   t he   a t t e n u a t i o n  

of  a  r a d i a t i o n   f l u x   w i t h   d i s t a n c e   in  a c c o r d a n c e   w i t h   t he   w e l l -  

known  i n v e r s e   s q u a r e   l aw.   R e f e r r i n g   a g a i n   to  F i g u r e   9,  i t   may 
be  s e e n   t h a t   r ay   p a t h   P-D  is   l o n g e r   t h a n   the   c e n t r a l   r ay   p a t h  

O-D  and  in  g e n e r a l  t h e   d i s t a n c e   w h i c h   X - r a y s   must   t r a v e l   f r o m  

t h e   t a r g e t   a n o d e   p l a t e   24  to  d e t e c t o r   44  p r o g r e s s i v e l y   i n -  

c r e a s e s   f rom  t h e   c e n t e r   of  t h e   X - s c a n   t o w a r d s   e a c h   e x t r e m i t y  

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

Y - d i r e c t i o n .   Owing  to  i n v e r s e  s q u a r e   law  a t t e n u a t i o n   t h i s  

w i l l   c a u s e   c o u n t   r a t e   v a r i a t i o n s   at  t h e   d e t e c t o r   44  even   i f  

a   s u b j e c t   of  u n i f o r m   X - r a y   o p a c i t y   is   b e i n g   i m a g e d   or  i f  

t h e r e   i s   no  X - r a y   a b s o r b e r   at  a l l   b e t w e e n   t he   X - r a y   s o u r c e  

and  t h e   d e t e c t o r .   More  s p e c i f i c a l l y ,   as  the   e l e c t r o n   b e a m  

moves   away  f rom  t h e   c e n t r a l   p o i n t   0,  t h e r e   is   a  f a l l - o f f   i n  

X - r a y   c o u n t   r a t e   at  d e t e c t o r   44  w h i c h   v a r i e s   as  a  f u n c t i o n  

of  t h e   r a t i o :   (R  +  C ) 2 / r 2 ,   w h e r e   r  i s   t he   d i s t a n c e   of  t h e  

d e t e c t o r   44  f rom  t h e   m o m e n t a r y   p o i n t   of  i m p a c t   of  t h e   e l e c -  

t r o n   beam  on  t a r g e t   a n o d e   p l a t e   24.  T h i s   r e l a t i o n s h i p   d o e s  

no t   t a k e   i n t o   a c c o u n t   t he   s e c o n d   e f f e c t   w h i c h   c a u s e s   an  u n -  

w a n t e d   v a r i a t i o n   of  X - r a y   c o u n t   d u r i n g   t he   s c a n n i n g   a c t i o n  

and  w h i c h   w i l l   now  be  d i s c u s s e d .  

In  p a r t i c u l a r ,   t h e   t a r g e t   a n o d e   p l a t e   24  at  w h i c h  

X - r a y s   o r i g i n a t e   has   a  f i n i t e   t h i c k n e s s   w h i c h   i s   no t   e v i d e n t  

in   F i g u r e  9   b u t   w h i c h   may  be  s e e n   b y  r e f e r e n c e   to   F i g u r e   12  

w h e r e i n   s u c h   t h i c k n e s s ,   d e s i g n a t e d   T,  has  b e e n   g r e a t l y   e x a g -  

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

e l e c t r o n   i m p a c t   on  t a r g e t   a n o d e   p l a t e   24  i s  i d e n t i f i e d   by  t h e  

l e t t e r   E  in  F i g u r e  1 2   and  i t s   c o o r d i n a t e s   a r e   shown  a.s  r ,   9 

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

m e a n i n g   as  in  t he   p r e v i o u s   f i g u r e s   and  d i s c u s s i o n   e x c e p t   t h a t  

i t   s h o u l d   be  u n d e r s t o o d   t h a t   r ,   t h e   d i s t a n c e   f rom  t he   X - r a y  

o r i g i n   p o i n t   to  d e t e c t o r   44,  i n c l u d e s . t h e   t h i c k n e s s   T  of  t h e  

t a r g e t   a n o d e  p l a t e .  



X - r a y s   o r i g i n a t i n g   at   p o i n t   0  at   t h e   c e n t e r  o f   t h e  

s c a n n i n g   r a s t e r   p a s s   d i r e c t l y   t h r o u g h   t h e   t a r g e t   a n o d e   p l a t e   24 

to  r e a c h   t h e   d e t e c t o r   44  and  a r e   a t t e n u a t e d   to   some  s p e c i f i c  

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

X - r a y s   o r i g i n a t i n g   at   an  o f f - c e n t e r   p o i n t   s u c h   as  E  must   p a s s  

o b l i q u e l y   t h r o u g h   t h e  t h i c k n e s s   T  of  t h e   t a r g e t   a n o d e   p l a t e  

and  a r e   t h e r e f o r e   a t t e n u a t e d   to  a  g r e a t e r   d e g r e e .   The  e f f e c -  

t i v e   l e n g t h   of  t h e   X - r a y   p a t h   t h r o u g h   t h e   t a r g e t   a n o d e   p l a t e ,  

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

of  t h e   s c a n   in  b o t h   t h e  X   and  t h e   Y  d i r e c t i o n s .   Thus   a  c o r -  

r e s p o n d i n g   u n w a n t e d   v a r i a t i o n   of  X - r a y   c o u n t   r a t e   o c c u r s   a t  

d e t e c t o r   44  u n l e s s   a  c o r r e c t i o n   i s   p r o v i d e d .  

C o r r e c t i o n   fo r   b o t h   t h e   i n v e r s e   s q u a r e   law  f o r m   o f  

X - r a y   c o u n t   v a r i a t i o n   and  t h e   v a r i a b l e   e f f e c t i v e   t a r g e t   t h i c k -  

n e s s   f o rm  of  X - r a y   c o u n t   v a r i a t i o n ,   may  be  r e a l i z e d   by  v a r y i n g  

t h e   e l e c t r o n   beam  c u r r e n t   w i t h i n   t h e   X - r a y   t u b e   13  d u r i n g   t h e  

s c a n n i n g   o p e r a t i o n s   to  a d j u s t   r a d i a t i o n   f l u x   in  s u c h   a  m a n n e r  

as  to   c o m p e n s a t e   f o r   t h e s e   e f f e c t s .   C o n s i d e r i n g   now  t h e   e l e c -  

t r o n   beam  c u r r e n t   v a r i a t i o n   n e e d e d   f o r   t h i s   p u r p o s e ,   i t   h a s  

b e e n   p r e v i o u s l y   p o i n t e d   ou t   t h a t   i n s o f a r   as  t h e   i n v e r s e   s q u a r e  
law  e f f e c t   a l o n e   i s   c o n c e r n e d ,   X - r a y   c o u n t   r a t e   at   t h e   d e -  

t e c t o r   44  v a r i e s   as  a  f u n c t i o n   of   t h e   r a t i o   (R  +  C ) 2 / r 2 .   When 

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

i s   a l s o   t a k e n   i n t o   a c c o u n t   t h e   u n w a n t e d   v a r i a t i o n   of  X - r a y  

c o u n t   may  be  r e p r e s e n t e d   by  t h e   f o l l o w i n g   r e l a t i o n s h i p :  

(8)  I / I o   =  [(R  +  C ) 2 / r 2 ] e - u T r  

w h e r e   I  =  X - r a y   f l u x   to  t h e   d e t e c t o r  

f rom  a r b i t r a r y   p o i n t   E ,  

Io  =  t h e   m i n i m a l l y   a t t e n u a t e d   X - r a y  

f l u x   to   t h e   d e t e c t o r   a l o n g   t h e  

c e n t r a l   r a y   p a t h   O - D ,  

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

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

and  w h e r e i n   t h e   o t h e r   t e r m s   h a v e   t h e   p r e v i o u s l y  
'  d e s c r i b e d   m e a n i n g s .  



R e f e r r i n g   to  F i g u r e   12,  i t   may  be  s e e n   f r o m  

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

S i n c e   t h e   o b j e c t i v e   is  to  c a u s e   a  c o n s t a n t   f l u x   of  r a d i -  

a t i o n   to  be  r e c e i v e d   at  t h e   d e t e c t o r ,   in   t h e   a b s e n c e  o f  

a  s u b j e c t   to  he  i m a g e d ,   f r o m  a l l   p o s i t i o n s   on  t h e   t a r g e t  

a n o d e   p l a t e ,   t h a t   is   f o r   a l l   v a l u e s   of  Y p  a n d   @,  t he   r i g h t  

s i d e   of   e x p r e s s   (8)  must   be  m u l t i p l i e d   by  a  c o r r e c t i o n  

f a c t o r   K  w h i c h   w i l l   c a u s e   t h e   l e f t   s i d e   of  e x p r e s s i o n   ( 8 ) ,  

t h a t   i s   I / I o ,   to   be  a  c o n s t a n t   f o r   a l l   v a l u e s   of  Y  a n d   9 .  

The  c o r r e c t i o n   f a c t i o n   K  may  be  e x p r e s s e d   a s :  

For   s m a l l   a m o u n t s   of  X - r a y   a t t e n u a t i o n ,   t h e  

f o l l o w i n g   a p p r o x i m a t i o n   is  a c c e p t a b l y   v a l i d :  

c o m b i n i n g   e x p r e s s i o n s   (10)   and  (11)   g i v e s :  

From  F i g u r e   10,  i t   may  be  s e e n   t h a t :  

a n d  

T h e r e f o r e   f rom  (9)   and  (14)   i t   may  be  s e e n   t h a t : .  

From  F i g u r e s   9,  10  and  11,  i t   may  be  s e e n   t h a t :  

S u b s t i t u t i n g   e x p r e s s i o n s   (15)   and  (16)   i n t o   (12)   g i v e s :  

w h i c h   r e p r e s e n t s   t h e   v a r i a t i o n   of  e l e c t r o n   beam  c u r r e n t   i n  

t h e   c o u r s e   of   e a c h   X - d i r e c t i o n   s c a n   w h i c h   i s   n e e d e d   to  c o m -  

p e n s a t e . f o r   t h e   u n w a n t e d   v a r i a t i o n   of  X - r a y   c o u n t   at  d e t e c t o r  

4 4  w h i c h   has   b e e n   p r e v i o u s l y   d e s c r i b e d .   S u i t a b l e  c i r c u i t  



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

r e l a t i o n s h i p   (17 )   w i l l   be  h e r e i n a f t e r   d e s c r i b e d .  

The  s e v e r a l   d i f f e r e n t   f o r m s   of   p o t e n t i a l   o p t i c a l   d i s -  

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

g r e a t l y   r e d u c e d   or  e l i m i n a t e d   by  d e l i n e a r i z i n g   t h e   r a t e   of  t h e  

e l e c t r o n   b e a m  s w e e p   in  t h e   X - r a y   t u b e   13  in  b o t h   t h e   X  and  Y 

d i r e c t i o n s   and  by  m o d u l a t i n g   e l e c t r o n   beam  e n e r g y   and  c u r r e n t  

in   a c c o r d a n c e   or  in  a p p r o x i m a t e   a c c o r d a n c e   w i t h   t h e   s e v e r a l  

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

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

of   t h e s e   c o r r e c t i o n s   i s   d e p i c t e d   in  F i g u r e   1 3 .  

