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Photocomposing  machine  and  method. 

@  Character  matrices  are  stored  in  and  retrieved  from 
a  magazine  automatically.  The  matrices  can  be  complete 
discs  or  pie-shaped  «petals»  which  are  assembled  to 
form  a  disc.  A  single  pivotably-mounted  support  arm  is 
used  to  support  the  spinning  disc,  and  to  move  it  for 
selection  of  concentric  arrays  on  the  disc,  as  well  as 
for  storage  and  retrieval  of  matrices.  A  reversed  zoom 
lens  is  used  to  magnify  the  characters. 

The  character  spacing  carriage  can  move  continu- 
Q|  ously  in  order  to  increase  the  speed  of  operation.  Proper 

location  of  the  characters  can  be  done  by  simply  altering 
the  carriage  speed  between  projections,  or  by  using  a 

«   shuttling  lens  for  character  spacing  compensation,  to- 
gether  with  flash  delay  and  carriage  deceleration. 

*M  A  system  for  inputting  images  from  any  one  of 
three  separate  discs  also  is  provided. 

_  A  double-dove  prism  and  optical  wedges  are  used 
W  for  altering  the  shapes  of  characters, 
if)  Rules  are  formed  by  operating  a  flash-lamp  very 
Q  rapidly  to  shine  light  through  an  appropriately-shaped 

opening  and  moving  the  image  along  the  photosensitive 
©  surface  in  a  linear  path. 

/I  The  matrix  can  be  moved  in  a  varying  speed  mode 
I?!  in  which  the  matrix  is  moving  slowly  or  stationary  when 
@@@  the  character  is  flashed.  This  allows  the  light  intensity 
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of  the  flash  lamp  to  be  raised  significantly  without 
significant  degradation  of  the  quality  of  the  output. 

Controls  are  provided  for  automatically  adjusting 
the  baseline  of  the  characters,  the  margins,  the  degree 
of  anlargement,  the  flash  intensity,  and  the  focus. 

A  simple  attachment  is  provided  for  doubling  or 
halving  the  size  of  the  characters. 

The  machine  can  produce  output  on  photographic 
film  or  paper  or  electrophotographic  material. 

Means  are  provided  for  automatically  inserting 
graphic  matter  (pictures)  into  text  matter  for  composing 
full  pages,  and  for  making  halv-tones. 
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significant  degradation  of  the  quality  of  the  output. 

Controls  are  provided  for  automatically  adjusting 
the  baseline  of  the  characters,  the  margins,  the  degree 
of  anlargement,  the  flash  intensity,  and  the  focus. 

A  simple  attachment  is  provided  for  doubling  or 
halving  the  size  of  the  characters. 

The  machine  can  produce  output  on  photographic 
film  or  paper  or  electrophotographic  material. 

Means  are  provided  for  automatically  inserting 
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I .   FIELD  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to   p h o t o c o m p o s i t i o n ;  

more   p a r t i c u l a r l y ,   t h i s   i n v e n t i o n   r e l a t e s   to   f u l l - p a g e  

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

e l e c t r o n i c   and  m e c h a n i c a l   m e a n s .  

T h i s   a p p l i c a t i o n   r e l a t e s   to   t h e   s u b j e c t   m a t t e r   of  U . S .  

P a t e n t   A p p l i c a t i o n s   S e r .   No.  8 9 9 , 0 0 1 ,   f i l e d   on  A p r i l   2 1 ,  

1 9 7 8 ,   and  S e r .   No.  0 9 2 , 4 6 5 ,   f i l e d   N o v e m b e r   8,  1979 .   T h e  

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

c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

I I .   OBJECTS  OF  THE  INVENTION 

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

m a c h i n e   w h i c h   has   r e l a t i v e l y   h i g h   v e r s a t i l i t y ,  r e l a t i v e l y  

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

and  y e t   has   a  r e l a t i v e l y   low  m a n u f a c t u r i n g   c o s t .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   to   p r o v i d e   s u c h   a  

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

o r d i n a r y   d e s k .  

A  f u r t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to   p r o v i d e   s u c h   a  

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

t e r ,   or  w h o l e   p a g e s   of  t e x t   and  g r a p h i c   m a t t e r ,   as  d e s i r e d .  



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

m a c h i n e   in   w h i c h   a  r e l a t i v e l y   h i g h   l e v e l   of  l i g h t   i n t e n s i t y  
is   a v a i l a b l e   f o r   i l l u m i n a t i n g   c h a r a c t e r s   b u t   w i t h o u t   a  

c o r r e s p o n d i n g   i n c r e a s e   in   t h e   s i z e ,   p o w e r   or  c o s t   of  t h e  

l i g h t   s o u r c e .  

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

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

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

Yet   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to   p r o v i d e   s u c h   a  

m a c h i n e   in   w h i c h   r e l a t i v e l y   few  a d j u s t m e n t s   n e e d   be  m a d e  

m a n u a l l y   i n  o r d e r   to   k e e p   t h e   q u a l i t y   of  t h e   o u t p u t   a t   a  

r e l a t i v e l y   h i g h   l e v e l .  

A  f u r t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to   p r o v i d e   a  p h o t o -  

c o m p o s i n g   m a c h i n e   in   w h i c h   t h e   s i z e - c h a n g i n g   means   o p e r a -  
t e s   r e l a t i v e l y   q u i c k l y   and  e a s i l y ,   and  i s   r e l a t i v e l y  

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

I I I .   SUMMARY  OF  THE  INVENTION 

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

o b j e c t i v e s   a r e   met   by  t h e   p r o v i s i o n   of  a  p h o t o c o m p o s i n g  

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

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

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

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

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

m a t i c a l l y   r e t r i e v i n g   them  when  n e e d e d .   The  m a t r i c e s   a r e  

e i t h e r   c o m p l e t e   d i s c s   or  p i e - s h a p e d   " p e t a l s "   w h i c h   a r e  

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



r e l a t i v e l y   s m a l l   and  l i g h t - w e i g h t ,   t h u s   e n s u r i n g   t h a t   t h e  

p e t a l   or  d i s c   h a n d l i n g   m e c h a n i s m   w i l l   be  r e l a t i v e l y   s m a l l ,  

l i g h t - w e i g h t ,   and  f a s t - a c t i n g .  

P r e f e r a b l y ,   t h e   s t o r a g e   and  r e t r i e v a l   of  m a t r i c e s   i s   p e r -  
f o r m e d   by  t h e   same  s i m p l e   l i g h t - w e i g h t   m e c h a n i s m   w h i c h  

i s   u s e d   t o   s e l e c t   among  d i f f e r e n t   c h a r a c t e r   a r r a y s   on  t h e  

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

" p i "   m a t r i c e s   and  r u l i n g   m e a n s .  

The  o b j e c t s   of  t h e   i n v e n t i o n   a r e   met  by  t h e   f u r t h e r   p r o v i -  

s i o n   of  a  zoom  l e n s   w h i c h  i s   r e v e r s e d   f r o m   i t s   n o r m a l  

o r i e n t a t i o n ,   t h u s   m a k i n g   i t   f a s t e r   and  e a s i e r   to   o p e r a t e .  

P r e f e r a b l y ,   t h i s   zoom  l e n s   i s   one  w h i c h   n o r m a l l y   i s   u s e d  

in  v i d e o   c a m e r a s ,   and  i s   r e l a t i v e l y   i n e x p e n s i v e .  

In  an  e m b o d i m e n t   of  t h e   i n v e n t i o n   i n t e n d e d   to   g i v e   r e l a t i v e -  

ly   h i g h - s p e e d   o p e r a t i o n ,   t h e   c h a r a c t e r   s p a c i n g   m e c h a n i s m  

moves   c o n t i n u o u s l y   i n s t e a d   of  i n t e r m i t t e n t l y ,   and  m e a n s  

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

s i d e   or  t h e   o t h e r   so  as  to   c o m p e n s a t e   f o r   d i f f e r e n c e s  

in  t h e   w i d t h s   of  t h e   c h a r a c t e r s ,   k e r n i n g ,   e t c .   and  p r o d u c e  

a  l i n e   of  p r o p o r t i o n a l l y - s p a c e d   c h a r a c t e r s .   P r e f e r a b l y ,  

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

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

ly   w i d e   c h a r a c t e r s .   The  s p e e d   of  t h e   c h a r a c t e r   s p a c i n g  

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

ly   n a r r o w   c h a r a c t e r s .   The  d e f l e c t i n g   means   p r e f e r a b l y   i s  

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

m o t o r   or  e q u i v a l e n t   m e c h a n i s m .  

In  a n o t h e r   c o n t i n u o u s - m o t i o n   e m b o d i m e n t ,   t h e r e   i s   n o  

s h u t t l i n g   l e n s .   I n s t e a d ,   t h e   s p e e d   of  t h e   c h a r a c t e r   s p a c i n g  

c a r r i a g e   i s   c h e c k e d   and  m o d i f i e d ,   i f   n e c e s s a r y ,   a f t e r   e v e r y  
c h a r a c t e r   p r o j e c t i o n   so  t h a t   t h e   c a r r i a g e   w i l l   be  a t   t h e  

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



t h e   n e x t   c h a r a c t e r   when  t h e   i m a g e   of  t h a t   c h a r a c t e r  

a r r i v e s   a t   t h e   p r o j e c t i o n   p o s i t i o n .  

In  a n o t h e r   e m b o d i m e n t ,   t h r e e   d i f f e r e n t   m a t r i c e s   can   be  u s e d ,  

and  t h e   i m a g e s   to   be  c o m p o s e d   can   be  s e l e c t e d   f rom  a n y  

one  of  t h e   t h r e e   by  means   of  a  r e f l e c t o r   w h i c h   can   b e  

p o s i t i o n e d   i n  t h r e e   p o s i t i o n s ;   two  r o t a r y   p o s i t i o n s   a n d  

a  r e t r a c t e d   or   d i s a b l e d   p o s i t i o n .  

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

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

to   s l a n t   or  r o t a t e   t h e   c h a r a c t e r s ,   as  d e s i r e d .  

R u l e s   ( l i n e s )   a r e   f o r m e d   w i t h o u t   t h e   u se   of  an  a u x i l i a r y  

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

ween  t h e   f l a s h   lamp  and  t h e   c h a r a c t e r   s p a c i n g   m e c h a n i s m ,  

and  t h e   f l a s h   lamp  i s   f l a s h e d   v e r y   r a p i d l y   so  as  t o   f o r m  

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

and  i n t e n s i t y   a r e   v a r i e d   d e p e n d i n g   on  t h e   p h o t o s e n s i t i v e  

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

s y s t e m ,   e t c .   in   o r d e r   to   p r o d u c e   r u l e s   of  t h e   d e s i r e d  

w e i g h t .  

In  a  f u r t h e r   e m b o d i m e n t ,   t h e   c h a r a c t e r   m a t r i x   i s   o p e r a t e d  

in  a  s p e e d   m o d u l a t e d   mode ,   and  t h e   c h a r a c t e r s   a r e   e x p o s e d  

when  t h e   m a t r i x   p e t a l   s p e e d   has   b e e n   r e d u c e d .   T h i s   e m b o d i -  

men t   i s   e x p e c i a l l y   u s e f u l   in   c o m p o s i n g   on  p h o t o s e n s i t i v e  

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

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

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

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

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

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

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

t y p e   s t y l e .  



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

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

c h a r a c t e r s ,   t h e   m a r g i n s ,   t h e   d e g r e e   of  e n l a r g e m e n t ,   t h e  

f l a s h   i n t e n s i t y ,   and  t h e   f o c u s .   The  i m a g e   from  a  t e s t   spot  o r  

p a t t e r n   i s   p r o j e c t e d   o n t o   a  p h o t o c e l l .   A  d i f f e r e n t i a l   p h o -  

t o c e l l   i s   u s e d   to   d e t e c t   any  d e v i a t i o n   of  t h e   p o s i t i o n  

of  t h e   t e s t   s p o t   f rom  a  d e s i r e d   l o c a t i o n ,   and  to   p r o d u c e  

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

a d j u s t m e n t   a r e   a v o i d e d .  

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

ment   of  t h e   c h a r a c t e r   i m a g e s ;   e i t h e r   m u l t i p l y i n g   or   d i -  

v i d i n g   by  a  f a c t o r   of  two .   A  s e c o n d   l e n s   s y s t e m   i s   m o u n t e d  

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

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

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

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

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

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

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

w i t h   so  d o i n g .  

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

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

A  v a c u u m   s y s t e m   h o l d s   t h e   med ium  on  t h e   s u r f a c e   of  a  d r u m  

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

Means  a r e   p r o v i d e d   f o r   a u t o m a t i c a l l y   i n s e r t i n g   or   m i x i n g  

g r a p h i c   m a t t e r   ( e . g . ,   p i c t u r e s )   w i t h   t e x t   m a t t e r   in   o r d e r  

to   c o m p o s e   w h o l e   p a g e s   a t   one  t i m e .   P r e f e r a b l y ,   an  a u x i l i a -  

ry   p r o j e c t i o n   means   i s   p r o v i d e d   f o r   p r o j e c t i n g   i m a g e s   o f  

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

to   t h e c r h o t o s e n s i t i v e   m a t e r i a l   w h i c h   i s   l o c a t e d   a t   a n o t h e r  

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

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

w i t h   c o d e d   i n d i c i a   to   i n d i c a t e   t h e   x  and  y  c o o r d i n a t e s   o f  



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

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

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

o n t o   t h e   f i l m .   P r e f e r a b l y ,   t h e   g r a p h i c   m a t t e r   p r o j e c t i o n  

m e a n s   i n c l u d e s   a  drum  w i t h   t h e   g r a p h i c   m a t t e r   on  i t .   T h e  

drum  i s   s y n c h r o n i z e d   w i t h   t h e   drum  on  w h i c h   t h e   o u t p u t  

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

h a l f - t o n e s   f rom  t h e   p i c t u r e s ,   i f   d e s i r e d .   In  one  f o rm  o f  

t h e   i n v e n t i o n ,   t h e   g r a p h i c s   i n s e r t i o n   i s   done   by  a  l a s e r  

s y s t e m .   The  p i c t u r e   i s   s c a n n e d   w i t h   a  s c a n n e r   w h i c h   e n -  

c o d e s   i t s   m a r k i n g s .   The  c o d e d   s i g n a l s   a r e   u s e d   to   m o d u l a t e  

a  l a s e r   beam  w h i c h   r e p r o d u c e s   t h e   p i c t u r e   on  t h e   o u t p u t  

m e d i u m .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   i n v e n t i o n   w i l l   b e  

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

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

o u t   t h e   d r a w i n g s   to   d e n o t e   t h e   same  p a r t s .  

IV.  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  s i m p l i f i e d ,   p a r t i a l l y   s c h e m a t i c   p e r s p e c t i v e  

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

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

F i g .   1A  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  t h e   d r i v e   c o n n e c -  

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

v i c e   of  F i g .   1 ;  

F i g .   2  i s   a  b l o c k   d i a g r a m   of  t h e   c o n t r o l   s y s t e m   of  t h e  

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

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

i n g   modes   and  f u n c t i o n s   of  t h e   s y s t e m ;  



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

m a c h i n e   of  F i g .   1,  w i t h   a  s c h e m a t i c   r e p r e s e n t a t i o n  

of  i t s   i n f o r m a t i o n   s t r u c t i o n ;  

F i g .   4  i s   a  p a r t i a l l y   s c h e m a t i c   p l a n   v i e w   of  a  row  o f  

c h a r a c t e r s   on  a  p e t a l ;  

F i g s .   5  and  5A  a r e   s c h e m a t i c   d i a g r a m s   s h o w i n g   t h e   l o c a t i o n s  

of  c h a r a c t e r s   on  a  p e t a l ;  

F i g .   6  i s   a  s c h e m a t i c   v i e w   of  t h e   m a t r i x   s u p p o r t   " s w i n g  

arm"  of  t h e   F i g .   1  d e v i c e ;  

F i g .   7  i s   a  f r o n t   e l e v a t i o n   v i e w   of  t h e   s t r u c t u r e   s h o w n  

s c h e m a t i c a l l y ;  

F i g .   8  i s   a  p l a n   v i e w   of  t h e   s t r u c t u r e   of  F i g .   7 ;  

F i g .   9  i s   a  s i d e   e l e v a t i o n   v i e w   of  t h e   s t r u c t u r e   o f  

F i g .   7 ;  

F i g .   10  i s   an  e n l a r g e d ,   p a r t i a l l y   c r o s s - s e c t i o n a l   v i e w   o f  

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

9 ;  

F i g .   11  i s   an  e n l a r g e d ,   p a r t i a l l y   c r o s s - s e c t i o n a l   v i e w  

of  t h e   p e t a l   l o c a t i n g   a s s e m b l y - s h o w n  i n  F i g .   9 ;  

F i g .   12  i s   a n o t h e r   e n l a r g e d ,   p a r t i a l l y   c r o s s - s e c t i o n a l  

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

shown  in   F i g .   9 ;  

F i g .   13  t h r o u g h   13D  a r e   c r o s s - s e c t i o n a l ,   p a r t i a l l y   b r o k e n -  

away  s c h e m a t i c   v i e w s   of  t h e   p e t a l   h o l d e r   a n d  

s t o r a g e   m a g a z i n e   s h o w i n g   t h e   s t o r a g e   and  r e t r i e v a l  

of  p e t a l s ;  



F i g .   14  i s   a  s i d e   e l e v a t i o n   v i e w   of   s i d e   w a l l   p l a t e   f o r m -  

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

m a g a z i n e ;  

F i g .   14A  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e   x - y  
of  F i g .   1 4 ;  

F i g .   15  i s   a  s i d e   e l e v a t i o n   v i e w   of  a n o t h e r   s i d e   w a l l  

p l a t e   of  t h e   p e t a l s   m a g a z i n e ;  

F i g .   15A  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e   x ' -  

y'  o f  F i g .   1 5 ;  

F i g .   16  i s   a  b l o c k   d i a g r a m   of  a  c o n t r o l   s y s t e m   f o r   l o a d -  

i n g   and  u n l o a d i n g   p e t a l s   in   t h e   m a g a z i n e ;  

F i g .   17  i s   a  b l o c k   d i a g r a m   of  t h e   c o n t r o l   s y s t e m   u s e d  

to   c o r r e c t   h o r i z o n t a l   and  v e r t i c a l   d e v i a t i o n s  

in  t h e   p l a c e m e n t   of  c h a r a c t e r   i m a g e s   in   t h e  

d e v i c e   of  t h e   i n v e n t i o n ;  

F i g .   18  i s   a  s c h e m a t i c   p l a n   v i e w   s h o w i n g   t h e   p r i n c i p a l  

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

i n v e n t i o n ;  

F i g .   19  i s   a  f r o n t   e l e v a t i o n   v i e w   s h o w i n g   a  m u l t i p l e  

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

a l t e r n a t i v e   e m b o d i m e n t   of  t h e   i n v e n t i o n ;  

F i g .   19A  i s   a  p a r t i a l l y   c r o s s - s e c t i o n a l   p l a n   v i e w   of  a  

p o r t i o n   of  t h e   s t r u c t u r e   of  F i g .   1 9 ;  

F i g .   19B  i s   a  p a r t i a l l y   b r o k e n - a w a y   c r o s s - s e c t i o n a l   v i e w  

of  a  p o r t i o n   of  t h e   s t r u c t u r e   of  F i g .   1 9 ;  

F i g .   20  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   of  t h e   c o n t r o l  

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



in   t h e   m a c h i n e   of  F i g .   1 ;  

F i g .   21  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   of  t h e   c o n t r o l  

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

t r o l   in  t h e   m a c h i n e   of  F i g .   1 ;  

F i g .   22  i s   a  s i d e - e l e v a t i o n   v i e w ,   p a r t i a l l y   in   c r o s s -  

s e c t i o n ,   of  t h e   s t r u c t u r e   of  F i g .   1 9 ;  

F i g .   23  i s   a  s i d e   e l e v a t i o n   v i e w ,   p a r t i a l l y   b r o k e n - a w a y ,  

of  t h e   g u i d e - r a i l   p o r t i o n   of  t h e   F i g .   19  s t r u c -  

t u r e ;  

F i g .   24A  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  p o r t i o n   of   t h e  

o p t i c a l   s y s t e m   u s e d   w i t h   t h e   s t r u c t u r e   of   F i g s .  

19,  22  and  2 3 ;  

F i g .   24B  i s   a  s i d e   e l e v a t i o n   v i e w   of  a  p o r t i o n   of  t h e  

d e v i c e   of  F i g .   2 4 A ;  

F i g .   24C  i s   an  e l e v a t i o n   v i e w   of  t h e   a p e r t u r e   p l a t e   290  o f  

F i g .   2 4 A ;  

F i g .   25  i s   a  f r o n t   e l e v a t i o n   v i e w   of  a n o t h e r   e m b o d i m e n t  

of   t h e   s t r u c t u r e   shown  in  F i g s .   6,  7  and  1 9 ;  

F i g .   26  i s   a  p l a n   v i e w ,   p a r t i a l l y   c r o s s - s e c t i o n a l   a n d  

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

p r o j e c t i o n   s y s t e m   f o r   h i g h - s p e e d   o p e r a t i o n ;  

F i g .   26A  i s   an  e l e v a t i o n   v i e w   of  a  c o m p o n e n t   of  t h e   s t r u c -  

t u r e   of  F i g .   2 6 ;  

F i g .   27  and  F i g s .   27A  to   27D  a r e   s c h e m a t i c   d i a g r a m s   o f  

an  a u t o m a t i c   a d j u s t m e n t   c o n t r o l   s y s t e m   u s e d  

w i t h   t h e   m a c h i n e   of  t h e   p r e s e n t   i n v e n t i o n ;  



F i g .   28  i s   a  s c h e m a t i c ,   p a r t i a l l y   c r o s s - s e c t i o n a l   p l a n  

v i e w   of  an  a l t e r n a t i v e   p r o j e c t i o n   m e c h a n i s m   c o n -  

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

t i o n ;  

F i g .   29  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e   2 9 - 2 9  

of  F i g .   2 8 ;  

F i g .   30  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w   of  one  e m b o d i -  

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

p r e s e n t   i n v e n t i o n ;  

F i g .   30A  i s   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g   t h e   o p e r a t i o n  

of  t h e   d e v i c e   of  F i g .   3 0 B ;  

F i g .   31  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  an  o p t i c a l  

p a g e   m a k e - u p   s y s t e m   c o n s t r u c t e d   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 ;  

F i g .   32  r e p r e s e n t s   a  c o m p l e t e   c o m p o s i t e   p a g e   c o m p o s e d  

by  means   of  t h e   s y s t e m   shown  in  F i g s .   30  and  3 1 ;  

F i g .   33A  t h r o u g h   33C  show  d i a g r a m m a t i c a l l y   g r a p h i c   m a t t e r  

and  t e x t   m a t t e r   to   be  c o m b i n e d   to   f o rm  a  c o m p l e t e  

p a g e   as  in   F i g .   3 2 ;  

F i g .   34  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  t h e   o p t i c a l  

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

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

m a c h i n e   of   t h e   i n v e n t i o n ;  

F i g .   34A  i s   a  p a r t i a l l y   s c h e m a t i c   e l e v a t i o n   v i e w   of  a  

c o m p o n e n t   of  t h e   m e c h a n i s m   of  F i g .   3 4 ;  

F i g .   35  i l l u s t r a t e s   v a r i o u s   m o d i f i e d   c h a r a c t e r   s h a p e s  

p r o d u c e d   by  t h e   d e v i c e   of  F i g .   3 4 ;  



F i g s .   36  and  36A  a r e   s c h e m a t i c   d i a g r a m s   of  p a g e s   of   c o m -  

p o s i t i o n   r e q u i r i n g   c o p y - f i t t i n g ;  

F i g .   36B  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   of  a  c o n t r o l   s y s t e m  

f o r   use   w i t h   t h e   m e c h a n i s m   of   F i g .   34  to   a l l e -  

v i a t e   t h e   c o n d i t i o n s   shown  in  F i g .   36  and  3 6 A ;  

F i g .   37  i s   a  b l o c k   d i a g r a m   of  a  c h a r a c t e r   s e l e c t i o n  

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

i n v e n t i o n ;  

F i g .   38  i s  a   b l o c k   d i a g r a m   of  t h e   d i f f e r e n t i a l   p h o t o c e l l  

o u t p u t   c i r c u i t   u s e d   in   t h e   i n v e n t i o n   f o r   d e t e c t -  

i n g   c h a r a c t e r   l o c a t i o n   e r r o r s ,   e t c . ;  

F i g .   39  i l l u s t r a t e s   in   s c h e m a t i c   f o r m   t h e   use   of  t h e  

p h o t o c e l l   of   F i g .   38  as  a  s l i t   d e t e c t o r   f o r  

f l a s h   t i m i n g ;  

F i g .   40  i s   a  b l o c k   d i a g r a m   i l l u s t r a t i n g   t h e   s t y l e   s e l e c -  

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

t i o n ;  

F i g .   41  i s   a  b l o c k   d i a g r a m   i l l u s t r a t i n g   t h e   s t y l e   s e l e c -  

t i o n   p r o c e s s   in   a  s e c o n d   e m b o d i m e n t   of  t h e   i n -  

v e n t i o n ;  

F i g .   42  i s   a  t a b l e   r e p r e s e n t i n g   l i n e s   of  s t a n d a r d   t e x t s  

in   E n g l i s h   and  F r e n c h   w i t h   a s s o c i a t e d   c h a r a c t e r  

w i d t h   d a t a   u t i l i z e d   in   one  e m b o d i m e n t   of  t h e  

i n v e n t i o n ;  

F i g .   43  i s   a  t a b l e   r e p r e s e n t i n g   l i n e s   of  a  s p e c i a l   t e x t  

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

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

s p e e d   m o d e ;  



F i g .   44  i s   a  b l o c k   d i a g r a m   of   a  c o n t r o l   s y s t e m   f o r   u s e  
in  s p a c i n g   c h a r a c t e r s   d u r i n g   t h e   " h i g h - s p e e d "  

mode  of  o p e r a t i o n ;  

F i g .   45  i s   a  g r a p h   r e p r e s e n t i n g   a  word   c o m p o s e d   in   t h e  

h i g h - s p e e d   m o d e ;  

F i g .   46  i s   a  g r a p h   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 s   of  t h e  

m o v a b l e   l e n s   of  F i g .   26  f o r   t h e   p r o d u c t i o n   o f  

t h e   word   of  F i g .   4 5 ;  

F i g .   47  i s   a  g r a p h   r e p r e s e n t i n g   a n o t h e r   word   c o m p o s e d   i n  

t h e   h i g h - s p e e d   m o d e ;  

F i g .   48  i s   a  g r a p h   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 s   of  t h e  

m o v a b l e   l e n s   of  F i g .   26  f o r   t h e   p r o d u c t i o n   o f  

t h e   word  of  F i g .   4 7 ;  

F i g .   49  i s   a  g r a p h   i l l u s t r a t i n g   t h e   s p e e d   v a r i a t i o n   of  t h e  

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

when  o p e r a t i n g   in   t h e   h i g h - s p e e d   m o d e ;  

F i g s .   50A  and  50B  a r e   b l o c k   d i a g r a m s   of  t h e   c h a r a c t e r  

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

l y - m o d u l a t e d   mode  of  o p e r a t i o n   of  t h e   i n v e n t i o n ;  

F i g s .   51A  and  51B  a r e   g r a p h s   r e p r e s e n t i n g   t h e   c h a r a c t e r  

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

ly  m o d u l a t e d   o p e r a t i n g   m o d e ;  

F i g .   52  i s   a  g r a p h   i l l u s t r a t i n g   t h e   e x c u r s i o n s   of  o n e  

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

t h e   c o m p o s i t i o n   of  a  word   in   t h e   m o d u l a t e d  

o p e r a t i o n   m o d e ;  

F i g .   53  i s   a  b l o c k   d i a g r a m   of  t h e   c o n t r o l   c i r c u i t   f o r  



a u t o m a t i c   r u l i n g   w i t h   t h e   m a c h i n e   of  t h e   i n -  

v e n t i o n ;  

F i g s .   54A  and  54B  a r e   p e r s p e c t i v e   and  p l a n   v i e w s ,   r e s p e c -  

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

t h e   c h a r a c t e r - s p a c i n g   c a r r i a g e ;  

F i g s .   55A  and  55B  a r e   p e r s p e c t i v e   and  p l a n   v i e w s ,   r e s p e c -  

t i v e l y ,   of  t h e   s i z e - e n l a r g i n g   c a r r i a g e   a t t a c h -  

men t   of  t h e   i n v e n t i o n ;  

F i g s .   55C  and  55D  a r e   p e r s p e c t i v e   and  p l a n   v i e w s ,   r e s p e c -  

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

F i g s .   55A  and  55B  m o u n t e d   on  t h e   c a r r i a g e   a n d  

c o m b i n e d   w i t h   t h e   o p t i c a l   e l e m e n t s   of  F i g s .  

54A  and  5 4 B ;  

F i g s .   56A  and  56B  a r e   p e r s p e c t i v e   and  p l a n   v i e w s ,   r e s p e c -  

t i v e l y ,   of  t h e   s i z e - r e d u c i n g   c a r r i a g e   a t t a c h -  

ment   of  t h e   i n v e n t i o n ;  

F i g s .   56C  and  56D  a r e   p e r s p e c t i v e   and  p l a n   v i e w s ,   r e s p e c -  

t i v e l y ,   of  t h e   s i z e - r e d u c i n g   a t t a c h m e n t   of  F i g s .  

56A  and  56B  m o u n t e d   on  t h e   c a r r i a g e   and  c o m -  

b i n e d   w i t h   t h e   o p t i c a l   e l e m e n t s   of   F i g s .   54A 

and  5 4 B ;  

F i g .   57  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   m u l t i - p u r p o s e  

o u t p u t   m e c h a n i s m   of   t h e   i n v e n t i o n ,   shown  in  u s e  
in  a  f i r s t   mode  of  o p e r a t i o n ;  

F i g .   58  i s   a  p a r t i a l l y   s c h e m a t i c   c r o s s - s e c t i o n a l   v i e w  

t a k e n   a l o n g   l i n e   5 8 - 5 8   of   F i g .   5 7 ;  

F i g .   59  i s   a  s c h e m a t i c   d i a g r a m   of  a  p o r t i o n   of  t h e   d e -  

v i c e   shown  in  F i g .   5 8 ;  



F i g .   60A  t h r o u g h   60L  and  6 0 ' A '   t h r o u g h   6 0 ' H '   a r e   s c h e m a -  

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

F i g .   61  i s   a  p e r s p e c t i v e ,   p a r t i a l l y   s c h e m a t i c   v i e w   o f  

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

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

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 ;  

F i g .   62  i s   a  p a r t i a l l y   s c h e m a t i c   c r o s s - s e c t i o n a l   v i e w   o f  

t h e   d e v i c e   of  F i g .   6 1 ;  

F i g .   63  i s   a  s c h e m a t i c   c i r c u i t   d i a g r a m   of  a  c o n t r o l   c i r -  

c u i t   f o r   o p e r a t i n g   t h e   d e v i c e   shown  in   F i g s .   61 

and  6 2 ;  

F i g .   64  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  p o r t i o n   of   t h e  

d e v i c e   shown  in  F i g s .   65  and  6 6 ;  

F i g s .   65  and  66  a r e   s c h e m a t i c   c r o s s - s e c t i o n a l   and  p e r -  

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

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

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

F i g .   67  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  z o o m - l e n s   u s e d  

in   t h e   p r e s e n t   i n v e n t i o n ;  

F i g s .   68  and  70  a r e   s c h e m a t i c   p l a n   v i e w s   i l l u s t r a t i n g   a  
m e t h o d   of  s e m i - a u t o m a t i c   i n s e r t i o n   of  g r a p h i c  

m a t t e r ;  

F i g s .   69  and  71  a r e   c r o s s - s e c t i o n a l   v i e w s   of  t h e   s u b j e c t  

m a t t e r   of  F i g s .   68  and  70,   r e s p e c t i v e l y ;   a n d  

F i g .   72  i s   a  s c h e m a t i c   c r o s s - s e c t i o n a l   v i e w   of  a n o t h e r  

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

g r a p h i c   m a t t e r .  



V.  MULTI-PETAL  STORAGE  MACHINE 

A.  G e n e r a l   D e s c r i p t i o n  

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of  t h e   m a j o r   c o m p o n e n t s   o f  

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

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

k e y b o a r d ,   and  e l e c t r i c a l   c o n t r o l   u n i t s ,   as  w e l l   as  t h e  

p h o t o g r a p h i c   u n i t   1.  H o w e v e r ,   o n l y   t h e   p h o t o g r a p h i c   u n i t  

i s   shown  in  F i g .   1,  f o r   t h e   s a k e   of  c l a r i t y   in   t h e  

d r a w i n g s .  

The  p h o t o g r a p h i c   u n i t   1  i n c l u d e s   an  i m a g e   p r e s e n t a t i o n  

u n i t   9,  an  i m a g e   p r o j e c t i o n   u n i t   17,  and  an  i m a g e   r e -  

c o r d i n g   s u r f a c e   c o m p r i s i n g   t h e   s u r f a c e   of  a  drum  34  b e a r -  

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

The  i m a g e   p r o j e c t i o n   u n i t   i n c l u d e s   an  image   s i z i n g   u n i t  

21  f o r   d e t e r m i n i n g   t h e   s i z e s   of  i m a g e s   p r o j e c t e d   o n t o  

t h e   r e c o r d i n g   s u r f a c e ,   and  an  image   s p a c i n g   u n i t   23  f o r  

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

3 4 .  

A  n o t a b l e   f e a t u r e   of  t h e   c h a r a c t e r   p r e s e n t a t i o n   u n i t   9 

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

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

T h e s e   m a t r i c e s   a r e   s i n g l e - f o n t   p i e - s h a p e d   m a t r i x   s e g m e n t s ,  
w h i c h   w i l l   be  r e f e r r e d   t o   as  " p e t a l s "   h e r e i n .  

F o u r   of  t h e   p e t a l s   7 4 - 1 ;   7 4 - 2 ;   7 4 - 3 ;   and  74-4   a r e   a s s e m b l e d  

t o g e t h e r   to   fo rm  a  c i r c u l a r   m a t r i x   d i s c   73.  Each   p e t a l   m a y  
c o n t a i n   132  d i f f e r e n t   a l p h a n u m e r i c   c h a r a c t e r s .   The  c h a r a c -  

t e r s   a r e   t r a n s p a r e n t   on  an  o p a q u e   b a c k g r o u n d ,   as  i t   i s  

w e l l   known  in  t h e   a r t .   The  d i s c   i s   m o u n t e d   f o r   c o n t i n u o u s  

r o t a t i o n   a b o u t   an  a x i s   29  w h i c h   i s   l o c a t e d   on  a  d i s c   s u p -  

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



r e f e r e n c e   n u m e r a l   2 .  

In  a c c o r d a n c e   w i t h   one  f e a t u r e   of  t h e   i n v e n t i o n ,   an  e l o n g a t -  

ed  m a g a z i n e   6  i s   p r o v i d e d   f o r   s t o r i n g   a  p l u r a l i t y   of   p e -  
t a l s   7 4 ' .   The  m a g a z i n e   6  shown  in   F i g .   1  can   c o n t a i n   u p  
to   16  p e t a l s ,   e a c h   r e p r e s e n t i n g   a  d i f f e r e n t   t y p e   s t y l e  

or   f a c e .   H o w e v e r ,   m a g a z i n e s   c a p a b l e   of   s t o r i n g   e v e n   m o r e  

p e t a l s   ( e . g . ,   t h i r t y - t w o   or   more )   a r e   h i g h l y   d e s i r a b l e .  

In  F i g .   1,  t h e   m a g a z i n e   6  c o n t a i n s   t w e l v e   p e t a l s   7 4 ' .  

T h e r e   a r e   f o u r   e m p t y   s l o t s   74"  f rom  w h i c h   t h e   f o u r   p e -  
t a l s   74-1  t h r o u g h   74-4   h a v e  b e e n   r e m o v e d   to   f o rm  t h e  

d i s c   7 3 .  

Any  c h a r a c t e r   on  t h e   s t o r e d   p e t a l s   ( s i x t e e n   p e t a l s ,   i n  

t h i s   c a s e )   can   be  a c c e s s e d   a u t o m a t i c a l l y ,   e i t h e r   by  t h e  

r o t a t i o n   of  t h e   f o u r - p e t a l   d i s c   73  a l o n e ,   or  by  s e l e c -  

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

m e c h a n i s m   2  a r o u n d   a  p i v o t   a x i s   31,   a n d / o r   by  t h e   l o n g -  

i t u d i n a l   d i s p l a c e m e n t   of   t h e   m a g a z i n e   6,  t o g e t h e r   w i t h  

r o t a t i o n   of  t h e   d i s c   73.  T h e s e   d i f f e r e n t   s e l e c t i n g   m o t i o n s  

a r e   r e p r e s e n t e d   by  a r r o w s   x,   y  and  z  in   F i g .   1.  The  y -  
a x i s   s e l e c t i o n   i s   t h e   r o t a t i o n   of  t h e   d i s c   73  w h i c h   i s  

p r o d u c e d   by  a  m o t o r   4  t h r o u g h   a  d r i v e   b e l t .   S e l e c t i o n  

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

e x p l a i n e d   l a t e r .   S e l e c t i o n   a l o n g   t h e   z  a x i s ,   t h a t   i s ,  

t h e   s e l e c t i o n   of   a  p e t a l   f r om  t h e   p e t a l s   m a z i n e   6,  i s  

a c h i e v e d   by  s l i d i n g   t h e   m a g a z i n e   a l o n g   a  r a i l   8  by  m e a n s  

of  a  m o t o r   186  d r i v i n g   a  p i n i o n   66  e n g a g i n g   a  r a c k   67  

w h i c h   i s   s e c u r e d   to   t h e   m a g a z i n e - 6 .   The  e x a c t   l o c a t i o n  

of  t h e   m a g a z i n e   may  be  d e t e c t e d   by  p h o t o d e t e c t o r   m e a n s  

19  s e n s i n g   a  r e t i c u l e   or   g r a t i n g   11  w h i c h   i s   s u p p o r t e d  

by  t h e   r a c k   67.  A l t e r n a t i v e l y ,   t h e   p o s i t i o n   of   t h e   m a g a -  
z i n e   6  can  be  d e t e c t e d   by  a  d e c o d e r   189  a s s o c i a t e d   w i t h  

t h e   m a g a z i n e   m o t o r   186 ,   as  i t   w i l l   be  e x p l a i n e d   l a t e r .  

Each   p e t a l   l o c a t i o n   i s   r e p r e s e n t e d   by  a  u n i q u e   code   o r  

u n i q u e   p u l s e   c o u n t   f r o m   a  m a g a z i n e   home  p o s i t i o n .   The  d e -  



t e c t o r   means   19  c o - o p e r a t e s   w i t h   t h e   l o n g i t u d i n a l   d i s -  

p l a c e m e n t   c o n t r o l   m e c h a n i s m   of  m a g a z i n e   6  in   o r d e r   to   m o v e  

i t   in   one  d i r e c t i o n   or  t h e   o t h e r   to   q u i c k l y   b r i n g   a  p r e -  
s e l e c t e d   p e t a l   to   a  l o a d i n g   p o s i t i o n ,   in   a  m a n n e r   w h i c h  

w i l l   be  e x p l a i n e d   in   g r e a t e r   d e t a i l   b e l o w .   The  l o a d i n g  

p o s i t i o n   i s   a  s l o t   21  w h i c h   i s   d e f i n e d   by  a  p a i r   of   r i g i d ,  

s t a t i o n a r y   s t r i p s   166-1  and  1 6 6 - 2   w h i c h   s e r v e   as  b a r r i e r s  

to   t h e   r e m o v a l   of  o t h e r   p e t a l s .  

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

c o n d e n s e r   and  f l a s h - l a m p   a s s e m b l y   10,  and  t h e   c h a r a c t e r -  

b e a r i n g   l i g h t   beams   e m e r g i n g   f rom  t h e   s e l e c t e d   p e t a l   e n t e r  

t h e   i m a g e   s i z i n g   u n i t   2 1 .  

The  s i z i n g   u n i t   21  i n c l u d e s   a  c o m m e r c i a l l y - a v a i l a b l e   z o o m  

l e n s   21  w h i c h ,   a c c o r d i n g   to   one  f e a t u r e   of  t h e   i n v e n t i o n ,  

i s   r e v e r s e d   f rom  i t s   n o r m a l   o r i e n t a t i o n .   More  s p e c i f i c a l -  

l y ,   w h a t   w o u l d   be  t h e   i m a g e   p l a n e   i f   t h e   zoom  l e n s   12  w e -  

re  u s e d   in   a  c a m e r a   i s   t h e   o b j e c t   p l a n e   in   F i g .   1.  T h e  

zoom  l e n s   i s   f o c u s e d   to   i n f i n t y ,   so  t h a t   t h e   l i g h t   e m e r g -  

i n g   f rom  w h a t   i s   n o r m a l l y   t h e   e n t r a n c e   (and  now  i s   t h e   e x i t )  

of  t h e   zoom  l e n s   t e n d s   to   make  an  i m a g e   of  t h e   i l l u m i n a t e d  

c h a r a c t e r   a t   i n f i n i t y .   T h u s ,   t h e   l i g h t   e m e r g i n g   f rom  t h e  

zoom  l e n s   i s   c o l l i m a t e d .   The  zoom  l e n s   e n l a r g e m e n t   r a t i o  

i s   c o n t r o l l e d   by  a  m o t o r   14  and  g e a r s   15  and  1 3 .  

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

l i g h t   and  s m a l l   m a t r i c e s   b e a r i n g   s m a l l e r - t h a n - n o r m a l   m a s t e r  

c h a r a c t e r s   so  t h a t   t h e   zoom  l e n s   i s   u s e d   e x c l u s i v e l y   f o r  

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

The  c o l l i m a t e d   l i g h t   beams   27  e m e r g i n g   f rom  t h e   zoom  l e n s  

may  be  d i v i d e d   i n t o   two  c o m p o n e n t s   by  a  beam  s p l i t t e r  

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

t h r o u g h   to   an  o p t i c a l   s y s t e m   33  and  p h o t o d e t e c t o r   37  f o r  

t h e   p u r p o s e s   w h i c h   w i l l   be  e x p l a i n e d   b e l o w .   The  m a j o r   p o r -  



t i o n   of  t h e   l i g h t   beams   27  i s   r e f l e c t e d   n i n e t y   d e g r e e s ,  

as  s h o w n ,   a l o n g   l i n e s   3  t o w a r d s   a  d e c o l l i m a t i n g   or   i m a g i n g  

l e n s   30  m o u n t e d   on  an  i m a g e - s p a c i n g   c a r r i a g e   18  f o r m i n g  

a  p a r t   of  t h e   i m a g e - s p a c i n g   m e c h a n i s m   23.  The  l e n s   3 0  

d i r e c t s   t h e   l i g h t   t o w a r d s   a  m i r r o r   39  on  t h e   c a r r i a g e  

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

and  d i r e c t s   t hem  a l o n g   l i n e s   5  o n t o   t h e   r e c o r d i n g   s u r f a c e  

on  t h e   drum  34.  The  s p a c i n g   c a r r i a g e   o p e r a t e s   b a s i c a l l y  

as  d e s c r i b e d   in   U .S .   P a t e n t   No.  2 , 6 7 0 , 6 6 5 .  

The  s p a c i n g   c a r r i a g e   18  s l i d e s   on  r a i l s   24  a n d . 2 6   w h i c h  

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

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

s i t i o n i n g   of   c h a r a c t e r s   a l o n g   a  l i n e .   An  e x t e n s i o n   arm  28  

e n g a g e s   t h e   r a i l   26.  The  p u r p o s e   of  t h i s   i s   to   o b t a i n  

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

and  w e i g h t .  

The  s p a c i n g   c a r r i a g e   18  i s   d r i v e n   a l o n g   i t s   g u i d e   r a i l s  

by  a  m o t o r   22  p r o v i d e d   w i t h   a  g e a r   46  m e s h i n g   w i t h   a  

r a c k   20.   In  o r d e r   to   a v o i d   b a c k l a s h ,   t h e   r a c k   p r e f e r a b l y  

i s   f o r c e d   i n t o   e n g a g e m e n t   w i t h   t h e   g e a r   46  by  a  s p r i n g -  

l o a d e d   r o l l e r   45.  A l s o ,   in   o r d e r   to   a v o i d   p o s s i b l e   j a m m i n g  

c a u s e d   by  m i s a l i g n m e n t   of  t h e   c o m p o n e n t s ,   t h e   r a c k   20  i s  

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

r e p r e s e n t e d   by  a r r o w s   43) ,   to   t h e   e x c l u s i o n   of  any  l o n g i t -  

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

end  i s   s c h e m a t i c a l l y   shown  in   F i g .   1 (a )   w h e r e   a  l i n k   47  

i s   p i v o t a l l y   a t t a c h e s   to   c a r r i a g e   18  by  p i v o t   48  and  t o  

r a c k   20  by  p i v o t   4 9 .  

An  e l o n g a t e d   p l a t e   25  w i t h   a  r e t i c u l e   or  g r a t i n g   41  i s  

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

s t a t i o n a r y   p h o t o d e t e c t o r   m e a n s   50,   51  f o r   t h e   p u r p o s e   o f  

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



c a r r i a g e   d i s p l a c e m e n t   c o n t r o l   c i r c u i t   ( n o t   shown  in   F i g .   1) 

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

c o m p o s e   a  l i n e   of  t e x t .  