R e f e r r i n g   now  to  F i g u r e   13,   e l e c t r o n   beam  g e n e r a t i n g .  

and  c o n t r o l l i n g   e l e m e n t s   of   t h e   X - r a y   t u b e   13  i n c l u d e   a  c a t h o d e  

101  w h i c h   e m i t s   e l e c t r o n s   upon   b e i n g   h e a t e d   by  a  f i l a m e n t   1 0 2  

in  t h e   c o n v e n t i o n a l   m a n n e r   and  w h i c h   has   a  t e r m i n a l   101 '   t o  

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

h i g h - v o l t a g e   s u p p l y   103  in   o r d e r   to   p r o d u c e   an  e l e c t r i c a l   f i e l d  

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

a n o d e   p l a t e   24  of   t h e   X - r a y   t u b e .   M a i n t a i n i n g   t h e   c a t h o d e   1 0 1  

at   a  h i g h   v o l t a g e   w h i l e   g r o u n d i n g   t h e   a n o d e   24  i s   t h e   r e v e r s e  

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

a d v a n t a g e   t h a t   a  d e n t a l   or  m e d i c a l   p a t i e n t   o r '  a n   e l e c t r i c a l l y  

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

f a c e   of   t h e   X - r a y   t u b e   or  e v e n   a g a i n s t   t h e   f a c e   of   t h e   X - r a y  

t u b e   w i t h o u t   c r e a t i n g   a  r i s k   of  e l e c t r i c a l   s h o c k .   Where   t h i s  

i s   no t   a  p r o b l e m ,   t h e   c a t h o d e  m a y   be  g r o u n d e d   and  a  p o s i t i v e  

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

d e s i r e d .   The  h i g h   v o l t a g e   s u p p l y   103  i s   of  t h e   p r o g r a m m a b l e  

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

c a t h o d e   101  i s   a d j u s t a b l e   by  v a r y i n g   an  i n p u t   v o l t a g e   s i g n a l  

so  t h a t   t h e   e l e c t r o n   beam  e n e r g y   may  be  m o d u l a t e d   in   t h e   c o u r s e  

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

more   d e t a i l .  

The  e l e c t r o n   gun  22  of  X - r a y   t u b e   13  a l s o   has   a  c o n -  

t r o l   g r i d   1 0 5  w i t h   a  t e r m i n a l   1 0 5 '   to   w h i c h   a  v o l t a g e   may  b e  



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

w i l l   a l s o   be  d i s c u s s e d   in   more  d e t a i l .   The  e l e c t r o n   gun  22  

may  a l s o   have   f u r t h e r   e l e m e n t s   s u c h   as  a  f i r s t   a n o d e   104  and  u l -  

t o r f o c u s i n g   g r i d   106  w h i c h   a r e   no t   u t i l i z e d   in  a c c o m p l i s h i n g   t h e  

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

t h e   X - r a y   t u b e   1 3 ' a l s o   has   an  X-beam  d e f l e c t i o n   c o i l   33X  a n d  

a  Y - b e a m . d e f l e c t i o n   c o i l   33Y  f o r . c o n t r o l l i n g   t h e   p o i n t   o f - i m -  

p a c t   of  t h e   e l e c t r o n   beam  on  t a r g e t   a n o d e   p l a t e . 2 4 ,   t he   c o i l s  

r e s p e c t i v e l y   h a v i n g   an  X - d e f l e c t i o n   s i g n a l   t e r m i n a l   78  and  a  

Y - d e f l e c t i o n   s i g n a l  t e r m i n a l   8 2 .  

The  c o n t r o l   c i r c u i t   is   f u r t h e r   p r o v i d e d   w i t h   a  r e g u -  
l a t e d   DC  power   s u p p l y  1 0 7   h a v i n g   a  f i r s t   o u t p u t   t e r m i n a l   B+  a t  

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

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

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

p u r p o s e s .   To  a v o i d   e x c e s s i v e   c o m p l i c a t i o n   in   d r a w i n g ,   t he   p o w e r  

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

d e p i c t e d   w h e r e   s u c h   c o n n e c t i o n s   may  be  of  t h e   c o n v e n t i o n a l   k n o w n  

f o r m .  

The  X - s w e e p   f r e q u e n c y   g e n e r a t o r   77  has   an  o u t p u t  

t e r m i n a l   77'   c o n n e c t e d   to   t h e   X - s w e e p   f r e q u e n c y   t e r m i n a l  

79  of  t h e   v i s u a l   d i s p l a y   d e v i c e   17  and  may  be  of   t h e   k n o w n  

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

of  t h e   t y p e   d e p i c t e d   at   77W  w h i c h   c y c l i c a l l y   o s c i l l a t e s   in  a  

l i n e a r   m a n n e r   b e t w e e n   a  maximum  n e g a t i v e   v o l t a g e   and  a  m a x i -  

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

d e s i r e d   X - s w e e p   or  s c a n   f r e q u e n c y   at  b o t h   t h e   X - r a y   t u b e   13 

and  t h e   v i s u a l   d i s p l a y   d e v i c e   17.  S i m i l a r l y ,   t h e   Y - s w e e p  

f r e q u e n c y   g e n e r a t o r   81  h a s   ah  o u t p u t   t e r m i n a l   81'   c o u p l e d   t o  

t h e   Y - s w e e p   f r e q u e n c y   t e r m i n a l   o f  v i s u a l   d i s p l a y   d e v i c e   17 

and  i s   of   t he   known  fo rm  t h a t   p r o d u c e s   a  ramp  s i g n a l   81W  s i m -  

i l a r   in   g e n e r a l   form  to  t h a t   of  t he   X-swe'ep  f r e q u e n c y   g e n e r a t o r  

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

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



d e s i r e d   in   t h e   s c a n n i n g   r a s t e r .   The  d i f f e r e n c e   b e t w e e n   t h e  

X  and  Y - s w e e p   f r e q u e n c i e s   i s   n o r m a l l y   much  g r e a t e r   t h a n   a p -  

p e a r s   f r o m   t h e   wave  f o r m s   77W  and  81W  in   F i g u r e   13,   i t   b e i n g  

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

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

O p t i c a l   X - r a y   c o u n t   s i g n a l s   o r i g i n a t i n g   a t   t h e   d e -  

t e c t o r   44  a r e   c o n v e r t e d   to  e l e c t r i c a l   s i g n a l s   by  p h o t - o m u l t i -  

p l i e r   t u b e   46  as  p r e v i o u s l y   d e s c r i b e d .   The  X - r a y   c o u n t '   s i g n a l  

o u t p u t   t e r m i n a l   84  of   p h o t o m u l t i p l i e r   t u b e   46  i s   c o u p l e d   t o  

t h e   Z  or   i n t e n s i t y   s i g n a l   t e r m i n a l   86  of  t h e   v i s u a l   d i s p l a y  

d e v i c e   17  t h r o u g h   an  a d j u s t a b l e  g a i n   a m p l i f i e r   108  and  t h e n  

t h r o u g h   one  i n p u t   of   a  d i f f e r e n t i a l   a m p l i f i e r   1 0 9 .   The  o t h e r  

i n p u t   of  t h e   d i f f e r e n t i a l   a m p l i f i e r   109  i s   c o n n e c t e d  t o   a  s e -  

l e c t a b l e   DC  v o l t a g e   s o u r c e   111  w h i c h   may  c o n s i s t   of  an  a d j u s t -  

a b l e   c o n t a c t   112  m o v a b l e   a l o n g   a  r e s i s t i v e   e l e m e n t   113  h a v i n g  

o p p o s i t e   e n d s   c o n n e c t i n g   to  t h e   B+  and  B-  t e r m i n a l s   of  t h e  

DC  p o w e r   s u p p l y   1 0 7 .  

A d j u s t a b l e   g a i n   a m p l i f i e r   108  e n a b l e s   s e l e c t i v e  

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

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

109  and  s e l e c t a b l e   v o l t a g e   s o u r c e   111  a i d s   in   s u p p r e s s i n g  

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

a  s e l e c t e d   a m p l i t u d e .   T h i s   f o rm  of   i n t e n s i t y   s i g n a l   c h a n n e l  

i s   b e s t   a d a p t e d   to   i n s t a n c e s   w h e r e   t h e   a v e r a g e   r a t e   of  X - r a y  

c o u n t s   at   d e t e c t o r   44  i s   s u f f i c i e n t l y   low  t h a t   i n d i v i d u a l  

c o u n t s   a r e   s e p a r a t e d   in  t i m e   and  can   be  d i s t i n g u i s h e d   a n d  

i n d i v i d u a l l y   p r o c e s s e d .   In  i n s t a n c e s   w h e r e   a  h i g h e r   X - r a y  

c o u n t   i s   p r e s e n t   s u c h   t h a t   X - r a y   c o u n t   p u l s e s   p i l e   up  to   p r o -  

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

f l u x ,   r a t h e r   t h a n   d i s t i n g u i s h a b l e   p u l s e s ,   an  i n t e g r a t i n g   f o r m  

of  Z  s i g n a l   c h a n n e l   may  be  u t i l i z e d   as  d e s c r i b e d   f o r   e x a m p l e  

in  p r i o r   U n i t e d   S t a t e s   P a t e n t   No.  3 , 9 4 9 , 2 2 9 .  

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

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

at   d i s p l a y   d e v i c e   17  i f   o u t p u t   t e r m i n a l   77 '   of   t h e   X - s w e e p  



f r e q u e n c y   g e n e r a t o r   i s   c o n n e c t e d   to  X - d e f l e c t i o n   c o i l   t e r m i n a l  

78  of  t h e   X - r a y   t u b e ,   o u t p u t   t e r m i n a l   81'   of  t h e   Y - s w e e p   f r e -  

q u e n c y   g e n e r a t o r   i s   c o n n e c t e d   to  t e r m i n a l   82  of   t he   X - r a y   t u b e  

and  c o n s t a n t   v o l t a g e s   a r e   a p p l i e d   to  t h e   c a t h o d e   t e r m i n a l   1 0 1 '  

and  c o n t r o l   g r i d   t e r m i n a l   105 '   of  t he   X - r a y   t u b e   b u t  i n   t h a t   e v e n t  

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

i m a g e   c l a r i t y   d e g r a d a t i o n   may  be  p r e s e n t .   Such  i m a g e s   m a y  b e  

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

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

p l a t e   24  of  t h e   X - r a y   t u b e   s i n c e   the   s e v e r i t y   of  s e v e r a l   of  t h e s e  

e f f e c t s   i s   an  i n v e r s e   f u n c t i o n   of  t he   f o c a l   l e n g t h   of  t he   s y s -  

tem  as  d e t e r m i n e d   by  t h e   d e g r e e   of  c o n v e r g e n c e   of  t he   v a r i o u s  

X.-ray  p a t h s   f rom  t h e   t u b e   t o w a r d   t he   d e t e c t o r .   H o w e v e r ,   i t  

i s   of  c o u r s e   p r e f e r a b l e   t h a t   such   d i s t o r t i o n s   be  r e d u c e d   o r  

e l i m i n a t e d ,   p a r t i c u l a r l y   whe re   t he   d e t e c t o r   44  is   s i t u a t e d  

r e l a t i v e l y   c l o s e   to  t he   X - r a y   t u b e   13  as  is  t h e   c a s e   in  c e r -  

t a i n   of   t h e   d e n t a l   u s a g e s   h e r e i n b e f o r e   d e s c r i b e d   and  in  many  
o t h e r   i n s t a n c e s   as  w e l l .   A c c o r d i n g l y ,  c o m p e n s a t i o n   c i r c u i t  

means   114  a r e   c o n n e c t e d   b e t w e e n   the   sweep  f r e q u e n c y   g e n e r a t o r s  

77  and  81  and  t h e   X - r a y   t u b e   13  t e r m i n a l s   in  o r d e r   to  m o d i f y  

t h e   X-  and  Y - s w e e p   f r e q u e n c y   wave  f o r m s   and  to   m o d u l a t e   t h e  

e l e c t r o n   beam  e n e r g y   and  c u r r e n t   in  a c c o r d a n c e   w i t h   t he   s e v e r a l  

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

C o m p e n s a t i o n   c i r c u i t   means   114  r e l i e s   p r i m a r i l y   o n  

a  s e r i e s   of  e l e c t r o n i c   f u n c t i o n   g e n e r a t o r s  1 1 6 ,   117 ,   118,   1 1 9  

and  121  a n d . m u l t i p l i e r s   122 ,   123  and  124  w h i c h   a r e   d e p i c t e d   i n  

b l o c k   f o r m   in   F i g u r e   13  i n a s m u c h   as  s u c h   c i r c u i t   c o m p o n e n t s   may 
be  of   known  i n t e r n a l   c o n s t r u c t i o n   and  a re   a v a i l a b l e   c o m m e r -  

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

an  o u t p u t   v o l t a g e   w h i c h   v a r i e s ,   as  a  f u n c t i o n   of  an  i n p u t   v o l t -  

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

s h i p .   F u n c t i o n   g e n e r a t o r   116  f o r   e x a m p l e   is  of  t he   known  f o r m  

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

t i o n   o f ' a n   i n p u t   v o l t a g e   w h i l e   f u n c t i o n   g e n e r a t o r   117  is  of  t h e  

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



t i o n   of   t he   i n p u t   v o l t a g e .   F u n c t i o n   g e n e r a t o r s   118  and  1 1 9  

a r e   of  t h e   fo rm  w h i c h   p r o d u c e s   nn  o u t p u t   v o l t a g e   p r o p o r t i o n a l  

to  t h e   s q u a r e   of  t he   i n p u t   v o l t a g e   and  f u n c t i o n   g e n e r a t o r   1 2 1  

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

an  i n p u t   v o l t a g e .   M u l t i p l i e r s   122,  123  and  124  a r e   e a c h   o f  

t h e   known  fo rm  t h a t   p r o d u c e   an  o u t p u t   v o l t a g e   p r o p o r t i o n a l   t o  

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

m u l t i p l i e r .   F u n c t i o n   g e n e r a t o r s   and  m u l t i p l i e r s   of  t h i s '  

g e n e r a l   fo rm  a r e   o f t e n   u s e d   f o r   e x a m p l e   in  a n a l o g   c o m p u t e r  

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

k n o w n ,   a  s u i t a b l e   i n t e r n a l   c i r c u i t   f o r   a  r e p r e s e n t a t i v e   o n e  

of   t h e   f u n c t i o n   g e n e r a t o r s   116  w i l l   be  h e r e i n a f t e r   d e s c r i b e d  

in   o r d e r   to   f a c i l i t a t e   an  u n d e r s t a n d i n g   of  c e r t a i n   c h a r a c t e r -  

i s t i c s   of   t h e   c o m p e n s a t i o n   c i r c u i t   means   114  as  a  w h o l e .  

By  r e f e r r i n g  b a c k   to  t h e   p r e v i o u s l y   g i v e n   m a t h e -  

m a t i c a l   e x p r e s s i o n s   (1)  and  (2)   and  a c c o m p a n y i n g   a n a l y s i s ,  

i t   may  be  s e e n   t h a t   v a r i a b l e   m a g n i f i c a t i o n   e f f e c t s   in   t h e   X -  

s c a n   d i r e c t i o n   may  be  c o m p e n s a t e d   f o r   by  v a r y i n g   t h e   X - s w e e p  

f r e q u e n c y   s i g n a l   as  a p p l i e d   to  t e r m i n a l   78  of  t h e   X - r a y   t u b e  

13  as  a  f u n c t i o n   of  t he   t a n g e n t   of  9  r a t h e r   t h a n   in  t h e   l i n e a r  

m a n n e r   p r o d u c e d   by  t h e   X - s w e e p   f r e q u e n c y   g e n e r a t o r   77.   F o r  

t h i s   p u r p o s e   o u t p u t   t e r m i n a l   77 '   of  t h e   X - s w e e p   f r e q u e n c y   g e n -  

e r a t o r   may  be  c o u p l e d   to  t h e   i n p u t   of   t a n g e n t   f u n c t i o n   g e n e r -  

a t o r   116  t h r o u g h   an  a d j u s t a b l e   g a i n   a m p l i f i e d   126  w h i c h   e n a b l e s  

a d j u s t m e n t   of  s i g n a l   l e v e l   to   d e t e r m i n e   t h e   l e n g t h   of   t h e   X -  

d i r e c t i o n   s c a n   in  t h e   X - r a y   t u b e .   S i n c e   t h e   m a g n e t i c   d e f l e c t i o n  

s y s t e m   e m p l o y e d   in  t h e   p r e s e n t   e x a m p l e   of  t h e   X - r a y   t u b e   13  i s  

r e s p o n s i v e   to  c u r r e n t   t h r o u g h   t h e   X - d e  f l e c t i o n   c o i l   33X,  r a t h e r  

t h a n   to   v o l t a g e   as  s u c h   as  in   t h e   c a s e   of  an  e l e c t r o s t a t i c   d e -  

f l e c t o r ,   t h e   o u t p u t   of  t a n g e n t   f u n c t i o n   g e n e r a t o r   116  i s   c o u p l e d  

to  X - r a y   t u b e   t e r m i n a l   78  t h r o u g h   a  c u r r e n t   a m p l i f i e r   127  a n d  

v a r i a b l e   r e s L s t o r   128.   I f   an  e l e c t r o s t a t i c   d e f l e c t i o n   s y s t e m  

i s  u s e d   in   X - r a y   t u b e   13,  a  v o l t a g e   a m p l i f i e r   may  be  s u b s t i -  

t u t e d   f o r   c u r r e n t   a m p l i f i e r   1 2 7 .  

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



f u n c t i o n   g e n e r a t o r   116  a r e   known,   a  s p e c i f i c   e x a m p l e   is  d e -  

p i c t e d   in  F i g u r e   14  and  w i l l   be  b r i e f l y   d i s c u s s e d   in  o r d e r   t o  

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

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

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

R e f e r r i n g   now  to  F i g u r e  1 4 ,   t h e   i n p u t   X - s w e e p   f r e -  

q u e n c y   wave  form  77W  a p p l i e d   to  t h e   t a n g e n t   f u n c t i o n   g e n e r -  

a t o r   116  i n p u t   t e r m i n a l   116 i   may  be  t r e a t e d   as  c o n s i s t i n g   o f  

a  s e q u e n c e   of  t r i a n g u l a r   e l e c t r i c a l   p u l s e s   o f . p o s i t i v e   p o l o r -  

i t y   a l t e r n a t e d   w i t h   s i m i l a r   bu t   i n v e r t e d   p u l s e s   of  n e g a t i v e  

p o l a r i t y .   The  u p p e r   h a l f   o f  t h e   c i r c u i t   of  F i g u r e   14  p r o c e s s e s  
t h e   p o s i t i v e   p o r t i o n s   of  t h e   i n p u t   wave  form  77W  w h i l e   t h e  

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

t h e   i n p u t   wave  f o r m .   The  i n p u t   wave  form  77W  is   a p p l i e d   t o  

one  i n p u t   of  a  d i f f e r e n t i a l   a m p l i f i e r   129P  w h i c h   has   a  r e f e r -  

e n c e   i n p u t   c o n n e c t e d   to  a  s e l e c t a b l e   DC  v o l t a g e   s o u r c e   1 3 1 P  

w h i c h   may  be  a d j u s t e d   to  c a u s e   a m p l i f i e r   129F  to  s u p p r e s s   t h e  

n e g a t i v e   p o r t i o n s   of  t he   i n c o m i n g   wave  form  w h i l e   t r a n s m i t t i n g  

t h e   p o s i t i v e   p o r t i o n   on  as  a  s e r i e s   of  t r i a n g u l a r   p o s i t i v e  

p u l s e s   s e p a r a t e d   in  t i m e .   A  f i r s t   d i o d e   132P  and  v a r i a b l e  

r e s i s t o r   133P  a r e   c o n n e c t e d   b e t w e e n   a m p l i f i e r   129P  and  a  s u m -  

ming   j u n c t i o n   134.   A  s e c o n d   d i o d e   136P  and  v a r i a b l e   r e s i s t o r  

137P  a r e   a l s o   c o n n e c t e d   b e t w e e n   a m p l i f i e r   129P  and  s u m m i n g  

j u n c t i o n   134  e x c e p t   t h a t   in  t h i s   i n s t a n c e   t h e   i n p u t   of  d i o d e  

136P  c o n n e c t s   to  t he   o u t p u t   of  a m p l i f i e r   129P  t h r o u g h   t h e  

a d j u s t a b l e   c o n t a c t   of  a  p o t e n t i o m e t e r  1 3 9 P   h a v i n g   a  r e s i s t i v e  

e l e m e n t   c o n n e c t e d   b e t w e e n   t h e   o u t p u t   of  a m p l i f i e r   129P  and  t h e  

n e g a t i v e   p o w e r   s u p p l y   t e r m i n a l   B-.  S i m i l a r l y ,  a   t h i r d   d i o d e  

141P  and  v a r i a b l e   r e s i s t o r ' l 4 2 P   a r e   c o n n e c t e d   b e t w e e n   t h e  o u t -  

pu t   of  a m p l i f i e r   129P  and  t he   summing   j u n c t i o n   134  t h r o u g h   t h e  

m o v a b l e   c o n t a c t   of  a n o t h e r   p o t e n t i o m e t e r   143P  h a v i n g   a  r e s i s -  

t i v e   e l e m e n t   c o n n e c t e d   b e t w e e n   t h e   o u t p u t   of  a m p l i f i e r   1 2 9 F  

and  p o w e r   s u p p l y   t e r m i n a l   B-.  Summing  j u n c t i o n   134  i s   i n  

t u r n   c o u p l e d   to  t he   o u t p u t   t e r m i n a l   1160  of  t h e   t a n g e n t  

f u n c t i o n   g e n e r a t o r   t h r o u g h   an  o p e r a t i o n a l   a m p l i f i e r   144  a n d  



a  r e s i s t o r   146  c o n n e c t e d   in   p a r a l l e l   w i t h   t h e   o p e r a t i o n a l .  

a m p l i f i e r .  