The  drum  34  upon  w h i c h   t h e   p h o t o s e n s i t i v e   m a t e r i a l   i s  

l o c a t e d   i s   r o t a t e d   in   s t e p s   f o r   l e a d i n g   or   l i n e - s p a c i n g  

p u r p o s e   by  a  m o t o r   36  and  g e a r i n g   35.  The  p h o t o s e n s i t i v e  

m a t e r i a l   can   be  f e d   to   t h e   drum  in  s h e e t   fo rm  f rom  a  p l a t -  

fo rm  38,  or  in   r o l l   fo rm  f rom  a  s u p p l y   m a g a z i n e   40.   T h e  

s h e e t - f e e d i n g   o p e r a t i n g   mode  i s   p r e f e r r e d   f o r   t h e   p r o -  
d u c t i o n   of  p r i n t i n g   p l a t e s   u s i n g   a  z i n c - o x i d e   c o a t i n g .  

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

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

s i n g   means   w e l l   known  in  t h e   a r t .   Such  s h e e t s   a r e   p r o c e s s -  
ed  o n e - a t - a - t i m e   in   a  r e c e p t a c l e   42  c o n t a i n i n g   a  l i q u i d  

t o n e r ,   as  i t   w i l l   be  e x p l a i n e d   in   g r e a t e r   d e t a i l   b e l o w .  

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

a r e   u s e d ,   t h e   e x p o s e d   s e c t i o n   39  c o n t a i n i n g   g a l l e y s   o r  

p a g e s   i s   f e d   i n t o   an  o u t p u t   c a s s e t t e   44.  The  m a c h i n e   c a n  

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

f i l m ,   w i t h   a  min imum  of  c h a n g e s   f rom  one  mode  of  o p e r a t i o n  

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

c i a l   p r i n t e r s   who  may  h a v e   an  o c c a s i o n a l   u r g e n t ,   r e l a t i v e -  

ly   s h o r t - r u n   and  s i m p l e   c o m p o s i n g   job   to   do ,   in   w h i c h  

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

p r i n t i n g   p l a t e   i s   d i r e c t l y   o b t a i n e d ,   b u t   who  w o u l d   f r e -  

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

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

and  p a g e   m a k e - u p .   The  e l e c t r o p h o t o g r a p h i c   p r o c e s s ,   h o w -  

e v e r ,   can  be  u s e d   t o   p r o d u c e   a  " d r y "   copy   w h i c h   can   b e  

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

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

The  g e n e r a l   c a p a b i l i t i e s   and  o r g a n i z a t i o n   of  t h e   c o m p l e t e  



m a c h i n e   a r e   i l l u s t r a t e d   s c h e m a t i c a l l y   in   F i g s .   2.  T h e  

p h o t o - u n i t   c o n t r o l s   55  r e c e i v e   a l l   of  t h e   n e c e s s a r y   i n -  

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

u n i t   75  f rom  a  CPU  53  c o n n e c t e d   to   a  d a t a   s t o r a g e   u n i t   54 

a n d / o r   to   a  k e y b o a r d - d i s p l a y   u n i t   or   u n i t s   52.  The  d i f f e r e n t  

modes   of  o p e r a t i o n   of  t h e   m a c h i n e ,   as  w e l l   as  i t s   d i f f e -  

r e n t   f u n c t i o n s ,   a r e   i l l u s t r a t e d   by  b l o c k s   52  t h r o u g h   6 5 .  

E a c h   b l o c k   r e p r e s e n t s   a  s e p a r a t e   c i r c u i t   or  s p e c i f i c  

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

B.  P e t a l   S t r u c t u r e  

A  c h a r a c t e r - b e a r i n g   p e t a l   74  i s   shown  in  d e t a i l   in   F i g .   3 .  

The  p e t a l   74  c o n t a i n s   a  c o m p l e t e   a r r a y   of  c a p i t a l   a n d  

l o w e r - c a s e   c h a r a c t e r s ,   as  w e l l   as  p u n c t u a t i o n   m a r k s ,   s p e -  
c i a l   s i g n s ,   e t c . ,   as  i l l u s t r a t e d   in   F i g .   5 ( a )   and  5 ( b ) .  

B e c a u s e   of  some  of  t h e   o p e r a t i n g   c h a r a c t e r i s t i c s   of  t h e  

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

e a c h   p e t a l   s h o u l d   be  as  l i g h t   and  s m a l l   as  p o s s i 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  h i g h   q u a l i t y   f rom  t h e   m a c h i n e ,  

t h e   c h a r a c t e r s   l o c a t e d   on  t h e   p e t a l   s h o u l d   be  of   e v e n  

h i g h e r   q u a l i t y   so  as  to   show  no  o b j e c t i o n a b l e   d e t e r i o r a t i o n  

a f t e r   e n l a r g e m e n t .   In  a d d i t i o n ,   t h e   i m a g e - b e a r i n g   s u r f a c e  

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

m a n i p u l a t i o n   and  o c c a s i o n a l   c l e a n i n g .   For   t h e   a b o v e   m e n -  

t i o n e d   r e a s o n s ,   in   a  p r e f e r r e d   e m b o d i m e n t ,   t h e   t r a n s p a r e n t  
c h a r a c t e r s   on  an  o p a q u e   b a c k g r o u n d   a r e   p r o d u c e d   by  e t c h i n g  

away  an  e x t r e m e l y   t h i n   m e t a l l i c   c o a t i n g   on  t h e   t r a n s p a r e n t  
b a s e   m a t e r i a l   of   t h e   p e t a l .   The  r a i n i n g   m e t a l   s e r v e s   a s  
t h e   b a c k g r o u n d ,   and  t h e   p l a c e s   w h e r e   t h e   m e t a l   has   b e e n  

e t c h e d   away  fo rm  t h e   m a s t e r   c h a r a c t e r s .  

The  p e t a l   74  b e a r s   132  c h a r a c t e r s ,   of  w h i c h   o n l y   e i g h t e e n  

a r e   shown  in  F i g .   3.  T h o s e   e i g h t e e n   c h a r a c t e r s   a r e   s h o w n  

as  t h e   s q u a r e s   86.  Each   c h a r a c t e r   i s   l o c a t e d   a l o n g   one  o f  

s i x   c o n c e n t r i c   c i r c l e s   shown  a t   82-1  to   82-6   whose   c e n t e r s  



d a t a   to   i n d i c a t e   w h e t h e r   t h e   p e t a l   in   u se   c o n t a i n s   a  t h i n ,  

l i g h t   f a c e   or  a  h e a v y ,   b o l d   f a c e .   The  l a t t e r   d a t a   i s  

u t i l i z e d   to   a c t   on  t h e   f l a s h   c i r c u i t   in  t h e   m a n n e r   e x p l a i n e d  

in  c o - p e n d i n g   a p p l i c a t i o n   S e r .   No.  8 9 9 . 0 0 1 ,   f i l e d   A p r i l  

21,  1978 ,   in  o r d e r   to   d e c r e a s e   t h e   l i g h t   f l u x   r e a c h i n g   t h e  

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

c r e a s e   i t   i f   a  l i g h t   f a c e   i s   u s e d .  

I t   i s   a  f e a t u r e   of  t h e   i n v e n t i o n   to   p o s i t i o n   any  p r e -  
s e l e c t e d   c h a r a c t e r   c h a r a c t e r   on  t h e   o p t i c a l   a x i s   102  o f  

t h e   m a c h i n e   (and  t h e   zoom  l e n s   12)  by  s e l e c t i v e   r o t a t i o n  

of  t h e   d i s c   73  to  g i v e   y  s e l e c t i o n ,   a n d ,  w h e n e v e r   n e c e s s a -  

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

to  g i v e   x  s e l e c t i o n .   In  o r d e r   to   o b t a i n   t h e   r e q u i r e d   r e -  

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

t i m e ,   i t   i s   d e s i r a b l e   to   u se   s m a l l   and  l i g h t   p e t a l s ,   a s  

m e n t i o n e d   a b o v e ,   a n d ,   in   a d d i t i o n ,   a l l   t h e   c h a r a c t e r s  

of  one  s t y l e   or  f o n t   s h o u l d   be  l o c a t e d   in  an  a r e a   as  s m a l l  

as  p o s s i b l e .   T h u s ,   in   t h e   e m b o d i m e n t   i l l u s t r a t e d ,   t h e  

d i s c   73  c o n t a i n s   no  more  t h a n   f o u r   p e t a l s ,   w h i c h   p r o v i d e  

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

c o m p o s i t i o n   j o b s .   A l s o ,   t h e   s w i n g - a r m   2  i s   made  as  l i g h t -  

w e i g h t   as  p o s s i b l e ,   so  maximum  c h a r a c t e r   s e l e c t i o n   s p e e d  

i s   o b t a i n e d .  

F i g .   4  shows   s c h e m a t i c a l l y   t h e   r e l a t i v e   p o s i t i o n s   of  a  

row  of  c h a r a c t e r s ,   t h e i r   a s s o c i a t e d   t i m i n g   s l i t   84  and  a  
o n e - b i t   i d e n t i t y   mark  90  . T h e   t i m i n g   s l i t   85  and  i d e n t i t y  
mark   90  a r e   a d j a c e n t   to   t h e   l i n e   8 9 - 8 9 ,   w h i c h   i s   t a n g e n t  

so  a r c   84-1  a t   t h e   c e n t e r   75  of  t h e   c h a r a c t e r   r o w .  

F i g .   5 (b)   i l l u s t r a t e s   s c h e m a t i c a l l y   a  p r e f e r r e d   a r r a n g e -  
ment   of  c h a r a c t e r s   on  a  p e t a l   f o r   a  m o d u l a t e d   m a t r i x   s p e e d  

mode  of  o p e r a t i o n   of  t h e   m a c h i n e .   In  t h i s   mode ,   r a t h e r   t h a n  

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

in  a  h i g h - l o w   s p e e d   mode  in  one  d i r e c t i o n   or  t h e   o t h e r  



a r o u n d   t h e   a x i s   77  w i t h i n   a  90  d e g r e e s   a r c .   V e r t i c a l   c o l u m n s  

in  F i g .   5 (b)   c o r r e s p o n d   to   c i r c l e s   82-1  t h r o u g h   82-6   o f  

F i g .   3,  and  t h e   h o r i z o n t a l   rows   in  F i g .   5 (b)   c o r r e s p o n d  

to  t h e   rows   8 4 - 1 ,   8 4 - 2 ,   e t c . ,   of  F i g .   3 .  

The  m o s t   f r e q u e n t l y   u s e d   c h a r a c t e r s   a r e   g r o u p e d   in   a n  

a r e a   f r a m e d   by  h e a v y   l i n e s   94  in  F i g .   5 ( b ) .   The  a r e a   94 

i n c l u d e s   more   t h a n   90 %  of  t h e   c h a r a c t e r s   u s u a l l y   u t i l i z e d  

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

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

s m a l l   a r e a   a r o u n d   t h e   m o s t   f r e q u e n t l y   u s e d   l e t t e r ,   l o w e r  

c a s e   " e " ,   h e l p s   to   i n c r e a s e  t h e   s p e e d   of  t h e   c h a r a c t e r  

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

d u r i n g   t e x t   c o m p o s i t i o n .  

F i g .   5 ( a )   shows   a  p r e f e r r e d   a r r a n g e m e n t   of  t h e   c h a r a c t e r s  

of  a  p e t a l   f o r   t h e   o t h e r   mode  of  o p e r a t i o n   of  t h e   m a c h i n e ,  

in   w h i c h   t h e   d i s c   73  s p i n s   c o n t i n u o u s l y .   In  t h i s   f i g u r e ,  

t h e   m o s t   f r e q u e n t l y - u s e d   c h a r a c t e r s   a r e   l o c a t e d   in   a  

c o l u m n   81  w h i c h   i s   f r a m e d   by  h e a v y   l i n e s .   T h e s e   c h a r a c -  

t e r s   a l s o   r e p r e s e n t   c l o s e   to   90  %  of  a l l   t h e   c h a r a c t e r s  

f o u n d   in   t h e   o r d i n a r y   t e x t   of  w e s t e r n   l a n g u a g e s .   I t   c a n  

be  a p p r e c i a t e d   t h a t ,   w i t h   f o u r   p e t a l s   in  t h e   d i s c   73,   t h e  

t i m e   a v a i l a b l e   f o r   m o v i n g   t h e   s w i n g   arm  2  to   c h a n g e   t h e  

c o l u m n   of  c h a r a c t e r s   (by  x  m o t i o n )   i s   t h r e e - q u a r t e r s   o f  

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

73.  The  s w i n g - a r m   2  o p e r a t e s   a t   s u c h   a  s p e e d   t h a t   i t   c a n  

s w i n g   f r o m   a  c o l u m n   to   an  a d j a c e n t   c o l u m n   in  s u b s t a n t i a l -  

ly   l e s s   t i m e   t h a n   i t   t a k e s   f o r   t h e   p e t a l   to   r o t a t e   t h r e e  

q u a r t e r s   of  a  r e v o l u t i o n .  

In  o r d e r   to   m i n i m i z e   i t s   s i z e   and  w e i g h t ,   e a c h   p e t a l   74 

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

s u c h   as  p l e x i g l a s s .   The  p l e x i g l a s s   i s   g i v e n   a  t h i n ,   u n i -  

fo rm  d e p o s i t e d   c o a t i n g   of  a l u m i n i u m ,   and  t h e   c h a r a c t e r s  

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



a r e   a t   p o i n t   77,   t h e   c e n t e r   of  t h e   d i s c   73.  Each  c h a r a c t e r  

i s   l o c a t e d   a t   t h e   i n t e r s e c t i o n   of  one  of  t h e   c i r c l e s   8 2 - 1 ,  

8 2 - 2 ,   e t c .   w i t h   o t h e r   c i r c l e s ,   s u c h   as  8 4 - 1 ,   8 4 - 2 ,   8 4 - 3 ,  

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

le   91  w h i c h   i s   c o n c e n t r i c   w i t h   c i r c l e s   8 2 - 1 ,   8 2 - 2 ,   e t c .  

The  r a d i u s   of  c i r c l e   91  i s   e q u a l   to   t h e   d i s t a n c e   b e t w e e n  

p i v o t   p o i n t   31  ( a l s o   see   F i g s .   1  and  6)  and  p o i n t   7 7 .  

Each   s q u a r e   86  of  F i g s .   3  and  4  r e p r e s e n t s   t h e   m a x i m u m  

a r e a   o c c u p i e d   by  t h e   c h a r a c t e r .  

Each   c h a r a c t e r   i s   a c c u r a t e l y   l o c a t e d   in   e a c h   a r e   86  i n  

r e l a t i o n   to   two  l i n e s :   a  b a s e   l i n e  a n d   a  r e f e r e n c e   l i n e ,  

as  e x p l a i n e d   in   U .S .   P a t e n t   3 , 2 9 1 , 0 1 5 .   The  i n t e r s e c t i o n   o f  

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

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

T i m i n g   s l i t s   s u c h   as  s l i t s   85  a r e   l o c a t e d   on  a  c i r c l e   8 8 .  

Each   t i m i n g   s l i t   of  a  row  ( 8 4 - 1 ;   8 4 - 2 ;   e t c . )   i s   s u b s t a n t i a l -  

ly   a l i g n e d   w i t h   t h a t   row,   so  t h a t   e a c h   p e t a l   c o n t a i n s   a l l  

of  t h e   t i m i n g   s l i t s   n e e d e d   to   t i m e   t h e   f l a s h i n g   of  e v e r y  
c h a r a c t e r   on  t h e   p e t a l   7 4 .  

The  p i v o t   a x i s   of  t h e   s w i n g   arm  2  i s   shown  a t   31  in   F i g s .  

3  and  1.  The  p e t a l   74  i s   shown  in   F i g .   3  in   a  n e u t r a l  

c e n t r a l   p o s i t i o n   w i t h   t h e   o p t i c a l   a x i s   102  l o c a t e d   b e t -  

ween  rows  82-3   and  8 2 - 4 ,   a t   t h e   i n t e r s e c t i o n   of  a r c   8 4 - 1  

and  l i n e   8 9 - 8 9 ' .   L i n e   8 9 - 8 9 '   i s   d e f i n e d   as  t h e   l i n e  

c o n n e c t i n g   t h e   o p t i c a l   a x i s   102  and  t h e   a x i s   77  of  r o t a t i o n  

of  t h e   d i s c   73.  In  t h e   p o s i t i o n   of   t h e   p e t a l   s h o w n ,   a n y  
c h a r a c t e r   l o c a t e d   on  a r c   84-1  can   be  b r o u g h t   i n t o   p r o -  

j e c t i o n   p o s i t i o n ,   t h a t   i s ,   on  t h e   o p t i c a l   a x i s   102 ,   b y  

s w i n g i n g   t h e   p e t a l   a r o u n d   p i v o t   p o i n t   31.  P o i n t   31  i s  

l o c a t e d   on  l i n e   87  w h i c h   i n t e r s e c t s   t h e   o p t i c a l   a x i s  

and  i s   p e r p e n d i c u l a r   to   l i n e   8 9 - 8 9 ' .  

The  d i s t a n c e   b e t w e e n   t h e   o p t i c a l   a x i s   102  and  t h e   p i v o t  



p o i n t   31  s h o u l d   be  r e l a t i v e l y   s m a l l   so  as  to   d e c r e a s e  

t h e   w e i g h t   of  t h e   s w i n g   arm  a s s e m b l y ,   and  y e t   l a r g e   e n o u g h  

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

as  8 4 - 1 2 ,   i t s   a s s o c i a t e d   t i m i n g   s l i t   85  and  t h e   s t r a i g h t  

r a d i a l   edge   of  t h e   p e t a l .  

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

b u t   r e m a i n e d   f r e e   to   move  a r o u n d   p i v o t   p o i n t   31,   a r e   s h o w n  

a t   80-1  and  8 0 - 2 .   T h o s e   p o s i t i o n s   c o r r e s p o n d   to   p r o j e c t i o n  

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

82-6   and  i n n e r   c i r c l e   8 2 - 1 ,   r e s p e c t i v e l y .  

Each   p e t a l   i s   p r o v i d e d   w i t h   two  l o c a t i n g   h o l e s   78  and  7 8 '  

and  a  c e n t r a l   h o l e   79,   f o r   p u r p o s e   to   be  e x p l a i n e d   l a t e r .  

The  s h a d e d   a r e a s   80  of  t h e   p e t a l   s u r f a c e   r e p r e s e n t   a r e a s  

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

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

be  e x p l a i n e d   in   r e l a t i o n   to   F i g u r e s   14  to  1 7 .  

A n o t h e r   a d v a n t a g e o u s   f e a t u r e   of  t h e   i n v e n t i o n   i s   t h a t   a  .  

u n i q u e   i d e n t i f i c a t i o n   code   i s   p r o v i d e d   f o r   e a c h   p e t a l .   A 

c o d e d   p a t t e r n   i s   r e c o r d e d   on  t h e   p e t a l   in   an  a r c   90.  I t   c a n  

be  a p p r e c i a t e d   t h a t   a  l a r g e   n u m b e r   of  b i t s ,   e a c h   one  r e -  

p r e s e n t e d   by  a  s l i t   s u c h   as  83  can   be  p r o v i d e d   on  e a c h  

s e g m e n t   to   g e n e r a t e   a  u n i q u e   r e f e r e n c e   n u m b e r   r e p r e s e n t a t i -  

ve  of  t h e   p a r t i c u l a r   p e t a l   or  t y p e   f a c e   or  f o n t .   T h e  

s p a c i n g   b e t w e e n   s l i t s   83  v a r i e s   in  a c c o r d a n c e   w i t h   t h e  

c o d e .   T h e s e   i d e n t i t y   s l i t s   or   m a r k s   a r e   r e a d   by  a  p h o t o -  
d e t e c t o r   ( n o t   shown  in  F i g .   3)  and  t h e   o u t p u t   p u l s e s   a r e  
t r a n s f e r r e d   to   a  memory  so  t h a t   t h e   c o n t r o l   u n i t   of  t h e  

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

f o r m   a  d i s c   73,   w h i c h   p e t a l s   a r e   in   t h e   m a g a z i n e ,   and  i n  

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

g r e a t e r   d e t a i l   b e l o w .  

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



use   of  s u c h   m e a n s ,   t h e   c h a r a c t e r s   can  be  made  q u i t e   s m a l l  

and  y e t   w i t h   s u c h   h i g h   q u a l i t y   t h a t   t h e y   can  be  e n l a r g e d  

t w e n t y - t w o   t i m e s   or  more   to   p r o d u c e   l a r g e r   c h a r a c t e r s   o f  

h i g h l y   a c c e p t a b l e   q u a l i t y .  

U s i n g   t h e   f o r e g o i n g   m e a n s ,   p e t a l s   74  h a v e   b e e n   made  a n d  

u s e d   s u c c e s s f u l l y   h a v i n g   a  r a d i a l   w i d t h   of  a b o u t   3  cm 

( a b o u t   1 .17   i n c h e s ) ,   f o r m i n g   a  c o m p o s i t e   d i s c   h a v i n g   a  

r a d i u s   of  a b o u t   4 .5   cm  ( a b o u t   1 . 7 5   i n c h e s ) .   The  m a t e r i a l  

of   t h e   p e t a l s   i s   p l e x i g l a s s   whose   t h i c k n e s s   i s   0 .8   mm 

(0 .31   i n c h ) .   The  s i z e   of  t h e   c h a r a c t e r s   i s   3 . 2 4   p o i n t s .  
The  p e t a l   74  and  t h e   c o m p o s i t e   d i s c   73  made  up  of  f o u r  

s u c h   p e t a l s   t h u s   i s   q u i t e   s m a l l   and  has   a  r e l a t i v e l y  

low  m a s s ,   m a k i n g   i t   r e l a t i v e l y   e a s y   to   move  (x  s e l e c t i o n )  

or  c h a n g e   i t s   s p e e d   q u i c k l y   and  s m o o t h l y .  



C.  C i r c u l a r   Row  S e l e c t i o n  

F i g .   6  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  t h e   s w i n g - a r m  

a s s e m b l y   2.  The  e x t r e m e   o p e r a t i n g   p o s i t i o n s   a r e   shown  i n  

d a s h e d   l i n e s .   The  s h a d e d   a r e a s   r e p r e s e n t   s t a t i o n a r y   c o m p o -  
n e n t s .   The  p i v o t   a x i s   f o r   t h e   arm  i s   shown  a t   31,  t h e   o p t i -  
c a l   a x i s   a t   102,   a  s w i n g - a r m   c o n t r o l   g e a r   a t   106 ,   and  a  

p h o t o d e t e c t o r   a t   108.   As  i t   i s   shown  in  F i g .   1,  as  w e l l  

as  F i g .   6,  t h e   d i s c   73  i s   c o m p o s e d   of  f o u r   p e t a l s   7 4 - 1  

to   7 4 - 4 .  

The  m o s t   e x t r e m e   p o s i t i o n s  u s e d   f o r   c h a r a c t e r   p r o j e c t i o n  

a r e   shown  a t   7 3 - 1 ,   f o r   t h e   i n n e r m o s t   c h a r a c t e r   c i r c l e ,  
and  a t   73 -2   f o r   t h e   o u t e r m o s t   c h a r a c t e r   c i r c l e .   The  d i s c  

73  i s   shown  in  F i g .   6  in   s o l i d   l i n e s   in   a  m e d i a n   p o s i t i o n .  
P o s i t i o n s   73 -3   and  73-4   r e p r e s e n t   l o c a t i o n s   f o r   t h e   p r o -  
j e c t i o n   of  r u l e s   or   " p i "   c h a r a c t e r s ,   and  p o s i t i o n   7 3 - 5  

i l l u s t r a t e s   t h e   m o s t   e x t r e m e   p o s i t i o n   of  t h e   d i s c   73  f o r  

t h e   u n l o a d i n g   or  l o a d i n g   of  a  p e t a l   to   or   f rom  t h e   p e t a l s  

m a g a z i n e   6 .  

The  r o t a t i o n a l   a x i s   29  ( F i g .   1)  of  t h e   d i s c   73  moves   a l o n g  

an  a r c   96  f rom  a  f i r s t   p o s i t i o n   29  to   a n o t h e r   p o s i t i o n  
29-1  in   one  d i r e c t i o n ,   and  t h r o u g h   to   an  e x t r e m e   p o s i t i o n  
2 9 - 5   in   t h e   o p p o s i t e   d i r e c t i o n .   T h e s w i n g - a r m   a s s e m b l y   2 

i s   c o m p o s e d   of  l i g h t ,   r a d i a l   r i g i d   m e m b e r s   98,   99  a n d  

103,   and  an  a r c u a t e   c o n n e c t i n g   l i n k   1 0 7 .  

Arm  71  h o l d s   a  p h o t o d e t e c t o r   122  c o - o p e r a t i n g   w i t h   a  

l i g h t   s o u r c e   ( n o t   shown)  and  a  h o l e   123  ( F i g .   7)  l o c a t e d  

in  t h e   hub  of   t h e   d i s c   73  in   o r d e r   to   p r o d u c e   a  s y n -  
c h r o n i z i n g   or   i n i t i a l i z i n g   p u l s e   f o r   e a c h   r e v o l u t i o n   of  t h e  

d i s c   73.  A r c u a t e   l i n k   107  s u p p o r t s   a  p l a t e   on  w h i c h   p h o t o -  

d e t e c t o r s   109  and  110  a r e   l o c a t e d .   P h o t o d e t e c t o r   109  r e a d s  

t h e   i d e n t i t y   code   of  e a c h   s e g m e n t ,   and  p h o t o d e t e c t o r   110  

g e n e r a t e s   t i m i n g   p u l s e s   f rom  t h e   s l i t s   85,  in  a  c o n v e n -  



t i o n a l   m a n n e r .   The  d e t e c t o r s   109 ,   110  c o o p e r a t e   w i t h   a  

l i g h t   s o u r c e   ( n o t   shown)  w h i c h   may  c o m p r i s e   two  s m a l l  

l a m p s   or  a  LED  l o c a t e d   on  t h e   o t h e r   s i d e   of  t h e   p e t a l s .  

The  p o s i t i o n   of  s w i n g - a r m   a s s e m b l y   2  a r o u n d   p i v o t   a x i s  

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

i ng   t h e   g e a r   106  e n g a g i n g   an  a r c u a t e   r a c k   93  s u p p o r t e d  

by  t h e   arm  9 8  a n d   member   1 0 7 .  

An  a r c u a t e   c o d e d   p l a t e   112  a l s o   i s   a t t a c h e d   to   t h e   a r m  

98  and  member   107  and  c o o p e r a t e   w i t h   t h e   p h o t o d e t e c t o r  

9 5 .  

A  s m a l l   p l a t e   105  i s   a l s o   a t t a c h e d   to   a r c u a t e   l i n k   1 0 7 .  

The  p l a t e   105  i s   p r o v i d e d   w i t h   a p e r t u r e s   101  of  d i f f e r e n t  

s i z e s   a n d / o r   s h a p e s   a l i g n e d   a l o n g   a  l i n e   97  to   p r o d u c e  

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

make  r u l e s ,   d i s c   73  i s   f i r s t   moved  o u t   of  t h e   way  b y  

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

as  73 -3   in  w h i c h   p l a t e   105  r e p l a c e s   t h e   p e t a l   in  t h e   o b -  

j e c t   p l a n e   of  t h e   zoom  l e n s .  

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

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

by  t h e   v a r i a b l e   f o c a l   o p t i c s .   T h e s e   c o r r e c t i v e   f u n c t i o n s  

w i l l   be  d e s c r i b e d   in   more  d e t a i l   l a t e r .   In  one  e m b o d i m e n t  

s p e c i a l   " c h a r a c t e r s "   in   t h e   fo rm  of  l i n e s ,   s q u a r e s ,   b u l l e t s ,  

e t c .   a r e   p r o j e c t e d   o n t o   p h o t o d e t e c t o r s   f rom  p r o p e r l y   s h a p e d  

a p e r t u r e s   of  t h e   p l a t e   105.   In  t h e   f e e d - b a c k   s y s t e m   u t i l i z i n g  

t h e   beam  s p l i t t e r   of  F i g .   1,  a  s p e c i a l   f i l t e r   can   be  a t t a c h e d  

to  t h e   p l a t e   105  to   b l o c k   t h e   l o w e r   f r e q u e n c y   r a d i a t i o n s  

t h a t   w o u l d   " e x p o s e "   t h e   f i l m   and  l e t   t h e   l o n g e r   ( r ed )   r a -  

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

When  t h e   s e l e c t e d   a p e r t u r e   101  i s   in  p o s i t i o n ,   t h e   f l a s h  

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

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



a t   a  h i g h e r   f r e q u e n c y ,   p r o d u c i n g ,   f o r   e x a m p l e ,   1 . 0 0 0  

f l a s h e s   p e r   s e c o n d .   At  t h e   same  t i m e ,   t h e   s p a c i n g   c a r r i a g e  
18  i s   moved  c o n t i n u o u s l y ,   so  as  to   p r o d u c e   h o r i z o n t a l   l i n e s  

or  " r u l e s "   on  t h e   p h o t o s e n s i t i v e   s u r f a c e .   A l t e r n a t i v e l y ,  
t h e   p h o t o s e n s i t i v e   s u r f a c e   i s   c o n t i n u o u s l y   moved  in   t h e  

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

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

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

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

n e o u s   p o s i t i o n   of  t h a t   c o m p o n e n t .  

D.  S w i n g - A r m   a s s e m b l y  

The  s w i n g - a r m   a s s e m b l y   22  and  i t s   c o m p o n e n t s   a r e   shown  i n  

g r e a t e r   d e t a i l   in   F i g s .   7  t h r o u g h   12.  R e f e r r i n g   to   F i g s .  

7  to   9,  t h e   p e t a l s   74-1  to   74 -4   a r e   m o u n t e d   on  a  hub  1 2 8  

p i n n e d   to   a  s h a f t   132  ( F i g .   9 ) w h o s e   r o t a t i o n a l   a x i s   i s  

t h e   a x i s   29  shown  in  F i g .   1.  The  s h a f t   132  i s   r o t a t e d   b y  

t h e   m o t o r   4  t h r o u g h   a  s h a f t   152 ,   a  p u l l e y   145 ,   a  b e l t   1 4 4  

and  a  p u l l e y   146.   The  m o t o r   s h a f t   152  i s   c o - a x i a l   w i t h   t h e  

a x i s   31.  The  arm  98  can   r o t a t e   a b o u t   a x i s   31  on  a  s t a t i o n -  

a r y   s h a f t   or   s t u d   150  f o r   t h e   v a r i o u s   f u n c t i o n s   m e n t i o n e d  

a b o v e ,   w h i c h   a r e ,   more   s p e c i f i c a l l y :   c h a r a c t e r   s e l e c t i o n  

f rom  a  m u l t i p l i c i t y   of  c i r c l e s ;   r u l e s   or  p i - c h a r a c t e r  

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

of  t h e   o p t i c a l   a x i s   f o r   o t h e r   pupose_ ,   s u c h   as  a l l o w i n g  

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

Arm  98  i s   r o t a t a b l y   m o u n t e d   on  t h e   s t u d   150  by  m e a n s   of  a  

b e a r i n g   151  s u b s t a n t i a l l y   w i t h o u t   r a d i a l   or  a x i a l   p l a y .  

S i m i l a r l y ,   s h a f t   132  can   r o t a t e   f r e e l y   b u t   s u b s t a n t i a l l y  

w i t h o u t   p l a y   in   a  b e a r i n g   148  h o u s e d   in   a  h o l e   in   t h e  

u p p e r   end  of  arm  98.  A l t h o u g h   p l a i n   b e a r i n g s   h a v e   b e e n  

shown  a t   148  and  151  f o r   s i m p l i c t i y ' s   s a k e ,   t h e   u s e   of  p r e -  

l o a d e d ,   f r e e - o f - p l a y   b a l l   b e a r i n g s   i s   p r e f e r r e d .  



In  t h e   s t r u c u r e   i l l u s t r a t e d   in   F i g .   7,  d i f f e r e n t   p e t a l s  

a r e   shown  in  some  d e t a i l   a t   74-1  and  7 4 - 4 .   The  l o c a t i o n  

and  o r i e n t a t i o n   of  p e t a l   74-4   in   t h e   l o a d i n g - u n l o a d i n g  

p o s i t i o n   i s   r e p r e s e n t e d   in  b r o k e n   l i n e s   a t   7 4 - 4 ' .   P e t a l s  

74-2   and  74-3   h a v e   b e e n   o m i t t e d   in   o r d e r   to   show  t h a t   h u b  

128  has   l o c a t i n g   p i n s   126 ,   n o t c h e s   130  and  t h e   c l e a r a n c e  

h o l e   123  c o o p e r a t i n g   w i t h   t h e   i n i t i a l i z i n g   p h o t o d e t e c t o r  

a s s e m b l y   122  d e s c r i b e d   a b o v e   and  shown  in  F i g .   6 .  

A  m o t o r   116  d r i v e s   t h e   g e a r   106  to   s e l e c t   one  of  t h e  

a r c u a t e   c h a r a c t e r   a r r a y s   o n  a   p e t a l .   The  g e a r   106  e n g a g e s  

an  a r c u a t e   r a c k   104.   ( A l t h o u g h   some  p a r t s   shown  in  F i g .   6 

a r e   t h e   same  as  t h o s e   in  F i g .   7,  o t h e r s   a r e   n o t .   H e n c e ,  

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

to   a  p l a t e   114  m o u n t e d   on  f r a m e   98  i s   an  e n c o d e r - d e c o d e r  

r e t i c u l e   or  g r a t i n g   112  c o o p e r a t i n g   w i t h   t h e   p h o t o d e t e c -  

t o r   u n i t   108.   The  t i m i n g   p h o t o r e c e p t o r   i s   shown  a t   1 1 8  

( F i g .   8)  and  t h e   code   d e t e c t o r   a t   109 ,   l o c a t e d   on  a n a d -  

j u s t a b l e   p l a t e   111  m o u n t e d   on  arm  99.  R e m o v a b l y   s e c u r e d  

to   arm  99  i s   a  p l a t e   118  p r o v i d e d   w i t h   " r u l e s "   o p e n i n g s  

a n d / o r   p i - c h a r a c t e r s   1 2 0 .  

F i g . 9   i s  a   p a r t i a l   c r o s s - s e c t i o n   t h r o u g h   t h e   c e n t e r   of  F i g .  

7.  F i g .   9  shows   t h a t   s e g m e n t s   74-1  and  74-3   a r e   p o s i t i o n e d  

on  t h e   hub  128  by  means   of  p i n s   126  w h i c h   a r e   a t t a c h e d   t o  

t h e   hub  128.   The  p i n s   126  f i t   i n t o   h o l e s   s u c h   as  7 8 - 7 8 '  

( F i g s .   7  and  3 ) .   For   e a s i e r   e n g a g e m e n t   and  r e m o v a l   of  a  

p e t a l ,   t h e   h o l e s   7 8 - 7 8 '   may  be  s l i g h t l y   l a r g e r   t h a n   t h e  

p i n s ,   l e a v i n g   a  s m a l l   c l e a r a n c e   shown  a t   142  in  F i g .   1 1 .  

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

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

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

p e t a l   w i l l   be  o b t a i n e d   by  t h e   e n g a g e m e n t   of  p i n   126  w i t h  

t h e   edge   of  t h e   p e t a l   h o l e   78  w h i c h   i s   c l o s e s t   to   t h e   a x i s  

of  r o t a t i o n   31.  M o r e e v e r ,   to   e n s u r e   b e t t e r   c o n t a c t   b e t w e e n  

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



i n g ,   t h e r e   i s   p r o v i d e d   a  r e s i l i e n t   means   s u c h   as  an  "0  r i n g "  
shown  a t   134  ( F i g .   12)  s e c u r e d   in   a  g r o o v e   of  t h e   hub  1 2 8  

to   p u s h   p e t a l   74-1  o u t w a r d l y   a g a i n s t   t h e   r a d i a l l y   i n n e r m o s t  

p a r t   of  p i n   1 2 6 .  

A  s p e c i a l   s t a r - s h a p e d   l e a f   s p r i n g   124  i s   u s e d   to   h o l d   t h e  

p e t a l s   in   a  d e s i r e d   a x i a l   p o s i t i o n .   The  s p r i n g   124  i s   r e -  

s i l i e n t l y   a t t a c h e d   to   s t u d   132-1  ( s e e   F i g .   10)  by  a  c o i l  

s p r i n g   136  s e c u r e d   t o   t h e   hub  128  by  a  r e t a i n i n g   r i n g   1 3 8  

and  l o o s e l y   a t t a c h e d   t u b u l a r   c o v e r   1 4 0 .  

In  F i g s .   7  and  8,  i t   has   b e e n   a s s u m e d   t h a t   t h e   t i m i n g  

s l i t s   and  i d e n t i t y   c o d e s   a r e   l o c a t e d   on  t h e   o u t s i d e   o f  

e a c h   p e t a l .   H o w e v e r ,   t h e i r   l o c a t i o n   i s   i m m a t e r i a l   as  l o n g  

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

t h e   c o n f i n e s   of  t h e   p e t a l .  

The  a u t o m a t i c   s e l e c t i o n ,   r e m o v a l   and  i n s e r t i o n   of  p e t a l s  

w i l l   now  be  d e s c r i b e d .  

E.  P e t a l   M a g a z i n e   S t r u c t u r e  

R e f e r r i n g   now  to   F i g s .   13  t h r o u g h   15,  t h e   p e t a l s   74  a r e  

l o c a t e d   in   n o t c h e s   or   c o m p a r t m e n t s   s u c h   as  c o m p a r t m e n t   1 5 4  

( F i g s .   13-D)  of  t h e   m a g a z i n e   a s s e m b l y   6.  The  m a g a z i n e  

a s s e m b l y   6  i n c l u d e s   a  b a s e   170 ,   to   w h i c h   a r e   s e c u r e d   v e r -  

t i c a l   s i d e   p l a t e s   158  and  160.   The  s i d e   p l a t e s   a r e   a s s e m b l -  

ed  in   p a i r s ,   e a c h   p a i r   of  p l a t e s   158 ,   160  f o r m i n g   one  o f  

t h e   c o m p a r t m e n t s   1 5 4 .  

S i d e   p l a t e s   160 ,   shown  in  e l e v a t i o n   in   F i g .   14  and  i n  

s e c t i o n   in   F i g .   14 -A,   a r e   l o c a t e d   on  t h e   i m a g e - b e a r i n g  

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

c h a r a c t e r s   on  t h e   p e t a l ,   r a i s e d   p o r t i o n s   1 7 4 - 1 7 5   a r e   p r o v i d -  

ed .   T h e s e   p o r t i o n s   1 7 4 - 1 7 5   c o n t a c t   o n l y   t h e   b l a n k   o r  

n o n - c h a r a c t e r - b e a r i n g   a r e a s   80  ( F i g . 3 )   of  t h e   p e t a l s .   I n  



t h e   same  m a n n e r ,   o p p o s i t e   s u p p o r t i n g   p l a t e s   s u c h   as  1 5 8 ,  

a l s o   shown  in  F i g s .   15  and  1 5 ( a ) ,   a r e   a l s o   p r o v i d e d   w i t h  

r a i s e d   a r e a s   180  to   c o n t a c t   t h e   p e t a l s   in   n o n - i m a g e   a r e a s ,  

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

h a n d l i n g .  

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

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

d r i v i n g   m e a n s ,   as  e x p l a i n e d   a b o v e ,   i s   a l s o   p r o v i d e d   w i t h  

r e t a i n i n g   s t r i p s   166  and  162  e x t e n d i n g   a l o n g   t h e   p a t h   o f  

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

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

t h e   m a g a z i n e ,   and  a l s o   to   s e c u r e   in  t h e   s l o t   21  a  p e t a l  

in   t h e   p r o c e s s   of  b e i n g   r e m o v e d ,   as  i t   w i l l   be  e x p l a i n e d  

b e l o w .  

F.  P e t a l   U n l o a d i n g   and  L o a d i n g  

Assume  t h a t   a  p e t a l   s u c h   as  74  in   F i g .   1 3 ( a )   has   to   be  r e -  

moved  f rom  t h e   d i s c   73.  The  r o t a t i n g   p e t a l s   c a r r y i n g   h u b  

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

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

e i t h e r   by  l o c k i n g   t h e   m o t o r   d r i v e ,   or  by  a  d e t e n t .   T h e n  

or   s i m u l t a n e o u s l y   t h e   p e t a l s   m a g a z i n e   6  i s   moved  to   b r i n g  

t h e   e m p t y   s l o t   154  f o r   t h a t   p e t a l   to   t h e   u n l o a d i n g   p o s i t i o n  

in  w h i c h   t h e   e m p t y   s l o t   i s   in   a l i g n m e n t   w i t h   t h e   gap  2 1 .  

Then  t h e   s w i n g - a r m   m e c h a n i s m   2  i s   moved  to   t h e   " l o a d i n g "  

p o s i t i o n   ( shown  a t   73 -5   in   F i g .   6)  so  t h a t ,   a t   t h e   e n d  

of  t h e   o p e r a t i o n ,   t h e   p e t a l   has   e n t e r e d   i t s   c o m p a r t m e n t  

as  shown  s c h e m a t i c a l l y   in  F i g .   1 3 ( a ) ,   w i t h   t h e   r a i s e d  

p o r t i o n s   of  t h e   p l a t e s   158  and  160  o p p o s i t e   t h e   n o n -  

image   a r e a s   80  of  p e t a l   7 4 .  

At  t h i s   p o i n t   t h e   p e t a l   i s   s t i l l   e n g a g e d   by  t h e   l o c a t i n g  

p i n   126  ( F i g .   1 3 ( a ) ' )   and  h e l d   a g a i n s t   t h e   f l a t   hub  s u r -  

f a c e   156.   A f t e r   t h e   p e t a l   i s   f u l l y   i n s e r t e d   i n t o   i t s  



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

d i s t a n c e   in  t h e   d i r e c t i o n   of  a r r o w   164  ( F i g .   1 3 ( b ) ) .   S i n c e  

t h e   hub  a s s e m b l y   i s   f i x e d ,   t h i s   m o t i o n   moves   t h e   p e t a l  
f rom  p o s i t i o n   74  to   p o s i t i o n   74'   b e c a u s e   s a i d   p e t a l   i s   n o w  

c o n f i n e d   to   i t s   n o t c h .   T h i s   a c t i o n   c a u s e s   t h e   l o c a t i n g  

p i n   126  to   d i s e n g a g e   f rom  t h e   p e t a l ,   as  shown  in  F i g .   13 

( b ) '   as  t h e   p e t a l   i s   p u s h e d   in   t h e   d i r e c t i o n   of  t h e   a r r o w  

by  p l a t e   1 6 0 - 2 .   In  o r d e r   to   a v o i d   u n w a n t e d   l o c k i n g   o r  

c a n t i n g   of  t h e   p e t a l ,   t h e   r a i s e d   e x t e n s i o n   174 '   ( s e e  

F i g .   14)  c o o p e r a t e s   w i t h   c l e a r a n c e   n o t c h   130 '   ( F i g .   7)  o f  

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

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

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

b l a d e   s p r i n g   124  b e c a u s e   of  t h e   e l a s t i c   c o n f i g u r a t i o n  

of  t h e   a s s e m b l y   of  F i g .   10,  f r om  w h i c h   i t   i s   c l e a r   t h a t  

c o i l   s p r i n g   136  p r e v e n t s   e x c e s s i v e   d e f l e c t i o n   of  t h e  

b l a d e   124 .   In  t h e   n e x t   s e q u e n c e   of  o p e r a t i o n ,   t h e   s w i n g -  

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

p e t a l ,   as  i t   i s   shown  in  F i g .   1 3 ( c ) .   I t   i s   shown  in  t h i s  

f i g u r e   t h a t   p e t a l   74  c a n n o t   be  moved  o u t   of  i t s   n o t c h   b y  

t h e   arm  m o t i o n   b e c a u s e   i t   ha s   moved  u n d e r   r e t a i n i n g   s t r i p  

1 6 6 - 1 .  

F i g .   1 3 ( d )   shows   t h e   r e l a t i v e   p o s i t i o n   of  t h e   p e t a l s  

m a g a z i n e   and  t h e   hub  128  a t   t h e   b e g i n n i n g   of  an  " u n l o a d "  

o p e r a t i o n   or  a t   t h e   end  of  a  " l o a d "   o p e r a t i o n .  

To  l o a d   a  p e t a l ,   t h e   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 s   t a k e s  

p l a c e .   The  f r e e   q u a d r a n t   of  t h e   hub  128  ( i . e . ,   t h e   q u a d r a n t  

w h i c h   has   no  p e t a l )   i s   f i r s t   r o t a t e d   to   t h e   " l o a d "   p o -  
s i t o n   a t   t h e   same  t i m e   as  t h e   p e t a l s   m a g a z i n e   i s   moved  t o  

b r i n g   t h e   d e s i r e d   p e t a l   to   t h e   l o a d   p o s i t i o n .   Then  t h e  

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

s i t i o n   of  c o m p o n e n t s   i s   as  shown  in   F i g s .   13 (b )   and  1 3 ( b ) ' .  

Then   t h e   m a g a z i n e   i s   moved  a l o n g   i t s   r a i l   8  ( F i g .   1)  b y  

t h e   p r e - d e t e r m i n e d   d i s t a n c e   n e c e s s a r y   to   b r i n g   p l a t e   1 6 0  



f rom  p o s i t i o n   160 -2   to   p o s i t i o n   1 6 0 - 1 .   T h i s   a c t i o n   r e s u l t s  

in  e n g a g i n g   t h e   new  p e t a l   on  to   t h e   l o c a t i n g   p i n   126  s o  

t h a t ,   a t   t h e   end  of  t h e   o p e r a t i o n ,   t h e   r e l a t i v e   p o s i t i o n  

of  c o m p o n e n t s   i s   as  shown  in  F i g s .   1 3 ( a )   and  1 3 ( a ) ' .   T h e n  

t h e   s w i n g - a r m   is   r e t u r n e d   i n t o   any  p r e - d e t e r m i n e d   o p e r a t i n g  

p o s i t i o n   by  r o t a t i o n   a r o u n d   i t s   p i v o t   1 3 2 .  