F i g u r e   15A  i l l u s t r a t e s   t h e   wave  fo rm  77W  of   t h e  

X - s w e e p   f r e q u e n c y   s i g n a l   a p p l i e d   to  t h e   i n p u t   1 1 6 i   of   t h e  

t a n g e n t   f u n c t i o n   g e n e r a t o r   of   F i g u r e   14.  F i g u r e   15B  i l l u s -  

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

g e n e r a t o r   at   o u t p u t   t e r m i n a l   1 1 6 0 .   In  p a r t i c u l a r   and  w i t h  

r e f e r e n c e   to  t h e   p o s i t i v e  h a l f   o n l y   of  t h e   wave  f o rm  o f  F i g u r e  

15B,   i t   may  be  s e e n   t h a t   t h e   o u t p u t   v o l t a g e   r i s e s   in  a  n o n -  

l i n e a r   m a n n e r   in   a  s e r i e s   of   t h r e e   v o l t a g e   r i s e   s e g m e n t s ,   a,   b  

and  c  e a c h   of   w h i c h   t a k e n  i n d i v i d u a l l y   i s   l i n e a r   b u t   w h i c h  

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

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

of   p r o g r e s s i v e l y   d i m i n i s h i n g   s l o p e .  

The  c i r c u i t   of   F i g u r e   14  m o d i f i e d   the   t r i a n g u l a r   i n -  

p u t   wave  f o r m   in  t h i s   m a n n e r   s i n c e   as  t h e   l e a d i n g   edge   of  t h e  

p o s i t i v e   t r i a n g u l a r   p u l s e   a p p e a r s   at   t he   o u t p u t   of  a m p l i f i e r  

1 2 9 P ,   d i o d e   132P  c o n d u c t s   i m m e d i a t e l y   to  t r a n s m i t   a  r i s i n g  

c u r r e n t   to   s u m m i n g   j u n c t i o n   134 .   I m m e d i a t e   c o n d u c t i o n   of   d i o d e  

132P  i s   p r o v i d e d   f o r   by  a d j u s t i n g   s e l e c t a b l e   v o l t a g e   s o u r c e  

131P  to   o f f s e t   t h e   f o r w a r d   b i a s   of  t h e   d i o d e   w i t h   a  b a s e   v o l t -  

age   o u t p u t   f r o m   a m p l i f i e r   1 2 9 P .   T h i s   c o r r e s p o n d s   to  t h e   i n -  

i t i a l   s e g m e n t   a  of  t h e   wave  f o r m   of  F i g u r e   15B.  D i o d e s   1 3 6 P  

and  146P  do  n o t   i n i t i a l l y   c o n d u c t   b e c a u s e   of  t he   r e s p e c t i v e l y  

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

p o t e n t i o m e t e r s   139P  and  143P  r e s p e c t i v e l y .   As  t h e   i n p u t   w a v e  

f o r m   c o n t i n u e s   to  r i s e  a   p o i n t   i s   r e a c h e d   w h e r e   d i o d e   1 3 0 P  

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

b e i n g   a p p l i e d   to  s u m m i n g   j u n c t i o n   134.   Thus   t h e   c u r r e n t   i n p u t  

to   t h e   s u m m i n g   j u n c t i o n   now  r i s e s   more  s h a r p l y   as  r e p r e s e n t e d  

by  t h e   wave   f o rm  s e g m e n t   b  of  F i g u r e   15B.  As  t h e   i n c o m i n g  

wave  f o r m   77W  r i s e s   s t i l l   f u r t h e r ,   e v e n t u a l l y   d i o d e   1 4 1 P  

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

men t   to  t h e   c u r r e n t   b e i n g   d e l i v e r e d   to  summing   j u n c t i o n   1 3 4  

c o r r e s p o n d i n g   to   t h e   mos t   s t e e p l y   s l o p e d   s e g m e n t   c  of   t h e  



wave  f o r m  o f   F i g u r e   15B.  O p e r a t i o n a l   a m p l i f i e r   144  and  r e -  

s i s t o r   146  c o n v e r t   t h i s   r i s i n g   c u r r e n t   at   t he   s u m i n g   j u n c -  

t i o n   134  to  a  c o r r e s p o n d i n g   r i s i n g   v o l t a g e   o u t p u t   s i g n a l   a t  

o u t p u t   t e r m i n a l   1 1 6 0 .  

S u b s e q u e n t l y ,   when  the   i n p u t   v o l t a g e   b e g i n s   t o  

d e c r e a s e   in  a  l i n e a r   m a n n e r ,   a  r e v e r s e   s e q u e n c e   of  o p e r a t i o n  

o c c u r s   in  w h i c h   d i o d e   141P  s t o p s   c o n d u c t i o n ,   t h e n   d i o d e   1 3 6 P  

l a t e r   s t o p s   c o n d u c t i o n   and  f i n a l l y   d iode .   132P  s t o p s   c o n d u c t i n g  

as  t he   i n p u t   wave  form  p a s s e s   f rom  t h e   p o s i t i v e   r e g i o n   to  t h e  

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

of  the   p o s i t i v e   p a r t   of  t h e   wave  form  of  F i g u r e   1 5 B .  

The  b o t t o m   h a l f   of  the   c i r c u i t   of  F i g u r e   14  i s   e s -  

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

132N,  136N  and  131N  a r e   i n v e r t e d   r e l a t i v e   to  t h e   c o u n t e r p a r t  

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

the   p o t e n t i o m e t e r s   131N,  139N  and  143N  a re   c o n n e c t e d   to  t h e  

B+  power   s u p p l y   t e r m i n a l   r a t h e r   t h a n   t he   B-  t e r m i n a l   as  in  t h e  

ca se   of  t he   c o u n t e r p a r t   p o t e n t i o m e t e r s   of  t h e   u p p e r   h a l f   o f  

the   c i r c u i t .   Thus  t h e   l o w e r   h a l f   of  t h e   c i r c u i t   m o d i f i e s   t h e  

n e g a t i v e   p o r t i o n s   of  t h e   i n c o m i n g   wave  form  in  e s s e n t i a l l y  

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

the   p o s i t i v e   p o r t i o n s   of  t h e   i n c o m i n g   wave  f o r m   and  t he   t w o  

p o r t i o n s   as  m o d i f i e d   a r e   c o m b i n e d   at  summing   j u n c t i o n   134  t o  

p r o d u c e   t h e   c o m p l e t e   m o d i f i e d   o u t p u t   wave  form  77T  at   t h e  

o u t p u t   t e r m i n a l   1 1 6 0 .  

R e f e r r i n g   a g a i n   to  F i b u r e   15B,  i t   may  be  s e e n  

t h a t   t h i s   f o r m .  o f   f u n c t i o n   g e n e r a t o r   does   no t   p r o d u c e   t h e  

d e s i r e d   wave  form  in  an  i d e a l i z e d   fo rm  f r e e   of  d i s c o n t i n u i t i e s  

b u t  i n s t e a d   a p p r o x i m a t e s   t he   d e s i r e d   wave  f o rm  by  a  s e r i e s   o f  

s e g m e n t s   a,  b  a n d   c  w h i c h   in  t h e m s e l v e s   a r e   l i n e a r .   The  r e -  

m a i n i n g   d i s t o r t i o n   in  t h e   image  a r i s i n g   f rom  t h i s   d e p a r t u r e  

from  an  i d e a l   m o d i f i e d   sweep   s i g n a l   is  s u f f i c i e n t l y   s m a l l  

t h a t   i t   d o e s   no t   p r e s e n t   any  p r a c t i c a l   p r o b l e m s   i s   most   c a s e s .  

In  i n s t a n c e s   w h e r e   t h e   r e m a i n i n g   d i s t o r t i o n   n e e d s   to  be  f u r -  

t h e r   r e d u c e d ,  t h e   c i r c u i t   of  F i g u r e   14  m a y  b e   m o d i f i e d   by  

a d d i n g   a d d i t i o n a l   s t a g e s   of  the   d i o d e s   132 ,   1 3 6 ,   141 ,   v a r i -  



a b l e   r e s i s t o r s   133 ,   137 ,   142  and  p o t e n t i o m e t e r s   139  and  1 4 3  

on  b o t h   t h e   p o s i t i v e   u p p e r   s i d e   and  t he   n e g a t i v e   l o w e r   s i d e  

of   t h e   c i r c u i t   so  t h a t   t h e   o u t p u t   wave  form  as  shown  in  F i g -  

u r e   15B  is   m o d i f i e d   by  h a v i n g   a  g r e a t e r   n u m b e r   of  t h e   l i n e a r  

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

p r e s e n t   c a s e ,   so  t h a t   t h e   d e s i r e d   i d e a l i z e d   wa.ve  f o r m  i s  

e v e n   more   c l o s e l y   a p p r o a c h e d .  

C o n s i d e r i n g   n o w  c i r c u i t   means   f o r   c o r r e c t i n g  

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

f r o m   t h e   p r e v i o u s l y   d e r i v e d   m a t h e m a t i c a l   e x p r e s s i o n   (7)  a n d  

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

Y - s w e e p   f r e q u e n c y   s i g n a l   81W  s h o u l d   be  d e l i n e a r i z e d   a n d  

c a u s e d   t o : v a r y   as  a  s e c a n t   f u n c t i o n   o f  @ .   For   t h i s   p u r p o s e ,  
w i t h   r e f e r e n c e   a g a i n   to   F i g u r e   13,   o u t p u t   81'   of   t h e  Y - s w e e p  

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

122 .   O u t p u t   77 '   of  t h e   X - s w e e p   f r e q u e n c y   g e n e r a t o r   i s  

c o u p l e d   to  t h e   i n p u t   of   f u n c t i o n   g e n e r a t o r   117  t h r o u g h   a n  

a d j u s t a b l e   g a i n   a m p l i f i e r   147.   F u n c t i o n   g e n e r a t o r   117  p r o -  

d u c e s   an  o u t p u t   wave  fo rm  r e p r e s e n t i n g   t h e   s e c a n t   f u n c t i o n  

of  9  and  s u c h   o u t p u t   i s   t r a n s m i t t e d   to  t h e   o t h e r   i n p u t   o f  

m u l t i p l i e r   122  t h r o u g h   a n o t h e r   a d j u s t a b l e   g a i n   a m p l i f i e r   1 4 8 .  