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

In  t h e   l o a d   p o s i t i o n   shown  in  F i g .   13 (b )   and  1 3 ( b ) '   a n d  

1 3 ( c ) ,   t h e   p e t a l   i s   in   s u c h   a  p o s i t i o n   t h a t   i t   w i l l   n o t  

i n t e r f e r e   w i t h   t h e   l o c a t i n g ' p i n   126  as  t h e   hub  128  m o v e s  

down.   The  p a s s a g e   f rom  l o a d   p o s i t i o n   to   u n l o a d   p o s i t i o n  

i l l u s t r a t e d   in   F i g .   1 3 ( a )   c a u s e s   e n g a g e m e n t   of  p e t a l   a n d  

p i n .  

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

by  a n o t h e r   i s   shown  s c h e m a t i c a l l y   in   F i g .   40,   b l o c k s   4 0 0  

to   413 .   B l o c k s   396  to   399  of  F i g .   40  p e r t a i n   to   a  m o d i f i e d  

v e r s i o n   of  t h e   m a c h i n e   and  w i l l   be  e x p l a i n e d   l a t e r .  

G.  I n i t i a l   M a g a z i n e   L o a d i n g  

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

t h i r t y - t w o   p e t a l s   in   t h e   m a g a z i n e   6.  T h i s   n u m b e r   i s  

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

t h i r t y - t w o   p e t a l s   r e q u i r e d   to   be  "on  l i n e "   a r e   s e l e c t e d  

by  t h e   o p e r a t o r   and  a r e   m a n u a l l y   i n s e r t e d   in  a  r a n d o m  

s e q u e n c e   i n t o   t h e   t h i r t y - t w o   n o t c h e s   of  t h e   m a g a z i n e .   T h e n  

t h e   o p e r a t o r   t u r n s   t h e   m a c h i n e   on ,   and  by  d e p r e s s i n g   a  k e y ,  

s t a r t s   t h e   f o l l o w i n g   s e q u e n c e   ( s e e   a l s o   F i g .   1 6 ) :  

-  The  r o t a t i o n a l   c o n t r o l   c i r c u i t   153  of  t h e   p e t a l s   h o l d e r  

or  d i s c   73  moves   t h e   h o l d e r   i n t o   p o s i t i o n   to   r e c e i v e  

a  p e t a l   and  s t o p s ,   f o r   e x a m p l e ,   in  p o s i t i o n   one  (of   f o u r ) .  



-  I n   t h e   m e a n t i m e ,   t h e   m a g a z i n e   moves   to   p o s i t i o n   No.  1 

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

c i r c u i t   1 5 7 .  

-  The  p e t a l   in   n o t c h   No.  1  of  m a g a z i n e   i s   l o a d e d ,   a s  

e x p l a i n e d   a b o v e .  

-  The  s w i n g   arm  moves   up  u n d e r   t h e   c o n t r o l   of  c i r c u i t s   1 4 7  

and  1 4 9 .  

-  The  r o t a t i o n a l   c o n t r o l   c i r c u i t   153  c a u s e s   t h e   p e t a l   t o  

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

d e t e c t i o n   u n i t   155  and  s t o r e d   in   a  s t o r a g e   u n i t   162  w h e r e  

i t   i s   a s s o c i a t e d   w i t h   t h e   p o s i t i o n   " o n e "   c o d e   of  t h e  

m a g a z i n e   w h i c h   i s   s t o r e d   in   t h e   u n i t   1 6 1 .  

-  The  r o t a t i o n   of  t h e   p e t a l   s t o p s   a t   t h e   l o a d - u n l o a d  

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

-  The  s w i n g - a r m   2  moves   down  to   r e p l a c e   t h a t   p e t a l   i n  

n o t c h   or  c o m p a r t m e n t   No.  1  of  t h e   m a g a z i n e ,   f o l l o w i n g  

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

-  The  s w i n g - a r m   (and  now  e m p t y   p e t a l   h o l d e r )   moves   u p  

a g a i n .  

-  The  m a g a z i n e   moves   one  n o t c h ,   u n d e r   t h e c o n t r o l   of  u n i t s  

157  and  159 ,   to   b r i n g   n o t c h   N o .  2   i n t o   p o s i t i o n   to   l o a d  

t h e   p e t a l   l o c a t e d   in   s a i d   n o t c h .  

-  The  s w i n g - a r m   moves   down  to   l o a d   t h a t   n e w  p e t a l .  

-  The  s w i n g - a r m   moves   u p .  

-  The  p e t a l   r o t a t e s ,   i t s   i d e n t i t y   i s   r e c o g n i z e d   and  s t o r e d  

in  a s s o c i a t i o n   w i t h   t h e   p o s i t i o n   " two"   of  t h e   m a g a z i n e .  



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

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

of  t h e   m a g a z i n e .   The  m a c h i n e   i s   now  r e a d y   to   s e l e c t  a n y  

p e t a l ,   u n d e r   p e t a l   i d e n t i t y   code   c o n t r o l ,   f rom  t h e   a s s o -  

c i a t e d   k e y b o a r d   memory  means   or  any  a t t a c h e d   or  r e m o t e  

i n p u t   d e v i c e .  

VI.   MULTI-DISC  STORAGE 

A.  G e n e r a l   D e s c r i p t i o n  

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

in  F i g s .   18,  1 9 ( a ) ,   1 9 ( b ) ,   22  and  23  a l o n g   w i t h   a  m o d i f i e d  

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

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

t h e   one  shown  in  F i g .   19,  r a t h e r   t h a n   i n d i v i d u a l   s e g m e n t s  

or  p e t a l s .   In  F i g .   18,   s e v e n   c o m p o s i t e   d i s c s   p r o v i d e d   w i t h  

f o u r   p e t a l s   e a c h   a r e   shown  a t   190  w i t h   one  d i s c   in  o p e r a t -  

i n g   p o s i t i o n   a t   218 .   The  d i s c   m a g a z i n e   i s   shown  a t   181 

w i t h   i t s   d i s p l a c e m e n t   c o n t r o l s   r e p r e s e n t e d   by  m o t o r   1 8 6 ,  

d e c o d e r   189 ,   s c r e w   184  e n g a g i n g   n u t   182  a t t a c h e d   to   t h e  

m a g a z i n e   and  m o u n t e d   in  b e a r i n g s   185  and  1 8 7 .  

The  c h a r a c t e r   i l l u m i n a t o r   a s s e m b l y   i s   shown  a t   202 .   T h e  

c i r c u l a r   row  s e l e c t i o n   m e c h a n i s m ,   w h i c h   w i l l   be  e x p l a i n e d  

in  g r e a t e r   d e t a i l   l a t e r ,   c o n s i s t s   of  a  p a i r   of  45°  r e -  
f l e c t o r s   194 ,   195  m o u n t e d   on  a  c a r r i a g e   196 .   The  c a r r i a g e  
196  has   a  t h r e a d e d   h o l e   e n g a g e d   by  a  s c r e w   198  d r i v e n   b y  

m o t o r   200  f o r   t r a n s v e r s e   d i s p l a c e m e n t   of  t h e   r e f l e c t o r s .  

An  i n t e r m e d i a t e   i m a g i n g   s y s t e m   i s   shown  a t   204 .   The  z o o m  
l e n s   i s   shown  a t   12,  and  i t s   c o n t r o l   a t   14,  t h e   same  a s  

in  F i g .   1.  A  p e n t a p r i s m   206  i s   u s e d   r a t h e r   t h a n   a  r i g h t -  

a n g l e   p r i s r ,   as  an  a l t e r n a t i v e   to   o b t a i n   r i g h t -   or  w r o n g -  

r e a d i n g   i m a g e s ,   as  i t   i s   e x p l a i n e d   in   c o - p e n d i n g   U . S .  

p a t e n t   a p p l i c a t i o n   S e r .   No.  8 9 9 , 0 0 1 .   The  same  r e f e r e n c e  

n u m e r a l s   a r e   u s e d   f o r   c o r r e s p o n d i n g   p a r t s   in  F i g s .   1  a n d  

1 8 .  



A  c h a r a c t e r   s p a c i n g   c a r r i a g e   s i m i l a r   to   t h e   c a r r i a g e   18 

of  F i g .   1  i s   shown  a t   208 .   I t   i s   d r i v e n   by  a  s c r e w  2 1 2  

w h i c h   i s   r o t a t e d   by  a  m o t o r   22  and  s u p p o r t e d   by  b e a r i n g s  
213 .   The  s c r e w   212  e n g a g e s   a  n u t   210  a t t a c h e d   to   t h e   c a r r i a -  

ge  f r a m e .   The  m i r r o r   32  ( s e e   a l s o   F i g .   1)  can   move  f r o m  

p o s i t i o n   32-1  to   p o s i t o n   32-2   f o r   t h e   p r o d u c t i o n   of  r u l e s  

and  a l s o   to   t h e   e x t r e m e   p o s i t i o n   32-3   to   p r o j e c t   a  l i g h t  
beam  215  to   p h o t o d e t e c o r s   214  f o r   t h e   a u t o m a t i c   c o m p e n -  
s a t i o n   of  b a s e l i n e ,   r e f e r e n c e   l i n e   d e v i a t i o n s ,   and  o t h e r  

c o r r e c t i o n s ,   as  d e s c r i b e d   in   c o - p e n d i n g   a p p l i c a t i o n  

S e r .   No.  8 9 9 , 0 0 1 .   The  drum  34  i s   r o t a t a b l y   m o u n t e d   i n  

b e a r i n g s   216  and  217  on  t h e  f r a m e   of  t h e   m a c h i n e ,   a n d  

i s   r o t a t e d   by  t h e   m o t o r   36.  The  p h o t o s e n s i t i v e   m a t e r i a l  

s t o r e d   in  c a s s e t t e   44  i s   shown  a t   39,   as  i t   i s   in   F i g .   1 .  

B.  D i s c   S t r u c t u r e  

R e f e r r i n g   now  to   F i g s .   19  and  22,   e a c h   c o m p o s i t e   d i s c   2 1 8  

i n c l u d e s   a  hub  226  to   w h i c h   f o u r   p e t a l s   a r e   m a n u a l l y  

s e c u r e d   by  f l a t   n u t s   224  e n g a g i n g   t h r e a d e d   s t u d s   22  s e -  
c u r e d   t o   t h e   h u b .   A  r e s i l i e n t   w a s h e r   223  i s   l o c a t e d   b e t -  

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

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

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

by  t h e   e n g a g e m e n t   of  p i n s   126  s e c u r e d   to   t h e   hub  i n t o  

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

d e s c r i b e d   a b o v e .  

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

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

In  o r d e r   to   c o m p e n s a t e   f o r   t h i s   c l e a r a n c e ,   t h e r e   i s   a n  
"0"  r i n g   134  w h o s e   p u r p o s e   i s   to   p u s h   e a c h   s e g m e n t   o u t w a r d -  

ly  in   t h e   same  d i r e c t i o n   as  t h e   c e n t r i f u g a l   f o r c e   w i l l   t e n d  

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

as  i t   has   b e e n   e x p l a i n e d   a b o v e .  



C.  S w i n g - A r m   A s s e m b l y  

Each   hub  226  i s   r o t a t a b l y   s e c u r e d   to   a  s t u d   230  p r o v i d e d  

w i t h   a  r e t a i n i n g   r i n g  2 0 0   and  p i n n e d   to   i t s   s w i n g - a r m   2 2 8 .  

Each   s w i n g - a r m   can   p i v o t   on  b e a r i n g   234  on  a  s h a f t   2 3 2 .  

S e v e n   a r m - a n d - d i s c   a s s e m b l i e s   a r e   shown  in  F i g .   22  a t   2 1 8 - 1  

t h r o u g h   2 1 8 - 7 ,   b u t   i t   i s   e v i d e n t   t h a t   t h e   n u m b e r   of  s u c h  

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

m a c h i n e .  

Each   of  t h e   a s s e m b l i e s   218-1   t h r o u g h   2 1 8 - 7   i s   m o u n t e d  

on  t h e   same  s h a f t  2 3 2 .   T h e  s h a f t   232  i s   s e c u r e d   to   t h e  

s l i d i n g   b a s e   233  of  t h e   m a g a z i n e   by  s c r e w s   237  ( F i g .   19 )  

and  "V"  s h a p e d   b a s e   p r o j e c t i o n s   235 .   B e a r i n g s   234  f i l l .  

t h e   gap  b e t w e e n   two  c o n s e c u t i v e   "V"  p r o j e c t i o n s   in  o r d e r  

to   a v o i d   any  d e t r i m e n t a l   l o n g i t u d i n a l   p l a y .  

R e f e r r i n g   a g a i n   to   F i g .   22,   e a c h   c o m p o s i t e   d i s c   hub  i s  

p r o v i d e d   w i t h   a  t o o t h e d   p i n i o n   266  r o t a t e d   by  a  t i m i n g   b e l t  

260  ( F i g s .   19  and  1 9 ( a ) )   d r i v e n   by  a  m o t o r   258  t h r o u g h  

p i n i o n s   259  and  261 .   P i n i o n   261  i s   a t t a c h e d   to   t h e   m o t o r  

d r i v e   s h a f t   2 5 6 .  

D r i v i n g   p i n i o n s   261  and  259 ,   as  w e l l   as  a  g e a r   264 ,   w h i c h  

i s   s e c u r e d   to   t h e   same  s h a f t   262  as  t h e   p i n i o n   259 ,   a r e  

m o u n t e d   on  arm  254  p i v o t e d   on  t h e   m o t o r   d r i v e   s h a f t   2 5 6  

( F i g .   1 9 ( a ) ) .   The  arm  254  can   be  r o t a t e d   c l o c k w i s e   a b o u t  

a x i s   256  by  m e a n s   of  a  s o l e n o i d   268  ( F i g .   19)  w h i c h ,   w h e n  

e n e r g i z e d ,   p u l l s   d o w n w a r d l y   on  a  l i n k   267  c o n n e c t e d   t o  

a  p r o j e c t i o n   269  of  t h e   arm  2 5 4 ,   in  o r d e r   to   d i s e n g a g e   t h e  

d r i v i n g   p i n i o n   264  f rom  t h e   d r i v e n   p i n i o n   2 6 6 .  

The  s o l e n o i d   268  and  t h e   m o t o r   258  a r e   m o u n t e d   on  a  f r a m e  

257.   A l s o   m o u n t e d   on  t h e   f r a m e   257  a t   f i x e d   l o c a t i o n s  

a r e   b r a c k e t s   271  and  272  ( F i g .   19)  on  w h i c h   a r e   m o u n t e d  

p h o t o d e t e c t o r s   110 ,   109  and  122.   As  in  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 ,   p h o t o d e t e c t o r   109  r e a d s   t h e   i d e n t i -  

ty   c o d e   l o c a t e d   a t   238  on  e a c h   p e t a l ,   p h o t o d e t e c t o r   1 1 0  

i s   u s e d   f o r   f l a s h   t i m i n g ,   and  p h o t o d e t e c t o r   122  c o o p e r a t e s  
w i t h   hub  c l e a r a n c e   h o l e   270  to   g i v e   a  s i g n a l   f o r   e a c h   r e -  

v o l u t i o n   of  t h e   c o m p o s i t e   d i s c .  

D.  D i s c   C h a n g i n g  

R e f e r r i n g   a g a i n   to   F i g .   19,   t h e   d i s c   s w i n g - a r m   can   m o v e  

to   e i t h e r   one   of   two  p o s i t i o n s   shown  a t   228  ( o p e r a t i n g  

p o s i t i o n )   and  228 '   ( r e l e a s e   p o s i t i o n ) .   Each   s w i n g - a r m   2 2 8  

i s   p r o v i d e d   w i t h   a  p r o j e c t i o n   274  w i t h   a  s e m i - c y c l i n d r i c a l -  

l y - s h a p e d   end  as  shown  in  F i g s .   19  and  1 9 ( b ) .   The  p r o j e c -  

t i o n   274  i s   e n g a g e d   by  m a t c h i n g   l e v e r   275  p i v o t e d   a t   2 7 6  

and  o p e r a t e d   by  a  r o t a r y   s o l e n o i d   277  w h i c h   i s   m o u n t e d   a t  

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

p o s i t i o n s   of  arm  e x t e n s i o n   274  and  l e v e r   275  a r e   shown  i n  

b r o k e n   l i n e s   in   F i g .   19,   and  t h e   o p e r a t i n g   p o s i t i o n   i s  

shown  in   s o l i d   l i n e s .   In  t h e   r e l e a s e d   p o s i t i o n ,   l e v e r   2 2 8  

i s   u r g e d   a g a i n s t   t h e   edge   of  a  r e t a i n i n g   p l a t e   229 ,   w h i c h   i s  

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

a c t i o n   of  a  c o i l   s p r i n g   2 7 9 .  

When  e a c h   of  t h e   s w i n g - a r m s   i s   in   t h e   r e l e a s e d   p o s i t i o n ,  

t h e   m a g a z i n e   c a r r i a g e   can   move  f r e e l y   a l o n g   a  r a i l   2 4 0  

a t t a c h e d   to   t h e   b a s e   245  by  s u p p o r t s   241  u n d e r   t h e   m o t i v e  

p o w e r   of  a  m a g a z i n e   m o t o r   246  p r o v i d e d   w i t h   an  e n c o d e r   2 5 0 .  

The  m o t o r   246  d r i v e s   a  p i n i o n   244  e n g a g i n g   a  r a c k   2 4 3  

a t t a c h e d   to   an  e x t e n s i o n   242  of  t h e   b a s e   of  t h e   m a g a z i n e  

c a r r i a g e .   The  e x t e n s i o n   242  i s   s u p p o r t e d   by  f i x e d   b e a r i n g  

247  m o u n t e d   on  t h e   b a s e   2 4 5 .  

The  m o t o r   246  i s   r e s i l i e n t l y   s u p p o r t e d   by  l e v e r s   2 4 8 .  

P i n i o n   244  i s   u r g e d   i n t o   e n g a g e m e n t   w i t h   r a c k   243  by  s p r i n g s  

( n o t   shown)   w h i c h   t e n d   to   u r g e   t h e   m o t o r   a s s e m b l y   d o w n -  

w a r d l y ,   as  shown  by  a r r o w   249 ,   w i t h   a  p r e s s u r e   w h i c h   i s  

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



ly  c y l i n d r i c a l   end  of  arm  e x t e n s i o n   274  and  t h e   m a t c h i n g  

r e c e s s   of  l e v e r   275  to   a v o i d   any  i n t e r f e r e n c e   d u r i n g  

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

a  new  s w i n g - a r m   a s s e m b l y .  

I t   s h o u l d   be  a p p a r e n t   t h a t   t h e   m a g a z i n e   d r i v e   s y s t e m   j u s t  

d e s c r i b e d   i s   an  a l t e r n a t i v e   to   t h e   o n e  s h o w n   in   F i g .   1 8 ,  

and  i s   q u i t e   s i m i l a r   to   t h e   one  shown  in  F i g .   1 .  

The  c h a r a c t e r   row  s e l e c t i o n   in   t h i s   e m b o d i m e n t   i s   n o t  

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

c a r r i a g e ,   as  i t   was  m e n t i o n e d   in  r e l a t i o n   to   F i g .   18,  a n d  

as  i t   i s   d e s c r i b e d   in  c o - p e n d i n g   a p p l i c a t i o n   S e r .   No.  8 9 9 , 0 0 1 .  

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

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

in  o r d e r   to   b r i n g   t h e   d i s c   to   t h e   p r o p e r   p o s i t i o n   218  o n  

t h e   o p t i c a l   a x i s ,   as  shown  in  F i g .   18,  and  t h e n   e n e r g i z i n g  

t h e   r o t a r y   s o l e n o i d   277  ( F i g .   19)  to   r o t a t e   t h e   l e v e r   2 7 5  

by  an  a n g l e   278  ( F i g .   19)  s u f f i c i e n t   to   b r i n g   t h e   s e l e c t e d  

c o m p o s i t e   d i s c   f rom  t h e   i n o p e r a t i v e   ( b r o k e n - l i n e )   t o  

t h e   o p e r a t i v e   ( s o l i d - l i n e )   p o s i t i o n .  

The  u p p e r   end  of  s w i n g - a r m   228  has   a  n o t c h   253  to   b e  

e n g a g e d ,   when  i t   i s   in   o p e r a t i n g   p o s i t i o n ,   by  a  l o c k i n g  

p i n   252  a t t a c h e d   to   t h e   arm  254  as  shown  in  F i g s .   19  a n d  

1 9 ( a ) .   T h i s   l o c k s   t h e   s w i n g - a r m   228  in   i t s   o p e r a t i n g   p o -  
s i t i o n .  

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

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

men t   in   c o m p o s i n g   t e x t s   r e q u i r i n g   f r e q u e n t   c h a n g e s   o f  

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

c h a r a c t e r s   s u c h   as  t h e   l a n g u a g e s   of  t h e   E a s t   and  F a r   E a s t .  

The  c h a r a c t e r s   of  d i f f e r e n t   rows  in   t h e   p e t a l s   u t i l i z e d   i n  

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

d i a l l y   a l i g n e d ,   f o r   e x a m p l e   as  d e s c r i b e d   in  U .S .   P a t e n t s  



3 , 5 9 0 , 7 0 5   and  3 , 6 2 0 , 1 4 0 .  

The  row  s e l e c t i o n   m e c h a n i s m   i s   shown  in  F i g s .   2 4 ( a ) .  

In  t h i s   f i g u r e ,   i d l e   c o m p o s i t e   d i s c s   a r e   shown  a t   2 1 8 - 1 ,  

2 1 8 - 3   and  2 1 8 - 4 ,   w h i l e   an  a c t i v e   d i s c   i s   shown  a t   2 1 8 - 2 .  

The  c h a r a c t e r - i l l u m i n a t i o n   a s s e m b l y   202  i n c l u d e s   a  f l a s h  

u n i t   207  c o o p e r a t i n g   w i t h   a  c o n d e n s i n g   s y s t e m   205  t o  

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

l e a s t   one  r a d i a l   row  of  c h a r a c t e r s .   I f   t h e   p e t a l   c o n t a i n s  

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

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

e a c h   c i r c u l a r   r o w .  

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

i s   d e f l e c t e d   by  m i r r o r s   194  and  195  in   t h e   same  m a n n e r   a s  

d e s c r i b e d   in   U .S .   P a t e n t   3 , 6 2 0 , 1 4 0 ,   and  i s   p r o j e c t e d   b y  
l e n s   286  o n t o   a  d i a p h r a g m   290  f o r m i n g   a  p a r t   of  t h e   u n i t  

204 .   At  t h e   d i a p h r a g m   290  a  r e a l   i m a g e   of  t h e   s e l e c t e d  

c h a r a c t e r   i s   made  a t   t h e   a p e r t u r e   289  ( s e e   F i g .   24-C)  o f  

t h e   d i a p h r a g m   290 .   The  a p e r t u r e 2 8 9   i s   j u s t   l a r g e   e n o u g h  

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

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

row.   T h a t   i s ,   t h e   o t h e r   c h a r a c t e r s a r e   b l o c k e d   by  t h e  

d i a p r a g m .  

To  s e l e c t   any  c h a r a c t e r   of  a  s i x - c h a r a c t e r   row,   t h e   c a r r i a -  

ge  196  i s   moved  to   a  p r e - s e l e c t e d   one  of  t h e   s i x   p o s i t i o n s  

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

m i r r o r   i s   shown  in  s o l i d   l i n e s   and  t h e   e x t r e m e   r i g h t   p o -  
s i t i o n   in   b r o k e n   l i n e s .   The  c a r r i a g e   i s   p r o v i d e d   w i t h   a n -  

g u l a r   m e m b e r s   197  and  199  on  w h i c h   t h e   m i r r o r s   a r e   s e c u r e d ,  

a  t a p p e d   s e c t i o n   e n g a g e d   by  d r i v e   s c r e w   198 ,   a  b e a r i n g   2 8 4  

( F i g .   24B)  and  a  v e r t i c a l   p l a t e   196  w h i c h   i s   h e l d   b e t w e e n  

g u i d e   b e a r i n g s   2 8 0 - 2 8 1   a t t a c h e d   to   t h e   f r a m e   285  of  t h e  

m a c h i n e .   C i r c u l a r   row  s e l e c t i o n   i s   o b t a i n e d   by  o p e r a t i o n  



of  t h e   m o t o r   200  p r o v i d e d   w i t h   and  c o n t r o l l e d   by  e n c o d e r  

2 8 2 .  

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

any  c i r c u l a r   row  can   be  s e l e c t e d .   A  h i g h   s e l e c t i o n   s p e e d  

can   be  a c h i e v e d   b e c a u s e   of  t h e   l i g h t   mass   and  low  i n e r t i a  

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

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

when  m o v i n g   f rom  one  row  to   a n o t h e r .   For   e x a m p l e ,   in   o n e  

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

rows   a r e   2 .5   m i l l i m e t e r   a p a r t .   H o w e v e r ,   i t   r e q u i r e s   a  
m o t i o n   of  o n l y   1 .25   m i l l i m e t e r   by  t h e   c a r r i a g e   to   m o v e  

f rom  one  row  to  an  a d j a c e n t   r o w .  

An  a e r i a l   i m a g e   of  t h e   s e l e c t e d   c h a r a c t e r   may  be  made  a t ,  

or  c l o s e   t o ,   a  f i e l d   l e n s   291  b e f o r e   r e a c h i n g   t h e   z o o m  

l e n s   12,  f o r   w e l l - k n o w n   p u r p o s e s .  

E.  A l t e r n a t i v e   E m b o d i m e n t s  

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

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

ed  s c h e m a t i c a l l y   in   F i g .   25.  In  t h i s   e m b o d i m e n t   t h e   s w i n g -  

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

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

a l l   of  t h e   f u n c t i o n s   of  t h e   s t r u c t u r e   shown  in  F i g .   6 .  

Each   d i s c   arm  98  i s   p r o v i d e d   w i t h   an  e x t e n s i o n   295  s i m i l a r  

to   t h e   e x t e n s i o n   274  of  F i g .   19.  A  l e v e r   301  a t t a c h e d   t o  

s h a f t   293  of  a  r o t a r y   s o l e n o i d   292  d i f f e r s   f rom  l e v e r   2 7 5  

of  F i g .   19  in   t h a t   i t   i s   u t i l i z e d   e x c l u s i v e l y   to   move  t h e  

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

in  t h e   m a g a z i n e ,   shown  in  d o t t e d   l i n e s   a t   2 1 8 - 3 ,   t o  

e n g a g e   an  a r c u a t e   r a c k   298  w i t h   a  row  s e l e c t i o n   p i n i o n   2 9 9  

s i m i l a r   to   p i n i o n   106  of  F i g .   7  and  u s e d   f o r   t h e   same  f u n c -  

t i o n s .   O t h e r   c o m p o n e n t s   of  t h e   a s s e m b l y   of  F i g .   25  a r e  

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

t h e   c o m p o n e n t s   shown  in  F i g s .   3  t h r o u g h   1 2 .  



In  o r d e r   to   move  a  c o m p o s i t e   d i s c   f rom  t h e   a c t i v e   t o   t h e  

i n a c t i v e   p o s i t i o n ,   p i n i o n   299  i s   r o t a t e d   c l o c k w i s e   u n t i l  

i t   d i s e n g a g e s   f rom  r a c k   298 ,   a t   w h i c h   p o i n t   t h e   a s s e m b l y  

r o t a t e s   c o u n t e r c l o c k w i s e   a r o u n d   t h e   s h a f t   2 9 7 ,   e i t h e r   b y  

g r a v i t y   or  p u l l   f r om  a  s p r i n g   s i m i l a r   t o   s p r i n g   279  o f  

F i g .   19  u n t i l   arm  98  r e s t s   on  a  s t o p   ( n o t   s h o w n ) .  

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

i n g   p i n i o n   308  so  t h a t   t h e   d i s c   m a g a z i n e   i s   f r e e   to   m o v e  

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

p o s i t i o n .   At  t h i s   p o i n t ,   t h e   r o t a r y   s o l e n o i d   292  i s   e n e r -  

g i z e d   and   t h e   d i s c   arm  9 9  i s   moved  c l o c k w i s e   by  t h e   a c t i o n  

of  l e v e r   301  a g a i n s t   l e v e r   end  295 .   T h i s   c a u s e s   t h e   n e w  

d i s c   a s s e m b l y   r a c k   298  to   e n g a g e   t h e   p i n i o n   2 9 9 ,   a t   w h i c h  

p o i n t   t h e   s o l e n o i d   292  i s   r e l e a s e d   and  t h e   m o t o r   w h i c h  

d r i v e s   p i n i o n   299  t a k e s   o v e r   t h e   m o v e m e n t   of   t h e   d i s c  

a r m .  

The  r o t a t i o n   of  t h e   p e t a l s   a s s e m b l y   or   d i s c   73  i s   o b t a i n e d  

by  e n e r g i z i n g   a  m o t o r   whose   s h a f t   304  d r i v e s   a  t o o t h e d  

p i n i o n   305  e n g a g i n g   a  t o o t h e d   b e l t   306  to   d r i v e   t h e   g e a r  
308  t h r o u g h   a n o t h e r   p i n i o n   303 .   T h e s e   p i n i o n s   and  t h e  

d r i v e n   g e a r   a r e   m o u n t e d   on  a  r o c k i n g   l e v e r   302  p i v o t e d   o n  

s h a f t   304  of  t h e   d r i v e   m o t o r .   The  l e v e r   302  i s   p u l l e d  

down  c o u n t e r c l o c k w i s e   by  a  s p r i n g   ( n o t   shown)  t o   f u l l y  

e n g a g e   a  g e a r   300 ,   m o u n t e d   on  t h e   p e t a l s   h u b ,   w h i c h   i s  

s i m i l a r   t o   t h e   g e a r   266  of  F i g .   2 2 .  

When  t h e   s w i n g - a r m   i s   moved  f o r   row  s e l e c t i o n   f rom  one  e x -  

t r e m e   p o s i t i o n   to   t h e   o t h e r ,   t h e   c o m p o s i t e   d i s c   moves   f r o m  

p o s i t i o n   218-1   to   p o s i t i o n   2 1 8 - 2   and  t h e   hub  g e a r   300  f r o m  

p o s i t i o n   300-1   to   p o s i t i o n   3 0 0 - 2 .  

As  i t   can   be  s e e n   in   F i g .   25 ,   t h e   d i s p l a c e m e n t   of  t h e   g e a r  
300  a r o u n d   p i v o t   p o i n t   297  c a u s e s   a  s l i g h t   r o c k i n g   of  a r m  

302  t h r o u g h   an  a n g l e   309.   I t   i s   c l e a r   t h a t   a t   a l l   t i m e s  



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

d r i v i n g   g e a r   308  and  d r i v e n   g e a r   300  r e m a i n   in   f u l l   e n g a g e -  
m e n t .   When  t h e   d i s c   a s s e m b l y   i s   r e t u r n e d   to   t h e   d i s c   m a g a -  

z i n e ,   t h e   c o u n t e r c l o c k w i s e   m o t i o n   of  l e v e r   302  i s   s t o p p e d  

by  a  p i n   shown  a t   287 .   In  o r d e r   to   f a c i l i t a t e   t h e   e n g a g e -  
ment   of  d r i v e n   g e a r   300  w i t h   d r i v i n g   g e a r   308  when  a  n e w  

a s s e m b l y   i s   b r o u g h t   i n t o   p o s i t i o n ,   t h e   g e a r   308  i s   c o n -  

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

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

jammed  a g a i n s t   t h e   f i r s t   t o o t h   of  t h e   new  a r c u a t e   r a c k  

2 9 8 .  

F i g .   41  g r a p h i c a l l y   r e p r e s e n t s   t h e   s e q u e n c e   f o l l o w e d   f o r  

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

Each   b l o c k   r e p r e s e n t s   one  or   s e v e r a l   f u n c t i o n s .   The  d r a w -  

i n g   i s   s e l f - e x p l a n a t o r y   and  w i l l   n o t   be  d e s c r i b e d   in  d e -  

t a i l .  

V I I .   HIGH  SPEED  EMBODIMENT 

The  o p t i c a l   s y s t e m   of  F i g .   26  d i f f e r s   f rom  t h e   b a s i c   o p -  
t i c a l   s y s t e m   of  t h e   m a c h i n e   by  t h e   a d d i t i o n   of  c o m p o n e n t s  

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

c o m p o s i t i o n   s p e e d   of  t h e   m a c h i n e .   T h i s   i s   done   by  e l i m i n a t -  

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

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

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

A.  M e c h a n i s m  

R e f e r r i n g   to   t h e   l o w e r   p o r t i o n   of  F i g .   26,   a  f l a s h   l a m p  
304  i s   m o u n t e d   in  a  h o u s i n g   296  p r o v i d e d   w i t h   a  c o n d e n s e r .  

A  d i s c   a s s e m b l y   i s   shown  a t   312  and  a  p e t a l   a t   74.  S t r a y  

l i g h t   i s   e l i m i n a t e d   by  s h i e l d s   310  and  313  on  e a c h   s i d e  

of  t h e   p e t a l .   A  l e n s   316  f o r m s   an  a e r i a l   i m a g e   of  t h e   f l a s h -  

ed  c h a r a c t e r   in  t h e   i m a g i n a r y   p l a n e   3 1 5 .  



The  l e n s   316  i s   m o u n t e d   on  a  s m a l l   s l i d i n g   h o l d e r ,   a l s o  

shown  in  F i g .   26A,  c o m p r i s e d   of  a  f l a t   body   319  p r o v i d e d  
w i t h   g u i d i n g   p i n s   320 ,   321  and  322  w h i c h   can   s l i d e   f r e e l y ,  
b u t   w h i t h o u t   p l a y ,   w i t h i n   a  s u p p o r t i n g   f r a m e   323 .   The  l e n s  

h o l d e r   s l i d i n g   m o t i o n   i s   c o n t r o l l e d   by  a  s m a l l   s c r e w   3 2 4  

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

m o t o r   325  p r o v i d e d   w i t h   a  d e c o d e r   326  and  s u p p o r t e d   b y  

b r a c k e t   314  a t t a c h e d   t o   t h e   b a s e   of   t h e   m a c h i n e .  

In  o r d e r   to   f u r t h e r   r e d u c e   s t r a y   l i g h t   a n d / o r   t o   r e d u c e  

t h e   r e q u i r e m e n t   f o r   an  a c c u r a t e   w indow  a t   t h e   end  of  t h e  

s h i e l d   313 ,   a  b r a c k e t   3 1 8  m a y   be  s e c u r e d   to   t h e   l e n s  

h o l d e r .   The  b r a c k e t   318  i s   p r o v i d e d   w i t h   a  h o l e   311  t o  

b l o c k   any  u n w a n t e d   i m a g e   or  l i g h t .   The  l e n s   316 ,   t h r o u g h  

t h e   m e c h a n i s m   d e s c r i b e d ,   can  move  s l i g h t l y   to  the  l e f t   or  to  t h e  

r i g h t   f rom  p o s i t i o n   316  to   p o s i t i o n   316-1   or  p o s i t i o n  

3 1 6 - 2   ( F i g .   2 6 A ) .   When  t h e   l e n s   i s   a t   t h e   c e n t e r   of  i t s  

t r a v e l ,   t h e   i m a g e   of  t h e   f l a s h e d   c h a r a c t e r   i s   made  a t  

317 .   When  t h e   l e n s   i s   moved  to   t h e   l e f t ,   t h e   image   i s  

moved  to   p o i n t   317-1   and  when  t h e   l e n s   i s   moved  to   t h e  

r i g h t ,   i t   i s   moved  to   3 1 7 - 2 .   Of  c o u r s e ,   t h e   l e n s   can   b e  

moved  t o   any  i n t e r m e d i a t e   p o s i t i o n .   R e g a r d l e s s   of  i t s  

p o s i t i o n ,   t h e   i n t e r m e d i a t e   i m a g e   i s   p i c k e d   up  by  t h e  

c o l l i m a t i n g   zoom  l e n s   12  as  d e s c r i b e d   in   r e l a t i o n   t o   F i g . 1 .  

B.  C h a r a c t e r   S p a c i n g   M e t h o d  

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

i m a g e   p r o j e c t e d   o n t o   t h e   p h o t o s e n s i t i v e   med ium  by  a  v a l u e  

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

men t   r a t i o .   I t   i s   w e l l   known  in   t h e   p r i n t i n g   a r t   t h a t   c h a r a c -  

t e r   w i d t h s   a r e   v a r i a b l e   and  u s u a l l y   a r e   " u n i t i z e d " ;   t h a t   i s ,  

t h e   w i d t h   of  e a c h   c h a r a c t e r   i s   r e p r e s e n t e d   by  an  i n t e g r a l  
n u m b e r   of  u n i t s ,   g e n e r a l l y   o n e - e i g h t e e n t h   or  one  t h i r t y -  

s i x t h   of  an  "Em".  T h e s e   u n i t s   a r e   c a l l e d   " r e l a t i v e "   u n i t s  

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

t e r s   of  t h e   same  p o i n t   s i z e .   To  o b t a i n   t h e   w i d t h   of  t h e  



image   t h e   r e l a t i v e   w i d t h   of  e a c h   c h a r a c t e r   i s   m u l t i p l i e d  

by  a  f a c t o r   p r o p o r t i o n a l   to   t h e   e n l a r g e m e n t   r a t i o ,   as  i t  

i s   e x p l a i n e d   in  U .S .   P a t e n t   No.  2 , 8 7 6 , 6 8 7 .   The  r e s u l t i n g  

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

p r o j e c t e d   c h a r a c t e r   i m a g e .  

In  t h e   p r i o r   a r t   t h e   s p a c i n g   c a r r i a g e ,   s u c h   as  t h e  

c a r r i a g e   shown  a t   18  in   F i g .   1,  was  g e n e r a l l y   s t e p p e d   b e -  

f o r e   (or  f o l l o w i n g )   t h e   p r o j e c t i o n   of  e a c h   c h a r a c t e r   b y  

a  d i s t a n c e   e q u a l   (or   p r o p o r t i o n a l )   to   t h e   w i d t h s   of  t h e  

c h a r a c t e r s ,   f o r   e x a m p l e ,   by  t h e   u se   of  a  v a r i a b l e   e s -  

c a p e m e n t   s u c h   as  t h a t   d e s c r i b e d   in   U .S .   P a t e n t   No.  3 , 2 2 0 , 5 3 1 .  

T h e s e   s y s t e m s   a r e   r e f e r r e d   to   as  " s t a r t - s t o p "   c h a r a c t e r  

s p a c i n g   m e c h a n i s m s . A n   i m p r o v e d   v e r s i o n   i s   d e s c r i b e d   i n  

U .S .   P a t e n t   3 , 4 2 2 , 7 3 6   w h e r e   t h e   s t a r t - s t o p   m o t i o n   i s  

u t i l i z e d   o n l y   once   f o r   a  p l u r a l i t y   of  c h a r a c t e r s ,   a n d  

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

p r o v e d   s y s t e m ,   as  w e l l   as  t h e   a r r a n g e m e n t s   of  U .S .   P a t e n t  

3 , 4 5 0 , 0 1 6   and  U.S .   P a t e n t   3 , 7 2 1 , 1 6 5 ,   w h i c h   t e n d   to   a v o i d  

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

m e a n s ,   n e c e s s i t a t e   t h e   use   of  a  m a t r i x   drum  r a t h e r   t h a n  

a  d i s c .  

I t   ha s   b e e n   f o u n d   by  a p p l i c a n t   t h a t   in   p r a c t i c e   i t   i s  

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

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

t h e i r   b a s e   l i n e   p e r p e n d i c u l a r   to   t h e   drum  a x i s ,   an  a r r a n -  

g e m e n t   w h i c h   i s   n e c e s s a r y   in  o r d e r   to   s p a c e   c h a r a c t e r s   b y  
f l a s h   c o n t r o l   as  i t   was  o r i g i n a l l y   d i s c l o s e d   in  U .S .   P a t e n t  

No.  3 , 4 2 2 , 7 3 6 .  

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

j u s t   d e s c r i b e d   i s   to   make  i t   p o s s i b l e   to   move  t h e   s p a c i n g  

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

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

t e x t   m a t t e r .   For   s u c h   t e x t   m a t t e r   i t   i s   w e l l   known  t h a t  



t h e   a v e r a g e   c h a r a c t e r   w i d t h   v a r i e s   l i t t l e   f rom  one  l i n e   t o  

t h e   n e x t .   In  t h e   s a m p l e   w h i c h   w i l l   be  d e s c r i b e d   b e l o w ,   i t  

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

on  t h e   e i g h t e e n   u n i t s   of  an  "Em"  s y s t e m .   In  s u c h   a  s y s t e m ,  

t h e   " i "   may  be  f i v e - u n i t s   w i d e ,   t h e   " e " ,   w h i c h   i s   t h e   m o s t  

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

( c o n s i d e r e d   a s  t h e   a v e r a g e   w i d t h )   and  t h e   "m"  f i f t e e n  

u n i t s   w i d e .  

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

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

t i m i n g   of  e a c h   c h a r a c t e r ' s  p r o j e c t i o n   m u s t   be  d e t e r m i n e d  

by  t h e   i n s t a n t a n e o u s   l o c a t i o n   of  i t s   " n o t c h "   in   t h e   l i n e ,  

as  e x p l a i n e d   in   U .S .   P a t e n t   No.  3 , 1 1 7 , 5 0 2 ,   w h i c h   d e s c r i b e s  

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

a t   a  common  p o i n t ,   and  in   U .S .   P a t e n t   No.  3 , 6 4 3 , 5 5 9   i n  

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

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

u s e   of  a  m a t r i x   d i s c   or  p e t a l   as  in  t h e   p r e s e n t   i n v e n t i o n ,  

t h e   o r i e n t a t i o n   of  c h a r a c t e r s   s h o w n ,   ( e . g . ,   in  F i g s . 4   a n d  

7)  i s   s u c h   t h a t   any  f l a s h   d e l a y   w o u l d   c a u s e   t h e   d i s p l a c e -  

men t   of  t h e   b a s e   l i n e .   T h i s   i s   h i g h l y   u n d e s i r a b l e .  

The  f o r e g o i n g   p r o b l e m   has   b e e n   s o l v e d ,   a c c o r d i n g   to   o n e  

c h a r a c t e r i s t i c   of  t h e   i n v e n t i o n ,   by  " b o r r o w i n g "   t h e   e x t r a  

w i d t h   of  t h e   w i d e r - t h a n - a v e r a g e   c h a r a c t e r   and  " g i v i n g "   i t  

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

by  t h e   m o t i o n   of  t h e   c o m p e n s a t i n g   l e n s   316 ,   w h i c h   w i l l   b e  

moved  in   one  d i r e c t i o n   f o r   p o s i t i o n i n g   t h e   i m a g e   a h e a d   o f  

t h e   p o i n t   w h e r e   i t   w o u l d   f a l l ,   i f   no  c o m p e n s a t i o n   w e r e  

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

to   move  t h e   i m a g e   i m p a c t   p o i n t   " d o w n s t r e a m "   f o r   w ide   c h a r a c -  

t e r s .  

The  o p e r a t i o n   of  t h e   s y s t e m   can   be  b e t t e r   u n d e r s t o o d   w i t h  

r e f e r e n c e   to   t h e   t a b l e s   of  F i g s .   42  and  43.  In  F i g .   42  

c o l u m n s   428  r e p r e s e n t   a  l i n e   f r o m   an  E n g l i s h   t e x t ,   a n d  



c o l u m n s   429  r e p r e s e n t   a  l i n e   f rom  a  F r e n c h   t e x t .  

In  e a c h   g r o u p   of  c o l u m n s   4 2 8  a n d   429 ,   t h e   f i r s t   s u b - c o l u m n ,  

s u c h   as  c o l u m n   424 ,   r e p r e s e n t s   t h e   c h a r a c t e r   i d e n t i t y ,   t h e  

n e x t   c o l u m n   425  i t s   r e l a t i v e   w i d t h ,   t h e   n e x t   c o l u m n   4 2 6  

t h e   d e p a r t u r e   f rom  t h e   a v e r a g e   w i d t h   in   u n i t s   ( i t   ha s   b e e n  

a s s u m e d   t h a t   t h e   a v e r a d e   w i d t h   i s   e i g h t - u n i t s ) ,   and  t h e  

l a s t   c o l u m n   427  t h e   a c c u m u l a t e d   d e v i a t i o n   f rom  t h a t   a v e r a g e  

w i d t h .   S i m i l a r   s u b - c o l u m n s   r e p r e s e n t   s i m i l a r   v a l u e s   in   t h e  

c o l u m n s   g r o u p s   429  a s s o c i a t e d   w i t h   t h e   F r e n c h   t e x t .  

I t   can   be  o b s e r v e d   t h a t   t h e   a c c u m u l a t e d   d e v i a t i o n   i s ,   i n  

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

v a l u e   of  s i x t e e n   u n i t s   in  t h e   F r e n c h   t e x t   and  a  m a x i m u m  

p o s i t i v e   v a l u e   of  t h i r t e e n   u n i t s   in  t h e   E n g l i s h   t e x t .   I f  

we  now  c o n s i d e r   t h a t   t h e   c o m p e n s a t i n g   l e n s   m e c h a n i s m   c a n  

move  t h e   i n t e r m e d i a t e   i m a g e   by  e i g h t e e n   u n i t s   in   t h e   p l u s  

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

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

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

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

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

ly  c o n s t r u c t e d   so  as  to   h a v e   v e r y   low  i n e r t i a ,   t h e   l e n s  

can   be  moved  w i t h i n   s i x   or   s e v e n   m i l l i s e c o n d s ,   w h i c h   i s  

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

of  more  t h a n   one  h u n d r e d   c h a r a c t e r s   p e r   s e c o n d ,   by  p r o p e r  
s e l e c t i o n   of  t h e   r o t a t i o n a l   s p e e d   of  t h e   c o m p o s i t e   d i s c .  

I t   may  be  p o i n t e d   o u t   h e r e   t h a t   b e c a u s e   t h e r e   a r e   f o u r  

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

u t i l i z e d   f o r   a  " s t r a i g h t "   t e x t ,   t h e   d i s c   w i l l   r o t a t e   a  

min imum  of  t h r e e - q u a r t e r s   of  a  r e v o l u t i o n   b e t w e e n   t h e  

p r o j e c t i o n   of  a d j a c e n t   c h a r a c t e r s .   The  f a c t   t h a t   c h a r a c -  

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

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

f a c t o r   ( in   a d d i t i o n   to   t h e   a c c u m u l a t e d   d e v i a t i o n   f a c t o r )  



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

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

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

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

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

ge  " c a t c h   up"  and  move  f a r   e n o u g h   a l o n g   i t s   r a i l   to   p r o -  

p e r l y   p r o j e c t - t h e   n e x t   c h a r a c t e r .  

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

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

t e x t   c o m p r i s i n g   s u c c e s s i v e   g r o u p s   of  w ide   and  n o r r o w  

c h a r a c t e r s   i s   shown  in  F i g .  4 3 .   In  t h e   f i r s t   g r o u p   o f  

c o l u m n s   436 ,   t h e   c h a r a c t e r   i d e n t i t y   i s   shown  in  s u b - c o l u m n  

430 ,   f o l l o w e d   in   s u b s e q u e n t   s u b - c o l u m n s   4 3 1 ,  4 3 2   and  4 3 3  

by  t h e   r e l a t i v e   w i d t h   of  e a c h   c h a r a c t e r ,   t h e   p o s i t i v e   o r  

n e g a t i v e   d e p a r t u r e   f rom  an  a v e r a g e   of  e i g h t   u n i t s   and  t h e  

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

The  f i r s t   c h a r a c t e r   "W"  has   a  w i d t h   of  e i g h t e e n   u n i t s ,  

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

in  t h i s   e x a m p l e   t h a t   t h e   s p a c i n g   c a r r i a g e   moves   e i g h t   u n i t s  

f o r   e a c h   r o t a t i o n   of  t h e   d i s c .   T h u s ,   we  can  s k i p   one  t u r n  

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

shown  in  s u b - c o l u m n   433.   The  h o r i z o n t a l   b a r s   a d j a c e n t   t o  

s u b - c o l u m n   433  r e p r e s e n t   s k i p p e d   t u r n s .   I t   can   be  o b s e r v e d  

t h a t   f o l l o w i n g   t h e   p r o j e c t i o n   of   c h a r a c t e r   "D"  in   t h e   f i r s t  

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

be  i n c r e a s e d   to   s i x t e e n   f o r   t h e   f o l l o w i n g   l e t t e r   "E" .   A c -  

co rd ing   to   t h e   p r o c e d u r e   e x p l a i n e d   a b o v e ,   two  f u l l   t u r n s  

w i l l   be  s k i p p e d   f o l l o w i n g   t h e   p r o j e c t i o n   of   "E" .   T h i s  

r e d u c e s   t h e   a c c u m u l a t e d   d i f f e r e n c e   to   z e r o .   Two  more   t u r n s  

w i l l   a g a i n   be  s k i p p e d   b e t w e e n   t h e   p r o j e c t i o n   of  "N"  and  "D" 

in  " A N D " .  

In  t h e   n e x t   g r o u p   of  c o l u m n s   437  t h e r e   i s   a  s u c c e s s i o n   o f  

n a r r o w   c h a r a c t e r s   s u c h   as  " 1 " ,   " i "   and  " t " .   The  a c c u m u l a t e d  



v a r i a t i o n   f rom  an  e i g h t - u n i t   a v e r a g e   v a l u e   i s   shown  in  s u b -  

c o l u m n   433.   I t   can  be  s e e n   t h a t   i f   t h a t   a v e r a g e   v a l u e   w e r e  

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

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

" s i l l "   b e c a u s e   i t   has   b e e n   a s s u m e d   t h a t   e i g h t e e n   u n i t s   i s  

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

be  " g a i n e d "   b e f o r e   t h e   comma  i s   f l a s h e d .  

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

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

s t o r e d   in   a  r e g i s t e r   a t   t h e   same  t i m e   as  t h e   a v e r a g e   w i d t h  

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

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

a v e r a g e   ( f i r s t   g r o u p   of  c o l u m n s )   b e c a u s e   i t   i s   e a s y   t o  

c o m p e n s a t e   by  s k i p p i n g   t u r n s ,   b u t   an  u n u s u a l   s e q u e n c e   o f  

n a r r o w e r   t h a n   a v e r a g e   c h a r a c t e r s   m u s t   be  d e t e c t e d   in   o r d e r  

to   c h a n g e   t h e   " s t a n d a r d "   a v e r a g e   w i d t h   f r o m ,   s a y ,   e i g h t  

u n i t s   to   s i x   u n i t s .  

In  t h e   p r e s e n t   e x a m p l e ,   f o l l o w i n g   t h e   f i r s t   word  (and   i t s  

i n t e r   word   s p a c e )   of  c o l u m n s   437 ,   t h e   a c c u m u l a t e d   d e f i c i t  

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

comma  a f t e r   " s i l l " .   At  t h i s   p o i n t ,   t h e   a v e r a g e   r e f e r e n c e  

w i d t h   i s   c h a n g e d   f rom  e i g h t   to   s i x   u n i t s ,   and  t h e   n e w  

" d e p a r t u r e   f r o m   a v e r a g e "   i s   c o m p u t e d   as  shown  in  c o l u m n  

434 ,   w i t h   t h e   new  a c c u m u l a t e d   v a r i a t i o n   in   c o l u m n   4 3 5 .  

C o n s e q u e n t l y ,   f o l l o w i n g   t h e   p r o j e c t i o n   of  t h e   l a s t  

c h a r a c t e r   of  " p o s i t i v e "   s i z e   ( t h e   s p a c e   f o l l o w i n g   t h e   f i r s t  

word)   t h e   c a r r i a g e   s p e e d   i s   r e d u c e d   f rom  e i g h t   to   s i x   u n i t s  

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

t e r s   in  t h e   t e m p o r a r y   s t o r a g e   show  a  p o s i t i v e   v a l u e   h i g h e r  
t h a n   e i g h t e e n   u n i t s .   T h i s   p o i n t   i s   r e a c h e d ,   in  t h e   e x a m p l e  

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

t h i r d   c h a r a c t e r   of  t h e   f i r s t   word  of  c o l u m n s   438.   The  c i r -  

c u i t   t h e n   c a u s e s   t h e   c a r r i a g e   s p e e d   to   be  r e t u r n e d   to   e i g h t  

u n i t s   p e r   t u r n .   T h i s   c h a n g e   p r e f e r a b l y   i s   made  a t   t h e   p r e -  



v i o u s   word  s p a c e   as  i n d i c a t e d   by  t h e   a r r o w   4 3 9 .  

The  p u r p o s e   of  t h e   t e m p o r a r y   s t o r a g e   of  a  g r o u p   of  c h a r a c -  

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

a t   w h i c h   t h e   s p e e d   c h a n g e   may  o c c u r   can   be  d e t e r m i n e d   b y  

g o i n g   b a c k   to   t h e   p o i n t   w h e r e   t h e   a v e r a g e   b e c o m e s   n e g a t i v e  

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

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

as  i t   w i l l   be  e x p l a i n e d   in  r e l a t i o n   to   F i g .   44.  For   e x a m p -  
l e ,   i n s t e a d   of  m o v i n g   f rom  t h e   low  to   t h e   h i g h   s p e e d   a t   a  

word   s p a c e   l o c a t e d   b e f o r e   t h e   f i r s t   word   of  c o l u m n s   4 3 8 ,  

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

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

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

432  and  433  of  e a c h   g r o u p   r e p r e s e n t   t h e   d e p a r t u r e   f rom  a n  

e i g h t - u n i t   a v e r a g e ,   and  c o l u m n s   434  and  435  t h e   d e p a r t u r e  

f r o m   a  s i x - u n i t   a v e r a g e .  

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

of  t h e   word   " f o r g e t t i n g "   of  F i g s .   42  and  45  i s   shown  i n  

F i g .   46.   In  F i g .   45  t h e   d i s t a n c e   474  i s   t h e   d i s t a n c e   s e -  

p a r a t i n g   t h e   l e f t - h a n d   m a r g i n   472  f rom  t h e   f i r s t   d o t t e d  

l i n e ,   and  c o n s e c u t i v e ,   e q u a l l y - s p a c e d   d o t t e d   l i n e s ,   a n d  

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

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

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

i s   p r o j e c t e d   f rom  t h e   same  r a d i a l   p o s i t i o n   of   t h e   p e t a l  

in   u s e .   The  a c c u m u l a t e d   " d e p a r t u r e   f rom  a v e r a g e "   of  F i g .  

42,   c o l u m n   427 ,   i s   g r a p h i c a l l y   r e p r e s e n t e d   b y  
n u m b e r s   "-  2 ;  -   1 ;  -   2,  e t c . "   in  F i g .   4 5 .  

The  g r a p h   in  F i g .   46  r e p r e s e n t s   t h e   c o m p e n s a t i n g   l e n s  

e x c u r s i o n   f rom  t h e   z e r o   l i n e   d u r i n g   t h e   c o m p o s i t i o n   o f  

t h e   word   " f o r g e t t i n g " .   The  n u m b e r   of  u n i t s   moved  by  t h e  

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

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



In  t h e   same  m a n n e r ,   t h e   c o m p o s i t i o n   of  t h e   word   "WIDE"  o f  

F i g .   43  i s   r e p r e s e n t e d   in  F i g s .   47  and  48.  I t   can   be  s e e n  

t h a t   t h r e e   t u r n s   a r e   s k i p p e d   b e t w e e n   t h e   f i r s t   c h a r a c t e r  

"W"  and  t h e   s p a c e   f o l l o w i n g   "E" .   T h e s e   s k i p p e d   t u r n s   a r e  

r e p r e s e n t e d   by  s h a d e d   a r e a s   in  F i g   4 8 .  

I t   can   be  o b s e r v e d   t h a t   t h e   l e t t e r   "E"  i s   p r o j e c t e d   d u r i n g  

t h e   f o u r t h   m a t r i x   t u r n   f o l l o w i n g   t h e   p r o j e c t i o n   of  " W " ,  

b u t ,   due  to   a  n i n e - u n i t   c o m p e n s a t i o n ,   t h e   "E"  i s   p r o j e c t e d  

one  u n i t   b e y o n d   t h e   p o i n t   w h e r e   i t   w o u l d   be  i f   one  t u r n  

had   b e e n   s k i p p e d .   In  o t h e r   w o r d s ,   t h e   e i g h t - u n i t   c o m p e n -  
s a t i o n   by  t u r n - s k i p p i n g   c o u l d   as  w e l l   h a v e   o c c u r r e d   b e f o r e  

t h e   p r o j e c t i o n   of  "E" .   T h i s   a l t e r n a t i v e   mode  may  be  p r e -  
f e r a b l e   in   c e r t a i n   c a s e s ,   b u t   we  h a v e   a s s u m e d   in   t h e   a b o v e  

e x a m p l e   t h a t   maximum  u s a g e   i s   made  of  t h e   c a p a b i l i t y   o f  

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

t h e   c a r r i a g e   s p e e d .  

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

w o r d s   a p p e a r i n g   in   c o l u m n s   437  and  438  of  F i g .   43  i s  

i l l u s t r a t e d   g r a p h i c a l l y   in  F i g .   49.  In  t h i s   f i g u r e ,   t h e  

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

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

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

s p a c e   f o l l o w i n g   t h e   word   " a s " ,   w h i c h   o c c u r s   a t   t i m e   T  
a f t e r   t h e   c a r r i a g e   has   moved  287  u n i t s  ( t h e   u n i t s   b e i n g  

r e p r e s e n t e d   on  t h e   Y  a x i s ) .   The  c a r r i a g e   now  moves   a t   a  

r e d u c e d   s p e e d   u n t i l   t i m e   T2,  a t   w h i c h   t i m e   t h e   c a r r i a g e  

i s   l o c a t e d   456  r e l a t i v e   u n i t s   f rom  "W".  At  t h i s   p o i n t   t h e -  

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

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

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

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

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

s t o p ,   f o r   e x a m p l e ,   a t   t h e   end  of  a  l i n e   or   to   l e t   s p e c i a l  



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

C .  C h a r a c t e r   S p a c i n g   C o n t r o l   C i r c u i t  

A  s i m p l i f i e d   s p a c i n g   c o n t r o l   c i r c u i t   in   b l o c k   d i a g r a m   f o r m  

i s   shown  in  F i g .   44.  In  t h i s   F i g u r e   t h e   c o n t r o l   c i r c u i t s  

a r e   r e p r e s e n t e d   a t   450 .   C h a r a c t e r   w i d t h   i n f o r m a t i o n   i s   s e n t  

t h r o u g h   a  g a t e   451  to   a  r e g i s t e r   452  and  to   a  c o m p a r i s o n  

c i r c u i t   454  w h e r e   t h e   w i d t h   of  e a c h   s u c c e s s i v e   c h a r a c t e r  

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

T h i s   w i d t h   i s   s t o r e d   in   a  s t o r a g e   u n i t   453 .   The  d e v i a t i o n  

( c o l u m n s   426  of  F i g .   42)  i s , r e c o g n i z e d   by  a  d i f f e r e n t i a l  

d e t e c t i o n   c i r c u i t   455 ,   and  t h a t   d e v i a t i o n   i s   a d d e d   to   t h e  

t o t a l   d e v i a t i o n   s t o r e d   in   u n i t   456 ,   w h i c h   r e p r e s e n t s ,   a t  

a l l   t i m e s ,   t h e   a c c u m u l a t e d   d e v i a t i o n   v a l u e   of  c o l u m n s   4 2 7  

of  F i g .   4 2 .  

The  a c c u m u l a t e d   d e v i a t i o n   in   u n i t   456  i s   c o m p a r e d   by  a  

c o m p a r a t o r   u n i t   457  to   t h e   maximum  p e r m i s s i b l e   d e v i a t i o n  

(18  u n i t s   in   t h e   p r e v i o u s   e x a m p l e )   s t o r e d   in   a  s t o r a g e  

u n i t   458 .   I f   t h e   a c c u m u l a t e d   d e v i a t i o n   i s   h i g h e r   t h a n   p e r -  

m i s s i b l e ,   t h e   " s k i p "   c i r c u i t s   of  u n i t   466  a r e   a c t i v a t e d  

and  t h e   w i d t h   v a l u e   c o r r e s p o n d i n g   to   one  t u r n   or   more   i s  

s e n t   to   an  a d d - s u b t r a c t   u n i t   459 .   I f   t h e   c o m p a r i s i o n   c i r -  

c u i t   457  i n d i c a t e s   a  v a l u e   w i t h i n   or  a b o v e   t h e   a c c e p t a b -  

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

o v e r   a  l e a d   468  to   t h e   c a r r i a g e   s p e e d   c o n t r o l   c i r c u i t  

467 .   I f ,   on  t h e   o t h e r   h a n d ,   t h e   c o m p a r i s o n   c i r c u i t   i n d i -  

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

t h e   " l ow"   s p e e d   s i g n a l   r e a c h e s   u n i t   467  o v e r   a  l e a d   4 6 9 .  

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

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

to   be  f l a s h e d   on  t h e   p e t a l .   R e f e r r i n g   b a c k   t o   c o l u m n   81 

of  F i g .   5A,  i f   we  a s s u m e   t h a t   t h e   p e t a l   moves   c l o c k w i s e ,  

as  i n d i c a t e d   by  t h e   a r r o w   in  F i g .   5A,  t h e   f i r s t   c h a r a c t e r  

of  t h e   p e t a l   to   r e a c h   t h e   o p t i c a l   a x i s   w i l l   be  ",  "  f o l l o w -  

ed  by  " g " ,   t h e n   " b " ,   e t c . ,   and  t h e   l a s t   c h a r a c t e r s   w i l l  



be  " a " ,   t h e n   " t "   and  f i n a l l y   " 1 " .  

I f   we  a s s u m e ,   f o r   s i m p l i f i c a t i o n ' s   s a k e ,   t h a t   t h e   d i s c   a s -  

s e m b l y   r o t a t e s   a t   s u c h   a  s p e e d   t h a t   0 .2   m i l l i s e c o n d  

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

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

of  58  r e v o l u t i o n s   p e r   s e c o n d ) ,   t h e   a d d i t i o n a l   c o r r e c t i o n   t o  

be  i n t r o d u c e d   by  a  s u p p l e m e n t a l   c o r r e c t i o n   u n i t   465  w i l l  

be  d e t e r m i n e d   by  t h e   d i s t a n c e   of  t h e   c h a r a c t e r   to   b e  

f l a s h e d   f rom  l i n e   0-0  in   F i g .   5A  ( a l s o   c a l l e d   r a n k   v a l u e )  

and  t h e   s p e e d   of  t h e   d i s c .   I f ,   as  i t   ha s   b e e n   a s s u m e d   e a r -  

l i e r ,   one  t u r n   of  t h e   d i s c   c o r r e s p o n d s   to   a  c a r r i a g e   d i s -  

p l a c e m e n t   of  e i g h t   u n i t s ,   t h e   p a s s a g e   of  t h e   p e t a l   w i l l  

c o r r e s p o n d   to   two  u n i t s   and  t h e   c a r r i a g e   w i l l   move  2 

d i v i d e d   by  22,   or  a p p r o x i m a t e l y   .09  u n i t   b e t w e e n   t h e  

p a s s a g e   of  c o n s e c u t i v e   c h a r a c t e r s .   T h u s ,   t h e   c o r r e c t i o n  

in  t h e   p r e s e n t   e x a m p l e   w i l l   b e ,   f o r   e a c h   c h a r a c t e r   e q u a l  
to   i t s   r a n k   v a l u e   t i m e s   .09  u n i t s .  

R e f e r r i n g   a g a i n   to   F i g .   44,   t h e   t o t a l   s p a c i n g   c o r r e c t i o n  

i s   s t o r e d   in   a  s t o r a g e   u n i t   460 .   T h a t   v a l u e   i s   t r a n s f e r r e d  

to   t h e   l e n s   c o m p e n s a t i n g   m e c h a n i s m   461  a n d ,   f o l l o w i n g   a n  

a p p r o p r i a t e   t i m e   d e l a y   c r e a t e d   by  a  t i m e   d e l a y   u n i t   4 6 2 ,  

and  a s s u m i n g   t h a t   g a t e   463  i s   o p e n ,   a  s i g n a l   i s   s e n t   t o  

t h e   f l a s h   c i r c u i t s   464  w h i c h   w i l l   c a u s e   t h e   f l a s h   lamp  3 0 4  

( F i g .   26)  to   f l a s h   when  t h e   c h a r a c t e r   i d e n t i f i e d   by  c o n n e c -  
t i o n   470  f rom  t h e   c o n t r o l   u n i t s   r e a c h e s   t h e   o p t i c a l   a x i s ,  

s u b s t a n t i a l l y   as  d e s c r i b e d   in  U .S .   P a t e n t   2 , 7 7 5 , 1 7 2 .  

D.  S p e e d - M o d u l a t e d   E m b o d i m e n t  

F i g s .   50A  and  51A  show  a  m o d i f i e d   c a r r i a g e   s p e e d   c o n t r o l  

c i r c u i t   f o r   u se   w i t h   a  m o d i f i e d   o p t i c a l   s y s t e m .   The  m o d i -  

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

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

s y s t e m   j u s t   d e s c r i b e d ,   b u t   i t   has   t h e   a d v a n t a g e   of  g r e a t e r  

s i m p l i c i t y .  



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

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

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

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

c e p t a b l e   r e s u l t s   can   be  a c h i e v e d   b e c a u s e   on  t h e   a v e r a g e ,  

as  d e s c r i b e d   in  t h e   p r e v i o u s   e m b o d i m e n t s ,   s u c c e s s i v e  

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

i s   c l e a r   t h a t   s l o w i n g   down  t h e   c a r r i a g e   to   s p a c e   a  s i x -  

u n i t   c h a r a c t e r   f o l l o w i n g   a  n i n e - u n i t   c h a r a c t e r   and  t h e n  

s p e e d i n g   up  t h e   c a r r i a g e   to   a c c o m m o d a t e   an  e l e v e n - u n i t  

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

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

ing   t h e   p r o j e c t i o n   of  e a c h   and  e v e r y   c h a r a c t e r .  

The  c i r c u i t   of  F i g .   50A  i n c l u d e s   a  d a t a   s t o r a g e   u n i t   o r  

memory  f o r   s t o r i n g   c h a r a c t e r   c o d e s .   T h i s   memory  478  c a n  

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

The  memory  478  s t o r e s   and  t r a n s f e r s   s u c c e s s i v e   c h a r a c t e r  

r a n k s   (as  d e f i n e d   a b o v e   in  r e l a t i o n   to   F i g .   5A)  to   s t o r a g e  

u n i t s   479  and  480  f o r   t h e   p u r p o s e   of  c o m p a r i n g   t h e   t i m e  

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

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

t h e   s u b t r a c t i o n   u n i t   481 .   The  t i m e   s e p a r a t i o n   can   b e  

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

and  may  be  p o s i t i v e   or  n e g a t i v e .   For   e x a m p l e ,   l e s s   t i m e  

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

"a"  t h a n   b e t w e e n   t h e   c o n s e c u t i v e   p r o j e c t i o n s   of  "e"  a n d  

The  c h a r a c t e r   s e q u e n c e   d i f f e r e n t i a l   of  u n i t   481  i s   a d d e d  

in  an  a d d e r   482  to   t h e   t i m e   n e c e s s a r y   f o r   t h e   m a t r i x  

to  r o t a t e   one  t u r n .   A  s i g n a l   r e p r e s e n t a t i v e   of  t h a t   t i m e  

i s   d e l i v e r e d   f rom  a  s t o r a g e   u n i t   483 ,   whose   c o n t e n t s   c a n  

be  u p d a t e d   as  n e e d e d .  

The  o u t p u t   of  t h e   a d d e r   482  i s   d e l i v e r e d   to   a  s t o r a g e  

u n i t   484  w h i c h   r e p r e s e n t s   t h e   t o t a l   t i m e   a v a i l a b l e   f o r  



s p a c i n g   p u r p o s e s .   The  o u t p u t   of  u n i t   484  i s   t r a n s f e r r e d  

to  t h e   s p e e d   t a b l e   s t o r a g e   u n i t   495 ,   w h i c h   a l s o   r e c e i v e s  

r e a l   c h a r a c t e r   w i d t h   i n f o r m a t i o n   as  f o l l o w s :   t h e   r e l a t i v e  

w i d t h s   of  c h a r a c t e r s   i s   t r a n s f e r r e d   f rom  memory  478  t o  

r e l a t i v e   w i d t h   s t o r a g e   u n i t   487  and  t h e   r e l a t i v e   w i d t h  

f rom  u n i t   487  i s   m u l t i p l i e d   in  a  m u l t i p l i e r   489  by  a  

v a l u e   p r o p o r t i o n a l   to   t h e   p o i n t - s i z e   or   s e t   (as  e x p l a i n e d  

in  U.S .   P a t e n t   No.  2 , 8 7 6 , 6 8 7 )   to   p r o d u c e   t h e   r e a l   s p a c i n g  

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

i s   s t o r e d   in   u n i t   493  w h i c h   i s   c o n t r o l l e d   by  t h e   o p t i c a l  

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

f u r t h e r   in   a  u n i t   494  by  a n ' a n a m o r p h i c   c o r r e c t i o n   f a c t o r ,  

as  i t   w i l l   be  e x p l a i n e d   l a t e r .  

The  s p a c i n g   v a l u e   s t o r e d   in   u n i t   490  can   be  r e p r e s e n t e d  

by  a  n u m b e r   of  " e s c a p e m e n t   u n i t s "   (or   f r a c t i o n s   of  i n c h e s  

or  m i l l i m e t e r s ) .   T h a t   v a l u e   i s   t r a n s f e r r e d   ( a f t e r   b e i n g  

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

s w i t c h   491  to   t h e   u n i t   495 .   From  t h e   u n i t   495  i s   s e l e c t e d  

t h e   a p p r o p r i a t e   s p e e d   c u r v e   f o r   t h e   c a r r i a g e   to  move  t h e  

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

and  e x a c t l y   in  t h e   a l l o c a t e d   t i m e .   The  s i g n a l s   f rom  u n i t  

495  a r e   t r a n s m i t t e d   t h r o u g h   a  g a t e   486  to   a  c a r r i a g e  

m o t i o n   c o n t r o l   c i r c u i t   w h i c h   a c c e l e r a t e s   or  d e c e l e r a t e s  

t h e   c a r r i a g e   as  n e e d e d .  

In  t h e   c a s e   w h e r e   t h e   r e l a t i v e   w i d t h   of  t h e   c h a r a c t e r  

i s   l a r g e r   t h a n   t h e   p e r m i s s i b l e   maximum  w i d t h ,   t h e   r e l a t i v e  

c h a r a c t e r   w i d t h   i s   n o t   s e n t   d i r e c t l y   f rom  u n i t   490  to   u n i t  

495 .   I n s t e a d ,   a f t e r   t h e   s i t u a t i o n   i s   d e t e c t e d   by  t h e   u n i t  

495  as  an  i m p o s s i b l e   c a s e ,   u n i t   495  s e n d s   a  s i g n a l   to   e n a b -  

le   g a t e   486  a n d ,   t h u s   d i v e r t   t h e   v a l u e   f rom  u n i t   490  to   a  

d i v i d i n g   c i r c u i t   492  t h r o u g h   t h e   s w i t c h i n g   491  so  t h a t   t h e  

u n a c c e p t a b l e   v a l u e   w i l l   be  d i v i d e d   by  two .   T h u s ,   f o r   l a r -  

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

be  s e n t   in  two  s u c c e s s i v e   s t e p s   a t   t h e   same  t i m e   as  a  

m a t r i x   t u r n   i s   s k i p p e d   in  a  m a n n e r   s i m i l a r   to   t h e   one  d e -  



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

t h e   i d l e   or  " s k i p "   t u r n .  

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

d e s c r i b e d   a b o v e   i s   i l l u s t r a t e d   in   F i g .   51A,  in  w h i c h   t h e  

d i s t a n c e   moved  by  t h e   c a r r i a g e   i s   r e p r e s e n t e d   by  t h e   Y 

c o o r d i n a t e ,   and  t h e   t i m e   e l a p s e d   a l o n g   t h e   X  c o o r d i n a t e .  

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

c a r r i a g e   s p e e d .   I t   can   be  s e e n   t h a t   t h e   s p e e d   v a r i e s   w i t h -  

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

word   " B o b s t g r a p h i c " .   I t   can   a l s o   be  s e e n   t h a t   a  t u r n   o f  

t h e   m a t r i x   has   b e e n   s k i p p e d  b e t w e e n   t h e   f l a s h   of  "B"  a n d  

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

"B"  i s   1 5 - u n i t s   w i d e   and  i t   has   b e e n   a s s u m e d   t h a t   t h e  

maximum  w i d t h   v a l u e   w h i c h   can   be  a c c o m m o d a t e d   w i t h i n   a  

m a c h i n e   c y c l e   i s   1 2 - u n i t s .   The  n u m b e r s   shown  a l o n g   t h e   X 

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

t h e i r   r e l a t i v e   w i d t h s .   The  v e r t i c a l   s p a c i n g   of  t h e   l e t t e r s  

shown  a d j a c e n t   t o  t h e   Y  a x i s   i s   p r o p o r t i o n a l   to   t h o s e   r e -  

l a t i v e   w i d t h s .  

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

in  F i g .   50A  is   r e p r e s e n t e d   in  F i g s .   50B  and  5 1 B .  

In  t h e   e x a m p l e   shown  in  F i g s .   50B  and  51B,  i t   i s   a s s u m e d  

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

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

s p e e d   f o r   a  g i v e n   p o i n t   s i z e .   T h a t   s p e e d   can   be  i n c r e a s e d  

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

a r e a ,   or   d e c r e a s e d   f o r   s m a l l e r   s i z e s .   The  s e l e c t e d   " f l a s h  

s p e e d "   i s   r e p r e s e n t e d   by  t h e   s l o p e   of  l i n e   471  in  F i g .  

51B,  w h i c h   r e p r e s e n t s   t h e   t i m i n g   f o r   t h e   c o m p o s i t i o n   o f  

t h e   word   " m i n t " .   In  t h e   e x a m p l e   i l l u s t r a t e d ,   t h e   d i s t a n -  

ce  449  b e t w e e n   s o l i d   v e r t i c a l   l i n e s   r e p r e s e n t s   a  f u l l   t u r n  

of  t h e   m a t r i x ,   and  t h e   d i s t a n c e   448  r e p r e s e n t s   8  r e l a t i v e  

w i d t h   u n i t s   so  t h a t   t h e   " s p e e d   l i n e "   471  c o r r e s p o n d s   to   a  



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

t h e   m a t r i x .   Each   q u a r t e r   r e v o l u t i o n   i s   r e p r e s e n t e d   b y  

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

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

p l o t t e d   on  t h e   Y  a x i s ,   and  t h e   l o c a t i o n   of   t h e   c h a r a c t e r  

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

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

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

t h e   s p e e d   c o n t r o l s .  

The  h e a v y   s e c t i o n s   of  t h e  c u r v e   " m i n t "   of  F i g .   51B  r e -  

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

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

p a r a l l e l   to   l i n e   471  r e p r e s e n t i n g   t h a t   s p e e d .  

The  b l o c k   d i a g r a m   of  F i g .   50B  r e p r e s e n t s   t h e   o p e r a t i o n   o f  

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

j u s t   d e s c r i b e d .   The  s e l e c t e d   c h a r a c t e r   d i s t a n c e   f rom  t h e  

o p t i c a l   a x i s   ( i t s   f l a s h   p o i n t )   i s   r e p r e s e n t e d   by  b l o c k  

440 .   T h a t   d i s t a n c e ,   a t   t h e   t i m e   t h e   p r e c e d i n g   c h a r a c t e r  

i s   f l a s h e d ,   i s   e q u a l   to   t h e   r a n k   v a l u e   of  t h e   new  c h a r a c -  

t e r ,   as  p r e v i o u s l y   d e f i n e d ,   p l u s   t h e   " i d l e "   t h r e e - q u a r t e r  

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

c h a r a c t e r .   The  v a l u e   s t o r e d   in   u n i t   440  i s   c o n t i n u o u s l y  

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

by  t h e   p e t a l s   as  e x p l a i n e d   b e f o r e .   In  t h e   same  m a n n e r ,  
b l o c k   441  c o n t a i n s   a  c o n t i n u o u s   r e p r e s e n t a t i o n   of   t h e  

s p a c i n g   c a r r i a g e   l o c a t i o n   e i t h e r   f rom  i t s   home  p o s i t i o n  

or  f rom  t h e   p o i n t   a t   w h i c h   t h e   p r e v i o u s   c h a r a c t e r   w a s  

f l a s h e d .   The  v a l u e   s t o r e d   in   u n i t   441  i s   c o n t i n u o u s l y  

u p d a t e d ,   f o r   e x a m p l e   by  t h e   p h o t o d e t e c t o r   19  and  g r i d   11 

shown  in  F i g .   1 .  

C o m p a r i s o n   c i r c u i t   442  c o n t i n u o u s l y   c o m p a r e s   t h e   a b o v e  

v a l u e s   to   t h e   c o n s t a n t   v a l u e   ( f o r   a  g i v e n   s i z e )   in  u n i t  

445  ( m o d i f i e d   by  a  p o i n t   s i z e   f a c t o r   f rom  u n i t   446)  r e -  



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

a t   t h e   t i m e   t h e   c h a r a c t e r   i s   p r o j e c t e d .   U n i t   443  r e c e i v e s  

t h e   " s p e e d   up"  or  " s l o w   down"  i n s t r u c t i o n s   f rom  u n i t   4 4 2 .  

In  o r d e r   to   a v o i d   b r u t a l   s p e e d   c h a n g e s ,   t h e   u n i t   443  a l s o  

i s   c o n n e c t e d   to   t h e   c a r r i a g e   s p e e d   f u n c t i o n s   u n i t   447  w h i c h  

i s   s i m i l a r   to   u n i t   495  of  F i g .   50A.  The  u n i t   447  " k n o w s "  

t h e   t o t a l   a v a i l a b l e   t i m e   a n d ,   b a s e d   on  t h i s   k n o w l e d g e ,  

i t   c a u s e s   u n i t   443  to   g e n e r a t e   a p p r o p r i a t e   " a c c e l e r a t e "  

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

m o t i o n   m e c h a n i s m   4 4 4 .  

V I I I .   AUXILIARY MATRIX  EMBODIMENTS 

The  e m b o d i m e n t   shown  in  F i g .   28  i n c l u d e s   two  m a t r i x   a s s e m b -  

l i e s   328  and  3 2 8 ' ,   e a c h   of  w h i c h   i s   i d e n t i c a l   to   t h e   m a t r i x  

a s s e m b l y   of  F i g .   26,   and  a  t h i r d   " p i - c h a r a c t e r s "   a s s e m b l y  

3 3 3 .  

The  c o m p o s i t e   p e t a l s   d i s c   73  of  a s s e m b l y   328  i s   a s s o c i a t e d  

w i t h   a  p e t a l s   m a g a z i n e   as  shown  in  F i g s .   1  t h r o u g h   16,  o r  

w i t h   a  c o m p o s i t e   d i s c s   m a g a z i n e   as  shown  in  F i g s .   18 

t h r o u g h   25.  The  c o m p o s i t e   p e t a l s   d i s c   a s s e m b l y   328 '   i s   n o t  

a s s o c i a t e d   w i t h   a  m a g a z i n e .   The  d i s c   73'   of  a s s e m b l y   3 2 8 ' ,  

r e f e r r e d   to   as  t h e   " b a s i c   f o n t s   d i s c "   i s   p r o v i d e d   w i t h  

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

u s e d   t y p e f a c e s   f o r   c u r r e n t ' c o m p o s i t i o n   w o r k .   The  u se   of   t h e  

two  d i s c s   a s s e m b l i e s   328  and  328 '   may  v e r y   s u b s t a n t i a l l y  

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

c a t e   c o m p o s i n g   j o b s   r e q u i r i n g   a  w i d e   v a r i e t y   of  t y p e f a c e s .  

The  " p i - d i s c "   shown  a t   334  i s   s i m i l a r   to   t h e   p i - d i s c   d e -  

s c r i b e d   in   c o - p e n d i n g   a p p l i c a t i o n   S e r .   No.  8 9 9 , 0 0 1 ,   F i g s .  

61  to   63,  and  i s   p a r t   of   t h e   same  a s s e m b l y .   The  d i s c l o s u r e  

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

f e r e n c e .  



A c c o r d i n g   to   a  c h a r a c t e r i s t i c   of  t h e   i n v e n t i o n ,   t h e   d i s c  

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

has   t h e   a d v a n t a g e ,   o v e r   known  s y s t e m s ,   t h a t   i s   a v o i d s   l i g h t  

l o s s e s   (as  i n c u r r e d   f o r   e x a m p l e   in  beam  s p l i t t i n g   d e v i c e s ) ,  

and  has   g r e a t   s i m p l i c i t y   of  d e s i g n ,   a l i g n m e n t   and  o p e r a t i o n .  

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

w h i c h   can  r o t a t e   t h e   r e f l e c t o r   and  move  i t   up  and  d o w n ,  

as  i t   now  w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g .   2 9 .  

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

332  ( F i g .   29)  m o u n t e d   on  t h e   b a s e   of  t h e   m a c h i n e .   A  p r i s m  

330  i s   c e m e n t e d   to   a  d i s c - s h a p e d   p l a t f o r m   339  i n t e g r a l  

w i t h   a  s h a f t   338  and  of  s u c h   a  d i a m e t e r   as  to   f i t   s n u g l y  

i n t o   a  r e c e s s 3 4 0   in  t h e   h o u s i n g   332.   The  s h a f t   338  i s   p r o -  

v i d e d   w i t h   a  t h r e a d e d   p o r t i o n   341  t h a t   e n g a g e s   a  m a t c h i n g  

t a p p e d   s h o u l d e r   343  i n t e g r a l   w i t h   h o u s i n g   3 3 2 .  

The  a s s e m b l y   c o m p r i s e d   of  t h e   p r i s m   330 ,   i t s   p l a t f o r m   3 3 9 ,  

s h a f t   338  and  i t s   t h r e a d e d   s h o u l d e r   343 ,   can   be  r o t a t e d  

t h r o u g h   a  c o u p l i n g   342  by  a  m o t o r   344  p r o v i d e d   w i t h   a  

g u i d e   p i n   345  e n g a g i n g a   m a t c h i n g   v e r t i c a l   s l o t   346  in   h o l -  

d e r   332  in   o r d e r   to   l e t   t h e   m o t o r   move  up  and  down  b u t   p r e -  
v e n t   any  d e t r i m e n t a l   r o t a t i o n   of  t h e   m o t o r .   I t   i s   e v i d e n t  

t h a t ,   b e c a u s e   of  t h e   s m a l l   s i z e   and  l i g h t   w e i g h t   of  t h e  

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

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

344  can   be  v e r y   s m a l l .  

The  s y s t e m   of  F i g s .   28  and  29  o p e r a t e s   as  f o l l o w s :  

When  t h e   s e l e c t e d   c h a r a c t e r s   a r e   l o c a t e d   on  a  p e t a l   of  d i s c  

7 3 ' ,   t h e   p o s i t i o n   of  t h e   p r i s m   330  i s   as  shown  in  s o l i d  

l i n e s   in  F i g .   28,   w i t h   t h e   r e f l e c t i n g   p l a n e   shown  a t   3 3 1 .  

Wi th   t h e   r e f l e c t i n g   p l a n e   331  in  t h i s   p o s i t i o n ,   i m a g e s  

f rom  t h e   d i s c   73'   a r e   r e f l e c t e d   i n t o   t h e   zoom  l e n s   12  a n d  

a r e   p r o j e c t e d   o n t o   t h e   p h o t o s e n s i t i v e   m e d i u m .  



When  a  p i - c h a r a c t e r   i s   c a l l e d   f o r ,   t h e   p r i s m   330  i s   r o -  

t a t e d   by  m o t o r   344  c o u n t e r c l o c k w i s e   by  90°  to   a  p o s i t i o n  

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

3 3 1 ' .   L i g h t   r a y s   e m e r g i n g   f rom  t h e   p i - d i s c   334  a r e   f o c u s e d  

by  a  l e n s   337  o n t o   t h e   a x i s   of  r o t a t i o n   of  t h e   p r i s m  

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

of  t h e   l e n s e s   of  328  and  3 2 8 ' ) .   Lens   337 ,   w h i c h   can   b e  

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

le   c y l i n d e r   336  m o u n t e d   on  a  f i x e d   b r a c k e t   335 .   Wi th   t h e  

r e f l e c t i n g   p l a n e   of   p r i s m   330  a t   3 3 1 ' ,   i m a g e s   f rom  t h e  

l e n s   337  a r e   r e f l e c t e d   t o w a r d s   t h e   zoom  l e n s   12,   and  a r e  

p r o j e c t e d   o n t o   t h e   p h o t o s e n s i t i v e   m e d i u m .  

When  i t   i s   d e s i r e d   to   s h i f t   e i t h e r   f rom  u s i n g   t h e   a s s e m b l y  

328 '   or   t h e   p i   a s s e m b l y   to   a s s e m b l y   328 ,   t h e   m o t o r   3 4 4  

r o t a t e s   t h e   s c r e w   341  c o u n t e r c l o c k w i s e   to   " u n s c r e w "   s h a f t  

338  f r o m   t h r e a d e d   s h o u l d e r   343  and  t h u s   r e t r a c t   t h e   p r i s m  

i n t o   t h e   r e c e s s   340 ,   to   t h e   p o s i t i o n   shown  in  d o t t e d   l i n e s  

in  F i g .   29 .   The  p r i s m   now  i s   o u t   of  t h e   way,   and  t h e  

r a y s   e m e r g i n g   f rom  a  p e t a l   of   a s s e m b l y   328  can   f r e e l y   e n t e r  

t h e   zoom  l e n s   1 2 .  

The  s y s t e m   a l s o   can   o p e r a t e   by  u s i n g   a  f r o n t - s u r f a c e   m i r r o r  

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

r a y s   h a v e   to   p a s s   t h r o u g h   any  g l a s s   b e f o r e   e n t e r i n g   t h e  

zoom  l e n s .   Such  a  m i r r o r   can   be  a  g l a s s   h a l f - c y l i n d e r   w i t h  

a  f l a t   r e f l e c t i v e   f a c e .  

I t   i s   a p p a r e n t   t h a t   a  90°  r o t a t i o n   of  t h e   r e f l e c t o r   w h e n  

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

f r o m   t h e   pi   d i s c ,   or   t h o s e   e m e r g i n g   f rom  a  p e t a l   of  a s s e m b l y  

3 2 8 ' ,   r e s u l t s   in  a  s l i g h t   a x i a l   d i s p l a c e m e n t   of  s h a f t   3 3 8 .  

But  t h i s   d i s p l a c e m e n t   i s   of  no  i m p o r t a n c e   b e c a u s e   t h e   r e -  

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

to  a c c o m m o d a t e   t h e   i n t e r m e d i a t e   image   d e s p i t e   t h e   d i s -  

p l a c e m e n t .  



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

s c r i b e d ,   t h e   s t y l e   s e l e c t i o n   c o n t r o l   c i r c u i t   of  F i g .   40  

i s   c o m p l e t e d   by  t h e   a d d i t i o n   of  u n i t s   396  t h r o u g h   399 .   T h e  

f i r s t   u n i t   396 ,   in  r e s p o n s e   to   t h e   r e c e i p t   of  a  s t y l e - s h i f t  

command  on  i n p u t   l e a d   395 ,   c h e c k s   f o r   t h e   p r e s e n c e   of   t h e  

new  r e q u e s t e d   s t y l e   or  f o n t   in  t h e   " b a s i c   f o n t s "   d i s c  

7 3 ' .   I f   t h e   f a c e   i s   n o t   p r e s e n t   in  t h i s   m a n u a l l y - p r e p a r e d  

d i s c ,   t h e   command  i s   s h i f t e d   to   t h e   u n i t   400  to   s ee   i f  

t h a t   f a c e   i s   in  t h e   a u t o m a t i c a l l y   c o m p o s e d   d i s c   73  o f  

a s s e m b l y   328 ,   and  t h e   o p e r a t o r   p r o c e e d s   as  p r e v i o u s l y  

d e s c r i b e d .  

I f   t h e   r e q u e s t e d   f a c e   i s   in   t h e   " b a s i c   f o n t s "   d i s c   t h e  

f l a s h   c i r c u i t   i s   u p d a t e d   to   e n a b l e   t h e   f l a s h   when  t h e  

n e w l y   c a l l e d   p e t a l   i s   in  p o s i t i o n .   In  e i t h e r   c a s e ,   a s  

s h o w n ,   t h e   p o s i t i o n   of  t h e   r e f l e c t o r   330  of  F i g .   29  i s  

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

b l o c k   398,   and  f i n a l l y   t h e   f l a s h   lamp  c o r r e s p o n d i n g   t o  

t h e   s e l e c t e d   a s s e m b l y   i s   o p e r a t e d   by  u n i t   3 9 9 .  

The  s e l e c t i o n   of  any  c h a r a c t e r   l o c a t e d   w i t h i n   t h e   c o n f i n e s  

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

by  t h e   b l o c k   d i a g r a m   of  F i g .   37.  B l o c k   576  r e p r e s e n t s   t h e  

c h a r a c t e r   memory  c o n t a i n i n g ,   in  c o d e d   f o r m ,   a l l   t h e   c h a r a c -  

t e r s   a v a i l a b l e .   The  c h a r a c t e r   c o d e s   can   c o m p r i s e s   t h e   p e t a l  

i d e n t i t y   c o d e s ,   a s s e m b l e d   d i s c s   i d e n t i t y   c o d e s   ( i n   t h e  

s e c o n d   m e c h a n i s m   c h a r a c t e r   s t o r a g e   e m b o d i m e n t )   and  p i -  

c h a r a c t e r s   i d e n t i t y   c o d e s .  

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

577  d e t e r m i n e s   w h e t h e r   s a i d   c h a r a c t e r   i s   on  a  p e t a l   or   o n  

t h e   p i   d i s c   334 .   I f   i t   i s   on  a  p e t a l ,   t h e   command  i s   t r a n s -  

f e r r e d   on  t h e   l e a d   395  to   t h e   s e l e c t i o n   c i r c u i t   566  w h i c h  

i s   shown  in  d e t a i l   in  F i g .   40,   as  w e l l   as  in  F i g .   3 7 .  

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

s e l e c t e d   by  t h e   u n i t   566 ,   t h e   o u t p u t   s i g n a l   on  l e a d   578  i n  



F i g .   37  (and  40)  i s   t r a n s f e r r e d   to   a  c h a r a c t e r   i d e n t i t y  

u n i t   567  w h i c h   c o n t r o l s   t h e   row  s e l e c t i o n   c i r c u i t   of   u n i t  

568 ,   t h u s   c o n t r o l l i n g   t h e   row  s e l e c t i o n   m o t o r   569 .   T h e  

f l a s h   c i r c u i t   575  i s   o p e r a t e d ,   p r o v i d e d   g a t e   570  has   b e e n  

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

l e c t e d   c h a r a c t e r   l o c a t i o n   has   b e e n   d e t e c t e d   by  u n i t s   571  

and  5 7 2 .  

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

i s   on  t h e   p i - d i s c   i n s t e a d ,   u n i t   577  s e n d s   a  s i g n a l   t o   t h e  

p i   d i s c   c i r c u i t   of  u n i t   573  w h i c h   t r a n s f e r s   to   u n i t   5 7 4  

t h e   n e c e s s a r y   i n f o r m a t i o n  t o   move  t h e   pi   d i s c   to   t h e  

r i g h t   l o c a t i o n .   At  t h i s   t i m e ,   g a t e   570  o p e n s   and  t h e   p i  

c h a r a c t e r   i s   f l a s h e d .  