Thus   as  shown  in   F i g u r e   15C  t h e   o u t p u t   of  m u l t i p l i e r   122  i s  

a  v o l t a g e   wave  fo rm  122W  c o r r e s p o n d i n g   to  t h e   l i n e a r   Y - s w e e p  

f r e q u e n c y   g e n e r a t o r   o u t p u t   s i g n a l   81W  as  d e l i n e a r i z e d   to   v a r y  

as  a  s e c a n t   f u n c t i o n   of   a n g l e   9  d u r i n g   e a c h   s u c c e s s i v e   X - d i -  

r e c t i o n   s c a n .   As  t h e   o u t p u t   of  t h e   m u l t i p l i e r   122  i s   t y p i -  

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

d e f l e c t i o n   c o i l   of  t h e   X - r a y   t u b e   r e q u i r e s   a  r e l a t i v e l y  h i g h  

c u r r e n t ,   t h e   o u t p u t   of   m u l t i p l i e r   122  is   c o u p l e d   to  t h e   Y -  

d e f e l c t i o n   s i g n a l   t e r m i n a l   82  of  t h e   X - r a y   t u b e   t h r o u g h   a n  

a d j u s t a b l e   g a i n   a m p l i f i e r   149  and  a  c u r r e n t   a m p l i f i e r   1 5 1  

and  v a r i a b l e   r e s i s t o r   1 5 2 .  

C o n s i d e r i n g   now  s u i t a b l e   c i r c u i t   means   f o r   p r o g r a m -  

m i n g   in   c h a n g e s   of   e l e c t r o n   beam  e n e r g y   w i t h i n   t h e   X - r a y   t u b e  

13  in   t h e   c o u r s e   of  e a c h   X - d j r e c t i o n   s c a n   in  o r d e r   to   c o m p e n -  



s a t e   f o r   v a r i a t i o n s   of   r a d i o l u c e n c e   of  t he   s u b j e c t   as  p r e v i -  

o u s l y   d e s c r i b e d ,   s t i l l   a n o t h e r   f u n c t i o n   g e n e r a t o r   153  may  h a v e  

an  i n p u t   c o n n e c t e d   to   t h e   X - s w e e p   f r e q u e n c y   o u t p u t   t e r m i n a l   7 7 '  

t h r o u g h  a n   a d j u s t a b l e   g a i n   a m p l i f i e r   154  and  has   an  o u t p u t .  

c o n n e c t e d   to   t h e   v o l t a g e   c o n t r o l   s i g n a l   t e r m i n a l   103 '   of  p r o -  

g r a m m a b l e   h i g h   v o l t a g e   s u p p l y   103  t h r o u g h   a n o t h e r   a d j u s t a b l e  

g a i n   a m p l i f i e r   1 5 6 . .   I f   t h e   v a r i a t i o n   of  X - r a y   e n e r g y  i n  t h e  

c o u r s e   o f   t h e   X - s c a n   i s   a l w a y s   to  be  the   same  f o r   a l l   u s a g e s  
of  t h e   x - r a y   t u b e   13,   t h e n   t h e   f u n c t i o n   g e n e r a t o r , 1 5 3   may  b e  

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

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

c h a n g e   of   beam  e n e r g y   in   t h e   c o u r s e   of  t he   s c a n n i n g   a c t i o n .  

Fo r   e x a m p l e ,   i f   t he   X - r a y   t u b e   is   a l w a y s   to  b e  u s e d   to  p r o -  
d u c e   a  p a n t o m o g r a p h i c   d e n t a l   X - r a y   image  u n d e r   t h e   c o n d i t i o n s  

d e p i c t e d   in   F i g u r e   1,  w h e r e i n   t h e   t e e t h   to  be  i m a g e d   a re   o f  

more   or  l e s s   p r o g r e s s i v e l y   i n c r e a s i n g   t h i c k n e s s   f rom  t h e  

l e f t   s i d e   of  t h e   image   to  t h e   r i g h t ,   t h e n ,   r e f e r r i n g   b a c k  

to  F i g u r e   13,   t h e   f u n c t i o n   g e n e r a t o r   153  may  be  of  t he   f i x e d  

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

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

c a u s e   t h e   p r o g r a m m a b l e   h i g h   v o l t a g e   s u p p l y   103  to  p r o g r e s -  

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

e a c h   X - s c a n   l i n e   of  t h e   X - r a y   t u b e   13.  P r e f e r a b l y   and  as  i n  

t h i s   e x a m p l e ,   f u n c t i o n   g e n e r a t o r   153  is  of  t he   fo rm  w h i c h  

e n a b l e s   s e l e c t i o n   of  any  of  a  v a r i e t y   of  f u n c t i o n s   in  o r d e r  

to  r e a d i l y   a c c o m m o d a t e   to   d i f f e r e n t   u s a g e s  o f   t he   X - r a y   t u b e  

13  and  to   s u b j e c t s   w h i c h   may  h a v e   d i f f e r i n g   p a t t e r n s   of  v a r y -  

i n g   r a d i o l u c e n c e   in   t h e   X - d i r e c t i o n .   The  f u n c t i o n   g e n e r a t o r  

c i r c u i t   o f   F i g u r e   14,  f o r   e x a m p l e ,   o f f e r s   c o n s i d e r a b l e   l a t i -  

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

a d j u s t m e n t s   of   t he   s e v e r a l   v a r i a b l e  r e s i s t a n c e s   133 ,   137,   1 4 2  

and  p o t e n t i o m e t e r s   131 ,   139  and  143.   O t h e r   f o rms   of  f u n c t i o n  

g e n e r a t o r   e n a b l i n g   an  e v e n   g r e a t e r   v a r i e t y   of  p r e d e t e r m i n e d  

wave  f o r m   m o d u l a t i o n s   a r e   known  to  the   a r t   and  may  be  u t i l i z e d  

i f  d e s i r e d .  



R e f e r r i n g   a g a i n   to  F i g u r e   13,  t h e   r e m a i n i n g   c o m p o -  

n e n t s   of  t h e   c i r c u i t   m e a n s   114  c o m p e n s a t e   f o r   t h e   p r e v i o u s l y  

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

s u b j e c t   and  at   t h e   d e t e c t o r   a r i s i n g   f rom  i n v e r s e   s q u a r e   l a w  

e f f e c t s   and  t h e   v a r i a t i o n   of   a b s o r p t i o n   of  X - r a y s   in   t h e   t a r -  

g e t   a n o d e   p l a t e   24  a t   d i f f e r e n t   p o r t i o n s   of  t h e   s c a n n i n g  

a c t i o n .   The  p r e v i o u s l y   d e r i v e d   m a t h e m a t i c a l   e x p r e s s i o n   ( 1 7 )  

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

v o l t a g e   a p p l i e d   t o   t h e   c o n t r o l  g r i d   105  of  t h e   X - r a y   t u b e  

mus t   be  v a r i e d   in   t h e   c o u r s e   of  t h e   s c a n n i n g   a c t i o n   in   o r d e r  

to  v a r y   e l e c t r o n  b e a m   c u - r r e n t   in   s u c h   a  m a n n e r   as  to   c o m -  

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

e x p r e s s i o n   ( 1 7 ) ,   a  c o n s i d e r a b l y   more  c o m p l e x   c o r r e c t i o n  

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

of   c o r r e c t i o n   d e s c r i b e d   a b o v e .  

In  o r d e r   to   m o d u l a t e   c o n t r o l   g r i d   105  v o l t a g e   i n  

a c c o r d a n c e   w i t h   m a t h e m a t i c a l   e x p r e s s i o n   ( 1 7 ) ,   one  i n p u t   o f  

m u l t i p l i e r   123  r e c e i v e s   t h e   o u t p u t   of  s e c a n t   9  f u n c t i o n  g e n -  

e r a t o r   117  t h r o u g h   s q u a r i n g   f u n c t i o n   g e n e r a t o r   118 .   Thus   t h e  

one  i n p u t   of  m u l t i p l i e r   123  r e c e i v e s   a  s e c 2 9   s i g n a l .   O u t p u t  

81 '   of   t h e   Y - s w e e p   f r e q u e n c y   g e n e r a t o r   i s   c o u p l e d   to   t h e   i n p u t  

of  f u n c t i o n   g e n e r a t o r   1 1 9 ,   w h i c h   i s   a l s o   a  s q u a r i n g   m o d u l e   o f  

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

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

g e n e r a t o r   119  i s   c o n n e c t e d   to   one  i n p u t   of  a  d i f f e r e n t i a l   a m -  

p l i f i e r   157  h a v i n g   an  o u t p u t   c o n n e c t e d   to  t h e   r e m a i n i n g   i n p u t  

of  m u l t i p l i e r   123 .   The  o t h e r   i n p u t   of  d i f f e r e n t i a l   a m p l i f i e r  

157  i s   c o n n e c t e d   to   a  s e l e c t a b l e   v o l t a g e   s o u r c e   158  w h i c h   m a y  

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

t h e   B+  and  B-  t e r m i n a l s   of   t h e   p o w e r   s u p p l y   and  h a v i n g   a  

m o v a b l e   e l e m e n t   c o n n e c t e d   to  t h e   r e f e r e n c e   i n p u t   of  d i f f e r -  

e n t i a l   a m p l i f i e r   157 .   S e l e c t a b l e   v o l t a g e   s o u r c e   158  i s   a d -  

j u s t e d   to   g e n e r a t e   a  v o l t a g e   r e p r e s e n t i n g   t h e   c o n s t a n t   ( R + C ) 2  

t e r m   of   m a t h e m a t i c a l   e x p r e s s i o n   ( 1 3 ) .   As  t h e   o u t p u t   of  s q u a r -  

i n g   f u n c t i o n   g e n e r a t o r   119  i s   a  r e p r e s e n t a t i v e   o f  t h e   t e r m   Y 02  o f  



t h a t   s a m e - m a t h e m a t i c a l   e x p r e s s i o n   and  the   two  a r e   summed  b y  

a m p l i f i e r   157 ,   t h e   o u t p u t   of  a m p l i f i e r   157  i s   t h e   ro2  t e r m  

of  t h e   c o n t r o l l i n g   m a t h e m a t i c a l   e x p r e s s i o n   (17)   T h i s   r o 2  

s i g n a l   v o l t a g e   i s   m u l t i p l i e d   by  t h e   sec2@  s i g n a l   v o l t a g e   f r o m  

f u n c t i o n   g e n e r a t o r   118  in   m u l t i p l i e r   123.   The  o u t p u t   v o l t a g e  

f rom  m u l t i p l i e r   123  i s   t r a n s m i t t e d  t h r o u g h   a  s e l e c t a b l e   g a i n  

a m p l i f i e r   158  w h i c h   i s   a d j u s t e d   to  s c a l e   t h e   i n p u t   s i g n a l   b y  

t h e   c o n s t a n t   ( uT /R+C)  2   t e r m   of  m a t h e m a t i c a l   e x p r e s s i o n   ( 1 7 ) -  

and  t h e   o u t p u t   of  a m p l i f i e r   158  i s   t h e n   p a s s e d   t h r o u g h   t h e  

s q u a r e   r o o t   f u n c t i o n   g e n e r a t o r   121  to   p r o d u c e   a  v o l t a g e   s i g n a l  

r e p r e s e n t i n g   t h e   f u n c t i o n   ( u T / R + C )   ( r o s e c   9)  a t   one  i n p u t   o f  

m u l t i p l i e r   124 .   The  o t h e r   i n p u t   of   m u l t i p l i e r   124  r e c e i v e s  

t h e   r o 2 s e c 2 @   v o l t a g e   s i g n a l   f r o m   t h e   o u t p u t   of  m u l t i p l i e r   1 2 3 .  

Thus   t h e   o u t p u t   of  m u l t i p l i e r   124  r e p r e s e n t s   (uT  r o 3 s e c 3 @ / ( R + C )  

w h i c h   i s   t h e   s e c o n d   t e r m   in  t h e   sum  g i v e n   by  m a t h e m a t i c a l   e x -  

p r e s s i o n   ( 1 7 ) .   The  c o r r e c t i o n   f a c t o r   K  of  e x p r e s s i o n   (17)   i s  

t h e n   o b t a i n e d   by  a d d i n g   in  t h e   e x p r e s s i o n   r o 2 s e c 2 @   w h i c h   a s  

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

123 .   F o r   t h i s   p u r p o s e   an  a d d i n g   a m p l i f i e r   159  has   one  i n p u t  

c o n n e c t e d   to  t h e   o u t p u t   of  m u l t i p l i e r   124  and  has   t h e   o t h e r  

i n p u t   c o n n e c t e d   to   t h e   o u t p u t   of  m u l t i p l i e r   123 .   T h i s   r e s u l t s  

in   an  a n a l o g   v o l t a g e   a p p e a r i n g   at  t h e   o u t p u t   of  a m p l i f i e r   1 5 9  

w h i c h   i s   r e p r e s e n t a t i v e   of  t h e   d e s i r e d   c o r r e c t i o n   f a c t o r   K  a s  

d e f i n e d   in   t h e   p r e v i o u s l y   g i v e n   m a t h e m a t i c a l   e x p r e s s i o n   ( 1 7 . ) .  

The  o u t p u t   of   a m p l i f i e r   159  i s   c o n n e c t e d   to  t h e   c o n t r o l   g r i d  

t e r m i n a l   1 0 5 '   of  t h e   X - r a y   t u b e   in   o r d e r   to  m o d u l a t e - e l e c t r o n  

beam  c u r r e n t   to   p r o v i d e   t h e   d e s i r e d   image   c o r r e c t i o n .  

As  t h e r e   i s   c o n s i d e r a b l e   v a r i a t i o n  i n   s i z e   and  c o n -  

f i g u r a t i o n   of   t e e t h   or  o t h e r   a n a t o m i c a l   s t r u c t u r e s   among  d i f -  

f e r e n t   i n d i v i d u a l s , ' a d j u s t m e n t ' o f   t h e   s e v e r a l   a d j u s t a b l e  

c o n t r o l s   of  t h e   c i r c u i t   of  F i g u r e   13  to  m i n i m i z e   image   d i s -  

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

f l e x i b l e   g a u z e   m a t e r i a l   f o r m e d   of  X - r a y   o p a q u e   w i r e s   or  t h e  

l i k e .  S u c h   a  g a u z e   may  be  w r a p p e d   a r o u n d   t h e . s u b j e c t   to  b e  

i m a g e d   and  t h e   s c a n n i n g   X - r a y   s y s t e m   may  t h e n   be  t e m p o r a r i l y  



o p e r a t e d   a t   a  low  p o w e r   l e v e l   w h i l e   v i e w i n g   t h e   i m a g e  

of  t h e   g a u z e   on  t h e   s c r e e n   of  t h e   v i s u a l   d i s p l a y   d e -  

v i c e .   The  s e v e r a l   c o n t r o l s   of  t h e   d i s t o r t i o n   c o r r e c -  

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

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

b o t h   t h e   h o r i z o n t a l   and  v e r t i c a l   d i r e c t i o n s   w i t h   t h e  

i n t e r v e n i n g   open   s p a c e s   b e i n g   e q u a l i z e d .   A f t e r   l i n e a r i -  

z a t i o n   of   t h e   l o w - l e v e l   i m a g e   h a s   b e e n   a c h i e v e d ,   t h e  

g a u z e   may  be  r e m o v e d   and  t h e   e l e c t r o n   beam  e n e r g y   o f  

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

o b t a i n i n g   t h e   d e s i r e d   r a d i o g r a p h .  

W h i l e   t h e   c i r c u i t   of  F i g u r e   13  i n c l u d e s   c o m p o -  

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

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

w h e r e   a t   l e a s t   some  of   t h e   f o r m s   of  d i s t o r t i o n   or  i m a g e  

d e g r a d a t i o n   a r e   no t   s i g n i f i c a n t   e n o u g h   to  n e e d   c o r r e c t i o n  

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

p o r t i o n s   of   t h e   c i r c u i t   of  F i g u r e   13  may  be  o m i t t e d .  

A  n o t a b l e   e x a m p l e   o f  t h i s   o c c u r s   when  t h e   X - r a y   t u b e  

and  d e t e c t o r   a r e   u s e d   in  a .  c o m p u t e d   t o m o g r a p h i c   s y s t e m  

s u c h   as  t h a t   d e s c r i b e d   in  A p p l i c a n t ' s   h e r e i n b e f o r e -  

i d e n t i f i e d   c o p e n d i n g   a p p l i c a t i o n   S e r i a l   No.  6 7 4 , 0 5 9 .  

In  some  f o r m s   of   c o m p u t e d   t o m o g r a p h i c   s y s t e m ,   t h e   e l e c -  

t r o n   beam  s c a n n i n g   r a s t e r   a t   t h e   X - r a y   t u b e   may  b e  

l i m i t e d   to   a  s i n g l e   s c a n   l i n e   in   t h e   X - d i r e c t i o n .   I n  

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

i n v o l v e   t h e   Y - d i r e c t i o n   a r e   of   c o u r s e   no t   n e e d e d .  

Wi th   t h e   e x c e p t i o n   of   t h e   c o r r e c t i o n   f o r   v a r y -  

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

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

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

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

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

t h e   b o r a d   a r e a   of   t h e   t a r g e t   a n o d e   p l a t e   24  as  a  b a s e  

and  t h e   e s s e n t i a l l y   p o i n t   d e t e c t o r   44  as  an  a p e x .   T h a t  



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

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

44  w i t h   t he   d i s t a n c e   of  t h e   d e t e c t o r   f rom  t h e   t a r g e t   a n o d e  

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

r a y   p a t h   O-D  of  F i g u r e   9,  b e i n g   d e f i n e d   as  t h e   f o c a l  l e n g t h  

o f   t h e   s y s t e m .  

The  s e v e r i t y   of  t h e s e   p o t e n t i a l   d i s t o r t i o n s   a n d  

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

t h a t   i s  a s   t he   s m a l l   d e t e c t o r   44  is   moved  f u r t h e r  a w a y   f r o m  

t h e   t a r g e t   a n o d e   p l a t e   24.  T h i s   c h a r a c t e r i s t i c   o f f e r s   s t i l l  

a n o t h e r   t e c h n i q u e   f o r   r e d u c i n g   t h e   d e g r e e   of  i m a g e  ' d i s t o r t i o n  

and  d e g r a d a t i o n .   In  p a r t i c u l a r , - a n d   w i t h   r e f e r e n c e   to  F i g -  

u r e   16,  t h i s   may  be  a c c o m p l i s h e d   s i m p l y   by  i n c r e a s i n g   t h e  

f o c a l   l e n g t h   of  t h e   s y s t e m   or  in  o t h e r   w o r d s ,  b y   d e c r e a s i n g '  

t h e   d e g r e e   of  c o n v e r g e n c e   of  t h e   r a y   p a t h s   f rom  t h e   X - r a y  

t u b e   13E  to  t h e   d e t e c t o r   44E.  U n d e r   some  c i r c u m s t a n c e s ,   d i s -  

t o r t i o n s   and  d e g r a d a t i o n s   may  be  r e d u c e d   to   a  d e g r e e   t h a t  

l i t t l e   or  none  of  t h e   e l e c t r o n i c   s i g n a l   c o m p e n s a t i o n s   h e r e i n -  

b e f o r e   d e s c r i b e d   a r e   n e e d e d .   Where  c o n d i t i o n s   make  i t   p r a c -  

t i c a l ,   t h e   s m a l l   X - r a y   d e t e c t o r   of  t h e   p r e v i o u s l y   d e s c r i b e d  

e m b o d i m e n t s   may  s i m p l y   be  p o s i t i o n e d   f u r t h e r   out   f rom  t h e  

f a c e   of  t h e   X - r a y   t u b e   and  a  m o d i f i e d   c o l l i m a t o r   may  be  u s e d  

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

v e r g e n t   and  w h i c h   a r e   d i r e c t e d   at   t h e   more   d i s t a n t   X - r a y   d e -  

t e c t o r .   H o w e v e r ,   in   some  u s a g e s ,   s u c h   an  a r r a n g e m e n t   p r o d u c e s  

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

d i s t o r t i o n .   For   e x a m p l e ,   l o o k i n g   at   F i g u r e   1 6 ,   i f   a  s m a l l   d e -  

t e c t o r   were   s i t u a t e d   at  t h e   d i s t a n t   f o c a l   p o i n t   161  of  s u c h  

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

w h i c h   a r e   i n t e n d e d   to  be  in  t h e   image   bu t   s u p e r i m p o s e d   t h e r e o n  

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

at  t h e   o t h e r   s i d e   of  t h e   d e n t a l   p a t i e n t ' s   h e a d . a n d   s u c h   i m a g e s  

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

t e e t h   of  i n t e r e s t .   To  a v o i d   t h i s   p r o b l e m ,   a s . w e l l   as  o t h e r s  

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



16  u t i l i z e s   a  m o d i f i e d   d e t e c t o r   44E  w h i c h   d i f f e r s   f r o m   t h a t '  

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

by  b e i n g   s i t u a t e d   b e t w e e n   t h e   t u b e   13E  and  t he   f o c a l   p o i n t  
161  r a t h e r   t h a n   at   t h e   f o c a l   p o i n t .   The  r a d i a t i o n - s e n s i t i v e  

a r e a   of   t h e   d e t e c t o r   44E  i s   p r e f e r a b l y   j u s t   l a r g e   e n o u g h   t o  

i n t e r c e p t   t h e  X - r a y s   t r a v e l i n g   f rom  t he   s c a n n i n g   r a s t e r   a t  

t a r g e t   a n o d e   p l a t e   24E  t o w a r d s   t h e   f o c a l   p o i n t   161  s i n c e   t h e  

c o n f i g u r a t i o n   of  t h e   s u b j e c t   may  l i m i t   d e t e c t o r   s i z e .   I n  

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

c o n s t r i c t e d   s p a c e s   s u c h   as  i -n to   t h e   mouth   of  t h e   d e n t a l   p a -  
t i e n t   of   F i g u r e   1 6 .  