IX.  CHARACTER  SHAPE  MODIFICATION 

The  c h a r a c t e r   s h a p e   m o d i f i c a t i o n   s y s t e m   shown  in  F i g s .   34 

and  35  g i v e s   t h e   a d d e d   p o s s i b i l i t y   of  c h a n g i n g   t h e   a p p e a r -  

a n c e   of  c h a r a c t e r s   as  i t   i s   shown  g r a p h i c a l l y   in   F i g .   3 5 .  

In  F i g .   35,   t h e   same  word   c o m p o s e d   f rom  t h e   same  p e t a l  

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

The  c o m p o n e n t s   of  t h e   c h a r a c t e r   m o d i f i c a t i o n   u n i t   360  o f  

F i g .   34  a r e   s i m i l a r   to   t h e   c o m p o n e n t s   of  t h e   t y p e   m o d i f i c a -  

t i o n   s y s t e m   d e s c r i b e d   in   S e r .   No.  8 9 9 , 0 0 1 .   P e t a l   c h a r a c t e r s  

of  c o m p o s i t e   d i s c   73  a r e   i l l u m i n a t e d   by  d e v i c e   296  ( a l s o  

see   F i g .   26)  p r o v i d e d   w i t h   a  s h i e l d   362  whose   o u t p u t   o p e n -  

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

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

of  d i s p l a y   t y p e   of   l a r g e   s i z e .  

The  l i g h t   beams   e n e r g i n g   f rom  t h e   p e t a l   can   be  d i a p h r a g m e d  

by  t h e   w indow  m e c h a n i s m   of  F i g .   34A.  T h o s e   beams   p a s s  

t h r o u g h   a  s h i e l d   364 ,   t h r o u g h   c o l l i m a t i n g   l e n s   375 ,   d o u b l e  

dove   p r i s m   378 ,   a  p a i r   of  o p t i c a l   w e d g e s   388  and  389 ,   a n d  



and  f i n a l l y   t h r o u g h   an  i m a g i n g   l e n s   376  w h i c h   i s   l o c a t e d  

on  t h e   f o c a l   p l a n e   of  zoom  l e n s   1 2 .  

D o u b l e   dove   p r i s m   378  i s   m o u n t e d   in  a  s l e e v e   379  r o t a t a b -  

ly  m o u n t e d   in  a  c y l i n d e r   374  w h i c h   i s   a t t a c h e d   to   t h e  

f r a m e   of  t h e   m a c h i n e .   The  dove   p r i s m   s l e e v e   379  i s   p r o v i d -  

ed  w i t h   an  a r c u a t e   t o o t h e d   e x t e n s i o n   361  e n g a g e d   by  a  

g e a r   380  w h i c h   can   be  r o t a t e d   by  m o t o r   381  u n d e r   t h e   c o n -  

t r o l   of  a  d e c o d e r   3 8 1 ' .   By  t h i s   m e a n s ,   t h e   dove   p r i s m  

can  be  r o t a t e d   by  a  maximum  of  45°  in  o r d e r   to   m o v e  

c h a r a c t e r   i m a g e s   by  90°  a r o u n d   t h e   o p t i c a l   a x i s .   T h i s  

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

t e r   l i n e s   a p p e a r   p a r a l l e l   to   t h e   f i l m   edge   r a t h e r   t h a n  

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

m a t t e r .   C h a r a c t e r s   r o t a t e d   in   t h i s   m a n n e r   a r e   shown  i n  

t h e   l o w e r - m o s t   l i n e   of  F i g .   3 5 .  

The  " p o s t e r   command"  u n i t   63  ( s e e   a l s o   F i g .   2)  o p e r a t e s  

t h e   c o n t r o l   c i r c u i t   390  w h i c h   c a u s e s   t h e   dove   p r i s m   a s s e m b -  

ly  to   r o t a t e   by  4 5 ° .   At  t h e   same  t i m e ,   t h e   p o s t e r m o d e  

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

t h e   l e a d i n g   or  l i n e - s p a c i n g   c i r c u i t ,   and  v i c e   v e r s a .  

When  d o u b l e - s i z e   m a s t e r   c h a r a c t e r s   a r e   u t i l i z e d ,   t h e  

p o s t e r - m o d e   command  s i g n a l   i s   d e l i v e r e d   o v e r   a  l i n e   271  t o  

a  s o l e n o i d   367  ( F i g .   34A)  to   r o t a t e   t h e   d i a p r a g m   366  a r o u n d  

i t s   p i v o t   368  f rom  i t s   u p p e r   p o r t i o n ,   w h e r e   i t  i s   m a i n t a i n -  

ed  a i g a i n s t   a  s t o p   369  by  a  s p r i n g   ( n o t   s h o w n ) ,   to   i t s  

l o w e r   p o s i t i o n   a g a i n s t   s t o p   370.   T h i s   o p e r a t i o n   r e p l a c e s  

t h e   s m a l l   d i a p h r a g m   a p e r t u r e   373  ( f o r   n o r m a l   m a s t e r   c h a r a c -  

t e r s )   by  t h e   l a r g e   a p e r t u r e   3 7 2 .  

The  dove   p r i s m   a s s e m b l y   can   a l s o   be  u s e d   f o r   s p e c i a l   e f f e c t s  

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

t e r s .   The  p u r p o s e   of  w e d g e s   3 8 8 - 3 8 9   i s   to   e x p a n d   or  c o n -  

t r a c t   c h a r a c t e r s ,   in  t h e   m a n n e r   e x p l a i n e d   in  U .S .   p a t e n t  

a p p l i c a t i o n   S e r .   No.  8 9 9 , 0 0 1 .   In  t h e   p o s i t i o n  s h o w n ,   i f  



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

by  g e a r i n g   385  c o n t r o l l e d   by  m o t o r   386  and  i t s   d e c o d e r  

3 8 6 ' ,   t h e   c h a r a c t e r   image   p r o d u c e d   a t   t h e   o u t p u t   w i l l   b e  

e i t h e r   " s q u e e z e d "   ( n a r r o w e d   in   w i d t h )   or  " s t r e t c h e d "  

( w i d e n e d )   d e p e n d i n g   on  t h e   r o t a t i o n   d i r e c t i o n   of  t h e  

m o t o r   386.   The  h e i g h t   of  t h e   c h a r a c t e r   i m a g e   r e m a i n s  

u n c h a n g e d .  

The  w e d g e s   388 ,   389  a r e   a s s e m b l e d   on  a  r o t a t a b l e   r i n g  

member   382  w h i c h   can   r o t a t e   a r o u n d   t h e   o p t i c a l   a x i s   u n d e r  

t h e   c o n t r o l   d e c o d e r   3 8 4 ' ,   m o t o r   384 ,   p i n i o n   383  and  a n  

a r c u a t e   t o o t h e d   s e c t i o n   o f  m e m b e r   382 ,   as  shown .   T h e  

a s s e m b l y   can  be  r o t a t e d   up  to   9 0 ° ,   a t   w h i c h   t i m e   t h e  

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

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

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

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

dove   p r i s m ,   can   p r o d u c e   s l a n t e d   c h a r a c t e r s   as  shown  i n  

F i g .   35.  The  c h a r a c t e r   s l a n t   c o n t r o l   u n i t   392  i s   c o n n e c t e d  

to   r e c e i v e   t h e   t y p e   m o d i f i c a t i o n   commands   f rom  u n i t   59  o f  

F i g .   2 .  

The  u s e   of  t h e   t y p e   m o d i f i c a t i o n   u n i t   360  of  F i g .   34  f o r  

" f i t t i n g "   p u r p o s e s   w i l l   be  d e s c r i b e d   in  r e l a t i o n   to   F i g s .  

36  and  36A.  I t   i s   w e l l   known  in  t h e   p r i n t i n g   a r t   t h a t  

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

w i t h i n   a  c e r t a i n   s p a c e .   The  t y p e f a c e   and   s i z e   i s   u s u a l l y  

s p e c i f i e d ,   a l t h o u g h   t h e   l a t t e r   can   be  s u b j e c t e d   to   s m a l l  

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

s p a c i n g   or   l e a d i n g   can   a l s o   be  s l i g h t l y   m o d i f i e d   to   s h o r t e n  

or  l e n g t h e n   a  p a g e .   The  d e s i r e d   r e s u l t   can   be  a c h i e v e d   b y  

t h e   s e l e c t i v e   use   of  t h e   t y p e   m o d i f i c a t i o n   u n i t   360  b y  

s l i g h t l y   " s q u e e z i n g "   or  " s t r e t c h i n g "   c h a r a c t e r   i m a g e s  

w i t h o u t   c h a n g i n g   t h e   n o m i n a l   t y p e f a c e   or  s i z e .  



B l o c k s   808  and  809  of  F i g s .   36  and  36A  r e p r e s e n t   t h e  

a l l o c a t e d   s p a c e   f o r   one  c o l u m n   of  t e x t   m a t t e r .   The  n u m b e r  

of  l i n e s   to   be  f i t t e d   i n t o   e a c h   b l o c k   has   b e e n   p r e d e t e r -  

m i n e d   by  r e f e r e n c e   to   c o p y - f i t t i n g   t a b l e s   as  m e n t i o n e d  

a b o v e .   But  t h o s e   t a b l e s   can   g i v e   o n l y   an  a p p r o x i m a t e   r e -  

s u l t   so  t h a t ,   as  shown  in  F i g .   36,  a t   808 ,   t h e   a c t u a l  

k e y b o a r d e d   c o l u m n   ( i n  t h e   s p e c i f i e d   s t y l e   and  s i z e )   i s  

t o o   l o n g   by  an  e x c e s s i v e   a m o u n t   "E" .   On  t h e   o t h e r   h a n d ,  

t h e   e x a m p l e   shown  t h a t   t h e   t e x t   of  c o l u m n   809  i s   t o o  

s h o r t   by  t h e   d e f i c i t   "D".   T h e s e   d i f f e r e n c e s ,   E  and  D,  a r e  

g e n e r a l l y   s m a l l ,   f o r   e x a m p l e ,   of  t h e   o r d e r   of  6  %.  The  t y p e  

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

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

e x p l a i n e d   now  w i t h   r e f e r e n c e   to   F i g .   3 6 B .  

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

a  n u m b e r   of  " l e a d i n g "   or   l i n e   s p a c i n g   i n c r e m e n t s ,   i s  

s t o r e d   in   u n i t   810 .   The  a c t u a l   h e i g h t   a f t e r   k e y b o a r d i n g  

and  s t o r i n g   t h e   c o l u m n   in  memory  i s   s t o r e d   in  a  u n i t   8 1 1 .  

The  d e s i r e d   and  a c t u a l   v a l u e s   a r e   c o m p a r e d   in   a  c o m p a r a t o r  

812 .   I f   t h e r e   a r e   t o o   many  l i n e s   t h e   e x c e s s   "E"  i s   t r a n s -  

f e r r e d   i n t o   box  813  and  t h e   d i f f e r e n c e   i s   c o m p a r e d   to   t h e  

d e s i r e d   h e i g h t   of  t h e   c o l u m n   in  u n i t   815  to   p r o d u c e   a  

p e r c e n t a g e   c o r r e c t i o n   v a l u e   a p p e a r i n g   on  l i n e   8 0 7 .  

I t   i s   a s s u m e d ,   in  t h e   p r e s e n t   e x a m p l e , - t h a t   t h e   t e x t   of  t h e  

c o l u m n   has   b e e n   c o m p o s e d   w i t h   no  e x t r a   s p a c e   b e t w e e n   l i n e s  

so  t h a t   t h e   e x c e s s   E  c a n n o t   be  a b s o r b e d   by  r e d u c i n g   t h e  

v a l u e   of  l i n e   s p a c i n g ,   and  t h a t   t h e   n o m i n a l   p o i n t   s i z e  

s h o u l d   n o t   be  a l t e r e d   a n d ,   in   a d d i t i o n ,   t h a t   t h e   s t y l e   b e -  

i n g   u s e d   c o u l d   n o t   a c c o m m o d a t e   any  s q u e e z i n g   by  r e d u c i n g  

t h e   i n t e r c h a r a c t e r   s p a c i n g .   In  t h i s   p a r t i c u l a r   c a s e ,   t h e  

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

s q u e e z e   e a c h   c h a r a c t e r   image   by  t h e   p e r c e n t a g e   a p p e a r i n g  

on  l i n e   807 ,   w i t h o u t   a f f e c t i n g   t h e   c h a r a c t e r   h e i g h t .  

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



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

s a r y   to   r e - j u s t i f y   e a c h   l i n e .   T h i s   i s   a c c o m p l i s h e d ,   a s  
i t   i s   w e l l   known  in  t h e   a r t ,   by  a d d i n g   i n d i v i d u a l   r e l a t i v e  

c h a r a c t e r   w i d t h s   f r o m   u n i t   8 1 7 ,   m u l t i p l i e d   by  t h e   s i z e  

(or   s e t )   f a c t o r   of  u n i t   818  to   d e t e r m i n e   t h e   a c t u a l   l e n g t h  
of  t h e   l i n e   to   be  c o m p o s e d .   In  o r d e r   to   t a k e   a d v a n t a g e  
of  t h e   t y p e   m o d i f i c a t i o n   b e i n g   d e s c r i b e d ,   an  a d d i t i o n a l  

f a c t o r   r e p r e s e n t e d   by  c o n n e c t i o n   807  i s   i n t r o d u c e d   i n t o  

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

j u s t i f f i c a t i o n   o p e r a t i o n   of  u n i t   820 ,   w h i c h   i s   c o n n e c t e d  

to  t h e   s t o r a g e   u n i t   824  as  s h o w n .   A  code   c o r r e s p o n d i n g  
to   t h e   p e r c e n t a g e   c o m p r e s s i o n   of  c h a r a c t e r   s h a p e s   a l s o   i s  

t r a n s f e r r e d   f r o m   u n i t   815  to   t h e   s t o r a g e   824 .   D u r i n g   t h e  

t r a n s c r i p t i o n   c y c l e ,   upon   r e a d i n g   t h e   s p e c i a l   c o m p r e s s i o n  
c o d e   f rom  memory  824,   t h e   o p t i c a l   w e d g e s   a s s e m b l y   i s  

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

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

member   382  t h r o u g h   a c t u a t i o n   of  t h e   m o t o r   u n i t   384  ( F i g .  

3 4 ) ,   a n d / o r   by  e n e r g i z i n g   m o t o r   u n i t   386  c o n t r o l l i n g   t h e  

" c o m p r e s s i o n "  -   " e x p a n s i o n "   f u n c t i o n .  

R e f e r r i n g   now  to   b l o c k   809  of   F i g .   36,  t h e   l e n g t h   d e f i c i t  

D  c o u l d   be  a b s o r b e d   by  i n c r e a s i n g   t h e   l i n e   s p a c i n g .   B u t  

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

a d j a c e n t   c o l u m n s   in   p e r f e c t   a l i g n m e n t .   In  t h i s   c a s e ,   t h e  

c h a r a c t e r s   can   be  e x p a n d e d   f o l l o w i n g   t h e   same  p r o c e d u r e  

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

t h e   o p p o s i t e   d i r e c t i o n .  

To  c o m p e n s a t e   f o r   t h e   " d e f i c i t "   D  of  c o l u m n   80,9,  i t   i s  

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

by  u n i t   812  and  a p p e a r i n g   on  l i n e   826  o r ,   i f   i t   i s   d e s i r e d  

n o t   to   l e a v e   any  b l a n k   s p a c e s   b e t w e e n   l i n e s ,   t h e   c h a r a c t e r  

i m a g e s   can   be  s t r e t c h e d   by  t h e   p e r c e n t a g e   d e t e r m i n e d   b y  

c o m p a r i s o n   c i r c u i t   812 ,   and  u n i t s   814  and  816.   A  s p e c i a l  

" s t r e t c h "   code   i s   i n t r o d u c e d   i n t o   s t o r a g e   u n i t   824 ,   as  i s  

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



l e a d i n g   shown  in  u n i t   821  c o n n e c t e d   to  u n i t   822  by  t h e  

r e q u i r e d   p e r c e n t a g e   to   p r o d u c e   a  " s o l i d "   c o l u m n .  

X.  RULING 

The  p r o d u c t i o n   of  h o r i z o n t a l   and  v e r t i c a l   r u l i n g   can   b e  

o b t a i n e d   in   e i t h e r   one  of  two  modes   of  o p e r a t i o n .   I f   n o  

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

can   be  o b t a i n e d   e i t h e r   by  s h i n i n g   l i g h t   t h r o u g h   a  s p e c i a l  

" h o l e "   ( d o t   or  o t h e r   s m a l l   t r a n s p a r e n t   mark   on  t h e  p e t a l )  

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

t h a t   t h e   d e s i r e d   h o l e   i s   o n  t h e   o p t i c a l   a x i s ,   o r ,   as  d e -  

s c r i b e d   in  r e l a t i o n   to   F i g s .   6  and  8,  by  r o t a t i n g   t h e  

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

p l a t e   105  on  t h e   o p t i c a l   a x i s .   In  e i t h e r   c a s e ,   r u l e s  

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

t h e   p r o j e c t i o n   of  c h a r a c t e r s .  

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

a t   a  f r e q u e n c y   d e p e n d e n t   on  t h e   s i z e   of  t h e   a p e r t u r e   s e -  

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

r e c e p t i v e   m e d i u m ,   and  t h e   s e n s i t i v i t y   of  t h e   m e d i u m .  

A l s o ,   t h e   f l a s h   i n t e n s i t y   can   be  v a r i e d   f o r   t h e   b e g i n n i n g  

and  t h e   end  of  a  r u l e ,   or  a t   t h e   i n t e r s e c t i o n   of  r u l e s ,   b y  

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

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

i m a g e s   a t   a  f l a s h i n g   r a t e   much  h i g h e r   t h a n   t h e   r a t e   u s e d  

f o r   t e x t   c o m p o s i t i o n   in  o r d e r   to   o b t a i n   t h e   same  " r u l e "  

q u a l i t y   as  can   be  o b t a i n e d   by  a  c o n t i n u o u s   l i g h t   s o u r c e  

as  d e s c r i b e d   in  U . S . P a t e n t   No.  4 , 1 4 8 , 5 7 1 .  

F i g .   53  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  c o n t r o l   c i r c u i t  

w h i c h   can   be  u s e d   f o r   t h e   p r o d u c t i o n   of  r u l e s ,   t h e   r u l e  

s i g n a l   e m e r g i n g   f rom  i n p u t   u n i t   534  ( s e e   a l s o   b l o c k   60  i n  

F i g .   2)  i s   t r a n s f e r r e d   to   t h e   r u l e   command  c o n t r o l   u n i t  

535  w h i c h   c a u s e s  t h e   s w i n g i n g   d i s c   arm  to  move  to   p l a c e   t h e  



p r e - s e l e c t e d   a p e r t u r e   of  t h e   p l a t e   105  ( F i g .   6)  or  1 2 0  

( F i g .   7)  on  t h e   o p t i c a l   a x i s   by  a c t i n g   on  t h e   d i s c   a r m  

c o n t r o l   c i r c u i t   536 .   When  t h e   arm  i s   in   t h e   d e s i r e d   p o -  
s i t i o n ,   t h e   u n i t   535  c a u s e s   a  g a t e   541  or  542  to   o p e n .  
U n i t   536  t r i g g e r s   a  f l a s h   f r e q u e n c y   g e n e r a t o r   537 .   U n i t  

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

543  on  t h e   drum  r o t a t i o n   c o n t r o l   c i r c u i t   544  to   o p e r a t e  
in  a  c o n t i n u o u s   mode;   h o r i z o n t a l   r u l e s   a r e   p r o d u c e d   i f  

g a t e   541  has   b e e n   o p e n e d ,   and  v e r t i c a l   r u l e s   a r e   p r o d u c e d  
i f   g a t e   542  i s   e n e r g i z e d .   The  t r i g g e r i n g   of  t h e   f l a s h  

f r e q u e n c y   g e n e r a t o r   537  and  of  t h e   s p a c i n g   c a r r i a g e   a n d /  

or  l i n e   s p a c i n g   m e c h a n i s m   c a u s e s   a  g a t e   538  to   o p e n ,   a n d  

t h e   f l a s h   c o n t r o l   c i r c u i t   540  to   s t a r t   f i r i n g   t h e   f l a s h  

l a m p ,   as  l o n g   as  e i t h e r   t h e   c h a r a c t e r   s p a c i n g   or  l i n e  

s p a c i n g   m e c h a n i s m   i s   in  m o t i o n .   C o n t i n u o u s   f e e d b a c k   s i g n a l s  

may  be  s e n t   to   t h e   c i r c u i t   537  f rom  t h e   p h o t o e l e c t r i c   p u l s e  

g e n e r a t o r   a s s o c i a t e d   w i t h   t h e   s p a c i n g   c a r r i a g e   shown  i n  

F i g .   1,  or  f rom  a  s i m i l a r   g e n e r a t o r   or  d e c o d e r   a s s o c i a t e d  

w i t h   t h e   s p a c i n g   drum  3 4 .  

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

a b o v e ,   t h i s   f r e q u e n c y   v a r i e s ;   i t   i s   an  i n v e r s e   f u n c t i o n  

of  t h e   a p e r t u r e   s i z e ,   and  s e n s i t i v i t y   of  t h e   m e d i u m ,   a n d  

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

and  d r o p s   i f   l e s s   i s   n e e d e d .  

XI.  HIGH  LIGHT  INTENSITY  MODE  OF  OPERATION 

As  i t   ha s   b e e n   m e n t i o n e d   in  t h e   d e s c r i p t i o n   of  t h e   f i r s t  

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

t h e   p e t a l   a s s e m b l y   or  d i s c   73  can   be  r e p l a c e d   by  an  o s -  

c i l l a t i n g   m o v e m e n t .   T h i s   mode  of  o p e r a t i o n ,   w h i c h   w i l l   n o w  

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

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



A l t h o u g h   p r e s e n t   day  f l a s h   l amps   can  p r o d u c e   t h e   n e c e s s a r y  

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

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

an  u n d e s i r a b l e   " t r a i l i n g   e d g e "   on  one  s i d e   of  t h e   c h a r a c -  

t e r   i m a g e ,   as  i t   i s   w e l l   known  in  t h e   a r t .   I t   i s   of  c o u r s e  

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

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

H o w e v e r ,   a  p o i n t   i s   q u i c k l y   r e a c h e d   when  t h e   s p e e d   of  p r o -  

d u c t i v i t y   i s   no  l o n g e r   a c c e p t a b l e   f o r   t h e   c l a s s   of  m a c h i n e  

h e r e i n   d e s c r i b e d .  

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

d i s c   73  i s   d e c e l e r a t e d   c o n s i d e r a b l y   j u s t   b e f o r e   t h e   s e l e c t -  

ed  c h a r a c t e r   r e a c h e s   t h e   o p t i c a l   a x i s ,   and  t h e n   a c c e l e r a t -  

ed  a g a i n   a f t e r   t h e   c h a r a c t e r   has   b e e n   f l a s h e d .   The  s p e e d  

r e d u c t i o n   i s ,   f o r   e x a m p l e ,   by  a  r a t i o   of  t e n   to   o n e .   I n  

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

p e t a l   a s s e m b l y   or  d i s c   s h o u l d   be  s l o w e d   down  and  s p e e d e d  

up  w i t h i n   a  v e r y   s h o r t   t i m e ,   of  t h e   o r d e r   of  a  few  m i l l i -  

s e c o n d s .   T h i s   mode  of  o p e r a t i o n   i s   made  p o s s i b l e   by  t h e  

s t r u c t u r e ,   and  t h e   s m a l l   s i z e   and  w e i g h t   of  t h e   p e t a l  

a s s e m b l y ,   an  i m p o r t a n t   c h a r a c t e r i s t i c   of  t h e   i n v e n t i o n .  

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

d i r e c t i o n ,   and  t h e n   in   a n o t h e r ,   r e l a t i v e   to   t h e   o p t i c a l  

a x i s   of  t h e   m a c h i n e .   I f   t h e   c h a r a c t e r s  a r e   a l l   f rom  t h e  

same  f o n t ,   t h e n   t h e   d i s c   o s c i l l a t e s   o n l y   w i t h i n   a  s m a l l  

a r e a - - t h e   a r e a   of  one  p e t a l .   T h i s   f a c t   e n h a n c e s   t h e   p r o -  

d u c t i v i t y   of   t h e   m a c h i n e .  

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

p r e s e n t l y - d e s c r i b e d   mode  of  o p e r a t i o n   i s   r e p r e s e n t e d   i n  

F i g .   5B.  T h i s   f i g u r e   d i f f e r s   f rom  F i g .   5A  w h i c h   r e p r e s e n t e s  

a  p e t a l   to   be  u s e d   in  t h e   " c o n t i n u o u s "   mode  of  o p e r a t i o n ,  

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

w i t h i n   a  zone   l o c a t e d   a p p r o x i m a t e l y   a t   t h e   c e n t e r   of  t h e  

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



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

l e c t i o n   of  c h a r a c t e r s   of  a  g i v e n   row,   and  a l s o   to   l i m i t  

t h e   s w i n g - a r m   m o t i o n   to   a  o n e - r o w   s t e p ,   in  mos t   c a s e s ,   s i n -  

ce,  as  m e n t i o n e d   e a r l i e r ,   t h e   s e c t i o n   94  c o n t a i n s   a t   l e a s t  

n i n e t y   p e r c e n t   of  t h e   c h a r a c t e r s   to   be  f o u n d   in   n o r m a l  
t e x t .  

The  p e t a l s   or  d i s c   d r i v e   m o t o r   4  ( F i g .   9)  i s   c o n t r o l l e d  

by  a  c i r c u i t   ( n o t   shown)  to   move  t h e   p e t a l   c l o c k w i s e   o r  

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

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

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

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

row  83  ( F i g .   3)  as  in   t h e   " c o n t i n u o u s "   mode .   But   in   t h e  

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

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

p a s s a g e   o p p o s i t e   d e t e c t o r   110  ( F i g s .   6,  7  and  8)  of  t h e  

f i r s t   t i m i n g   s l i t   of  row  83  (when  t h e   s e l e c t e d   p e t a l   i s  

r o t a t e d   i n t o   o p e r a t i n g   p o s i t i o n )   i s   i n c r e a s e d   or  d e c r e a s e d ,  

d e p e n d i n g   on  t h e   r o t a t i o n a l   d i r e c t i o n   of  t h e   p e t a l   as  i t  

o s c i l l a t e s   to   go  f rom  one  c h a r a c t e r   to   t h e   n e x t .  

I t   i s   w e l l - k n o w n   t h a t   t h e   r e s p o n s e   t i m e   of  a  p h o t o e l e c -  

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

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

c h a r a c t e r   p l a c e m e n t   on  t h e   f i l m .   I f ,  f o r   e x a m p l e ,   c h a r a c t e r s  

a r e   f l a s h e d   " f e e t   f i r s t " ,   t h a t   i s ,   when  t h e i r   b a s e - l i n e s  

c u t   t h e   o p t i c a l   a x i s ,   as  t h e y   move ,   i f   t h e   c i r c u i t   i s  

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

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

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

Wi th   t h e   u se   of  o r d i n a r y   p h o t o c e l l s   in   t h e   p r e s e n t   e m b o d i -  

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

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



an  u n s a t i s f a c t o r y   b a s e   l i n e .   In  a d d i t i o n ,   a  b a s e - l i n e  

s h i f t   w o u l d   be  c r e a t e d   when  one  c h a r a c t e r   i s   f l a s h e d   w i t h  

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

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

A c c o r d i n g   to   a  f e a t u r e   of  t h e   i n v e n t i o n ,   t h e s e   b a s e l i n e  

v a r i a t i o n s   a r e   a v o i d e d   by  t h e   u se   of  a  d i f f e r e n t i a l   p h o t o -  

c e l l   s u c h   as  t h a t   shown  in  F i g s .   38  and  39.  D i f f e r e n t i a l  

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

R e f e r r i n g   to   F i g .   39,  t h r e e   t i m i n g   s l i t s   a r e   shown  a t   8 4 ,  

85-1  and  8 5 - 2 .   The  w i d t h   o i ' t h e   s l i t s   i s   g r e a t l y   e x a g g e r a t -  

ed  in  F i g .   39  f o r   t h e   s a k e   of  c l a r i t y .   The  d i f f e r e n t i a l  

p h o t o c e l l   or   p h o t o d e t e c t o r   131  c o m p r i s e s   two  s e p a r a t e   p h o t o -  

s e n s i t i v e   a r e a s   351  and  352  w h i c h   a r e   c o n n e c t e d   in   a  d i f f e r -  

e n t i a l   d e t e c t i o n   c i r c u i t   as  shown  in  F i g .   38.  The  c i r c u i t  

in  F i g .   38  i n c l u d e s   a  d i f f e r e n t i a l   a m p l i f i e r   133  w h i c h  

p r o v i d e s   an  o u t p u t   s i g n a l   on  l i n e   139  p r o p o r t i o n a l   to   t h e  

d i f f e r e n c e   b e t w e e n   t h e   c u r r e n t s   in   t h e   two  a r e a s   of  t h e  

p h o t o c e l l ,   and  a n o t h e r   s i g n a l   on  l i n e   141  p r o p o r t i o n a l  

to   t h e   sum  of  t h o s e   s i g n a l s .   A  c o m p a r a t o r   c i r c u i t   1 3 5  

p r o d u c e s   an  o u t p u t   s i g n a l   when  t h e   s i g n a l s   on  l i n e s   1 3 9  

and  141  a r e   e q u a l .   A  v o l t a g e   d i v i d e r   137  d i v i d e s   t h e   o u t -  

p u t   of  u n i t   135  and  s e n d s   a  c o r r e s p o n d i n g   o u t p u t   s i g n a l  

to   t h e   f l a s h   u n i t   ( n o t   shown)  to   c r e a t e   a  f l a s h .   T h u s ,  

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

t h e   l i g h t   i m p i n g i n g   on  e a c h   s e p a r a t e   a r e a   351 ,   352  i s   t h e  

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

i s   e x a c t l y   c e n t e r e d   w i t h   r e s p e c t   to   t h e   j u n c t i o n   353  b e t -  

ween  t h e   two  p h o t o s e n s i t i v e   a r e a s   of  t h e   p h o t o c e l l   1 3 1 .  

S i n c e   t h e   p h o t o c e l l   131  i s   s y m m e t r i c a l   in  t h e   d i r e c t i o n  

i n d i c a t e d   by  a r r o w s   F 1  -  F 2 ,   i t   makes   no  d i f f e r e n c e   in   i t s  

o p e r a t i o n   w h i c h   d i r e c t i o n   t h e   d i s c   or  p e t a l   m o v e s .   A l s o ,  

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

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



t h e   s p e e d   of  t h e   d i s c .  

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

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

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

s t a n c e   t h e   p e t a l   has   to   r o t a t e   and  t h e   w i d t h   of  t h e  

c h a r a c t e r   p r o j e c t e d   or  t h e   n e x t - t o - b e - p r o j e c t e d .   R e f e r r i n g  

now  to   F i g .   52,  f i x e d   s p e e d   v a l u e s   a r e   r e p r e s e n t e d   b y  
t h e   s l o p e s   of  l i n e s   498  and  499  r e l a t i v e   to   a  n e u t r a l  

(or   z e r o   s p e e d )   m e d i a n   l i n e   497 .   The  u n d u l a t i n g   u p p e r   c u r -  

ve  of  t h i s   f i g u r e   i l l u s t r a t e s   t h e   p o s i t i v e   ( c l o c k w i s e )  

or  n e g a t i v e   ( c o u n t e r - c l o c k w i s e )   d i s p l a c e m e n t s   of  t h e  

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

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

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

t i o n   of  t h e   w o r d s   " L u m i t y p e   L t d . " .  

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

w h i c h   has   b e e n   s e l e c t e d   to   be  t h e   p o s i t i o n   a s s u m e d   b y  

t h e   p e t a l ,   when  t h e   l e t t e r   "e"  i s   on  t h e   o p t i c a l   a x i s  

r e a d y   f o r   p r o j e c t i o n ,   i s   r e p r e s e n t e d   by  l i n e   0 - 0 .   T h e  

p o s i t i v e   or  n e g a t i v e   n u m b e r s   a d j a c e n t   to   t h e   y  a x i s  

r e p r e s e n t   t h e   r a n k   v a l u e s   (as  d e f i n e d   e a r l i e r )   of  t h e  

c h a r a c t e r s   to   be  p r o j e c t e d .   The  t i m e   e l a p s e d   i s   r e p r e s e n t -  

ed  a l o n g   t h e   x  a x i s .   I f   we  a s s u m e   t h a t   t h e   p e t a l   i s   a t  

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

l i n e ,   i t   w i l l   move  down  two  s t e p s   to   be  r e a d y   to   f l a s h  

l e t t e r   " L " ,   t h e n   up  f i v e   s t e p s   to   b r i n g   t h e   n e x t   l e t t e r  

"U"  in   p h o t o g r a p h i c   p o s i t i o n ,   e t c .   In  a  m a n n e r   s i m i l a r  

to   t h e   one  d e s c r i b e d   in   r e l a t i o n   to   F i g .   50B  and  51B,  t h e  

p e t a l   h o l d e r   i s   moved  in   t h e   p r e - d e t e r m i n e d   d i r e c t i o n   a t  

a  s p e e d   s u c h   t h a t   i t   can  be  s l o w e d   down  to   t h e   p r e - d e t e r -  

m i n e d   " f l a s h   s p e e d "   r e p r e s e n t e d   by  t h e   s l o p e   of  l i n e   4 9 8  

of  499 .   The  p e t a l   h o l d e r   d i s p l a c e m e n t   and  t h e   c a r r i a g e  

d i s p l a c e m e n t   can   be  s y n c h r o n i z e d   in   t h e   m a n n e r   e x p l a i n e d  

a b o v e   in  r e l a t i o n   to   F i g s .   50A,  50B,  51A  and  51B.  I t   c a n  

be  s e e n   by  o b s e r v i n g   t h e   u p p e r   p o r t i o n   of  t h e   c u r v e s   o f  

F i g .   52  t h a t   t h e   p e t a l   i s   m o v i n g   a t   t h e   same  s p e e d   and  i n  



t h e   same  d i r e c t i o n   f o r   t h e   p r o j e c t i o n   of  c h a r a c t e r s   L;  m; 

y;  e;  p e r i o d ;   L;  t ;   d;  and  comma.  I t   moves   a t   t h e   s a m e  

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

p.  In  t h e   c a s e   of  r e p e a t e d   l e t t e r s ,   t h e   p e t a l   w o u l d   b e  

c a u s e d   to   o s c i l l a t e   so  t h a t   t h e   r e p e a t e d   l e t t e r   w o u l d  

c r o s s   t h e   o p t i c a l   a x i s   s e v e r a l   t i m e s   a t   t h e   same  s p e e d  

b u t   in  d i f f e r e n t   d i r e c t i o n s .  

The  l o w e r   c u r v e   of   F i g .   52  i s   a  g r a p h i c a l   r e p r e s e n t a t i o n  

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

c a r r i a g e   can  be  o p e r a t e d   i n . t h e   s t a r t - s t o p   mode ,   as  m e n -  

t i o n e d   b e f o r e ,   i t   i s   r e p r e s e n t e d   in   F i g .   32  as  o p e r a t i n g  

in  t h e   " s p e e d   m o d u l a t e d "   mode .   The  maximum  t i m e   a l l o c a t e d  

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

m i n e s   t h e   maximum  s p e e d   of  t h e   c a r r i a g e .   The  f i g u r e  

shows  t h a t   t h e   c a r r i a g e   moves   a t   a  c o n t i n u o u s   and  u n i f o r m  

s p e e d   u n t i l   t h e   l a s t   l e t t e r   "e"  of  t h e   word   " L u m i t y p e "   b e -  

c a u s e ,   up  u n t i l   t h i s   p o i n t ,   t h e   p e t a l   was  t a k i n g   l e s s   t i m e  

t h a n   t h e   c a r r i a g e   to   move  f rom  one  c h a r a c t e r   " n o t c h "   t o  

t h e   n e x t .   H o w e v e r ,   t h e   p e t a l   m o t i o n   b e t w e e n   "e"  and  t h e  

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

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

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

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

f a l l   in   i t s   n o t c h .   So  in   t h i s   c a s e ,   t h e   s p e e d   of  t h e   c a r r i a -  

ge  i s   r e d u c e d ,   as  i t   i s   r e p r e s e n t e d   by  t h e   c h a n g e   in   t h e  

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

c a l l s   f o r   a  r e l a t i v e l y   l a r g e   s p a c i n g   ( c a r r i a g e   m o t i o n ) .  

S i n c e   t h e   p e t a l   has   a  r e l a t i v e l y   s m a l l   d i s t a n c e   to   r o t a t e ,  

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

t u r n   to   a  p r e - d e t e r m i n e d   a v e r a g e   s p e e d   f o l l o w i n g   t h e   p r o -  
j e c t i o n   of  l e t t e r   " L " .  



X I I .   AUTOMATIC  ADJUSTMENT  CONTROLS 

The  p r e f e r r e d   c o m p l e t e   e m b o d i m e n t   of  t h e   i n v e n t i o n   p r o -  
v i d e s   a u t o m a t i c   c o n t r o l ,   w i t h o u t   human  i n t e r v e n t i o n ,   o f  

t h e   f o l l o w i n g   f u n c t i o n s :  

-  Base   L i n e   a l i g n m e n t   of  c h a r a c t e r s   f o r   d i f f e r e n t   s i z e s .  

-  L e f t   (or  r i g h t )   m a r g i n   a l i g n m e n t ,   a l s o   f o r   d i f f e r e n t  

s i z e s .  

-  E n l a r g e m e n t   to   t h e   e x a c t   s p e c i f i e d   v a l u e .  

-  L i g h t   o u t p u t   c h e c k   and  c o r r e c t i o n .  

-  F o c u s   c h e c k   and  c o r r e c t i o n .  

R e f e r e n c e   i s   made  to   c o - p e n d i n g   U .S .   a p p l i c a t i o n   S e r .   N o .  

8 9 9 , 0 0 1   in  w h i c h   means   a r e   shown  and  d e s c r i b e d   f o r  

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

r e l a t e s   to   d i f f e r e n t   means   or  s t r u c t u r e s   f o r   t h i s   p u r p o s e .  

F i g .   27  g i v e s   s i m p l i f i e d   s c h e m a t i c   r e p r e s e n t a t i o n   of  t h e  

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

In  F i g .   27,   t h e   same  r e f e r e n c e   n u m b e r s   as  in   F i g .   1  r e -  

p r e s e n t   t h e   zoom  l e n s   12,  t h e   beam  s p l i t t e r   16  and  t h e  

l e n s   33,   w h i c h   c o m p o n e n t s   a r e   u t i l i z e d   f o r   a l l   t h e   a u t o -  

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

The  l i g h t   beams   e m e r g i n g   f rom  t h e   zoom  l e n s   12  a r e   d i v i d e d  

i n t o   two  p a r t s   by  t h e   beam  s p l i t t e r   16.  The  m a j o r   p o r t i o n  

of  t h e   l i g h t   beams   is   d e v i a t e d   to   t h e   r i g h t   to   f o l l o w   p a t h  

68  and  e n t e r   t h e   t r a v e l i n g   c a r r i a g e   l e n s   30  of  F i g .   1 .  

The  o t h e r   p o r t i o n   of  t h e   beam,   shown  a t   69,  e n t e r s   l e n s  

33  w h i c h   makes   an  image   of  t h e   p r o j e c t e d   c h a r a c t e r   v i a  

m i r r o r   115  on  one  or  more  p h o t o d e t e c t o r s   shown  a t   37,   3 7 a ,  

37b  and  37c .   Beam  s p l i t t i n g   m i r r o r s   s u c h   as  119,   1 1 9 '   a n d  



121  a r e   l o c a t e d   on  t h e   p a t h   117  of  t h e   i m a g e - c a r r y i n g  

beams  in  o r d e r   to  p r o d u c e   i m a g e s   on  t h e   p h o t o d e t e c t o r s .  

In  one  mode  of  o p e r a t i o n ,   f o r   a u t o m a t i c   c h e c k s   a n d / o r   a d -  

j u s t m e n t s ,   t h e   c h a r a c t e r   s p a c i n g   c a r r i a g e   i s   moved  to   a n  

e x t r e m e   p o s i t i o n ,   a t   w h i c h   i t   p r o j e c t s   i m a g e s   b e y o n d   t h e  

e f f e c t i v e   l i g h t - s e n s i t i v e   a r e a   of  t h e   med ium  l o c a t e d   o n  

t h e   drum  34,  as  shown  a t   p o s i t i o n   32-3   in  F i g .   18,  a n d  

in  c o - p e n d i n g   a p p l i c a t i o n   S e r .   No.  8 9 9 , 0 0 1 .  

In  a n o t h e r   o p e r a t i n g   mode ,   when  a u t o m a t i c   c h e c k s   a n d / o r  

a d j u s t m e n t s   a r e   d e s i r e d ,   t h e   c a r r i a g e   e i t h e r   s t o p s   a n y -  
w h e r e   a l o n g   i t s   t r a c k s ,   or  i s   moved  to   a  "home"  p o s i t i o n .  

When  a  s i z e   c h a n g e   i s   c a l l e d   f o r ,   t h e   s e l e c t e d   f i l t e r e d  

s h a p e   m e n t i o n e d   a b o v e   in  r e l a t i o n   to  F i g .   6  i s   b r o u g h t   i n -  

to  o p e r a t i v e   p o s i t i o n   on  t h e   o p t i c a l   a x i s ,   and  t h e   f l a s h  

lamp  i s   f i r e d   a t   a  h i g h   r e p e t i t i v e   r a t e   in  t h e   " a u t o m a t i c  

r u l i n g   mode"  d e s c r i b e d   a b o v e .   The  f i l t e r e d   l i g h t   i s   o f  

s u c h   w a v e l e n g t h s   ( e . g . ,   w a v e l e n g t h s   f o r   r e d   l i g h t )   t h a t  

i t   w i l l   e n e r g i z e   t h e   p h o t o d e t e c t o r s   of  F i g .   27  b u t   w i l l  

n o t   e x p o s e   t h e   f i l m   or  t h e   p h o t o s e n s i t i v e   medium  39.  T h e  

r e a s o n   f o r   t h i s   i s   t h a t   t h e   p h o t o d e t e c t o r s   37,  37a ,   e t c .  

a r e   s e n s i t i v e   to   " r e d "   r a d i a t i o n ,   b u t   t h e   p h o t o s e n s i t i v e  

medium  39  i s   n o t .  

Of  c o u r s e ,   t h e   use   of  a  f i l t e r   i s   n o t   a p p l i c a b l e   to   t h e  

f o c u s   and  i n t e n s i t y   c o n t r o l   a d j u s t m e n t s .   For   t h i s   p u r p o s e ,  
t h e   beam  s p l i t t e r   can   be  r e p l a c e d   by  a  c o l l a p s i b l e   m i r r o r  

as  d e s c r i b e d   b e l o w .   As  an  a l t e r n a t i v e ,   t h e   beam  s p l i t t e r  

may  be  r e p l a c e d   by  two  p r i s m s   1 6 - a   and  16-b   ( F i g .   27)  w h o s e  

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

s p a c e   of  t h e   o r d e r   of  one  or   a  few  m i c r o n s .   When  a n y  
a u t o m a t i c   c h e c k   or  a d j u s t m e n t   i s   to   be  m a d e ,   t h e   two  h y -  

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

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

In  o r d e r   to  a v o i d   t h e   " s t i c k i n g "   of  t h e   h y p o t e n u s e s   due  t o  



a i r   p r e s s u r e ,   t h e   p r i s m s c a n   be  l o c a t e d   in  an  e v a c u a t e d   c o n -  

t a i n e r   p r o v i d e d   w i t h   one  i n p u t   and  two  o u t p u t   g l a s s  

w i n d o w s .  

A.  Base   L i n e   A d j u s t m e n t  

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

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

t r o d u c e   a  r o t i o n a l   image   s h i f t   when  t h e y   a r e   r e - f o c u s e d .  

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

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

a x i s   in  t h e   Y  or  v e r t i c a l ' a f i d   X  or  h o r i z o n t a l   d i r e c t i o n s .  

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

o p e r a t i o n   of  t h e   p o i n t - s i z e   c o n t r o l   m o t o r   14  ( F i g .   1 ) ,   a n y  

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

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

f o l l o w s .   As  soon   as  t h e   m o t o r   has   s t o p p e d ,   a  s p e c i a l   c h a r a c -  

t e r ,   f o r   e x a m p l e   in   t h e   s h a p e   of  a  s q u a r e ,   i s   p r o j e c t e d ,  

e i t h e r   f r o m   t h e   m o v i n g   p e t a l   or  f r o m   an  a p e r t u r n  o f   t h e  

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

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

e n t i a l   p h o t o c e l l   131  shown  in  F i g .   27A.  The  p h o t o c e l l  

131  can   c o m p r i s e   one  of  t h e   d e t e c t o r s   37,   37a ,   37b ,   e t c .  

In  F i g .   27A,  t h e   s q u a r e   i m a g e   of  t h e   s p e c i a l   c h a r a c t e r   i s  

r e p r e s e n t e d   by  t h e   s h a d e d   a r e a   a s t r i d e   t h e   c e n t e r l i n e   1 2 9  

b e t w e e n   t h e   two  a c t i v e   a r e a s   125  and  127  of  t h e   p h o t o c e l l .  