B e c a u s e   of  t h e s e   r e s t r i c t i o n s   c a u s e d   by  g e o m e t r y   a n d  

d e t e c t o r - s i z e   l i m i t a t i o n s ,   t h e   e m b o d i m e n t   of  F i g u r e   16  i s   p a r t i c -  

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

The  s m a l l e r   f i e l d   of  v i e w ,   w h i c h   may  be  in  some  c a s e s   d i c t a t e d  

by  t h e   r e s t r i c t i o n   on  d e t e c t o r   44E  s i z e ,   is   c h a r a c t e r i s t i c   o f  

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

F i g u r e   16  may  e m p l o y   an  X - r a y   s o u r c e   13E  of  s m a l l e r   s i z e   h a v i n g  

a  s m a l l e r   s c a n n i n g   r a s t e r   a r e a .   H o w e v e r ,   p a n o r a m i c   i m a g e s   may 
s t i l l   be  o b t a i n e d   by  s h i f t i n g   t he   X - r a y   t u b e   and  d e t e c t o r   a n d  

m a k i n g   a  s e r i e s   of  i m a g e s .   Thus   t h e   d e t e c t o r   44E  and  X - r a y  
t u b e   13E  may  be  s h i f t e d   to   t h e   d a s h e d - l i n e   p o s i t i o n s   44E'   a n d  

13E '   f o r   e x a m p l e   by  r o t a t i o n   a l o n g   an  a r c   163  h a v i n g   a  r o t a -  

t i o n a l   a x i s   at  t he   a p p r o x i m a t e   c e n t e r   of  c u r v a t u r e   of   t h e   p o r -  
t i o n   of   t h e   d e n t a l   a r c h   12  b e i n g   i m a g e d .   The  X - r a y   t u b e   13E  a n d  

d e t e c t o r   44E  may  a l s o   be  t r a n s l a t e d   in  a  d i r e c t i o n   p a r a l l e l   t o  

t h a t   r o t a t i o n a l   a x i s   so  t h a t  b o t h   m a x i l l a r y   and  m a n d i b u l a r y   t e e t h  

or  o t h e r   c r a n i a l   f e a t u r e s   may  be  i m a g e d .   I f   d e s i r e d ,   a l l  o f   t h e  

i m a g e s   t a k e n   f rom  t h e s e   d i f f e r e n t   v i e w p o i n t s   may  be  d i s p l a y e d  -  

on  a  s i n g l e   s c r e e n   f o r   v i e w i n g   or  to  make  up  a  m o s a i c   of  v i e w s  

c o m b i n i n g   t he   e n t i r e   d e n t a l   a r c h   on  one  p i c t u r e .   T h i s   may 

Je  d o n e ,   f o r   e x a m p l e ,   by  m e c h a n i c a l l y   c o u p l i n g   t h e   v i s u a l  

i i s p l a y   sweep   c e n t e r i n g   c o n t r o l   to  such   m e c h a n i c a l   means   a s  

n i g h t   be  u s e d   f o r   s h i f t i n g   t h e   X - r a y   t u b e   13  and  d e t e c t o r   s o  

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



In  i n s t a n c e s   w h e r e   t he   i m a g e   on  t h e   f a c e   v i s u a l   d i s p l a y  

d e v i s e   i s   to   be  p h o t o g r a p h e d   to  p r o v i d e   a  p e r m a n e n t   r a d i o -  

g r a p h ,   t h e   c a m e r a   s h u t t e r   may  be  h e l d   open   d u r i n g   the   i m a g i n g  

p r o c e s s   e x c e p t   d u r i n g   t h o s e   p e r i o d s   when  t h e   X - r a y   t u b e   13E  

and  d e t e c t o r   44E  a r e   in   t h e   p r o c e s s   of  b e i n g   r e p o s i t i o n e d .  

By  t h i s   means   t h e   e n t i r e   d e n t a l   a r c h   12  may  be  d i s p l a y e d   o n  

one  r a d i o g r a p h i c   p h o t o g r a p h .   The  d e t e c t o r   44E  may,  i f  d e s i r e d ,  

be  s u p p o r t e d   and  p o s i t i o n e d   by  a  p r o b e   14E  s i m i l a r   to  t h o s e  

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

u r e   16  m a y  b e   s i m i l a r   to  t h e   c o r r e s p o n d i n g   p a r t s   of  t he   p r e -  

v i o u s l y   d e s c r i b e d   e m b o d i m e n t s .  

S y s t e m s   w h i c h   e m p l o y ,  a   s i z a b l e   d e t e c t o r   44E  a r e  

more  s u b j e c t   to   s p u r i o u s   X - r a y   c o u n t s   f rom  s c a t t e r e d   r a d i a -  

t i o n ,   s e c o n d a r y   X - r a y s   and  t h e   l i k e   t h a n   a r e   s y s t e m s   u s i n g  .  

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

T h i s   i s   i t s e l f   a  fo rm  o f   image   d e g r a d a t i o n   s i n c e   such   s p u r i o u s  

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

a  s y s t e m   s i m i l a r   to  t h a t   of  F i g u r e   16  as  o p p o s e d   to  one  o f  

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

t h e   r e l a t i v e   a d v a n t a g e s   and  d i s a d v a n t a g e s   of  e a c h   w i t h   r e f e r -  

e n c e   to   t h e   s p e c i f i c   use   c o n d i t i o n s .   H o w e v e r ,   image  d e g r a d a -  

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

F i g u r e   16  s y s t e m   by  u t i l i z i n g   an  a d d i t i o n a l   c o l l i m a t o r   1 6 4  

w h i c h   i s   s i t u a t e d   b e t w e e n   t h e   s u b j e c t   and  t h e   d e t e c t o r .   I n  

t h e   p r e s e n t   i n s t a n c e   t h e   a d d i t i o n a l   c o l l i m a t o r   164  is   s e c u r e d  

d i r e c t l y   a g a i n s t   t h e   d e t e c t o r   44E  as  t h i s   m a x i m i z e s   e f f e c t i v e -  

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

and  s u p p o r t   o f  t h e   c o l l i m a t o r .   S e c o n d a r y   or  s c a t t e r e d  

X - r a y s   w h i c h   a r e   t r a v e l i n g   in   t h e   g e n e r a l   d i r e c t i o n   of  t h e  

d e t e c t o r   b u t   a t   a n g l e s   o t h e r   t h a n   t h a t   of  t h e   X - r a y s   f r o m  

t h e   p r i m a r y   c o l l i m a t o r   29E  a r e   a b s o r b e d  b y   t h e   a d d i t i o n a l  

c o l l i m a t o r   164  and  t h u s   do  no t   p r o d u c e   e r r o n e o u s   s i g n a l s  
in   t h e   d e t e c t o r .   U n d e r   some  c i r c u m s t a n c e s ,   n o t a b l y   w h e r e  

t h e   s u b j e c t   to   be  i m a g e d   i s   no t   a  l i v i n g   o r g a n i s m   f o r   w h i c h  

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



m a t o r   164  may  be  u s e d   w i t h o u t   t h e   p r i m a r y   c o l l i m a t o r  2 9 E .  

E i t h e r   c o l l i m a t o r   a l o n e   i s   c a p a b l e   of  l i m i t i n g   X - r a y   t r a n s -  

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

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

i m a g e .   H o w e v e r ,   w h e r e   t h e   s u b j e c t   i s   a  l i v i n g   o r g a n i s m ,  

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

X - r a y   t u b e   i s   b e n e f i c i a l   in  t h a t   i t   s u p p r e s s e s   X - r a y s   w h i c h  

a r e   no t   d i r e c t e d   t o w a r d s   t h e   s u b j e c t   a l o n g   t h e   p a r t i c u l a r  

p a t h   f rom  w h i c h   m e a n i n g f u l   i m a g e   d a t a   can   be  o b t a i n e d .  

W h i l e   t he   o p e r a t i o n   of  t h e   s y s t e m   has   b e e n   d i s -  

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

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

d e v i c e   17  of  F i g u r e   13,   i t   s h o u l d   be  U n d e r s t o o d   t h a t   t h e  

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

t r a n s m i t t e d   to  t e r m i n a l s   7 9 ,  8 3   and  86  in  F i g u r e   13 ,   m a y  

a l t e r n a t e l y   or  at  t h e   same  t i m e   be  s t o r e d   on  m a g n e t i c   t a p e  

or   by  o t h e r   means   f o r   l a t e r   r e p r o d u c t i o n   of  an  i m a g e .   A n y  

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

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

s y s t e m s   or  in   c o m p u t e d   t o m o g r a p h y   may  a l s o   be  u t i l i z e d   t o  

e n h a n c e   t h e   i m a g e ,   to   e m p h a s i z e   c e r t a i n   image   c h a r a c t e r i s -  

t i c s   or  to   c r e a t e   s p e c i a l i z e d   i m a g e   d i s p l a y s .   S i m i l a r l y ,  

t h e   i m a g e   d i s p l a y e d   a t   t h e   s c r e e n   18  of   v i s u a l   d i s p l a y   d e -  

v i c e   17  may  be  p h o t o g r a p h e d   to  p r o v i d e   a  p e r m a n e n t   r a d i o -  

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

a  s c a n n i n g   X - r a y   s y s t e m   of  t h i s   g e n e r a l   t y p e   in   t h e s e   w a y s  

a r e   d e s c r i b e d   in   a p p l i c a n t ' s   p r i o r   U n i t e d   S t a t e s   P a t e n t  .  

No.  3 , 9 4 9 , 2 2 9 .   "  

W h i l e   t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d   w i t h   r e -  

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

a r e   p o s s i b l e   and  i t   i s   no t   i n t e n d e d   to   l i m i t   t h e   i n v e n t i o n  

e x c e p t   as  d e f i n e d   in  t h e   f o l l o w i n g   c l a i m s .  



1.  S c a n n i n g   X - r a y   a p p a r a t u s   f o r   p r o d u c i n g   r a d i o g r a p h i c  

image   d a t e   in  w h i c h   an  X - r a y   t u b e   i n c l u d i n g   a  vacuum  e n c l o s u r e  

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

e l e c t r o n   gun  f o r   p r o d u c i n g   an  e l e c t r o n - b e a m ,   s a i d   X - r a y   t u b e  

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

e l e c t r o n  b e a m   to  s u c c e s s i v e   d i f f e r e n t  p o i n t s   on  t he   s u r   ace  o f  

s a i d   t a r g e t   a n o d e   p l a t e   so  as  to   p r o d u c e   a  m o v i n g   X- ray   o r i g i n  

p o i n t   at  s a i d   t a r g e t   a n o d e   p l a t e , .  a n d   a s s o c i a t e d   w i t h   s a i d   X - r a y  

t u b e  a   p r o b e   member   a r r a n g e d   to  s u p p o r t   an  X - r a y   d e t e c t o r   s o  

as  to  d e t e c t   X - r a y s   t r a v e r s i n g   an  o b j e c t   i s   d i s p o s e d   b e t w e e n  

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

p o r t i o n   of  s a i d   p r o b e   member   b e i n g   r e m o t e   f rom  s a i d   X - r a y  

d e t e c t o r   and  i n c l u d i n g   means   f o r   t r a n s m i t t i n g   X - r a y   c o u n t   d a t a  

f rom  s a i d   d e t e c t o r   to  s a i d   b a s e   end  p o r t i o n   and  means   f o r  

r e c e i v i n g   s a i d   X - r a y   c o u n t   d a t a   from  s a i d   b a s e   end  p o r t i o n   o f  

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

t r a n s m i t t i n g   e l e c t r i c a l   s i g n a l s   i n d i c a t i v e   of  s a i d   X - r a y   c o u n t s ,  

c h a r a c t e r i z e d   in   t h a t   s u p p o r t   means   f o r   s a i d   X - r a y   t u b e   i n c l u d e s  

means   f o r   r i g i d l y ' s u p p o r t i n g   s a i d   b a s e   end  p o r t i o n   of  s a i d  

p r o b e   member   r e l a t i v e   to  s a i d   t u b e   so  t h a t   s a i d   X - r a y   d e t e c t o r  

i s   l o c a t e d   o u t w a r d l y ,   and  a t   a  known  d i s t a n c e ,   f rom  s a i d   t a r g e t  

a n o d e   p l a t e ,   w h e r e b y   X - r a y s   f rom  s a i d   t a r g e t   anode   p l a t e   p a s s i n g  

t h r o u g h   an  o b j e c t   may  c o n v e r g e   a l o n g   known  g e o m e t r i c a l   r ay   p a t h s  

to  s a i d   X - r a y   d e t e c t o r .  

2.  S c a n n i n g  X - r a y   a p p a r a t u s   as  d e f i n e d   in  c l a i m   1 

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

m e a n s   to  e n a b l e   r e m o v a l   of  a  f i r s t   p r o b e   member  f rom  s a i d   t u b e  

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

to  f o rm  a  d i f f e r e n t   g e o m e t r i c a l   r ay   p a t h   from  s a i d   t u b e   t o  

s a i d   d e t e c t o r   t h r o u g h   an  o b j e c t .  

3.  S c a n n i n g   X - r a y   a p p a r a t u s   as  d e f i n e d   in  c l a i m   1  w h e r e i n  



a re   s u p p o r t   means   a d j a c e n t   s a i d   X - r a y   t u b e   f o r   r e c e i v i n g   s a i d  

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

d e v i c e   of  t h e   form  p r o d u c i n g   an  e l e c t r i c a l  

s i g n a l   in  r e s p o n s e   to  o p t i c a l   f r e q u e n c y   e n e r g y   s i g n a l s ,  

and  ar  o p t i c a l   e n e r g y - t r a n s m i t t i n g   e l e m e n t   e x t e n d i n g   f rom  s a i d  

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

c t e r i s e d   in  t h a t   s a i d   X - r a y   d e t e c t o r   is   a  s c i n t i l l a t i o n   d e t e c t o r  

and  s a i d   means   f o r   t r a n s m i t t i n g   X - r a y   c o u n t   d a t a   f r o m   s a i d  

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

w i t h i n   s a i d   p r o b e   m e m b e r .  

4.  S c a n n i n g   X - r a y   a p p a r a t u s   as  d e f i n e d   in   c l a i m   2 

f u r t h e r   c h a r a c t e r i z e d   in  t h a t   s a i d   e l e c t r o n   beam  d e f l e c t o r  

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

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

p l a t e   to  c o n f o r m   w i t h   c h a n g e s   in  t h e   d i s t a n c e   of  t h e   X - r a y   d e t e -  

c t o r   from  s a i d   t a r g e t   a n o d e   p l a t e   by  c h a n g i n g   of  s a i d   p r o b e  

m e m b e r s .  

5.  S c a n n i n g   X - r a y   a p p a r a t u s   as  d e f i n e d   in   c l a i m   2  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   a  r e l e a s a b l e   s e c o n d   a t t a c h m e n t   m e a n s  i s  

p r o v i d e d   a d j a c e n t   s a i d   X - r a y   t u b e   f o r   r e c e i v i n g   and  s u p p o r t i n g  

a  c o l l i m a t o r   means   in  t h e   p a t h   of   X - r a y s   t r a v e l i n g   f r o m   s a i d  

t a r g e t   a n o d e   p l a t e   t o w a r d   s a i d   X - r a y   d e t e c t o r .  

6.  S c a n n i n g   X - r a y   a p p a r a t u s   as  d e f i n e d   in   c l a i m   5 

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

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

X - r a y   d e t e c t o r   and  r e l e a s a b l y   e n g a g e d   by  s a i d   s e c o n d   a t t a c h -  

ment   m e a n s ,   s a i d   f i r s t   c o l l i m a t o r   b e i n g   f o r m e d   at   l e a s t   in  p a r t  

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

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

e a c h   b e i n g   d i r e c t e d   t o w a r d s   s a i d   X - r a y   d e t e c t o r   and  a  s e c o n d  

r a d i a t i o n   c o l l i m a t o r   e n g a g e a b l e   on  s a i d   X - r a y   t u b e   in   s a i d  

r e c o n d   a t t a c h m e n t   means   upon   r e m o v a l   of  s a i d   f i r s t   c o l l i m a t o r  



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

p r o b e   member   w i t h   a  s e c o n d   p r o b e   member   w h i c h   s i t u a t e s   an  X - r a y  

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

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

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

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

p o s i t i o n . o f   s a i d   s e c o n d   X - r a y   d e t e c t o r .  

7.  A  r a d i a t i o n   c o l l i m a t o r   f o r   a  s c a n n i n g   X - r a y   a p p a r a t u s  

as  d e f i n e d   in  c l a i m   5  or  6  f u r t h e r   c o m p r i s i n g   a  p l a t e   of  r a d i a t i o n  

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

m a t e r i a l   in   t h e   p a t h   of  X - r a y s   w h i c h   have   t r a v e l e d   t h r o u g h   s a i d  

X - r a y - t r a n s m i s s i v e   p a s s a g e s .  

8.  A  r a d i a t i o n   c o l l i m a t o r   as  d e f i n e d   in   c l a i m   5  f u r t h e r  

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

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

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

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

9.  A ' r a d i a t i o n   c o l l i m a t o r   f o r   a  s c a n n i n g   X - r a y   a p p a r a t u s  

as  d e f i n e d   in  c l a i m   8  w h e r e i n   s a i d   v o l u m e   of  r a d i a t i o n - a b s o r b e n t  

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

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

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

t h e r e t h r o u g h .  

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

image  d a t a   in  a c c o r d a n c e   w i t h   c l a i m   1  i n  w h i c h   s a i d   e l e c t r o n  

beam  d e f l e c t o r   means   f o r   d i r e c t i n g   s a i d   e l e c t r o n   beam  to  a  s u r -  

f a c e   of  s a i d   t a r g e t   a n o d e   p l a t e   of  s a i d   X - r a y   t u b e   is  a d a p t e d  

to  sweep  r e p e t i t i v e l y   s a i d   e l e c t r o n   beam  a c r o s s   a  r a s t e r   p a t t e r n  

a r e a   on  s a i d   s u r f a c e   in  an  X - c o o r d i n a t e  d i r e c t i o n   t h e r e o n   a n d  

t o  s h i f t   r e p e t i t i v e l y   t h e   p o s i t i o n   of  s a i d   X - c o o r d i n a t e   d i r e c t i o n  .  



s w e e p   in   an  o r t h o g o n a l   Y - c o o r d i n a t e   d i r e c t i o n   on  s a i d   s u r f a c e ,  

i n c l u d e s   an  X - s w e e p   f r e q u e n c y   s i g n a l   g e n e r a t o r   f o r   p r o d u c i n g  

an  X - s w e e p   f r e q u e n c y   e l e c t r i c a l   s i g n a l   and  a  Y - s w e e p   f r e q u e n c y  

g e n e r a t o r   f o r   p r o d u c i n g   a  Y - s w e e p   f r e q u e n c y   s i g n a l ,   a n d  

c i r c u i t   means   f o r   t r a n s m i t t i n g   s a i d   X - s w e e p   f r e q u e n c y  

s i g n a l   f r o m   s a i d   X - s w e e p   f r e q u e n c y   g e n e r a t o r   and  s a i d   Y - s w e e p  

f r e q u e n c y   s i g n a l   f r o m   s a i d   Y - s w e e p   f r e q u e n c y   g e n e r a t o r   to  s a i d  

beam  d e f l e c t o r   means   of  s a i d   X - r a y   t u b e , - s a i d   c i r c u i t   m e a n s  

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

a t o r   m e a n s   c o u p l e d   b e t w e e n   s a i d   X - s w e e p   f r e q u e n c y   g e n e r a t o r   a n d  

s a i d   beam  d e f l e c t i o n   means   f o r   d e l i n e a r i z i n g   t h e   r a t e   of  s c a n n i n g  

of  s a i d   e l e c t r o n   beam  at  s a i d   t a r g e t   a n o d e   p l a t e   in  s a i d   X -  

c o o r d i n a t e   d i r e c t i o n .  

11.  A  s c a n n i n g   X - r a y   s y s t e m   as  d e f i n e d   in  c l a i m   10  

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

r a t e   of   X - r a y   s c a n n i n g   of  s a i d   s u b j e c t   in  s a i d   X - c o o r d i n a t e  

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

e l e c t r o n   beam  at   s a i d   t a r g e t   a n o d e   p l a t e   i n   s a i d   X - c o o r d i n a t e  

d i r e c t i o n .  

12.   A  s c a n n i n g   X - r a y   s y s t e m   as  d e f i n e d   in  c l a i m   1 0  

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

b e t w e e n   s a i d   X-  and  Y - s w e e p   f r e q u e n c y   g e n e r a t o r s   and  s a i d  

beam  d e f l e c t o r   means   f o r   l i n e a r i z i n g   t h e   r a t e   of  X - r a y   s c a n n i n g  

of   s a i d   s u b j e c t   in   s a i d   Y - c o o r d i n a t e   d i r e c t i o n   by  d e l i n e a r i z i n g  

t h e   r a t e   of   s c a n n i n g  o f   s a i d   e l e c t r o n   beam  at   s a i d   t a r g e t   a n o d e  

p l a t e   in   s a i d  Y - c o o r d i n a t e   d i r e c t i o n .  

13.   A  s c a n n i n g   X - r a y   s y s t e m   as  d e f i n e d   in  c l a i m   1 0  

w h e r e i n   t h e   e l e c t r o n   gun  of  s a i d   X - r a y   t u b e   has   a  c o n t r o l   g r i d  

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

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

c h a r a c t e r i z e d   in   t h a t   a  t h i r d   f u n c t i o n   g e n e r a t o r   means   i s  

c o u p l e d   b e t w e e n   s a i d   X-  and  Y - s w e e p   f r e q u e n c y   g e n e r a t o r s   a n d  



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

t h e   c o u r s e   of  s a i d   X-  and  Y - d i r e c t i o n   s c a n n i n g   of  s a i d   e l e c t r o n  

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

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

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

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