I f   t h e   i m a g e   i s   n o t   c e n t e r e d   w i t h   r e s p e c t   to   t h e   c e n t e r -  

l i n e   129,   (as   i s   t h e   c a s e   in   F i g .   2 7 A ) ,   t h e   v e r t i c a l   i m -  

b a l a n c e   s i g n a l  ( w h i c h   i s   p r o p o r t i o n a l   to   h 1 / h 2 )   i s   d e t e c t e d  

by  p h o t o r e c e p t o r   c i r c u i t s   756  ( F i g .   1 7 ) ,   a c t i v a t e d   t h r o u g h  

a  g a t e   755 ,   and  t h e   a c t u a l   d e v i a t i o n   of  t h e   image   f r o m  

s y m m e t r y   w i t h   r e s p e c t   to   t h e   c e n t e r l i n e   129  i s   r e c o g n i z e d  

by  a  u n i t   757  w h i c h   t r a n s f e r s   t h e   d e v i a t i o n   v a l u e   to   a  c o m -  

p a r i s o n   c i r c u i t   762  w h e r e   i t   i s   c o m p a r e d   to   t h e   p r e v i o u s  

d e v i a t i o n   v a l u e   w h i c h   was  s t o r e d   in  a  s t o r a g e   u n i t   7 5 9  

d u r i n g   t h e   p r e v i o u s   s i z e   c h a n g e .   The  d i f f e r e n c e ,   p o s i t i v e  



or  n e g a t i v e ,   b e t w e e n   t h e   new  and  t h e   p r e v i o u s   d e v i a t i o n s  

is   s e n t   to   t h e   v e r t i c a l   c o r r e c t i o n   t a b l e   761  w h e r e   t h e  

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

c i r c u i t   760  to   move  t h e   l e a d i n g   m e c h a n i s m   (drum  34  o f  

F i g .   1)  by  a  p r e d e t e r m i n e d   v a l u e   in  one  d i r e c t i o n   or   t h e  

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

t h e   zoom  o p t i c a l   a x i s .   A f t e r   t h e   c o m p e n s a t i o n   i s   a c c o m p l i s h -  

ed ,   g a t e   758  i s   o p e n e d   to   t r a n s f e r   t h e   new  d e v i a t i o n  

v a l u e   to  t h e   s t o r a g e   u n i t   7 5 9 .  

B.  M a r g i n   A d j u s t m e n t  

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

in  a  h o r i z o n t a l   s h i f t   of  t h e   c h a r a c t e r   i m a g e .   The  c o r r e c -  

t i o n   p r o c e d u r e   i s   t h e   same  as  t h e   one  d e s c r i b e d   a b o v e ,  

e x c e p t   t h a t   a  d i f f e r e n t   d e t e c t o r   3 7 a ,   or   37b ,   e t c .   i s  

u s e d .   The  d e t e c t o r   i s   shown  in  F i g .   27B.  I t   c o m p r i s e s   a  

d i f f e r e n t i a l   p h o t o c e l l   131  r o t a t e d   90°  w i t h   r e s p e c t   t o  

t h e   p h o t o c e l l   in   F i g .   27A.  R e f e r r i n g   a g a i n   to   F i g .   1 7 ,  

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

f rom  s y m m e t r y   w i t h   r e s p e c t   to   t h e   v e r t i c a l   c e n t e r l i n e   1 2 9  

( p r o p o r t i o n a l   to  S 1 / S 2 )   i s   d e l i v e r e d   to  t h e   h o r i z o n t a l  

d e v i a t i o n   c i r c u i t   757 '   and  i s   c o m p a r e d   to   t h e   p r e v i o u s  

v a l u e   s t o r e d   in  u n i t   759 '   by  c o m p a r i s o n   c i r c u i t   7 6 2 ' .  

T a b l e   761 '   g i v e s   t h e   memory  s p a c i n g   c a r r i a g e   d i s p l a c e -  

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

f o r   t h e   e r r o r   i n t r o d u c e d   by  t h e   i m a g e  s h i f t .   G a t e   7 5 8 '  

i s   e n e r g i z e d   a t   t h e   end  of  s a i d   c o r r e c t i o n   o p e r a t i o n   i n  

o r d e r   to   t r a n s f e r   t h e   "new"  d e v i a t i o n   to   u n i t   759 '   w h e r e  

i t   b e c o m e s   t h e   " p r e v i o u s "   d e v i a t i o n .  

T a b l e s   761  and  761 '   a l s o   a r e   c o n n e c t e d   to   t h e   p o i n t   s i z e  

c o n t r o l   c i r c u i t   57  ( a l s o   see   F i g .   2)  to   i n t r o d u c e   a n  

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

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

U .S .   P a t e n t   3 , 5 9 0 , 7 0 5 ,   p a r t i c u l a r l y   in  r e l a t i o n   to   F i g .   13 



of  t h a t   p a t e n t .  

The  d i f f e r e n t i a l   p h o t o d e t e c t o r s   u t i l i z e d   to   d e t e c t   t h e   X 

and  Y  d e v i a t i o n s   of  t h e   zoom  o p t i c a l   a x i s   can  be  r e p l a c e d  

by  a r r a y s   of  s m a l l   p h o t o d i o d e s   as  d e s c r i b e d   in   U . S .   P a t e n t  

4 , 1 1 9 , 9 7 7   and  c o - p e n d i n g   a p p l i c a t i o n   S e r .   No.  8 9 9 , 0 0 1 .   I n  

a d d i t i o n ,   t h e ' f o c a l   l e n g t h   of  t h e   l e n s   33  can   be  s e l e c t e d  

to   g i v e   e i t h e r   a  s m a l l e r   or  a  l a r g e r   image   of  t h e   t e s t  

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

30  of   F i g .   1 .  

A l t e r n a t i v e l y   to   two  s e p a r a t e   p h o t o c e l l s   131 ,   a  s i n g l e  

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

t o r "   can   be  u s e d   to   d e t e c t   b o t h   v e r t i c a l   and  h o r i z o n t a l  

a s s e m t r y   of  t h e   t e s t   i m a g e   and  p r o d u c e   a  c o r r e c t i o n ,   as  i t  

i s   d i s c l o s e d   in   U .S .   a p p l i c a t i o n   S e r .   No.  8 9 9 , 0 0 1   a n d  

shown  in  F i g .   33  of  t h e   d r a w i n g s   of  t h a t   a p p l i c a t i o n .  

C.  E n l a r g e m e n t   C o n t r o l  

The  d e s i r e d   p o i n t   s i z e   or  e n l a r g e m e n t   r a t i o   of  p e t a l   c h a r a c -  

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

r o t a t i o n   of  m o t o r   14  ( F i g .   1)  w i t h   f e e d b a c k   i n f o r m a t i o n  

p r o d u c e d   by  an  e n c o d e r   a t t a c h e d   to   t h e   zoom  l e n s   or   m o t o r .  

The  p o s i t i o n   g i v e n   by  t h e   e n c o d e r   can   be  m a t c h e d   to   t h e  

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

s i z e   r e q u i r e d .   But   i t   i s   w e l l   known  t h a t   f o r   t h e   same  n o m i -  

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

f i c a t i o n   v a r i e s   f r o m   one  zoom  l e n s   to   a n o t h e r ,   p a r t i a l l y  

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

f o r   a  g i v e n   s i z e   (or   e n l a r g e m e n t   v a l u e )   of  t h e   p a r t i c u l a r  

zoom  l e n s   i n s t a l l e d   in   a  p a r t i c u l a r   m a c h i n e   can   be  a u t o -  

m a t i c a l l y   d e t e r m i n e d   as  e x p l a i n e d   in  r e l a t i o n   to   F i g s .  

20  and  2 7 C .  



The  p h o t o d e t e c t o r   u s e d   can  be  of  t h e   "LSC"  or   "SC"  

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

T e c h n o l o g y ,   I n c . " ,   S a n t a   M o n i c a ,   C a l i f o r n i a .   In  t h e   d e t e c -  

t o r   r e p r e s e n t e d   in  F i g .   27C,  t h e   d i s t a n c e   of  a  l u m i n o u s  

s p o t   or  l i n e   s u c h   as  163  f rom  a  r e f e r e n c e   p o i n t   of  t h e  

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

e x a m p l e ,   two  c h a r a c t e r s ,   e a c h   c o n s i s t i n g   of  a  s i n g l e   v e r -  

t i c a l   l i n e ,   a r e   p r o j e c t e d   in  s u c c e s s i o n .   Each   s u c h   " c h a r a c -  

t e r   l i n e "   i s   l o c a t e d   as  f a r   f rom  t h e   c h a r a c t e r   c e n t e r l i n e  

to  t h e   r i g h t   f o r   one  and  as  f a r   to   t h e   l e f t   f o r   t h e   o t h e r  

as  can   be  a c c e p t e d   by  t h e  o p t i c a l   s y s t e m .   The  i m a g e s   o f  

s a i d   l i n e s   a r e   shown  a t   163  and  163 '   in   F i g .   27C.  A l t h o u g h  

t h e s e   i m a g e s   a r e   shown  t o g e t h e r ,   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 y   w i l l   a p p e a r   one  a t   a  t i m e ,   w i t h i n   a  r e l a t i v e l y  

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

m i l l i s e c o n d .  

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

t h e   r e f e r e n c e   p o i n t ,   t h e   d i s t a n c e   d2  f rom  t h a t   p o i n t   t o  

t h e   l i n e   163  w i l l   be  d e t e c t e d   and  s t o r e d ,   and  t h e n   t h e  

d i s t a n c e   d1  f rom  t h e   r e f e r e n c e   p o i n t   a l s o   w i l l   be  d e t e c t e d .  

The  d i f f e r e n c e   d 2  -   d1  i s   s t o r e d   in  a  r e g i s t e r   771  of  F i g .  

20.  I t   can  be  u n d e r s t o o d   t h a t   t h e   d i s t a n c e   d 2  -   d1  i s   a  

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

to  be  o b t a i n e d .   T h a t   d i s t a n c e   i s   t r a n s l a t e d   i n t o   a  r e a l  

s i z e   ( f o r   e x a m p l e ,   e x p r e s s e d   in   p o i n t s )   in  a  l o o k - u p   t a b l e  

763  c o n n e c t e d   to   u n i t   771 .   A  c o m p a r i s o n   c i r c u i t   765  c o m p a -  

r e s   t h e   r e a l   s i z e   t h u s   r e c e i v e d   f rom  u n i t   763  to   t h e   n o m i -  

n a l   s i z e   e n t e r e d   i n t o   u n i t   764  by  t h e   o p e r a t o r ,   t h r o u g h   t h e  

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

c i r c u i t   shows  no  d e v i a t i o n ,   a  p u l s e   a p p e a r s   on  t h e   l i n e  

770  to  c a l l   f o r   t h e   n e x t   o p e r a t i o n .   I f   t h e r e   i s   a  d i f f e r e n -  

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

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

769  to   t h e   zoom  l e n s   c o n t r o l   m e c h a n i s m   766  w h i c h   w i l l   m a k e  

t h e   n e c e s s a r y   s l i g h t   a d j u s t m e n t   of  t h e   zoom  in  one  way  o f  



t h e   o t h e r   u n t i l   t h e   e q u a l i t y   s i g n a l   a p p e a r s   on  l i n e   7 7 0 .  

At  t h i s   t i m e   t h e   p o s i t i o n   of  t h e   zoom  e n c o d e r   i s   s t o r e d  

i n t o   memory  768  to   be  u s e d   f o r   s u b s e q u e n t   m a c h i n e   o p e r a t i o n .  

In  o t h e r   w o r d s ,   e a c h   t i m e   a  c e r t a i n   s i z e   i s   r e q u e s t e d ,  

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

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

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

f u t u r e   u s e .  

The  s y s t e m   d e s c r i b e d   a l s o   can   be  u s e d   w i t h o u t   s t o r a g e ,  

by  c o r r e c t l y   p o s i t i o n i n g   t h e   zoom  l e n s   f o r   e a c h   c h a n g e  

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

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

t h e   z o o m .  

D.  I n t e n s i t y   C o n t r o l  

The  f l a s h   i n t e n s i t y   can   be  a d j u s t e d   by  a  p o t e n t i o m e t e r -  

c o n t r o l l e d   v o l t a g e ,   as  d e s c r i b e d   in   c o - p e n d i n g   a p p l i c a t i o n  

S e r .   No.  0 9 2 , 4 6 5   a n d / o r   by  s w i t c h i n g   c a p a c i t o r s .   T h e  

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

t i c a l l y   r e p r e s e n t e d   in   F i g .   21,   w h e r e   777  r e p r e s e n t s  

t h e   zoom  l e n s   m e c h a n i s m   o p e r a t e d   by  t h e   p o i n t   s i z e   c o n -  

t r o l ;   772  t h e   m a n u a l l y - a d j u s t a b l e   " b a s e "   p o w e r   w h i c h   d e -  

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

o u t p u t   i m a g e s ;   773  r e p r e s e n t s   a  r e l a t i v e l y   s m a l l   a d j u s t -  

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

u s e d ;   a n d ,   f i n a l l y ,   774  r e p r e s e n t s   t h e   c h a n g e   i n t r o d u c e d  

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

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

i n g   e f f e c t   of  s m a l l   l i n e   s e g m e n t s .  

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

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

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



by  a d j u s t i n g   a  d i a p h r a g m ,   as  i t   i s   w e l l   known  in  t h e  

a r t .   But   t h i s   m e t h o d   r e q u i r e s   more  a v e r a g e   e n e r g y   f o r  

t h e   f l a s h   lamp  b e c a u s e   t h e   i n t e n s i t y   e q u a l i t y   on  t h e   f i l m  

i s   a c h i e v e d   by  " t h r o w i n g   away"  e x t r a   l i g h t .   T h i s   a l s o  

w o u l d   be  t r u e   i f   one  we re   to   i n s e r t   a  v a r i a b l e - d e n s i t y  

f i l t e r   in  t h e   o p t i c a l   s y s t e m .  

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

i n t e n s i t y   i s   a d j u s t e d   to   t h e   o p t i m u m   v a l u e   by  f i r s t   s e l e c t -  

i ng   t h e   min imum  v o l t a g e   and  c a p a c i t o r   v a l u e s   f o r   a  g i v e n  

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

c a p a c i t o r s   when  t h e   m a x i m u m  v o l t a g e   c a n n o t   g i v e   t h e   r e -  

q u i r e d   l i g h t   o u t p u t   and  s l o w i n g   down  t h e   m a t r i x   in  a c c o r -  
d a n c e   to   t h e   c a p a c i t y   u s e d   in  t h e   f l a s h   c i r c u i t   b e y o n d   a  
c e r t a i n   v a l u e   e i t h e r   c o n s t a n t l y   or  j u s t   a t   " f l a s h   t i m e "  

by  a  p r e - d e t e r m i n e d   v a l u e   to   a v o i d   an  u n a c c e p t a b l e   " t r a i l -  

i ng   e d g e "   on  t h e   c h a r a c t e r   i m a g e s .   The  d i f f e r e n t   v o l t a g e  
and  c a p a c i t o r   v a l u e s   can   be  e x p e r i m e n t a l l y   d e t e r m i n e d   b y  

a  s e r i e s   of  d e n s i t y   t e s t s   f o r   e a c h   med ium  l i k e l y   to   be  u s e d  

and  f o r   t h e   m o s t   u s u a l   p o s i t o n s   of  t h e   zoom  l e n s .   T h e s e  

v a l u e s   a r e   s t o r e d   in  u n i t   883  ( F i g .   21)  in   b i n a r y   f o r m .  

For   e x a m p l e ,   s e v e n   d i g i t s   may  r e p r e s e n t   v o l t a g e s   r a n g i n g  
f rom  400  to   1200  v o l t s   by  10  v o l t   i n c r e m e n t s ,   and  t h r e e  

a d d i t i o n a l   d i g i t s   may  r e p r e s e n t   c a p a c i t o r   v a l u e s .   F o r  

" s l o w   m e d i a " ,   and  l a r g e   s i z e s ,   t h e   u n i t   883  can   a l s o   c o n -  
t r o l   a  " m u l t i   f l a s h "   c i r c u i t   as  d e s c r i b e d   in   U .S .   P a t e n t  

2 , 9 9 9 , 4 3 4 .   The  memory  883  i s   c o n n e c t e d   to   t h e  f l a s h   c o n t r o l  

c i r c u i t ,   s c h e m a t i c a l l y   shown  a t   775 ,   w h i c h   i n c l u d e s   t h e  

v o l t a g e   s e l e c t i o n   c i r c u i t   884  and  t h e   c a p a c i t o r   s e l e c t i o n  

c i r c u i t   885.   The  u n i t   775  r e p r e s e n t s   t h e   m a t r i x   s p e e d  
c o n t r o l   d e v i c e .  

D.  A u t o m a t i c   F o c u s i n g   C o n t r o l  

The  same  s p e c i a l   " s l o t s   c h a r a c t e r "   as  t h a t   d e s c r i b e d   in   c o -  

p e n d i n g   a p p l i c a t i o n   S e r .   No.  8 8 9 , 0 0 1 ,   and  i t s   a s s o c i a t e d  



p h o t o d e t e c t o r   37C  can   be  u s e d   f o r   a u t o m a t i c   c o n t r o l   of  t h e  

f o c u s i n g   of  t h e   zoom  l e n s   12.  In  o r d e r   to   i l l u m i n a t e   t h e  

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

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

ly   one  m i c r o s e c o n d   to   100  m i c r o s e c o n d s .   The  same  t o t a l  

energy  i s   e x p a n d e d   o v e r   a  l o n g e r   p e r i o d   of  t i m e   so  as  t o  

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

The  e x i s t i n g   t i m i n g   s l i t s   of  t h e   p e t a l s   can   a l s o   b e  

u t i l i z e d ,   r a t h e r   t h a n   a  s p e c i a l   "P i "   c h a r a c t e r .   Fo r   t h i s  

p u r p o s e ,   t h e   p e t a l s   arm  is   p i v o t e d   c l o c k w i s e   ( F i g .   6)  i n  

o r d e r   to   p l a c e   t h e   t i m i n g  t r a c k   on  t h e   o p t i c a l   a x i s .   C o n -  

t i n u o u s   i l l u m i n a t i o n   d u r i n g   t h e   f o c u s i n g   c h e c k   can   be  o b -  

t a i n e d   e i t h e r   f rom  a  s m a l l   n e o n   lamp  l o c a t e d   a d j a c e n t   t o  

t h e   f a c e   of  t h e   f l a s h   lamp  (of  s u c h   s h a p e   and  d i m e n s i o n s  

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

t h e   " w i d t h "   of  t h e   f l a s h   l i g h t   b e a m ) ,   or  f rom  an  o u t s i d e  

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

t h e   f l a s h   lamp  by  t h e   u s e   of  a  beam  s p l i t t i n g   b l a d e   or  a  

c o l l a p s i b l e   m i r r o r .  

I t   m u s t   be  u n d e r s t o o d   t h a t   t h e   beam  s p l i t t e r   16  may  be  r e -  

p l a c e d   by  a  p l a t e - t y p e   beam  s p l i t t e r   h a v i n g   ( w a v e - l e n g t h  

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

t e r i s t i c s   or  by  a  p e l l i c l e   beam  s p l i t t e r .   The  beam  s p l i t -  

t e r   can   a l s o   be  r e p l a c e d   by  a  c o l l a p s i b l e   m i r r o r   a r r a n g e -  
men t   t o   d i r e c t   a l l   t h e   l i g h t   e m e r g i n g   f rom  t h e   zoom  l e n s  

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

way,   and  t r a n s m i t t i n g   no  l i g h t   when  t h e   m i r r o r   i s   in   t h e  

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

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

The  a d v a n t a g e s   of  t h e   s y s t e m   d e s c r i b e d   r e s i d e   in   t h e   f a c t  

t h a t   m e a s u r e m e n t s   may  be  made  a t   any  t i m e   and  s i m u l t a n e o u s -  

l y .  



The  a r r a n g e m e n t   d e s c r i b e d   in  c o - p e n d i n g   a p p l i c a t i o n   S e r .   N o .  

8 9 9 , 0 0 1   has   t h e   a d v a n t a g e   of  d i r e c t i n g   t o w a r d   t h e   p h o t o -  

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

t h e   f i l m .   The  same  g e n e r a l   c o n f i g u r a t i o n   can  be  u t i l i z e d   i n  

t h e   p r e s e n t   i n v e n t i o n   as  shown  in  F i g s .   27D  and  18  in   w h i c h  

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

r e f e r e n c e   n u m e r a l s   as  in  F i g .   27.   H o w e v e r ,   in  F i g .   27D,  r e -  

f e r e n c e   n u m b e r s   32;  3 2 - 1 ;   3 2 - 2 ;   32-3   r e p r e s e n t   d i f f e r e n t  

p o s i t i o n s   of  t h e   s p a c i n g   c a r r i a g e   m i r r o r   32  r a t h e r   t h a n  

d i f f e r e n t   m i r r o r s .   The  maximum  " a c t i v e "   p r i n t i n g   a r e a   i s  

r e p r e s e n t e d   by  b r o k e n   l i n e s  3 4   w h i c h   a l s o   r e p r e s e n t   t h e  

o u t l i n e   of  t h e   drum  of  F i g .   1 .  

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

c a r r i a g e   may  r e m a i n   a t   ( m i r r o r )   p o s i t i o n   32,  shown  a t   3 2 - 3  

in  F i g .   18.  The  o u t c o m i n g   beams   215  a r e   d i v i d e d   by  a  g r o u p  
of  m i r r o r s   119 ,   119 '   and  121  s i m i l a r   to   t h o s e   d e s c r i b e d   i n  

r e l a t i o n   w i t h   F i g .   27  ( s e e   F i g .   1 8 ) .  

X I I I .   LENS  ATTACHMENT 

The  c h a r a c t e r   i m a g e s   p r o d u c e d   by  t h e   zoom  l e n s   can  be  f u r t h e r  

e n l a r g e d   or  r e d u c e d   by  an  o p t i c a l   a t t a c h m e n t   w h i c h   can   b e  

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

to  F i g s .   54A  and  5 6 D .  

The  c h a r a c t e r   s p a c i n g   c a r r i a g e   18  of  F i g .   1  i s   shown  s c h e m a -  

t i c a l l y   in  F i g .   54A.  The  c a r r i a g e   b a s e ,   in  t h e   f o rm  of  p l a -  

t e   503 ,   s u p p o r t s   i m a g i n g   l e n s   30  and  m i r r o r   32.  As  i t   h a s  

b e e n   d e s c r i b e d   a b o v e ,   t h e   l e n s   30  r e c e i v e s   c o l l i m a t e d   l i g h t  

r a y s   f rom  t h e   zoom  l e n s   to   c o n v e r g e   them  to   i t s   f o c a l   p l a n e  

l o c a t e d   on  t h e   l i g h t   s e n s i t i v e   m e d i u m .   A  m i r r o r   (or   p r i s m )  

32  d e f l e c t s   t h e   e m e r g i n g   l i g h t   beams   by  9 0 ° .   C h a r a c t e r   s p a c -  

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

of  p l a t e   503  a l o n g   t h e   o p t i c a l   a x i s   of  t h e   o p t i c a l   s y s t e m ,  

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



l i g h t   r a y s   when  no  a t t a c h m e n t   i s   u t i l i z e d   i s   i l l u s t r a t e d  

in  F i g .   5 4 B .  

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

ed  in   F i g .   55A.  I t   c o m p r i s e s   a  b a s e - p l a t e   508 ,   to   w h i c h  

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

m i r r o r   509 ,   a  n e g a t i v e   l e n s   510 ,   a  s e c o n d   m i r r o r   511  a n d  

a  t h i r d   m i r r o r   512 .   F i g .   55A  r e p r e s e n t s   t h e   a s s e m b l y   r o t a t -  

ed  90°  a r o u n d   l i n e   513  f o r   c l a r i t y ' s   s a k e .  

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

r e p r e s e n t e d   in   F i g .   55B,  w h e r e   t h e   same  c o m p o n e n t s   a s  

in  F i g .   55A  a r e   i d e n t i f i e d   by  t h e   same  r e f e r e n c e   n u m b e r s .  

F i g   55C  r e p r e s e n t s   t h e   a u x i l i a r y   e n l a r g i n g   a s s e m b l y   o f  

F i g .   55A  m o u n t e d   on  t h e   b a s i c   c a r r i a g e   b a s e   p l a t e   503  i n  

o p e r a t i n g   p o s i t i o n .   A l t h o u g h   n o t   shown  in  t h e   f i g u r e ,   b a s e  

p l a t e   503  and  t h e  a u x i l i a r y   p l a t e   a s s e m b l y   of  F i g .   55A 

a r e   r e m o v a b l y   p o s i t i o n e d   and  l o c k e d   in   p l a c e .  

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

more   c l e a r l y   shown  in  F i g .   55D  w h e r e   t h e   e n t e r i n g   beam  5 0 2 ,  

p a s s i n g   t h r o u g h   t h e   l e n s   30  of  t h e   b a s e   c a r r i a g e ,   i s   d e -  

f l e c t e d   by  m i r r o r   509  t o w a r d   t h e   n e g a t i v e   l e n s   510 .   T h e  

e m e r g i n g   beam  i s   f u r t h e r   d e f l e c t e d   by  m i r r o r s   511  and  5 1 2  

a l o n g   p a t h   504  t o w a r d   t h e   p h o t o s e n s i t i v e   s u r f a c e   l o c a t e d  

in  a  p l a n e   p e r p e n d i c u l a r   to   e x i s t i n g   beam  a t   t h e   f O i a l  
p l a n e   of  t h e   o p t i c a l   s y s t e m .  

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

of  l e n s   30  r e s u l t s   in   an  i n c r e a s e d   f o c a l   l e n g t h   as  c o m p a r e d  

to   t h e   f o c a l   l e n g t h   of  t h e   l e n s   30  a l o n e .   In  a  p r e f e r r e d  

e n l a r g i n g   a t t a c h m e n t ,   t h e   f o c a l   l e n g t h   of  l e n s   30  i s  

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

of  t h e   p r o j e c t e d   i m a g e s .   The  d i f f e r e n t   m i r r o r s   a r e   so  l o c a t -  

ed  in  r e l a t i o n   to   t h e   two  l e n s e s   to   o b t a i n   t h e   d e s i r e d   e n -  



l a r g e m e n t   r a t i o   and  a  s h a r p   image   on  t h e   same  p l a n e   a s  

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

A  s i z e - r e d u c i n g   a t t a c h m e n t   i s   r e p r e s e n t e d   in  F i g .   5 6 A .  

T h i s   a t t a c h m e n t   i s   c o m p r i s e d   of  a  p l a t e   516  on  w h i c h   l e n s e s  

517  and  518  a r e   m o u n t e d   a t   a  p r e - d e t e r m i n e d   l o c a t i o n .   T h e r e  

a g a i n ,   t h e   a t t a c h m e n t   i s   shown  r o t a t e d   90°  a r o u n d   l i n e   5 1 9  

f rom  i t s   n o r m a l  p o s i t i o n   to   b e t t e r   show  t h e   c o m p o n e n t s .  

Lens   517  i s   n e g a t i v e   and  l e n s   518  i s   p o s i t i v e .  

The  a s s e m b l y   of  t h e   a t t a c h m e n t   and  s p a c i n g   c a r r i a g e   i s  

shown  in  F i g .   5 6 C .  

The  l i g h t   r a y s   p a t h   i s   i l l u s t r a t e d   in   F i g .   56D.  The  e n t e r -  

i n g   beam  502  f i r s t   m e e t s   t h e   l e n s   30  of  t h e   b a s i c   c a r r i a g e  

and  t h e n   goes-  t h r o u g h   n e g a t i v e   l e n s   517 ,   i s   d e f l e c t e d  

by  b a s e   c a r r i a g e   m i r r o r   32  and  f i n a l l y   g o e s   t h r o u g h   p o s i -  

t i v e   l e n s   518  w h i c h   makes   a  r e d u c e d   i m a g e   of  t h e   c h a r a c t e r  

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

T h i s   r e s u l t   i s   made  p o s s i b l e   by  j u d i c i o u s   s e l e c t i o n   of  t h e  

l e n s e s   and  t h e i r   l o c a t i o n s   on  t h e   a u x i l i a r y   p l a t e .   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   a s s e m b l y   may  be  r e d u c e d   b y  

50  %  in  a  p r e f e r r e d   e m b o d i m e n t   w h i c h   makes   i t   p o s s i b l e  

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

r a t i o   of  t h e   zoom  l e n s .  

The  c a r r i a g e   b a s e   p l a t e   503  can   b e  p r o v i d e d   w i t h   p o s i t i o n -  

i n g   and  l o c k i n g   m e a n s ,   n o t   s h o w n ,   w h i c h   can   be  u s e d   f o r  

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

c r i b e d .  
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The  d u a l - p u r p o s e   o u t p u t   u n i t   r e f e r r e d   to   in  r e l a t i o n   t o  

F i g .   1  of  t h e   p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   i s   r e -  

p r e s e n t e d   s c h e m a t i c a l l y   in  F i g s .   57  t h r o u g h   6 0 .  



A.  U s i n g   P h o t o g r a p h i c   F i l m  

F i g .   57  r e p r e s e n t s   t h e   u n i t   a f t e r   i t   has   b e e n   p r e p a r e d   t o  

h a n d l e   f i l m   s t o r e d   in   t h e   f o rm  of  a  r o l l   514 .   The  i n p u t  

f i l m   c a s s e t t e   a s s e m b l y   i s   shown  a t   40,   and  t h e   o u t p u t   c a s s e t -  

t e   a t   44.  B o t h   a r e   r e m o v a b l y   s e c u r e d   to   t h e   b r a c k e t   5 1 5  

a t t a c h e d   to   t h e   b a s e   of  t h e   m a c h i n e .   The  i n p u t   f i l m   c a s s e t -  

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

853  w h i c h   i s   r e m o v a b l y   c o u p l e d   by  m e c h a n i c a l   or   e l e c t r o -  

m e c h a n i c a l   means   to   a  t o r q u e   m o t o r   ( n o t   s h o w n ) .   In  n o r m a l  

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

t h e   c l o c k w i s e   d i r e c t i o n   i n d i c a t e d   by  a r r o w   F 1 .  

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

w i t h   a  p r o j e c t i o n   44'   a c t i n g   as  a  l i g h t   b a f f l e   and  c o u p l i n g  

means   w i t h   o u t p u t   d r i v e   a s s e m b l y   857 .   The  a s s e m b l y   857  c o n -  

t a i n s   two  p i n c h   r o l l e r s   855  and  856.   R o l l e r   844  can   b e  

r o t a t e d   in  t h e   c o u n t e r - c l o c k w i s e   d i r e c t i o n   by  t h e   t o r q u e  

m o t o r ,   and  r o l l e r   856  i s   an  i d l e r .   P r o j e c t i o n   42'   of  a s s e m b -  

ly  857  a c t s   as  a  g u i d e   f o r   t h e   f i l m .  

The  p u r p o s e   of  t h e   m e c h a n i s m   j u s t   d e s c r i b e d   i s   to   keep   t h e  

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

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

in  one  d i r e c t i o n   and  t h e   t o r q u e   m o t o r   a t   t h e   o u t p u t   s i d e  

t e n d s   t o   p u l l   t h e   f i l m   in  t h e   o t h e r   d i r e c t i o n ,   b u t   no  m o -  

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

b e t w e e n   f i l m   and  drum  o b t a i n e d   as  d e s c r i b e d   b e l o w .   T h e  

f i l m   i s   f o r c e d   to   f o l l o w   r o t a t i o n   of  t h e   drum  in  e i t h e r  

d i r e c t i o n .  

To  p r e p a r e   t h e   m a c h i n e   f o r   t h e   f i r s t   mode  of  o p e r a t i o n   a  c e r -  

t a i n   l e n g t h   of  f i l m   586  i s   p u l l e d   o u t   of  t h e   s u p p l y   o r  

i n p u t   c a s s e t t e   40  t h r o u g h   an  e l o n g a t e d   l i g h t   b a f f l e   4 0 ' .  

The  f i l m   can   be  m a n u a l l y   w r a p p e d   a r o u n d   t h e   p e r i p h e r y   o f  

drum  34  ( a l s o   s ee   F i g .   1)  and  i n t r o d u c e d   t h r o u g h   e l o n g a t e d  

l i g h t   b a f f l e   42'   i n t o   o u t p u t   c a s s e t t e   44.  The  drum  34  a c t s  

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



p l a t e n   or  s u p p o r t   a t   t h e   c h a r a c t e r   p r o j e c t i o n   a r e a   549  w h i c h  

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

t h e i r   way  to   t h e   p h o t o s e n s i t i v e   medium  586  on  t h e   d r u m .  

P r e s s u r e   r o l l e r s   s u c h   as  852  p r e f e r a b l y   a r e   u t i l i z e d   t o  

p r e s s   t h e   f i l m   a g a i n s t   t h e   d rum.   T h e s e   r o l l e r s   can   b e  

m e c h a n i c a l l y   c o u p l e d   to   t h e   drum  m e c h a n i s m   so  t h a t   t h e y  

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

as  t h e   d rum.   T h i s   i n s u r e s   p o s i t i v e   t r a c t i o n   of  t h e   f i l m  

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

The  s e c t i o n   of  t h e   f i l m   l o c a t e d   on  t h e   drum  s u r f a c e   i s  

h e l d   f i r m l y   a g a i n s t   t h a t   s u r f a c e   by  means   of  a  v a c u u m ,   a s  
i t   now  w i l l   be  e x p l a i n e d .   The  drum  p r e f e r a b l y   i s   f a b r i c a t e d  

f rom  a  l i g h t   and  r i g i d   m a t e r i a l .   I t s   t h i c k n e s s   i s   e x a g g e r a t -  
ed  in   t h e   d r a w i n g   f o r   t h e   s a k e   of  c l a r i t y .   The  o u t s i d e  

a r e a   of  t h e   drum  i s   p r o v i d e d   w i t h   l o n g i t u d i n a l   g r o o v e s   5 2 7  

( a l s o   see   F i g .   5 8 ) .   T w e l v e   g r o o v e s   a r e   shown  in  t h e   d r a w -  

i n g .   Each   g r o o v e   i s   p r o v i d e d   w i t h   s m a l l   h o l e s   s u c h   as  5 2 4  

e x t e n d i n g   t h r o u g h   t h e   d r u m  w a l l .   The  c y l i n d r i c a l   body   o f  

t h e   drum  i s   a t t a c h e d   to   t h e   c e n t e r i n g   f l a n g e s ,   one  a t   e a c h  

end .   A  f l a n g e   i s   shown  a t   619  in   F i g .   5 8 . T h e s e   f l a n g e s   a r e  

p r o v i d e d   w i t h   hubs   621  w h i c h   r o t a t e   f r e e l y   on  a  f i x e d   t u -  

b u l a r   a x l e   622  w h i c h   i s   s e c u r e d   by  s c r e w s   626  to   t h e   f r a m e  

of  t h e   m a c h i n e .  

The  r o t a t i o n   of  t h e   drum  f o r   t h e   f i l m   f e e d i n g   (or   l e a d i n g )  
f u n c t i o n   i s   c o n t r o l l e d   by  a  m o t o r   36  ( f i g .   1 ) ,   w h i c h   d r i v e s  

a  g e a r   559  ( F i g .   58)  a t t a c h e d   to   one  of  t h e   end  f l a n g e s   6 1 9  
of  t h e   d rum.   The  o t h e r   end  f l a n g e   may  be  c o n v e n i e n t l y   p r o v i -  
ded  w i t h   an  e n c o d e r   in  o r d e r   to   c o n t i n u o u s l y   d e t e c t   a n d / o r  

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

o p e r a t i o n .  

R e f e r r i n g   to   F i g .   57,   i n s i d e   t h e   d rum,   m o u n t e d   in   f i x e d   p o -  
s i t i o n   in   r e l a t i o n   to   t h e   r o t a t i n g   drum  a s s e m b l y ,   and  p r e -  

f e r a b l y   s e c u r e d   to   t h e   i n n e r   t u b e   622  by  w e l d i n g ,   a r e  



p a r t i t i o n s   612 ,   612 '   and  533  w h i c h   d i v i d e   t h e   i n n e r   s p a c e  
of  t h e   drum  i n t o   t h r e e   s e c t i o n s   as  f o l l o w s :   t h e   " w e s t "  

h a l f - m o o n s h a p e d   s e c t i o n   545  l o c a t e d   b e t w e e n   t h e   i n n e r - s i d e  

of  t h e   drum  w a l l   and  p a r t i t i o n s   6 1 2 ,  6 1 2 ' ;   t h e   " n o r t h e a s t "  

s e c t i o n   547  l o c a t e d   b e t w e e n   t h e   drum  and  p a r t i t i o n s   612  a n d  

533;   and  t h e   " s o u t h e a s t "   s e c t i o n   546  l o c a t e d   b e t w e e n   t h e  

drum  and  p a r t i t i o n s   533  and  6 1 2 ' .   The  t h r e e   s e c t i o n s   a l s o  

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

s h a f t   622 .   The  i n n e r   c y l i n d r i c a l   s p a c e   of  t h e   s h a f t   6 2 2  

( s e a l e d   a t   t h e   end  n o t   shown  in  t h e   d r a w i n g   by  a  p l u g )  

a l s o   i s   d i v i d e d   i n t o   t h r e e   a r e a s   as  f o l l o w s :   548  l i m i t e d  

by  w a l l   531 ;   t h e   n o r t h e a s t   a r e a   562  and  t h e   s o u t h e a s t  

a r e   563 ,   w h i c h   a r e a s   a r e   s e p a r a t e d   by  a  w a l l   5 3 2 .  

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

a  n u m b e r   of   i n d e p e n d e n t   vacuum  c h a m b e r s   i n s i d e   t h e   d r u m .  

The  o u t s i d e   e d g e s   of  p a r t i t i o n s   533 ,   612  and  612 '   a r e  

p r o v i d e d   w i t h   a  g a s k e t   613  made  of  s o f t   m a t e r i a l   s u c h   a s  

r u b b e r   t o   e n s u r e   a  good  s e a l   when  a  v a c u u m   i s   p r o d u c e d   i n  

t h e   c h a m b e r s   and  t h e   drum  i s   r o t a t e d .   As  shown  in  t h e  

d r a w i n g ,   t h e   t u b u l a r   s h a f t   622  has   h o l e s   623  t o   e s t a b l i s h  

c o m m u n i c a t i o n   b e t w e e n   t h e   c h a m b e r s   and  t h e   i n n e r   t u b e   a r e a s  

m e n t i o n e d   a b o v e .   A  v a c u u m   d e v i c e   ( n o t   s h o w n ) ,   p u l l s   a i r   o u t  

of  t h e   i n n e r   a r e a s   of  t h e   drum  t h r o u g h   a  p i p e   561  ( F i g s .  

58  and  59)  and  a  v a l v e   a s s e m b l y   shown  a t   560  and  s c h e m a t i -  

c a l l y   shown  in   g r e a t e r   d e t a i l   in   F i g .   5 9 .  

F i g .   59  shows   s c h e m a t i c a l l y   t h e   s t r u c t u r e   of   t h e   v a l v e  

a s s e m b l y   560 .   V a l v e   a s s e m b l y   560  i n c l u d e s   a  v a c u u m   c h a m b e r  

633 .   The  s e m i - c y l i n d r i c a l   i n n e r s p a c e   548  of  t h e   t u b e   622  i s  

p e r m a n e n t l y   c o n n e c t e d   to   c h a m b e r   633  by  a  p i p e   583 .   T h e  

o t h e r   two  s e c t i o n s   562  and  563  of  t h e   t u b e   a r e   c o n n e c t e d   t o  

t h e   v a c u u m   c h a m b e r   633  by  p i p e s   584  and  585  and  e l e c t r i c a l -  

l y - o p e r a t e d   v a l v e s   564  and  565 .   T h u s ,   t h e   o p e r a t i o n   o f  

t h e   v a l v e   564  c a u s e s   t h e   e v a c u a t i o n   of  c h a m b e r   546  and  t h e  

o p e r a t i o n   of  v a l v e   565  e v a c u a t e s   c h a m b e r   547 .   The  a u t o m a -  

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



o p e r a t i n g   c i r c u i t s   when  t h e   m a c h i n e   i s   u s e d   in  t h e   s e c o n d  

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

p h o t o g r a p h y .   I t   can  be  u n d e r s t o o d   t h a t ,   w i t h   c h a m b e r   6 3 3  

e v a c u a t e d   v i a   p i p e   561 ,   t h e   d i r e c t   c o n n e c t i o n   of  c h a m b e r  

633  w i t h   i n n e r   drum  c h a m b e r   545  w i l l   c a u s e   s u c t i o n   to   b e  

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

to   t h e   r i g h t   h a l f .   A l t h o u g h   two  e l e c t r i c a l l y   o p e r a t e d  

v a l v e s   a r e   shown  in  F i g .   59,   i t   m u s t   be  c l e a r   t h a t   as  m a n y  

i n d i v i d u a l l y   o p e r a t e d   v a l v e s   can   be  u t i l i z e d   as  i s   n e c e s -  

s a r y   f o r   t h e   c o n t r o l   of  t h e   e v a c u a t e d   c h a m b e r s .   For   e x a m p -  
l e ,   t h e   drum  of  F i g .   60  i s   d i v i d e d   i n t o   f o u r   c h a m b e r s  

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

as  z i n c   o x i d e   o f f s e t   p l a t e s .  

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

f rom  t h e   s u p p l y   c a s s e t t e   r o l l   514  a g a i n s t   t h e   a c t i o n   of  t h e  

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

c a s s e t t e   44  by  t h e   c o m b i n e d   a c t i o n s   of  t h e   drum  and  t h e  

t o r q u e   m o t o r   a s s o c i a t e d   w i t h   a s s e m b l y   8 5 7 - 1 .   The  n o r m a l  

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

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

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

drum  and  t h e   t o r q u e   m o t o r   a s s o c i a t e d   w i t h   t h e   c a s s e t t e  

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

t o r q u e   m o t o r .   (The  t o r q u e   m o t o r s   a r e   n o t   shown  in  t h e  

d r a w i n g s ) .  

B.  U s i n g   E l e c t r o p h o t o g r a p h i c   M e d i a  

The  o t h e r   mode  of  o p e r a t i o n   of  t h e   o u t p u t   u n i t   of  t h e  

m a c h i n e   w i l l   be  d e s c r i b e d   in   r e l a t i o n   to   F i g s .   60A  t o  

60L  and  6 0 ' A ' t o   6 0 ' H '   w h e r e   t h e   drum  of  F i g .   57  i s   s c h e m a -  

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

s i t i o n s ,   a p p r o x i m a t e l y   e v e r y  o n e   q u a r t e r   of  a  t u r n ,   to   b e t -  

t e r   i l l u s t r a t e   t h e   s e q u e n c e   of  o p e r a t i o n s   in  t h e   e l e c t r o -  

p h o t o g r a p h i c   modes   of  t h e   i n v e n t i o n .  



T h i s   mode  r e l a t e s   t o   e l e c t r o p h o t o g r a p h i c   p r o c e s s i n g   o f  

s u c h   m e d i a   as  z i n c   o x i d e   p a p e r   or  p l a t e   m a t e r i a l .   T h e  

p r o c e s s   i s   s u b s t a n t i a l l y   t h e   same  as  t h e   one  u s e d   in  w e l l -  

known  e l e c t r o p h o t o g r a p h i c   o f f i c e   c o p i e r s ,   e x c e p t   t h a t   i n  

t h e   s y s t e m   d e s c r i b e d   h e r e i n   i t   may  be  n e c e s s a r y   to   r e v e r s e  
t h e   p r o c e s s ,   f o r   e x a m p l e   by  t h e   use   of  a  r e v e r s e d   t o n e r  

t h a t   w i l l   p r o d u c e   b l a c k   i m a g e s   on  a r e a s   s t r u c k   by  t h e  

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

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

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

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

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

a  l i q u i d   t o n e r   i s   i n s t a l l e d   on  t h e   s u p p o r t   515  to   r e p l a c e  

t h e   i n p u t   f i l m   c a s s e t t e   as  s c h e m a t i c a l l y   shown  in  F i g .   6 0 A .  

A  p a p e r   s h e e t   f e e d i n g   m e c h a n i s m   may  be  i n s t a l l e d ,   i f   d e s i r e d ,  

to   r e p l a c e   h a n d   f e e d i n g .   Then   t h e   o u t p u t   c o n t r o l   c i r c u i t  

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

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

g r a p h i c   o p e r a t i o n   as  w i l l   be  e x p l a i n e d   w i t h   r e f e r e n c e   t o  

F i g s .   60A  to   60L  in  r e l a t i o n   w i t h   a  z i n c   o x i d e   s h e e t   5 2 3  

h a v i n g   a  maximum  " p r i n t i n g "   a r e a   l e n g t h   a p p r o x i m a t e l y  

e q u a l   to   t h r e e - q u a r t e r s   of  c i r c u m f e r e n t i a l   l e n g t h   of   t h e  

d r u m .  

The  s e q u e n c e   of  o p e r a t i o n   i s   as  f o l l o w s :  

1.  Move  t h e   drum  to   i t s   "home"  p o s i t i o n ,   f o r   e x a m p l e ,   a s  

d e t e r m i n e d   by  p o s i t i o n   " z e r o "   of  t h e   a s s o c i a t e d   e n -  

c o d i n g   d e v i c e . T h e   home  p o s i t i o n   i s   shown  in   F i g .   6 0 A .  

A  c o v e r   628  c o v e r s   a  p o r t i o n   of   t h e   drum  b e t w e e n   t h e  

e n d s   of  t h e   s h e e t   523  so  as  t o   m i n i m i z e   t h e   l o s s   o f  

s u c t i o n   a t   t h e   h o l e s   629  w h e r e   t h e   s h e e t   523  c o n t a c t s  

t h e   d rum.   The  c o v e r   may  be  made  of  any  f l e x i b l e   m a t e r i a l  

s u i t a b l e   f o r   b l o c k i n g   t h e   f l o w   of   a i r   i n t o   t h e   h o l e s   6 2 9 ,  

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

by  s u c t i o n .  



2.  I n s t r u c t   t h e   s h e e t - f e e d i n g   m e c h a n i s m   850  to   move  t h e  

f i r s t   s h e e t   523  to   t h e   l o a d i n g   p l a t f o r m   38.  The  c h a m b e r  

545  i s   e v a c u a t e d ,   and  t h e   l e a d i n g   e d g e   of  t h e   s h e e t  

523  moves   so  as  to   c o v e r   h o l e s   629  in   t h e   drum  w a l l   l e a d -  

i n g   to   t h e   c h a m b e r   545 .   T h i s   c a u s e s   t h e   s h e e t   to   a d h e r e  

to   t h e   o u t e r   s u r f a c e   of  t h e   d r u m .  

3.  At  t h e   same  t i m e   (or   soon   t h e r e a f t e r )   s t a r t   t h e   c o r o n a  

d i s c h a r g e   ( i n d i c a t e d   by  a r r o w   521  of  F i g .   60A)  to   c h a r g e  

t h e   p h o t o c o n d u c t i v e   s h e e t   5 2 3 .  

4.  The  drum  i s   now  r o t a t e d   c o u n t e r c l o c k w i s e   a t   a  c o n s t a n t  

s p e e d .   As  i t   r o t a t e s ,   c h a m b e r s   545 ,   5 4 5 ' ,   546  and  5 4 7  

a r e   s u c c e s s i v e l y   e v a c u a t e d .   The  e v a c u a t e d   c h a m b e r s   a r e  

i d e n t i f i e d   by  t h e   l e t t e r   "V"  in   t h e   d r a w i n g s .   T h u s ,   t h e  

s h e e t   i s   g r a d u a l l y   w r a p p e d   a r o u n d   t h e   drum  and  h e l d   s e -  

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

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

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

t h e   v a c u u m   v a l v e s .   F i g .   60B  r e p r e s e n t s   t h e   drum  a f t e r   i t  

has   r o t a t e d   90°  f rom  i t s   i n i t i a l   p o s i t i o n ,   60C  a f t e r  

one  h a l f   t u r n ,   and  F i g .   60D  a f t e r   t h r e e   q u a r t e r s   of  a  

t u r n .   A t t h i s   p o i n t   t h e   s h e e t   i s   s e c u r e l y   h e l d   by  s u c t i o n  

a g a i n s t   t h e   o u t e r   s u r f a c e   of  t h e   drum  and  t h e   c o r o n a  
u n i t   i s   s h u t   o f f .  

C o n t i n u o u s   r o t a t i o n   c o u n t e r c l o c k w i s e   of  t h e   drum  b r i n g s  

i t   s u c c e s s i v e l y   t o   p o s i t i o n s   60E  (one  f u l l   t u r n   f rom  t h e  

i n i t i a l p o s i t i o n )   and  f i n a l l y   to   t h e   " f l a s h   p o s i t i o n "  

60F.  At  t h i s   p o s i t i o n ,   t h e   f i r s t   l i n e   of  t e x t   can   b e  

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

by  a r r o w   549 .   At  t h i s   p o i n t ,   t h e   v a l v e s   a s s o c i a t e d   w i t h  

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

t h e y   w i l l   r e m a i n   so  u n t i l   i t   i s   t i m e   to   r e m o v e   t h e   s h e e t  

f rom  t h e   d rum,   as  i t   w i l l   be  e x p a l i n e d   b e l o w .  



5.  The  d e c o d e r   w h i c h   had   c o n t r o l l e d   t h e   c o n t i n o u s   r o t a t i o n  

of  t h e   drum  f rom  i t s   i n i t i a l   p o s i t i o n   c a u s e s   i t   to   s t o p  

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

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

m a c h i n e .   From  t h i s   p o i n t   t h e   drum  s t e p s   in   t h e   " f o r w a r d  

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

But  i t   c a n - a l s o   be  moved  in   t h e   " r e v e r s e   l e a d "   d i r e c -  

t i o n   ( t h a t   i s ,   c l o c k w i s e   in   t h e   d r a w i n g )   f o r   c o l u m n a r  

c o m p o s i t i o n .  

6.  D u r i n g   t h e   c o m p o s i t i o n   of  a  f u l l   p a g e ,   t h e   drum  r o t a t e s  

to   o c c u p y   s u c c e s s i v e l y   p o s i t i o n s   60G,  60H  a n d ,   f i n a l l y ,  

60I  a t   t h e   c o m p l e t i o n   of  a  f u l l   p a g e .  

7.  The  m o t i o n   of  t h e   drum  i s   now  r e v e r s e d   to   move  c l o c k -  

w i s e   in   a  c o n t i n u o u s   mode ,   t h e   c o n t r o l   c i r c u i t   h a v i n g  

s w i t c h e d   t h e   drum  c o n t r o l   f r om  t h e   l e a d i n g   command  t o  

t h e   p r o c e s s i n g   command  a t   t h e   a p p e a r a n c e   of  an  " e n d   o f  

p a g e "   s i g n a l   or   when  t h e   maximum  a m o u n t   of  t h e   s h e e t  

s u r f a c e   has   b e e n   e x p o s e d .  

8.  When  t h e   drum  has   r o t a t e d   to   p o s i t i o n   6 0 J ,   t h e   v a l v e  

c o n n e c t e d   to   c h a m b e r   547  (N-E  c h a m b e r )   i s   c a u s e d   t o  

c l o s e   so  t h a t   no  v a c u u m   i s   p r e s e n t   in   t h e   a r e a   of  t h e  

drum  o p p o s i t e   t h a t   c h a m b e r   when  t h e   s h e e t   a r r i v e s  

a b o v e   i s t .  

9.  The  e j e c t i o n   b l a d e   535  p i v o t e d   a t   526  i s   r o t a t e d   c o u n -  

t e r c l o c k w i s e   by  a  s o l e n o i d   ( n o t   shown)  to   f o r c e   t h e  

end  630  of  t h e   s h e e t   o u t   of  e n g a g e m e n t   w i t h   t h e   drum  s u r -  

f a c e .  

10.  C o n t i n u o u s   c l o c k w i s e   r o t a t i o n   of  t h e   drum  f o r c e s   t h e  

s h e e t   i n t o   t h e   p r o c e s s i n g   u n i t   42  w h e r e   t h e   h a n d l i n g  

of  t h e   s h e e t   i s   t a k e n   o v e r   by  b e l t s   a n d / o r   r o l l e r s   l o -  



c a t e d   i n s i d e   t h e   a s s e m b l y .  

11.  One  q u a r t e r   of  a  t u r n   l a t e r ,   t h e   drum  and  s h e e t   a r e   i n  

p o s i t i o n   60K  and  c h a m b e r   546  (S-E  c h a m b e r )   i s   r e l e a s e d  

of  i t s   v a c u u m .  

12.  At  p o s i t i o n ' 6 0 L   t h e   o n l y   c h a m b e r   s t i l l   e v a c u a t e d   i s  

c h a m b e r   545 '   (S-W)  c h a m b e r ) .  

13.  F i n a l l y ,   one  q u a r t e r   t u r n   l a t e r ,   t h e   drum  has   r e t u r n e d  

to   i t s   i n i t i a l   p o s i t o n   shown  a t   60A.  The  s h e e t   j u s t  
r e m o v e d   has   b e e n   p u l l e d  a w a y   f rom  t h e   drum  and  i s   n o w  

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

(as  shown  a t   851  in   t h e   f i g u r e )   f rom  w h i c h   i t   w i l l  

e m e r g e   c o m p l e t e l y   p r o c e s s e d .  

14.  The  drum  r e m a i n s   s t a t i o n a r y   u n t i l   a  new  s h e e t   i s   i n t r o -  

d u c e d   and  t h e   same  s e q u e n c e   of  o p e r a t i o n s   i s   r e p e a t e d .  

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

t h e   drum  can  be  i n c r e a s e d   or  d e c r e a s e d   d e p e n d i n g   on  t h e  

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

A l s o ,  a s   a  v a r i a n t ,   t h e   drum  can   k e e p   m o v i n g   in  t h e   s a m e  

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

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

s c h e m a t i c a l l y   i l l u s t r a t e d   in  t h e   s e q u e n c e   of  F i g s .   6 0 ' A '  

to   6 0 ' H ' .   T h i s   can  be  a c h i e v e d   by  r e l o c a t i n g   b l a d e   535  a n d  

i t s   p i v o t   p o i n t   to   p o s i t i o n   535 '   in   F i g .   6 0 ' H ' .   In  t h i s  

mode  of  o p e r a t i o n ,   as  shown ,   t h e   v a c u u m   has   b e e n   r e m o v e d  

f rom  t h e   c h a m b e r   547  (N-E  c h a m b e r )   in  o r d e r   to   make  i t  

p o s s i b l e   to   p e e l   o f f   t h e   p l a t e   f rom  t h e   d rum.   As  t h i s  

o p e r a t i o n   i s   i n i t i a t e d   ( w i t h   t h e   drum  as  p o s i t i o n   6 0 ' H ' )  

t h e   m a c h i n e   may  s t i l l   be  f l a s h i n g   c h a r a c t e r s   a t   p o s i t i o n  

549 ,   so  t h a t   t h e   drum  i s   s t e p p e d   by  t h e   m e c h a n i s m   a t  

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



8 8 1 - 8 8 2   to   d i r e c t   i t   t o w a r d   t h e   p r o c e s s i n g   u n i t   42.  O f  

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

t h a n   t w o - t h i r d s   of  t h e   l e n g t h   of  t h e   p l a t e   has   to   b e  

p e r f o r m e d ,   t h e   s o l e n o i d   a c t u a t i n g   b l a d e   535 '   i s   n o t  

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

c o m p l e t e .  

The  s e q u e n c e   of  F i g s .   6 0 ' - A '   to   6 0 ' - H '   c l e a r l y   shows  t h a t  

a n o t h e r   q u a r t e r   t u r n   of  t h e   drum  in  t h e   same  d i r e c t i o n  

w i l l   b r i n g   i t   b a c k   to  t h e   i n i t i a l   p o s i t i o n   6 0 ' - A '  

w h e r e   t h e   l o a d i n g   of  t h e   n e x t   p l a t e   523 '   i s   i n i t i a t e d   a t  

t h e   same  t i m e   as  t h e   e x p o s e d   p l a t e   523  i s   b e i n g   p r o c e s s e d .  

T h i s   i s   a c c o m p l i s h e d   by  k e e p i n g   c h a m b e r s   545 ,   545 '   a n d  

546  e v a c u a t e d   a t   a l l   t i m e s   e x c e p t   when  t h e   f i r s t   p l a t e   i s  

i n t r o d u c e d .  

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

to   r e d u c e   t h e   n u m b e r   of  d r u m - t u r n s - p e r - p a g e   to  two  i n -  

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

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

drum  in  one  o p e r a t i o n   a n d ,   to   a  c e r t a i n   e x t e n t ,   o v e r -  

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

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

D e f l e c t o r   p l a t e s   901  and  902  g u i d e   t h e   m a t e r i a l   as  i t   i s  

r e m o v e d   f rom  t h e   drum  by  t h e   a c t i o n  o f   b l a d e   535 '   w h i c h  

moves   to   t h e   " p e e l   o f f "   p o s i t i o n   b e t w e e n   drum  l o c a t i o n s  

G'  and  H'  u n t i l   l o c a t i o n   C ' ,   a t   t h e   l a t e s t .  

I t   i s   c l e a r   f rom  F i g s .   57,  58  and  t h e   g r o u p   of  F i g s .   60  

t h a t   t h e   same  m e d i a - h o l d i n g   and  h a n d l i n g   drum  can  b e  

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

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

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

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

p l a t e s ,   i t   i s   v e r y   d e s i r a b l e   to   h a v e   a  means   to   a u t o m a t i -  

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

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

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

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

p h o t o c o n d u c t i v e   m a t e r i a l   m o u n t e d   on  drum  34,   as   i t   w i l l  

be  e x p l a i n e d   in  r e l a t i o n   to   F i g s .   30  to   30C  a n d  6 1   and  6 2 .  

A  c o m p l e t e   "made  up"  p a g e  i s   shown  in  F i g .   32.  I t   i s  

c o m p o s e d   of  two  c o l u m n s   7 4 3  a n d   745  of  t e x t ,   and  t h r e e  

i t e m s   of  g r a p h i c   m a t t e r   750 ,   751  and  752.   The  l o c a t i o n   o f  

t h e   g r a p h i c   m a t t e r   i s   known  b e f o r e   t h e   t e x t   i s   c o m p o s e d .  

In  t h e   s i m p l e s t   mode  of  o p e r a t i o n ,   t h e   g r a p h i c   b l o c k s   a r e  

p r o p e r l y   l o c a t e d   on  a  p a g e   d e v o i d   of  t e x t   m a t e r i a l ,   a s  

shown  in  F i g .   33A.  T h i s   p a g e   can   be  of  t h e   same  s i z e   a s  

t h e   o r i g i n a l   o r ,   p r e f e r a b l y   of  a  s m a l l e r   s i z e ,   as  i t   w i l l  

be  a s s u m e d   in  t h e   e x a m p l e   d e s c r i b e d   b e l o w .  

A.  G r a p h i c   I n s e r t i o n   M e c h a n i s m  

F i g .   61  r e p r e s e n t s   t h e   b a s i c   m a c h i n e   shown  in  F i g .   1  p l u s  

a d d i t i o n a l   c o m p o n e n t s :   a  g r a p h i c   i n s e r t   drum  a s s e m b l y   191 

r e f e r r e d   to  as  a u x i l i a r y   i n p u t   d r u m ,   and  a  p r o j e c t i o n   l e n s  

c a r r i a g e   a s s e m b l y   193,   a l s o   r e f e r r e d   to   as  a u x i l i a r y  

c a r r i a g e .  

A s s e m b l y   191  i n c l u d e s   an  a u x i l i a r y   drum  611 .   Drum  611  i s  

s i m i l a r   to   t h e   " m a i n "   drum  34  d e s c r i b e d   in  r e l a t i o n   t o  

F i g s .   57  and  58.  In  d i f f e r s   f rom  drum  34  in  t h a t   i t   c a r r i e s  

p r e v i o u s l y - e x p o s e d   and  d e v e l o p e d   f i l m   or  m a t e r i a l   646 ,   p r e -  

f e r a b l y   in  n e g a t i v e   f o r m .   The  l a t t e r   m a t e r i a l ,   w h i c h   i s  

r e f e r r e d   to  as  " i n s e r t   g r a p h i c s "   f i l m   or  f i l m   s t r i p ,   m a y  
c o n s i s t   of  a  r o l l   of  f i l m   c o n t a i n i n g   p r e - p o s i t i o n e d   g r a -  

p h i c s   (or  t e x t   m a t e r i a l ) ,   as  m e n t i o n e d   e a r l i e r .   The  f i l m  



646  i s   s u p p o r t e d   by  a  p l a t f o r m   643  p r o v i d e d   w i t h   a d j u s t a b l e  
a b u t m e n t s   644  f o r   a x i a l   l o c a t i o n   of  t h e   f i l m   and  i s   e n -  

g a g e d   by  p i n s   731  w h i c h   f i t   i n t o   c o r r e s p o n d i n g   h o l e s   i n  

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

The  a u x i l i a r y   i n p u t   drum  611  i s   r o t a t a b l y   s u p p o r t e d   by  a  

s p i n d l e   649  ( a l s o   see   F i g .   62)  and  can   be  e i t h e r   i n d e -  

p e n d e n t l y   d r i v e n   by  a  m o t o r - d e c o d e r   a s s e m b l y   ( n o t   s h o w n ) ,  

or  by  a  g e a r   666  ( F i g .   62)  w h i c h   may  be  c o n n e c t e d   to   d r u m  

34  by  a  c l u t c h   ( n o t   shown)  to   d r i v e   b o t h   d rums   i n  

s y n c h r o n i s m .   In  F i g .   62,  t h e   a u x i l i a r y   drum  c r o s s - s e c t i o n  

shown  a t   648  may  be  p r o v i d e d   w i t h   t h e   same  k i n d   of  h o l e s  

and  g r o o v e s   as  d e s c r i b e d   a b o v e   in  o r d e r   to   m a i n t a i n   t h e  

i n s e r t   f i l m   in  p o s i t i o n ,   or   t h e   f i l m   may  be  h e l d   in  p o -  
s i t i o n   a g a i n s t   t h e   drum  by  b e l t s   or  r o l l e r s   ( n o t   s h o w n )  

as  i s   w e l l   known  in  t h e   a r t .  

I f   t h e   i n s e r t   s u p p o r t   i s   t r a n s p a r e n t ,   t h e   drum  611  s h o u l d  

be  made  o u t   of   t r a n s p a r e n t   m a t e r i a l   so  t h a t   t h e   l i g h t   p r o -  
d u c e d   by  e l o n g a t e d   lamp  652  ( F i g .   62)  l o c a t e d   i n s i d e   t h e  

a u x i l i a r y   drum  611  can   i l l u m i n a t e   s e l e c t e d   e l o n g a t e d   t r a n s -  

p a r e n t   a r e a s   of  t h e   i n s e r t   s u p p o r t .   I f   t h e   i n s e r t   s u p p o r t  
i s   o p a q u e   m a t e r i a l   s u c h   as  p h o t o g r a p h i c   p a p e r ,   t h e   i l l u -  

m i n a t i o n   i s   p r o d u c e d   by  l a m p s   650  l o c a t e d   o u t s i d e   t h e   d r u m  

and  p r o v i d e d   w i t h   e l o n g a t e d   r e f l e c t o r s ,   as  shown  in  F i g .  

62,  e x t e n d i n g   a x i a l l y   a l o n g   t h e   u s e f u l   l e n g t h   of  t h e   d r u m  

611.   In  e i t h e r   c a s e ,   t h e   i l l u m i n a t e d   a r e a   a t   t h e   s u r f a c e  

of  t h e   drum  i s   l i m i t e d   by  a  w indow  654  h a v i n g   a  n a r r o w  

a p e r t u r e   742  e x t e n d i n g   l e n g t h w i s e   a l o n g   t h e   d rum,   i t s  

l e n g t h   b e i n g   s u f f i c i e n t   to   c o v e r   t h e   w i d t h   of  t h e  a u x i l i a r y  
m a t e r i a l   to   be  m e r g e d   w i t h   t h e   p r o d u c t   of  t h e   ma in   d r u m  

3 4 .  

The  c h a r a c t e r   s p a c i n g   or  main   c a r r i a g e   i s   shown  a t   18  i n  

F i g .   62.  I t   can   s l i d e   a l o n g   r o d s   24  and  26  ( F i g .   62)  u n d e r  

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



ge  e x t e n s i o n   arm  28  i s   p r o v i d e d   w i t h   a  b a l l - b e a r i n g   r o l l e r  

686  w h i c h   i s   u r g e d   d o w n w a r d l y   a g a i n s t   t h e   rod   26  by  a  s p r i n g  

687  a t t a c h e d   to  a  f l e x i b l e   l e v e r   689  p r o v i d e d   w i t h   a  

f r i c t i o n   pad  688.   C a r r i a g e   body   18  i s   p r o v i d e d   w i t h   a  

g r o o v e d   p r o j e c t i o n   6 5 6 .  

An  a u x i l i a r y   c a r r i a g e   632  i s   p r o v i d e d .   C a r r i a g e   632  c a n  

s l i d e   a l o n g   a  r a i l   634  in   a  d i r e c t i o n   p a r a l l e l   to   t h e   a x e s  

of  d rums   34  and  611 ,   and  to   t h e   r a i l   24  of  t h e   ma in   c a r r i a -  

ge .   A  l e n s   636  i s   m o u n t e d   in  a  h o l d e r   637  w h i c h   i s   m o u n t e d  

on  an  e x t e n d i n g   arm  641  o f  c a r r i a g e   632  as  shown .   Two  m i r -  

r o r s   638  and  642  a r e   a l s o   m o u n t e d   on  c a r r i a g e   632  to   d e -  

f l e c t   t h e   l i g h t   r a y s   e m e r g i n g   f rom  t h e   a u x i l i a r y   d r u m ,  

as  i t   w i l l   be  e x p l a i n e d   l a t e r .  

The  a u x i l i a r y   c a r r i a g e   632  a l s o   i s   p r o v i d e d   w i t h   an  e x t e n -  

s i o n   640  in  t h e   f o rm  of  a  r e l a t i v e l y   n a r r o w   t o n g u e   t h a t  

can   e n g a g e   s n u g l y   t h e   r e c e s s   or  g r o o v e   of  p r o j e c t i o n   6 5 6  

of  t h e   ma in   c a r r i a g e   ( a l s o   see   F i g .   6 1 ) .   When  t h e   a u x i l i a -  

ry  c a r r i a g e   632  i s   n o t   in  u s e ,   t h e   t o n g u e   640  i s   p o s i t i o n e d  

as  shown  a t   640 '   a g a i n s t   a  s t o p   657  so  t h a t   t h e   m a i n  

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

to  c a r r y   t h e   a u x i l i a r y   c a r r i a g e   w i t h   i t .   In  o r d e r   to   m o v e  

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

s o l e n o i d   690  i s   e n e r g i z e d   to   r o t a t e   a  l o n g   b a i l   662  a r o u n d  

a  p i v o t   655  to   move  f r o m   i t s   d a s h e d - l i n e   p o s i t o n   662 '   t o  

i t s   s o l i d - l i n e   p o s i t i o n   a g a i n s t   t h e   a c t i o n   of  a  s p r i n g   6 6 4  

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

e n g a g e m e n t   w i t h   t h e   ma in   c a r r i a g e   t h r o u g h   t h e   a c t i o n   of  a  
b r a c k e t   660  l o c a t e d   a t   660 '   when  t h e   s o l e n o i d   i s   r e l e a s e d .  

The  s p r i n g   664  u r g e s   t h e   a u x i l i a r y   c a r r i a g e   632  to   r o t a t e  

a r o u n d   r a i l   634  to   k e e p   t h e   c a r r i a g e   632  a g a i n s t   s t o p   6 5 7  

when  s o l e n o i d   690  i s   r e l e a s e d ,   w h i c h   i s   t h e   c a s e   when  t e x t  

m a t t e r   is   p r o j e c t e d   o n t o   t h e   main   drum  34.  When  s a i d   s o -  

l e n o i d   i s   e n e r g i z e d ,   i t   f o r c e s   t h e   edge   of  b a i l   662  a g a i n s t  



a  b a l l - b e a r i n g   r o l l e r   663  a t t a c h e d   to   t h e   c a r r i a g e   6 3 2  

to  p r e v e n t   i t   f r om  r o t a t i n g   a r o u n d   i t s   r a i l   634  d u r i n g  

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

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

p r o j e c t i o n   of  g r a p h i c   m a t t e r .  

The  p u r p o s e   of  t h e   l e n s   636  i s   to  fo rm  on  t h e   main   drum  34 

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

b e y o n d   t h e   a p e r t u r e   742.   F i g .   62  shows   t h e   p a t h   of  r a y   6 5 5  

e m e r g i n g   r a d i a l l y   f rom  t h e   a u x i l i a r y   drum  611  to   t h e  

p r o j e c t i o n   p o i n t   778  of  t h o s e   r a y s   o n t o   t h e   s u r f a c e   of  t h e  

main   drum  34.  The  e x t e n s i o n  o f   t h a t   r a y   w o u l d   i n t e r s e c t  

t h e   c e n t e r   of  t h e   ma in   drum  34.  T h e r e f o r e ,   t h e   r a y   i s  

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

l i a r y   d rum,   as  w e l l   as  to  t h e   image   r e c e i v i n g   a r e   778  o f  

t h e   ma in   d rum.   The  image   a r e a   i s   s e p a r a t e d   f rom  t h e   i m a g e  

a r e a   779  of  c h a r a c t e r s   p r o d u c e d   by  t h e   main   c a r r i a g e ,   b y  

an  a n g l e   780  in  o r d e r   to   a v o i d   any  m e c h a n i c a l   i n t e r f e r e n c e  

b e t w e e n   t h e   p r o j e c t i o n   m e c h a n i s m s . I n   t h e   e x a m p l e   of  F i g .  

62,  t h e   p o s i t i o n   and  f o c a l   l e n g t h   of  l e n s   636  i s   s u c h   t h a t  

t h e   i m a g e s   p r o j e c t e d   by  t h a t   l e n s   a t   778  a f t e r   d e f l e c t i o n  

by  m i r r o r s   638  and  642 ,   w i l l   be  t w i c e   t h e   s i z e   of  t h e  

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

m a t e r i a l   646  on  t h e   a u x i l i a r y   d r u m .  

The  g e a r i n g   666 ,   667 ,   668  in  F i g .   62  moves   t h e   a u x i l i a r y  

drum  a t   t w i c e   t h e   s p e e d   of  t h e   ma in   drum  so  t h a t   when  b o t h  

d rums   a r e   c o n t i n u o u s l y   r o t a t e d   in  t h e   d i r e c t i o n   shown  b y  

t h e   a r r o w s   ( c o u n t e r - c l o c k w i s e )   a t   t h e   same  t i m e   as  s l i t  

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

m a t e r i a l   l o c a t e d   on  t h e   a u x i l i a r y   drum  w i l l   be  g r a d u a l l y  

p r o j e c t e d   o n t o   t h e   l i g h t - s e n s i t i v e   med ium  l o c a t e d   on  t h e  

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

a t   h a l f   f u l l   s c a l e   on  t h e   s t r i p   646  in  n e g a t i v e   f o r m .   T h e  

a u x i l i a r y   c a r r i a g e   632  i s   moved  by  t h e   main   c a r r i a g e   a l o n g  

i t s   r a i l   634  to  t h e   c e n t e r   of  t h e   s t r i p   646  ( t h a t   i s   t h e  



l e n s   636  i s   p o s i t i o n e d   a t   t h e   c e n t e r   of  t h e   s t r i p   646)  a n d  

t h e   c a r r i a g e   632  i s   l o c k e d   i n t o   t h i s   p o s i t i o n   u n t i l   t h e  

g r a p h i c   m a t e r i a l   to   be  t r a n s f e r r e d   to   t h e   s h e e t   675  l o c a -  

t e d   on  t h e   ma in   drum  has   b e e n   c o m p l e t e l y   p r o j e c t e d .  

As  i t   was  m e n t i o n e d   a b o v e ,   e a c h   drum  has   i t s   own  d e c o d e r  

in  o r d e r   to   e n e r g i z e   t h e   c l u t c h   c o n n e c t i n g   t h e   d rums   a t  

t h e   a p p r o p r i a t e   moment   to   o b t a i n   t h e   d e s i r e d   v e r t i c a l  

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

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

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

d e s c r i b e d   a b o v e   make  i t   p o s s i b l e   to   move  any  g r a p h i c   m a -  

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

d rums   f o r   t h e   "Y"  p o s i t i o n i n g ,   and  s e l e c t i v e   p o s i t i o n i n g  
of  t h e   a u x i l i a r y   c a r r i a g e   m o m e n t a r i l y   a t t a c h e d   to  t h e  

c h a r a c t e r   s p a c i n g   c a r r i a g e   18,  f o r   t h e   "X"  p o s i t i o n i n g .  

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

f i l m   s t r i p   i s   c l e a r l y   i l l u s t r a t e d   in  F i g .   30,  w h e r e   t h e  

f i l m   s t r i p   i s   shown  a t   646 ,   w i t h   g r a p h i c   b l o c k s   734  a n d  

735 ,   The  f i l m   646  i s   p a r t i a l l y   l o c a t e d   on,   and  d r i v e n   b y ,  

t h e   a u x i l i a r y   drum  611.   The  g r a p h i c s   p r o j e c t i o n   l e n s   6 3 6  

m o u n t e d   on  t h e   a u x i l i a r y   c a r r i a g e   can   move  in   one  d i r e c -  

t i o n   or   t h e   o t h e r ,   as  i n d i c a t e d   by  t h e   a r r o w s ,   to   p o s i t i o n  

any  g r a p h i c   b l o c k   a t   t h e   d e s i r e d   a x i a l   l o c a t i o n   on  t h e  

main   drum  l o c a t e d   in   t h e   i m a g e   p l a n e   of  l e n s   6 3 6 .  

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

g r a p h i c s   to  p r o d u c e   c o m p l e t e l y   "made  up"  p a g e s ,   t h e   g r a p h i c s  

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

t h e   o t h e r   a t   t h e   c e n t e r   of  a  f i l m   s t r i p   80 ,   as  shown  i n  

F i g .   33B.  A f t e r   p r o c e s s i n g ,   a  n e g a t i v e   i s   o b t a i n e d ,   t h a t   i s  

t h e   f i l m   i s   o p a q u e   e x c e p t   w h e r e   t h e   g r a p h i c   m a t e r i a l   i s  

l o c a t e d .   At  t h e   same  t i m e   as  i m a g e s   a r e   p r o j e c t e d ,   s p e c i a l  

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

f i l m   s t r i p   801 ,   as  shown  a t   748  and  749  in   F i g .   33B.  One  



or  more   c o d e   m a r k s   i s   a s s o c i a t e d   w i t h   e a c h   g r a p h i c   b l o c k  

s u c h   as  750 .   T h e s e   c o d e s   may  r e p r e s e n t   t h e   s t a r t i n g   p o i n t  

of  a  b l o c k ,   i t s   l e n g t h ,   i t s   w i d t h   and  i t s   i d e n t i t y ,   t h e  

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

s t r i p .   A l t h o u g h   t h e   image   a r e a s   a r e   s h a d e d   and  code   m a r k s  

a r e   b l a c k   in  t h e   f i g u r e ,   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  

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

as  w h i t e   a r e a s   in  t h e   d r a w i n g .  

An  o p t i c a l   code   d e t e c t o r   s y s t e m   782  ( F i g .   61)  d e t e c t s   t h e  

b e g i n n i n g   of  a  b l o c k   by  t h e  p a s s a g e   of  a  code   mark   s u c h  

as  one  of  t h e   l i n e s   749  u n d e r   a  p h o t o d e t e c t o r   a s s e m b l y .  

B.  G r a p h i c   I n s e r t i o n   C o n t r o l   C i r c u i t  

F i g .   63  i s   a  s c h e m a t i c   d i a g r a m   of  t h e   c o n t r o l   c i r c u i t   u s e d  

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

a b o v e .   I t   i s   now  a s s u m e d   t h a t   a  p a g e   s u c h   as  t h e   p a g e  

i l l u s t r a t e d   in  F i g .   32  a l r e a d y   has   r e c e i v e d   t h e   t e x t   i n -  

f o r m a t i o n   shown  in  c o l u m n s   743  and  745.   The  g r a p h i c   b l o c k s  

shown  a t   750 ,   751  and  752  in  F i g .   32  a r e   a l s o   shown  i n  

F i g .   33B,  w h i c h   r e p r e s e n t s   t h e   f i l m   s t r i p   r e a d y   to   be  i n -  

s e r t e d   i n t o   t h e   m a c h i n e ,   a r o u n d   t h e   a u x i l i a r y   drum  6 1 1 .  

In  F i g .   63,   t h e   m a i n   e l e c t r o n i c   c o n t r o l   c i r c u i t r y   of  t h e  

b a s i c   p h o t o c o m p o s i n g   m a c h i n e   i s   shown  a t   500  ( a l s o   s e e  

F i g .   2 ) .   The  e q u i p m e n t   500  i n c l u d e s   d a t a   p r o c e s s i n g  

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

s i z e   s e l e c t i o n s ,   e t c . ,   as  w e l l   as  f o r   s t o r i n g   and  r e -  

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

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

s p a c e s   w h e r e   g r a p h i c   m a t e r i a l   i s   to  be  i n s e r t e d .   T h i s   i s  

t h e   c a s e   of  t h e   p a g e   of  F i g .   32  in   w h i c h   c h a r a c t e r s   h a v e  

b e e n   f l a s h e d  -   e x c l u s i v e l y  -   in   n o n - g r a p h i c   a r e a s   a s  

shown .   When  g r a p h i c s   h a v e   to   be  i n s e r t e d   in  a  p a g e   u n d e r  

t h e   c o n t r o l   of  t h e   u n i t   500 ,   t h e   i n f o r m a t i o n   as  to   " w h a t "  



g r a p h i c   m a t t e r   has   to   be  i n s e r t e d   " w h e r e "   i s   t r a n s f e r r e d  

f rom  u n i t   500  to   u n i t   783  r e p r e s e n t i n g   t h e   g r a p h i c   i n s e r t  

c i r c u i t s .   A  c h e c k   on  t h e   i d e n t i t y   of  t h e   g r a p h i c   b l o c k s  

is   p e r f o r m e d   by  an  i d e n t i t y   c h e c k i n g   u n i t   7 8 8 .  

The  u n i t   783  i n c l u d e s   g r a p h i c   code   i d e n t i f i c a t i o n   c i r c u i t s  

784 .   U n i t   7 8 3 ' r e c e i v e s   and  o u t p u t s   t h e   X  and  Y  l o c a t i o n s  

of  t h e   g r a p h i c   b l o c k s   s u c h   as  750 ,   751  and  752.   The  X 

v a l u e   r e p r e s e n t s ,   as  shown  in  F i g s .   30A  and  32,  t h e   d i s t a n -  

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

t h e   b l o c k   to   t h e   v e r t i c a l   c e n t r a l   a x i s   0-0  of  t h e   p a g e ,   a s  

p r e - d e t e r m i n e d   d u r i n g   t h e   c o m p o s i n g   o p e r a t i o n   done   p r i o r  

to  t h e   d a t a   t r a n s f e r   to  t h e   p h o t o - u n i t .   The  Y  v a l u e   r e -  

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

u p p e r   (or   l o w e r )   l i m i t   of  t h e   p a g e   as  shown  in  F i g .   3 2 .  

The  b l o c k   h e i g h t   H  a l s o   i s   t r a n s f e r r e d   f rom  t h e   c o n t r o l l e r  

500 .   T h e s e   v a l u e s   a p p e a r ,   as  shown  in  F i g .   63,  in   r e -  

g i s t e r s   785 ,   786  and  787 ,   r e s p e c t i v e l y .   The  X  v a l u e   i s  

p r e f e r a b l y   e x p r e s s e d   in  s p a c i n g   c a r r i a g e   d i s p l a c e m e n t  

u n i t s ,   and  t h e   Y  and  H  v a l u e s   in  l e a d i n g   or  l i n e - s p a c i n g  

u n i t s .  

At  t h e   b e g i n n i n g   of  an  " i n s e r t "   o p e r a t i o n   t h e   ma in   c a r r i a -  

ge  i s   a t   i t s   c e n t r a l   p o s i t i o n   on  t h e   v e r t i c a l   a x i s ,   w h i c h  

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

s i g n a l   ( a p p e a r i n g   in  r e g i s t e r   X)  c a u s e s   a  c l u t c h   793  ( r e -  

p r e s e n t e d   by  t h e   s o l e n o i d   690  in  F i g .  6 2 )   to   be  e n e r g i z e d  

so  t h a t   b o t h   c a r r i a g e s   792  and  794  w i l l   t r a v e l   in   s y n -  
c h r o n i s m .   Now  t h e   c i r c u i t   moves   t h e   c a r r i a g e s   f rom  t h e  

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

v e r t i c a l   c e n t e r   of  t h e   f i l m   s t r i p   on  w h i c h   t h e   g r a p h i c  

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

drum  p a g e )   to   t h e   r i g h t   or  to  t h e   l e f t   f o r   t h e   X  c o r r e c -  

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

l o c a t i o n   to   p r o j e c t   t h e   f i r s t   b l o c k   of  g r a p h i c   m a t t e r .  



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

t h e   s c h e m a t i c   r e p r e s e n t a t i o n   of  F i g .   30A,  w h e r e   t h e   g r a p h i c  

f i l m   s t r i p   i s   shown  a t   801 ,   t h e   c e n t r a l   or  p a g e   v e r t i c a l  

a x i s   is   l i n e   0 - 0 ,   t h e   t o p   e d g e   of  t h e   g r a p h i c   b l o c k   i s  

r e p r e s e n t e d   by  l i n e   802 ,   t h e   r e c e i v i n g   s u r f a c e   of  t h e   m a i n  

c a r r i a g e   by  586  and  t h e   p r o j e c t e d   i m a g e   of  t h e   t o p   e d g e  

802  by  l i n e   805.   When  t h e   a u x i l i a r y   c a r r i a g e   i s   a t   t h e  

c e n t e r   (or  z e r o )   p o s i t i o n   i t s   l e n s   i s   a t   803.   In  o r d e r  

to   make  t h e   X  c o r r e c t i o n ,   as  shown  in  F i g .   30A,  t h e   l e n s  

i s   moved  to   p o s i t i o n   804  u n d e r   t h e   c o n t r o l   of  t h e   m a i n  

c a r r i a g e   and  i t s   a s s o c i a t e d   d e c o d e r .   The  d i s t a n c e   to   b e  

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

p o i n t   803  f rom  p o i n t   804 ,   d e p e n d s   on  t h e   e n l a r g e m e n t   r a t i o  

b e t w e e n   t h e   " o b j e c t "   ( g r a p h i c s )   and  t h e   " i m a g e "   p r o j e c t e d   t o  

t h e   ma in   d rum.   I f   t h e   e n l a r g e m e n t   r a t i o   i s   E,  t h e   d i s t a n c e  

to   be  t r a v e l e d   by  t h e   c a r r i a g e   (or   l e n s )   i s   e q u a l   to   X / ( E + 1 ) .  

T h u s ,   in   t h e   e x a m p l e   of  F i g .   30A  w h e r e   i t   i s   a s s u m e d  

t h a t   t h e   g r a p h i c s   of  s t r i p   801  a r e   h a l f - s i z e ,   t h e   l e n s  

t r a v e l   w i l l   be  o n e - t h i r d   of  t h e   c o r r e c t i o n   X.  

Now  r e f e r r i n g   to   F i g .   63,  w h i l e   t h e   a u x i l i a r y   c a r r i a g e  

792  i s   m o v e d ,   as  e x p l a i n e d   a b o v e ,   to   p o s i t i o n   t h e   g r a p h i c  

b l o c k   image   a t   t h e   p r e - s e l e c t e d   l o c a t i o n   a c r o s s   t h e  

w i d t h   of  t h e   p a g e ,   t h e   "Y"  c i r c u i t   of  t h e   u n i t   786 ,   a f t e r  

e n e r g i z i n g   c l u t c h   790 ,   c a u s e s   t h e   r o t a t i o n   of   t h e   m a i n  

drum  to   b r i n g   t h e   a u x i l i a r y   drum  to   i t s   home  p o s i t i o n   a s  

d e t e r m i n e d   by  t h e   p o s i t i o n i n g   c o n t r o l s   of  u n i t   789 .   A l s o ,  

i f   a t   t h i s   t i m e   t h e   ma in   drum  i s   n o t   a t   i t s   home  p o s i t i o n ,  

t h e   c l u t c h   790  i s   d e - e n e r g i z e d   and  t h e   ma in   drum  c o n t r o l s  

of  u n i t   791  c a u s e   t h a t   drum  to   move  to   i t s   home  ( o r   z e r o  

p o s i t i o n ) .   Now,  w i t h   b o t h   d rums   a t   z e r o ,   t h e   c l u t c h   7 9 0  

i s   a g a i n   e n e r g i z e d   a n d ,   a s s u m i n g   t h a t   t h e   c a r r i a g e s   a r e  

now  p r o p e r l y   l o c a t e d ,   g a t e s   796 ,   797  and  798  w i l l   g i v e  

a  " r e a d y "   s i g n a l   to   g a t e   799  w h i c h   w i l l   o p e r a t e   a  l a m p  

795  to   p r o j e c t   t h e   i m a g e   of  t h e   g r a p h i c s   a t   t h e   s a m e  

t i m e   as  t h e   d rums   a r e   c a u s e d   to   r o t a t e .   T h a t   r o t a t i o n  



c a u s e s   p u l s e s   to  be  s e n t   to   u n i t   787  in   w h i c h   may  h a v e  

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

of  t h e   g r a p h i c   b l o c k   b e i n g   p r o j e c t e d .   When  t h e   drum  h a v e  

moved  a  n u m b e r   of  u n i t s   e q u a l   to   t h e   h e i g h t   of  t h e   b l o c k ,  

t h e   o p e r a t i o n   i s   s t o p p e d   by  t h e   H  u n i t   ( u n i t   7 8 7 ) ,   w h i c h  

f e e d s   b a c k   to   u n i t   784 ,   t h e   lamp  795  i s   t u r n e d   o f f ,   a n d  

t h e   d rums   a n d ' c a r r i a g e s   may  be  r e t u r n e d   to  z e r o   to  be  r e a d y  

f o r   t h e   p r o j e c t i o n   of  t h e   n e x t   g r a p h i c   b l o c k   in  t h e   s a m e  

p a g e .  

I t   m u s t   be  u n d e r s t o o d   t h a t   t h e   g r a p h i c s   f i l m   s t r i p   can   b e  

p o s i t i o n e d   on  t h e   a u x i l i a r y  d r u m   w i t h   t h e   e m u l s i o n   s i d e  

in  or  o u t ,   and  w i t h   t h e   t o p   of  g r a p h i c   b l o c k s   up  or   d o w n ,  

as  d e s i r e d .  

C.  M i x i n g   B l o c k s   of  T e x t   and  G r a p h i c   M a t t e r  

I t   i s   a l s o   w i t h i n   t h e   p u r v i e w   of  t h e   i n v e n t i o n   to   u t i l i z e  

t h e   s y s t e m   d e s c r i b e d   a b o v e   f o r   m i x i n g   on  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   ma in   drum  p r e - d e v e l o p e d   t e x t   m a t e r i a l  

as  shown  in  F i g .   33C.  Such  t e x t   m a t t e r   a l s o   i s   p r o v i d e d  

w i t h   s p e c i a l   c o d e s   744  i n d i c a t i v e   of  t h e   l o c a t i o n s   of  t h e  

t e x t   s e c t i o n s   w i t h i n   t h e   p a g e .   Such  a  page   can   be  made  u p ,  
in  t h e   m a n n e r   i n d i c a t e d   s c h e m a t i c a l l y   in  F i g .   31,   by  s i m u l -  

t a n e o u s   or   s u c c e s s i v e   p r o j e c t i o n s ,   t h r o u g h   l e n s e s   739  a n d  

740 ,   o n t o   t h e   f i l m   or  p l a t e   738  m o u n t e d   on  t h e   m a s t e r   d r u m  

34.  The  p r o j e c t i o n s   a r e   made  f rom  t e x t   s t r i p s  7 4 2   a n d  

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

a t   741  or  s u c h   b l o c k s   a r r a n g e d   as  shown  in  F i g .   3 3 B .  

D.  P r o d u c i n g   H a l f - T o n e s  

T h e  p r o d u c t i o n   of  " h a l f - t o n e s "   on  t h e   p h o t o s e n s i t i v e   m e d i u m  

l o c a t e d   on  t h e   main   drum  can   be  done   as  shown  s c h e m a t i c a l l y  

in  F i g .   62.  A  " h a l f - t o n e "   s c r e e n   i s   shown  a t   676 ,   s u p p l i e d  

by  a  s m a l l   r o l l   677.   The  s c r e e n   i s   i n s t a l l e d   in  t h e   m a c h i n e  

by  p u l l i n g   a  c e r t a i n   l e n g t h   t h r o u g h   s u p p o r t i n g   m e m b e r s   6 8 1 .  



When  a  s c r e e n i n g   o p e r a t i o n   i s   c a l l e d   f o r ,   a  r o l l e r   678  i s  

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

p o r t i o n   of  t h e   s c r e e n   u n d e r   a  r o l l e r   680  w h i c h   i s   t h e n  

moved  to   i t s   d a s h e d   p o s i t i o n   a g a i n s t   t h e   p h o t o s e n s i t i v e  

m a t e r i a l   675  by  r o t a t i n g   s u p p o r t i n g   arm  682  a r o u n d   p i v o t  

683.   T h u s ,   t h e   p r e s s u r e   of  t h e   r o l l e r   680  w i l l   n o t   o n l y  

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

s e n s i t i v e   m a t e r i a l   675  b u t   a l s o   w i l l   c a u s e   t h e   r o l l e r   6 8 0  

to  r o l l   on  t h e   drum  s u r f a c e   as  i t   r o t a t e s .  

The  l i g h t   e m e r g i n g   f rom  t h e   p i c t u r e   to   be  p r o j e c t e d   i s  

d i r e c t e d   to   t h e   e l o n g a t e d   e x p o s i n g   a r e   778  t h r o u g h   a  c l e a r  

s t r i p   of  o p t i c a l   g l a s s   670.   S a i d   g l a s s   i s   s e a l e d   on  a n  

e l o n g a t e d   f u n n e l - s h a p e d   h o u s i n g   672  i n t o   w h i c h   c o m p r e s s e d  

a i r   i s   f o r c e d   t h r o u g h   a  p i p e   673  in  o r d e r   to   c r e a t e   i n -  

t i m a t e   c o n t a c t   b e t w e e n   t h e   s c r e e n   a n d  t h e   s u r f a c e   6 7 5  

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

E.  L a s e r   D e v i c e   f o r   G r a p h i c s   I n s e r t i o n  

An  a l t e r n a t i v e   g r a p h i c s   i n s e r t i o n   a t t a c h m e n t   to   t h e   b a s i c  

m a c h i n e   i s   shown  in  F i g s .   65  and  66.  A l t h o u g h   t h e   a r r a n g e -  

m e n t   now  to   be  d e s c r i b e d   i s ,   a t   t h e   p r e s e n t   t i m e ,   m o r e  

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

a b o v e ,   i t   has   a  n u m b e r   of  a d v a n t a g e s   b a s e d   on  t h e   f a c t  

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

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

makes   i t   p o s s i b l e   to   u se   known  d i g i t a l   t e c h n i q u e s   to   m o d i f y  
t h e   a p p e a r a n c e ,   c o n t r a s t   and  s i z e   of  t h e   f i n a l   image   f r o m  

t h e   same  g r a p h i c   o r i g i n a l .   In  p a r t i c u l a r ,   t h i s   a r r a n g e m e n t  
d o e s   n o t   n e c e s s i t a t e   a  n e g a t i v e   g r a p h i c   s t r i p   to   p r o d u c e  

p o s i t i v e   i m a g e s .   T h i s   i s   done   by  t h e   a d d i t i o n   of  an  i n -  

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

t h e   a u x i l i a r y   drum  to   t h o s e   of  t h e   m a i n   d r u m .  

R e f e r r i n g   now  to  F i g .   65,  i t   can   be  s e e n   t h a t   s a i d   f i g u r e  

is   s i m i l a r   to   F i g .   62  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 .   The  c o m p o n e n t s   w h i c h   a r e   i d e n t i c a l   in   b o t h  f i g u r e s   a r e  



n o t   g i v e n   r e f e r e n c e   n u m e r a l s   in   F i g .   65.  The  a u x i l i a r y  

c a r r i a g e   645  of  F i g .   65  i s   p r o v i d e d   w i t h   two  e x t e n s i o n s  

714  and  715.   E x t e n s i o n   714  h o u s e s   a  l e n s   712 ,   p r e f e r a b l y  

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

image   of  t h e   i l l u m i n a t e d   a r e a   of  a u x i l i a r y   drum  614  w i t h i n  

an  a c c e p t a b l e   t r a c k   l e n g t h .   The  l i g h t   e m e r g i n g   f rom  l e n s  

712  i s   b e n t   b y  m i r r o r s   638  and  642  to   r e a c h   a  mask  7 1 7  

l o c a t e d   w i t h i n   e x t e n s i o n   715 .   The  mask  717  i s   a t t a c h e d   t o  

an  a d j u s t a b l e   r i n g   719  p r o v i d e d   w i t h   a  p h o t o d i o d e   a r m y   7 1 8  

( a l s o   see   F i g .   64)  a c c u r a t e l y   l o c a t e d   in   t h e   i m a g e   p l a n e   o f  

t h e   l e n s   7 1 2 .  

Mask  717  i s   p r o v i d e d   w i t h   a  n a r r o w   s l i t   of  s u b s t a n t i a l l y  

t h e   same  s i z e   as  t h e   d i o d e   a r r a y .   In  t h e   e x a m p l e   shown  i n  

F i g .   65A,  t h e   s l i t   w i d t h   i s   a p p r o x i m a t e l y .   1  m i l l i m e t e r  

and  i t s   h e i g h t ,   w h i c h   can  a c c o m m o d a t e   t w e l v e   d i o d e s   of  t h e  

a r r a y ,   i s   a p p r o x i m a t e l y   .3  m i l l i m e t e r .   I t   i s   u n d e r s t o o d  

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

d i o d e .   The  u se   of  a  c o m m e r c i a l l y - a v a i l a b l e   a r r a y   makes   i t  

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

a  s m a l l   s p a c e .  

At  a  g i v e n   t i m e   a  p o r t i o n   of  t h e   g r a p h i c   m a t e r i a l   h a v i n g  

a  d i m e n s i o n ,   in   t h e   e x a m p l e   m e n t i o n e d ,   e q u a l   to   .1  x  . 3  

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

t h e   a r r a y   718.   The  a r r a y w i l l   r e c o g n i z e  t h e   t o n e   v a l u e   o f  

e a c h   d o t   c o r r e s p o n d i n g   to   a  p h o t o d i o d e   of  s a i d   a r r a y .   F o r  

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

may  be  t o t a l l y   i l l u m i n a t e d ,   or  p a r t i a l l y   i l l u m i n a t e d   o r  

n o t   i l l u m i n a t e d   a t   a l l .  

The  p h o t o d e t e c t o r   c i r c u i t   a s s o c i a t e d  w i t h   t h e   a r r a y   d i s -  

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

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

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

( m e a n i n g   i l l u m i n a t e d   a r e a )   or  " z e r o "   s i g n a l   ( m e a n i n g   b l a c k  

a r e a ) .   The  r e s o l u t i o n   of  t h e   s y s t e m   d e p e n d s   on  t h e   e n -  



l a r g e m e n t   r a t i o   f o r   a  g i v e n   d i o d e   a r r a y .   As  t h e   a u x i l i a r y  

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

o u t p u t   of  t h e   d i o d e   a r r a y   i s   t r a n s m i t t e d   v i a   a  l i n e   721 

( F i g .   66)  to   a  c i r c u i t   722  w h i c h ,   as  t h e   c a r r i a g e   i s  

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

t e r - a u x i l i a r y - c i r c u i t   723  w h i c h   g e n e r a t e s ,   a t   e a c h   i n s t a n t ,  

a  n u m b e r   of  s i g n a l s   e q u a l   to   t h e   n u m b e r   of  d i o d e s .   E a c h  

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

f r e q u e n c y   s i g n a l   by  an  o s c i l l a t o r   724  f o r   t h e   p u r p o s e  
of  c r e a t i n g ,   s i m u l t a n e o u s l y ,   i n d e p e n d e n t   l a s e r   b e a m s ,  

one  f o r   e a c h   p h o t o d i o d e   f rom  a  l a s e r   s o u r c e   726 ,   i t s   a s s o -  

c i a t e s   o p t i c s   727  and  a c o u s t o - o p t i c   t r a n s d u c e r   c e l l   7 2 8  

w h i c h   o p e r a t e   as  d e s c r i b e d   in   U .S .   P a t e n t   No.  4 , 0 0 0 , 4 9 3 .  

The  s y s t e m   o p e r a t e s   on  t h e   w e l l - k n o w n   f r e q u e n c y - d e p e n d e n t  

d i f f r a c t i o n   p r o d u c e d   by  u l t r a s o n i c   waves   w i t h i n   an  a c o u s t o -  

o p t i c   c e l l .   The  u n d i f f r a c t e d   r a y   i s   b l o c k e d   by  a  m a s k  

729.   The  e n e r g i z i n g   d i f f r a c t e d   r a y s ,   e a c h   one  c o r r e s p o n -  

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

one  of  t h e   p h o t o d i o d e s ,   a r e   p r o j e c t e d   to   t h e   m a s t e r   d r u m ,  

on  t h e   same  s u r f a c e   as  t h e   t e x t   c h a r a c t e r s ,   v i a   m i r r o r s  

730 ,   733  and  732.   M i r r o r   732  i s   p i v o t e d   a r o u n d   h i n g e   736  s o  

as  to   be  o u t   of  t h e   way  d u r i n g   t h e   p r o j e c t i o n   of  t h e   t e x t  

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

t h e   a u x i l i a r y   c a r r i a g e   t h r o u g h   t h e   e n g a g e m e n t   of  t h e  

f i n g e r   640 ,   as  e x p l a i n e d   a b o v e .  

The  c a r r i a g e s   move  in  s y n c h r o n i z a t i o n   w i t h   one  a n o t h e r  

d u r i n g   t h e   p r o j e c t i o n   of  g r a p h i c   m a t t e r .   The  d rums   c a n  

move  in   s y n c h r o n i s m   in  s t e p s   or  in  a  c o n t i n u o u s   f a s h i o n  

The  r o t a t i o n   of  t h e   a u x i l i a r y   drum  m u s t   c o n f o r m   to   t h e  

e n l a r g e m e n t   r a t i o   of  l e n s   712 .   For   e x a m p l e ,   f o r   an  e n -  

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

a u x i l i a r y   drum  w i l l   be  one  h a l f   t h e   s p e e d   of  t h e   m a s t e r  

d rum.   By  i n d e p e n d e n t   c o n t r o l   of  t h e   d rums   and  t h e   c a r r i a g e s ,  



i t   i s   p o s s i b l e   to   s q u e e z e   or  e x p a n d   in  one  d i r e c t i o n   o r  

a n o t h e r ,   or  e n l a r g e   or  r e d u c e   t h e   f i n a l   image   by  p r e -  

s e l e c t e d   a m o u n t s .   For   e x a m p l e ,   i f   t h e   ma in   c a r r i a g e   m o v e s  

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

i n c r e a s e d   and  v i c e   v e r s a .   I f ,   t a k i n g   i n t o   a c c o u n t   t h e   e n -  

l a r g e m e n t   e f f e c t   of  t h e   l e n s ,   t h e   m a s t e r   drum  has   a  

h i g h e r   r o t a t i o n a l   s p e e d   t h a n   t h e   a u x i l i a r y   d rum,   t h e  

i m a g e   h e i g h t   w i l l   be  i n c r e a s e d ,   and  v i c e   v e r s a .  

F.  Semi  A u t o m a t i c   I n s e r t i o n   of  G r a p h i c s  

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

now  w i l l   be  d e s c r i b e d   in  r e l a t i o n   to   F i g s .   68  to   72.  T h i s  

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

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

means   as  d e s c r i b e d   a b o v e .  

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

t e x t   and  g r a p h i c s   f o r   a  g i v e n   job   on  t h e   p l a t e s .   T h e s e  

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

" W i n d o w s "   or  b l a n k   s p a c e s   a r e   l e f t   f o r   t h e   i n t r o d u c t i o n  

of  g r a p h i c s   as  d e s c r i b e d   a b o v e   in  r e l a t i o n   to   F i g s .   32 

and  33A.  The  g r a p h i c   m a t e r i a l ,   p r e f e r a b l y   in  p o s i t i v e  

f o r m ,   i s   p r e p a r e d   on  a  s e p a r a t e   c a m e r a   so  t h a t   e a c h   p i c -  

t u r e   i s   p r o p e r l y   c r o p p e d   and  s i z e d   (and   s c r e e n e d   i f   r e -  

q u i r e d ) .   I t   i s   a s s u m e d   t h e   g r a p h i c   m a t e r i a l   i s   " r i g h t  

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

s h e e t   861  i s   p r o v i d e d   w i t h   a c c u r a t e   l o c a t i n g   h o l e s   t o  

e n g a g e   p o s i t i o n i n g   p i n s   as  shown  a t   862  and  8 6 3  i n   F i g s .  
68  and  69.  In  o r d e r   to   p r e - p o s i t i o n   t h e   g r a p h i c s   w i t h  

g r e a t   a c c u r a c y ,   e a c h   p l a t e   i s   f i r s t   p o s i t i o n e d   on  a  
b a s e   867  ( F i g .   69)  p r o v i d e d   w i t h   s u c h   p i n s   to   e n g a g e   s u c h  

h o l e s .  

Then  a  s h e e t   of  t r a n s p a r e n t   p l a s t i c   866 ,   w i d e r   and  l o n g e r  

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

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

in  F i g .   69.  L i g h t   m a r k s   ( f o r   e x a m p l e   p e n c i l   m a r k s ) ,   s u c h  



as  864  and  865  a r e   made  on  t h e   p l a s t i c   s h e e t   to   i n d i c a t e  

t h e   l o c a t i o n   of  t h e   " w i n d o w s "   of  t h e   p l a t e .  

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

a r e   s e c u r e d   by  c e m e n t   or  any  o t h e r   mean  a t   t h e i r   r e -  

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

e m u l s i o n   s i d e  u p ,   as  shown  in  F i g s .   70  and  71  a t   750 ,   751 

and  7 5 2 .  

The  p u r p o s e   of  t h e   a b o v e   p r o c e d u r e   i s   to   e n s u r e   t h e   c o r r e c t  

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

s u c h   as  t r a d e m a r k   s y m b o l s )   and  a l s o   to   o b t a i n   an  " e m u l s i o n  

a g a i n s t   e m u l s i o n "   c o n t a c t   in   t h e   e n s u i n g   a u t o m a t i c   c o n t a c t  

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

to   F i g .   7 2 .  

F i g .   72  i s   s i m i l a r   to   F i g .   62  and  t h e   same  or  s i m i l a r  

c o m p o n e n t s   a r e   r e p r e s e n t e d   by  t h e   same  r e f e r e n c e   n u m b e r s .  

A  s t a c k   of  p l a t e s   ( p r e v i o u s l y   p r o c e s s e d   and  c o n t a i n i n g  

t h e   t e x t   m a t e r i a l )   i s   r e p r e s e n t e d   s c h e m a t i c a l l y   a t   8 7 4 ,  

s i t t i n g   on  a  s p e c i a l   h o l d e r   38  p r o v i d e d   w i t h   a  f e e d  

r o l l e r   850.   A  s i m i l a r   a s s e m b l y   c o n t a i n i n g   a  s t a c k   o f  

g r a p h i c s - o n - p l a s t i c   s h e e t s   875 '   s u p p o r t e d   by  h o l d e r   38'  a n d  

f e d   by  r o l l e r   850 '   i s   shown  a b o v e   t h e   p l a t e   m a t e r i a l   h o l -  

d e r .   Drum  34  i s   t h e   same  as  t h e   drum  d e s c r i b e d   in   r e l a t i o n  

to   F i g s .   57,   58  and  60  and  o p e r a t e s   as  d e s c r i b e d   in   r e -  

l a t i o n   to   F i g s .   60A  to   6 0 L .  

An  e l o n g a t e d   f u n n e l - s h a p e d   h o u s i n g   672  r e c e i v e s   c o m p r e s s e d  

a i r   t h r o u g h   p i p e   673 ,   as  a l s o   shown  in   F i g .   62.  The  h o u s i n g  

672  i s   s e a l e d   a r o u n d   an  e l o n g a t e d   c y l i n d r i c a l   l e n s   868  s e r -  

v i n g   as  a  c o n d e n s e r   f o r   an  e l o n g a t e d   lamp  869  p r o v i d e d  

w i t h   a  r e f l e c t o r   870  w h i c h   a c t s   a l s o   as  a  l i g h t   b a f f l e .   A s  

e x p l a i n e d   in  r e l a t i o n   to   F i g .   62,  a  p r e s s u r e   r o l l e r   6 8 0  

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

r e p r e s e n t e d   a t   682 ,   p i v o t e d   a t   683.   The  arm  682  can   be  m o v e d  

c l o c k w i s e   to   b r i n g   t h e   r o l l e r   680  to   p o s i t i o n   680 '   i n  

c o n t a c t   w i t h   drum  34  upon   t h e   a c t u a t i o n   of  a  r o t a r y   s o l e n o i d  



( n o t   shown)  p r o v i d e d   w i t h   a  s p r i n g   w h i c h   m a i n t a i n s   l e v e r  

682  a g a i n s t   s t o p   878  when  t h e   s o l e n o i d   i s   n o t   o p e r a t e d .  

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

866  to   t h e   o n c e - p r o c e s s e d   p l a t e   o c c u r s   as  f o l l o w s :  

Wi th   t h e   d r u m  a t   i t s   i n i t i a l   p o s i t i o n ,   t h e   f i r s t   p l a t e  

of  s t a c k   874  i s   moved  t o w a r d   t h e   drum  s u r f a c e   as  e x -  

p l a i n e d   in  r e l a t i o n   to   F i g .   60A.  On  i t s   way  to   t h e   drum  o r  

j u s t  a s   i t   i s   a t t a c h e d   to   t h e   drum  s u r f a c e   by  s u c t i o n ,   t h e  

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

o p e r a t i o n s   i s   as  shown  i n ' F i g s .   60A  to   60E,   a t   w h i c h   p o i n t  
t h e   d rum,   h a v i n g   r o t a t e d   one  t u r n   to   wrap   t h e   p l a t e   a r o u n d  

i t ,   i s   b a c k   to   i t s   i n i t i a l   (or   home)  p o s i t i o n   and  t h e  

c o r o n a   i s   s h u t   o f f .  

Now  t h e   drum  c o n t i n u e s   i t s   r o t a t i o n   u n t i l   t h e   edge   of  t h e  

p l a t e   a t t a c h e d   to   i t   r e a c h e s   a  p o i n t   o p p o s i t e   l ug   871 

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

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

( n o t   shown)  w h i c h   s t o p s   t h e   drum  m o t i o n   as  soon   as  t h e  

p l a t e   has   r e a c h e d   t h i s   p r e - d e t e r m i n e d   p o s i t i o n .  

N e x t ,   t h e   f e e d   r o l l e r   850 '   moves   t h e   p l a s t i c   s h e e t   c o n -  

t a i n i n g   t h e   p r e - p o s i t i o n e d   g r a p h i c s   to   be  a d d e d   to   t h e  

p l a t e   p r e s e n t l y   on  t h e   d r u m ,   to   p o s i t i o n   872 ,   w h i c h   i s  

shown  in  d a s h e d   l i n e s ,   s o  t h a t   t h e   edge   of  t h e   p l a s t i c  

s h e e t   a b u t s   on  l u g   871 .   The  p l a s t i c   s h e e t   i s   s u p p o r t e d  

by  p l a t e   873  d u r i n g   t h i s   o p e r a t i o n .  

At  t h i s   p o i n t ,   t h e   p l a s t i c   s h e e t   and  t h e   p l a t e   a r e   a t  

s u c h   p o s i t i o n s   t h a t ,   i f   t h e y   we re   b r o u g h t   i n t o   c o n t a c t  

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

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

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

o p e r a t i o n ,   and  by  p r o p e r l y   l o c a t i n g   t h e   g r a p h i c s   l e n g t h -  

w i s e   in  r e l a t i o n   to   t h e i r   e d g e s .  



N e x t ,   t h e   l e v e r   682  i s   moved  c l o c k w i s e   to   f o r c e   t h e   p r e s -  

s u r e   r o l l e r   680  a g a i n s t   t h e   d rum.   The  m o t i o n   of  t h e   r o l l e r  

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

t a i n i n g   l u g   871  to   b r i n g   t h e   s h e e t   i n t o   c o n t a c t   w i t h   t h e  

e d g e   of  t h e   p l a t e   m a t e r i a l .  

N e x t ,   t h e   l e v e r   682  i s   moved  c l o c k w i s e   to   f o r c e   t h e   p r e s -  

s u r e   r o l l e r   680  a g a i n s t   t h e   d rum.   The  m o t i o n   of  t h e  

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

r e t a i n i n g   l u g   871  to   b r i n g   t h e   s h e e t   i n t o   c o n t a c t   w i t h  

t h e   e d g e   of  t h e   p l a t e   m a t e r i a l .  

Now  t h e   lamp  869  i s   t u r n e d   on  and  t h e   c o n t i n u o u s   r o t a t i o n  

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

t h e   c a v i t y   672 '   p r e s s e s   t h e   g r a p h i c s   a g a i n s t   t h e   p l a t e   i n  

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

t h e   p l a t e   and  t h e   f i l m   move  in  u n i s o n   in  f r o n t   of  t h e  

l e n s   868  a t   t h e   p r o p e r   s p e e d   and  w i t h   t h e   p r o p e r   l i g h t  

o u t p u t   f r o m   lamp  869  to   e x p o s e   t h e   c h a r g e d   p l a t e   as  i t   m o v e s  

p a s t   t h e   end  of  t h e   f u n n e l - s h a p e d   h o u s i n g   672.   A  c u r v e d  

r e t a i n i n g   p l a t e   879  c h a n n e l s   t h e   " u s e d "   g r a p h i c s   p l a s t i c  

h o l d e r   to   d i s c h a r g e   p o i n t   880  f rom  w h i c h   i t   f a l l s   i n t o   a  

r e c e p t a c l e   ( n o t   shown)  w h i l e   t h e   p l a t e   675 '   w i t h   t h e  

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

i n g   u n i t .  

I t   can   be  u n d e r s t o o d   t h a t   t h e   g r e a t e s t   a d v a n t a g e   of  t h e  

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

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

w i t h   a s s o c i a t e d   o p t i c s .   H o w e v e r ,   when  m a k i n g   a  c h o i c e   b e t -  

ween  t h i s   m e t h o d   and  t h e   o t h e r s   d e s c r i b e d   a b o v e ,   i t   s h o u l d  

be  r e a l i z e d   t h a t   t h i s   m e t h o d   r e q u i r e s   more  hand   m a n i p u l a -  

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

and  e a c h   p l a t e   r e q u i r e s   two  p a s s a g e s   t h r o u g h   t h e   e l e c t r o -  

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



XVI.  ZOOM  LENS  UNIT 

The  zoom  l e n s   u n i t   12  shown  in  F i g .   1  i s   shown  in  d e t a i l  

in  F i g .   67,  w h i c h   shows  t h e   u n i t   12  w i t h   i t s   u p p e r   h a l f   i n  

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

l i n e s .   The  u n i t   12  i n c l u d e s   a  l e n s   b a r r e l   692  w i t h   f o u r  

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

The  zoom  l e n s   u n i t   12  i s   of  t h e   t y p e   w h i c h   i s   u s e d   o n  

v i d e o   c a m e r a s .   I t   i n c l u d e s   an  e x i t   l e n s   e l e m e n t   g r o u p   6 9 4 ,  

an  i n l e t   l e n s   e l e m e n t   g r o u p   700 ,   and  two  i n t e r m e d i a t e   l e n s  

e l e m e n t   g r o u p s   696  and  698.   The  g e a r   13  i s   a t t a c h e d   to   a  

r i n g   693  w h i c h  i s   r o t a t e d   t o  v a r y   t h e   s p a c i n g   of  the  e l e m e n t  

g r o u p s   696  and  698  t o  c h a n g e   t h e   zoom  s e t t i n g .   N o r m a l l y ,   t h e  

g r o u p   700  i s   moved  in   o r d e r   to   f o c u s   on  an  o b j e c t   w h i c h   i s  

f rom  a b o u t   1 .8  m e t e r s   to   i n f i n i t y   away .   The  image   i s  

f o c u s e d   on  a  p h o t o s e n s i t i v e   s u r f a c e   a t   7 4 .  

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

u n i t   12  i s   r e v e r s e d   f rom  i t s   n o r m a l   o r i e n t a t i o n   when  u s e d  

w i t h   a  v i d e o   c a m e r a .   The  m a t r i x   p e t a l   74  i s   l o c a t e d   w h e r e  

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

l e n s   s y s t e m   700  i s   p e r m a n e n t l y   f o c u s e d   a t   i n f i n i t y   so  a s  

to   p r o d u c e   c o l l i m a t e d   l i g h t   a t   t h e   o u t p u t   of  t h e   l e n s   g r o u p  
700.   R o t a t i o n   of  t h e   r i n g   693  c a u s e s   a  c h a n g e   in  t h e   e n -  

l a r g e m e n t   of  t h e   i m a g e s   r e c e i v e d   f rom  t h e   p e t a l   74  w i t h o u t  

c h a n g i n g   t h e   f o c u s   of  t h e   o u t p u t .  

N o r m a l l y ,   t h e   zoom  l e n s   12  has   a  f o c u s   c o n t r o l   and  i r i s  

c o n t r o l ,   n e i t h e r   of  w h i c h   may  be  n e e d e d   in  t h i s   e m b o d i -  

m e n t .   The  e l e m e n t   g r o u p s   694  and  700  a r e   s t a t i o n a r y .   T h e  

e l e m e n t s   694  a r e   l o c a t e d   a t   a  d i s t a n c e   FD  f rom  t h e   m a t r i x  

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

g r o u p   7 0 0 .  

The  zoom  l e n s   u n i t   12  shown  in  F i g .   72  i s   a v a i l a b l e   c o m m e r -  

c i a l l y .   For   e x a m p l e ,   a  s u i t a b l e   u n i t   i s   t h e   Model   V 6 Z 1 8 1 8  



zoom  l e n s   u n i t   s o l d   by  C h u g a i   I n t e r n a t i o n a l   C o r p . ,   P l a i n v i e w ,  

New  Y o r k .   I t   i s   a  6 X ( 1 8 m m  -   108  mm)  F  1 .8   l e n s   u n i t .   I t  

has   t h i r t e e n   l e n s   e l e m e n t s   in   n i n e   g r o u p s .   The  o u t p u t   l e n s  

g r o u p   694  i s   of  s u b s t a n t i a l l y   s m a l l e r   d i a m e t e r   t h a n   t h e  

i n p u t   g r o u p   7 0 0 .  

The  a d v a n t a g e s   of  t h e   a b o v e - d e s c r i b e d   u n o r t h o d o x   u s e   of  a  

s t a n d a r d   zoom  l e n s   a r e   s e v e r a l .   F i r s t ,   t h e   u n i t   i s   c o n -  

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

t h e   c h a r a c t e r s .   The  r i n g   693  n e e d   move  o n l y   a  r e l a t i v e l y  

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

p r i o r   m a c h i n e s .   A l s o ,   b e c a u s e   t h e   zoom  u n i t s   have   t h e   a b o v e  

q u a l i t i e s   and  a r e   m a n u f a c t u r e d   in   s u b s t a n t i a l   q u a n t i t i e s  

f o r   o t h e r   p u r p o s e ,   t h e y   a r e   l o w e r   in   c o s t .  

The  a b o v e   d e s c r i p t i o n   of  t h e   i n v e n t i o n   i s   i n t e n d e d   to   b e  

i l l u s t r a t i v e   and  n o t   l i m i t i n g .   V a r i o u s   c h a n g e s   or  m o d i -  

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

s k i l l e d   in   t h e   a r t   and  t h e s e   can   be  made  w i t h o u t   d e p a r t i n g  

f r o m   t h e   s p i r i t   or  s c o p e   of  t h e   i n v e n t i o n .  



1.  In  or  f o r   a  p h o t o c o m p o s i n g   m a c h i n e   i n c l u d i n g   i m a g e  

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

t i o n   p o s i t i o n ,   and  image   p r o j e c t i o n   and  l o c a t i o n   m e a n s  

f o r   p r o j e c t i n g   s a i d   i m a g e s   f rom  s a i d   p o s i t i o n   and  l o c a -  

t i n g   s a i d   i m a g e s   in  a  p r e d e t e r m i n e d   o r d e r   on  a  p h o t o -  

s e n s i t i v e   r e c o r d   s u r f a c e ,   s a i d   image   p r e s e n t a t i o n   m e a n s  

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

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

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

and  m o v i n g   t h e   m a t r i x   so  s e l e c t e d   f rom  s a i d   s t o r a g e  

means   to   s a i d   p r o j e c t i o n   p o s i t i o n   f o r   p r o j e c t i o n   o f  

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

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

means   b e i n g   a d a p t e d   to   move  t h e   s e l e c t e d   m a t r i x   in  o r d e r  

to  s e l e c t   among  s a i d   a r r a y s ,   as  w e l l   as  to   move  s a i d  

m a t r i x   f rom  s a i d   s t o r a g e   means   to   s a i d   p r o j e c t i o n   p o -  
s i t i o n .  

2.  A  d e v i c e   as  in  C l a i m   1  i n c l u d i n g   means   f o r   r e p l a c i n g  

s a i d   s e l e c t e d   one  of  s a i d   m a t r i c e s   in  s a i d   s t o r a g e  

m e a n s .  

3.  A  d e v i c e   as  in  C l a i m   1  in  w h i c h   s a i d   c h a r a c t e r   p r e -  
s e n t a t i o n   means   i n c l u d e s   r o t a r y   means   f o r   r o t a t i n g   e a c h  

of  s a i d   m a t r i c e s ,   s a i d   a r r a y s   b e i n g   a r c u a t e   and  c o n -  

c e n t r i c ,   and  c h a r a c t e r   s e l e c t i o n   means   f o r   s e l e c t i n g  

f o r   p r o j e c t i o n   a  d e s i r e d   one  of  s a i d   c h a r a c t e r s   i n  

e a c h   a r r a y .  

4.  A  d e v i c e   as  in  C l a i m   1  in  w h i c h   e a c h   of  s a i d   m a t r i c e s  

i s   a  p i e - s h a p e d   s e g m e n t   of  a  c i r c u l a r   d i s c ,   s a i d   m a t r i x  

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

5.  A  d e v i c e   as  in  C l a i m   1  in  w h i c h   e a c h   of  s a i d   m a t r i c e s  



i s   a  s e g m e n t   of  a  d i s c ,   s a i d   a r r a y s   b e i n g   c o n c e n t r i c ,  

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

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

m o u n t i n g   s a i d   s u p p o r t   member   to   s w i n g   in  an  a r c   u p o n  

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

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

6.  A  d e v i c e   as  in  C l a i m   3  in  w h i c h   e a c h   of  s a i d   m a t r i c e s  

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

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

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

f rom  t h e   c e n t e r   of  r o t a t i o n   of  s a i d   m a t r i x .  

7.  A  d e v i c e   as  in  C l a i m   1  in  w h i c h   s a i d   s t o r a g e   means   i n -  

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

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

s e l e c t e d   c o m p a r t m e n t   i s   a d j a c e n t   a  l o a d i n g   s t a t i o n ,   m a -  

t r i x   m o u n t i n g   means   i n c l u d i n g   a x i a l l y - a c t u a t a b l e   m a t r i x  

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

t r i c e s ,   means   f o r   m o v i n g   s a i d   m a t r i x   m o u n t i n g   means   t o  

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

of  s a i d   c o m p a r t m e n t s ,   means   to   move  s a i d   m a t r i x   a x i a l l y  

r e l a t i v e   to   s a i d   m o u n t i n g   means   to   e n g a g e   or  d i s e n g a g e  

s a i d   m a t r i x   and  m o u n t i n g   means   f rom  one  a n o t h e r .  

8.  A  c h a r a c t e r   p r e s e n t a t i o n   d e v i c e   f o r   p h o t o c o m p o s i t i o n ,  

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

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

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

s t o r a g e   means   and  a  c h a r a c t e r   p r e s e n t a t i o n   p o s i t i o n   i n  

a  f i r s t   d i r e c t i o n   Z,  X  m o t i o n   means   f o r   c r e a t i n g   r e -  

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

a  s e c o n d   d i r e c t i o n   X  w h i c h   i s   t r a n s v e r s e   to   d i r e c t i o n  

Z,  and  means   f o r   c r e a t i n g   r e l a t i v e   m o t i o n   b e t w e e n   s a i d  

m a t r i x   and  s a i d   p o s i t i o n   in  a  t h i r d   d i r e c t i o n   Y  w h i c h  



i s   t r a n s v e r s e   to   b o t h   t h e   X  and  Z  d i r e c t i o n s .  

9.  A  d e v i c e   as  in  C l a i m   8  in  w h i c h   s a i d   s t o r a g e   means   c o m p -  
r i s e s   a  m a g a z i n e   h a v i n g   s t o r a g e   c o m p a r t m e n t s   f o r   r e -  

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

t r i c e s   b e i n g   t r a n s v e r s e   to   s a i d   d i r e c t i o n   Z  when  s a i d  

m a t r i c e s   a r e   in  s a i d   c o m p a r t m e n t s ,   and  s a i d   Z  m o t i o n  

means   c o m p r i s i n g   means   f o r   m o v i n g   s a i d   m a g a z i n e   in  s a i d  

Z  d i r e c t i o n .  

10.  A  d e v i c e   as  in  C l a i m   8  in  w h i c h   e a c h   of  s a i d   m a t r i c e s  

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

r o t a t i o n   of  s a i d   d i s c ,   s a i d   X  d i r e c t i o n   b e i n g   t r a n s v e r s e  

to  t h e   a x i s   of  r o t a t i o n   of  s a i d   d i s c .  

11.  A  d e v i c e   as  in  C l a i m   1  or  C l a i m   8  in  w h i c h   e a c h   of  s a i d  

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

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

hub  to   fo rm  a  r o t a t a b l e   d i s c   b e a r i n g   c o n c e n t r i c   a r r a y s  
of  c h a r a c t e r s ,   s a i d   Y  d i r e c t i o n   b e i n g   t h e   d i r e c t i o n   o f  

r o t a t i o n   of  s a i d   d i s c ,   s a i d   X  d i r e c t i o n   b e i n g   t r a n s v e r -  

se  to   t h e   a x i s   of  r o t a t i o n   of  s a i d   d i s c .  

12.  A  d e v i c e   as  in  C l a i m   1  or  C l a i m   8  in  w h i c h   s a i d   s t o r a g e  

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

m a t r i c e s ,   and  i n c l u d i n g   m a t r i x   code   means   f o r   i d e n t i f y -  

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

t i o n   s t o r a g e   means   f o r   s t o r i n g   c o d e d   i n f o r m a t i o n   i d e n -  

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

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

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

s e l e c t   a  p r e - d e t e r m i n e d   one  of  s a i d   m a t r i c e s .  

13.  A  d e v i c e   as  in  C l a i m   1  or  C l a i m   8  in  w h i c h   s a i d   s t o r a g e  

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



m a t r i c e s ,   and  i n c l u d i n g   m a t r i x   code   means   f o r   i d e n t i f y -  

i ng   e a c h   of  s a i d   m a t r i c e s   w i t h   a  u n i q u e   c o d e ,   i n f o r m a -  

t i o n   means   f o r   s t o r i n g   c o d e d   i n f o r m a t i o n   i d e n t i f y i n g  

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

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

t i o n   f o r   c o n t r o l l i n g   s a i d   s e l e c t i o n   means   to   s e l e c t   a  

p r e - d e t e r m i n e d   one  of  s a i d   m a t r i c e s .  

14.  A  d e v i c e   as  in  C l a i m   13  in   w h i c h   s a i d   m a t r i x   codP  m e a n s  

i n c l u d e s   c o d e d   i n d i c i a   on  e a c h   of  s a i d   m a t r i c e s ,   a n d  

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

d i c i a   on  e a c h   m a t r i x   in  i t s   c o m p a r t m e n t   and  s t o r i n g   t h e  

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

i n f o r m a t i o n   s t o r a g e   m e a n s .  

15.  A  p h o t o c o m p o s i n g   m e t h o d   c o m p r i s i n g   t h e   s t e p s   of  p r o -  

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

ty   of  r o t a r y   c h a r a c t e r   m a t r i c e s   in  a  s t o r a g e   m e a n s  

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

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

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

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

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

one  of  s a i d   c o m p a r t m e n t s   and  moun t   s a i d   m a t r i x   on  s a i d  

d r i v e   s p i n d l e .  

16.  A  m e t h o d   as  in   C l a i m   15  i n c l u d i n g   t h e   s t e p   of  u t i l i z i n g  

m a t r i c e s   b e a r i n g   c o d e d   i d e n t i f i c a t i o n   i n d i c i a ,   s a i d  

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

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

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

s a i d   i n d i c i a   on  e a c h ,   s t o r i n g   c o r r e s p o n d i n g   c o d e d   s i g -  

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

men t   in  s a i d   s t o r a g e   m e a n s .  

17.  A  m e t h o d   as  in  C l a i m   15  in  w h i c h   s a i d   m a t r i c e s   a r e  

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



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

l e a s t   one  o t h e r   m a t r i x   to  fo rm  a  c o m p o s i t e   m a t r i x .  

18.  A  m e t h o d   as  in  C l a i m   15  in  w h i c h   s a i d   s t o r a g e   means   i n -  

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

s t o r a g e   m e a n s ,   and  an  o p e n i n g   in  s a i d   b a r r i e r   f o r   e n t r y  

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

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

c o m p a r t m e n t   i s   a d j a c e n t   s a i d   o p e n i n g ,   and  t h e n   p e r f o r m -  

i n g   s a i d   r e t r i e v a l   s t e p .  

19.  A  m e t h o d   as  in  C l a i m   15  i n c l u d i n g   t h e   s t e p   of  a u t o m a t i c -  

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

r e t r i e v a l   s t e p .  

20.  In  or  f o r   a  p h o t o c o m p o s i n g   m a c h i n e ,   image   p r e s e n t a t i o n  

means   f o r   p r e s e n t i n g   i m a g e s   a t   a  p r o j e c t i o n   p o s i t i o n ,  

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

zoom  l e n s   means   l o c a t e d   b e t w e e n   s a i d   p r e s e n t a t i o n   a n d  

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

m e n t s   and  means   f o r   m o v i n g   s e l e c t e d   o n e s   of  s a i d   e l e m e n t s  

by  p r e - d e t e r m i n e d   d i s t a n c e s   to  m a i n t a i n   s a i d   i m a g e s   i n  

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

f e r e n t   m a g n i f i c a t i o n s ,   s a i d   zoon  l e n s   means   h a v i n g ,  
n o r m a l   u s e ,   an  e n t r a n c e   e l e m e n t   and  an  e x i t   e l e m e n t ,  
s a i d   e x i t   e l e m e n t   b e i n g   p o s i t i o n e d   to   r e c e i v e   i m a g e s  
f rom  s a i d   image   p r e s e n t a t i o n   m e a n s ,   and  s a i d   e n t r a n c e  

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

image   l o c a t i o n   m e a n s .  

21.  A  d e v i c e   as  in  C l a i m   20  in  w h i c h   s a i d   e n t r a n c e   e l e m e n t  

of  s a i d   zoon  l e n s   means   i s   f o c u s e d   to   i n f i n i t y   so  a s  



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

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

c o l l i m a t e d   l i g h t   beams   e m e r g i n g   f rom  s a i d   zoom  l e n s  

means   so  as  to  f o c u s   and  s p a c e   c h a r a c t e r s   on  s a i d   f i l m .  

22.  A  d e v i c e   as  in  C l a i m   20  in  w h i c h   s a i d   zoom  l e n s   m e a n s  

i s   a  zoom  l e n s   f o r   u se   w i t h   v i d e o   c a m e r a s ,   and  s a i d  

e n t r a n c e   end  n o r m a l l y   r e c e i v e s   l i g h t   r a y s   f r o m   an  o b -  

j e c t ,   and  s a i d   e x i t   end  n o r m a l l y   f o c u s e s   i m a g e s   w;  a  

p h o t o s e n s i t i v e   med ium  in  s a i d   c a m e r a .  

23.  A  d e v i c e   as  in   C l a i m   20  in  w h i c h   s a i d   zoom  l e n s   m e a n s  

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

f i x e d   d i s t a n c e   f rom  s a i d   p r e s e n t a t i o n   m e a n s .  

24.  A  d e v i c e   as  in  C l a i m   20  in  w h i c h   s a i d   zoom  l e n s   m e a n s  

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

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

25.  A  d e v i c e   as  in   C l a i m   20  in  w h i c h   s a i d   e x i t   e l e m e n t   i s  

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

e l e m e n t .  

26.  A  d e v i c e   as  in   C l a i m   20  in  w h i c h   s a i d   zoom  l e n s   m e a n s  

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

one  end  of  s a i d   b a r r e l ,   s a i d   e x i t   e l e m e n t   b e i n g   m o u n t e d  

in  t h e   o t h e r   end  of  s a i d   b a r r e l ,   and  a t   l e a s t   two  m o v a b -  

le  i n t e r m e d i a t e   e l e m e n t s .  

27.  A  d e v i c e   as  in  C l a i m   26  i n c l u d i n g   r o t a r y   zoom  c o n t r o l  

and  i r i s   c o n t r o l   means   on  s a i d   b a r r e .  

28.  A  c h a r a c t e r   m a t r i x   f o r   p h o t o c o m p o s i t i o n ,   s a i d   m a t r i x  

b e i n g   made  of  a  t r a n s p a r e n t   p l a s t i c   m a t e r i a l   w i t h   a  

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

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



29.  A  m a t r i x   as  in  C l a i m   28  in  w h i c h   s a i d   p l a s t i c   m a t e r i a l  

i s   p l e x i g l a s s   and  s a i d   c o a t i n g   i s   a l u m i n i u m .  

30.  A  m a t r i x   as  in  C l a i m   28  in   w h i c h   s a i d   m a t r i x   has   t h e  

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

f o n t   of  c h a r a c t e r s   in  one  s t y l e .  

31.  A  m a t r i x   as  in  C l a i m   30  h a v i n g   a  p a i r   of  c i r c u m f e r e n t i a l -  

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

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

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

s a i d   s e g m e n t ,   in  an  a r e a   d e v o i d   of  c h a r a c t e r s .  

32.  In  or  f o r   a  p h o t o c o m p o s i n g   m a c h i n e   i n c l u d i n g   a  r o t a t a b -  

le   c h a r a c t e r   d i s c   and  means   f o r   r o t a t i n g   s a i d   d i s c  

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

be  p r o j e c t e d   o n t o   a  p h o t o s e n s i t i v e   s u r f a c e ,   a  c h a r a c -  

t e r   s p a c i n g   m e c h a n i s m   f o r   s p a c i n g   c h a r a c t e r s   f rom  o n e  

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

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

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

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

has   b e e n   p r o j e c t e d ,   so  t h a t   s a i d   m a t r i x   w i l l   a r r i v e  

a t   a  p r o j e c t i o n   p o s i t i o n   in   c o i n c i d e n c e   w i t h   t h e  

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

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

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

s t y l e .  

33.  A  d e v i c e   as  in  C l a i m   32  i n c l u d i n g   means   f o r   s e t t i n g   a  

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

means   f o r   d e t e r m i n i n g   t h e   c h a n g e   f rom  s a i d   s t a n d a r d  

s p e e d   r e q u i r e d   to   a c h i e v e   s a i d   c o i n c i d e n c e ,   and  m e a n s  

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

b e i n g   a r r a n g e d   to   move  p a s t   a  common  p r o j e c t i o n   p o s i -  

t i o n   in  t h e   d i r e c t i o n   of  t h e i r   v e r t i c a l   a x e s .  



34.  A  d e v i c e   as  in   C l a i m   32  i n c l u d i n g   means   f o r   s e t t i n g  

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

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

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

ing   c o m p o s e d .  

35.  A  d e v i c e  ' a s   in  C l a i m   32  or   C l a i m   33  or  C l a i m   34  i n -  

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

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

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

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

36.  In  a  p h o t o c o m p o s i n g   m a c h i n e ,   r u l e s - f o r m i n g   means   f o r  

f o r m i n g   r u l e s   on  a  r e c o r d i n g   s u r f a c e ,   s a i d   r u l e s -  

f o r m i n g   means   c o m p r i s i n g   in   c o m b i n a t i o n ,   a p e r t u r e  

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

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

of  l i g t h   to   p r o j e c t   an  image   of  s a i d   a p e r t u r e   o n t o  

s a i d   r e c o r d i n g   s u r f a c e ,   and  means   f o r   m o v i n g   s a i d  

image   and  s a i d   r e c o r d i n g   s u r f a c e   w i t h   r e s p e c t   t o  

one  a n o t h e r   w i t h   s u b s t a n t i a l l y   c o n t i n u o u s   m o t i o n ,  

s a i d   f l a s h   lamp  means   b e i n g   a d a p t e d   to   f l a s h   w i t h   a  

f r e q u e n c y   h i g h   e n o u g h   to   c a u s e   o v e r l a p p i n g   i m a g e s   o f  

s a i d   a p e r t u r e   to  be  f o r m e d   on  s a i d   r e c o r d i n g   s u r f a c e .  

37.  In  a  p h o t o c o m p o s i n g   m a c h i n e   h a v i n g   a  m o v a b l e   c h a r a c t e r  

m a t r i x ,   a  f l a s h   lamp  f o r   e x p o s i n g   c h a r a c t e r s   on  s a i d  

m a t r i x   and  p r o j e c t i n g   i m a g e s   t h e r e o f   t o w a r d s   a  r e -  

c o r d i n g   s u r f a c e ,   and  m o v i n g   means   f o r   m o v i n g   s a i d   m a -  

t r i x   to  b r i n g   s e l e c t e d   c h a r a c t e r s   t h e r e o n   to   a  p r o -  

j e c t i o n   p o s i t i o n ,   s a i d   m o v i n g   means   b e i n g   a d a p t e d  

to  move  s a i d   m a t r i x   a t   a  r e l a t i v e l y   h i g h   s p e e d   w h e n  

a  s e l e c t e d   c h a r a c t e r   i s   r e l a t i v e l y   r e m o t e   f rom  s a i d  

p r o j e c t i o n   p o s i t i o n   and  a t   a  r e l a t i v e l y   low  s p e e d  

when  s a i d   c h a r a c t e r   i s   a t   s a i d   p r o j e c t i o n   p o s i t i o n ,  

and  o p e r a t i n g   means   f o r   o p e r a t i n g   s a i d   f l a s h   l a m p  



when  s a i d   c h a r a c t e r   i s   l o c a t e d   a t   s a i d   p r o j e c t i o n  

p o s i t i o n .  

38.  A  d e v i c e   as  in  C l a i m   37  in  w h i c h   s a i d   m a t r i x   i s   r o t a t -  

a b l e   and  i n c l u d e s   a t   l e a s t   one  s e g m e n t   e x t e n d i n g   o v e r  

a  r e l a t i v e l y   l i m i t e d   a r c   of  r o t a t i o n   of  s a i d   m a t r i x  

s a i d   s e g m e n t   b e a r i n g   a  c o m p l e t e   a l p h a b e t   of  c h a r a c t e r s .  

39.  A  d e v i c e   as  in  C l a i m   38  in  w h i c h   s a i d   m a t r i x   i s   a  d i s c  

and  s a i d   s e g m e n t   i s   r e l e a s a b l y   a t t a c h e d   to   a  hub  t o -  

g e t h e r  w i t h   o t h e r   s e g m e n t s   to  f o rm  s a i d   d i s c .  

40.  A  d e v i c e   as  in  C l a i m   37  in  w h i c h   s a i d   o p e r a t i n g   m e a n s  
i n c l u d e s   means   f o r   o p e r a t i n g   s a i d   lamp  a t   a  r e l a t i v e l y  

h i g h   o u t p u t   l i g h t   i n t e n s i t y   l e v e l .  

41.  A  d e v i c e   as  in  C l a i m   37  in  w h i c h   s a i d   r e l a t i v e l y   h i g h  

s p e e d   i s   a t   l e a s t   t e n   t i m e s   g r e a t e r   t h a n   s a i d   r e l a t i v e -  

ly  low  s p e e d .  

42.  A  d e v i c e   as  in  C l a i m   37  in   w h i c h   s a i d   m a t r i x   b e a r s   a  

p l u r a l i t y   of  o p t i c a l   t i m i n g   m a r k s ,   means   f o r   i l l u m i n a t -  

i n g   s a i d   t i m i n g   m a r k s ,   s a i d   o p e r a t i n g   means   i n c l u d i n g  

a  d i f f e r e n t i a l   p h o t o c e l l   f o r   d e t e c t i n g   l i g h t   s h i n i n g  

t h r o u g h   s a i d   t i m i n g   m a r k s   and  p r o d u c i n g   c o r r e s p o n d i n g  

f l a s h   lamp  e n e r g i z a t i o n   s i g n a l s .  

43.  A  d e v i c e   as  in  C l a i m   42  in  w h i c h   s a i d   p h o t o c e l l   h a s  

two  s e p a r a t e   p h o t o s e n s i t i v e   a r e a s   s e p a r a t e d   by  a  r e -  

l a t i v e l y   t h i n   l i n e a r   d i v i d i n g   z o n e ,   e a c h   of  s a i d   t i m -  

i ng   m a r k s   b e i n g   l i n e a r   and  h a v i n g   s i d e s   w h i c h   a r e  

p a r a l l e l   to  s a i d   l i n e a r   d i v i d i n g   zone   when  t h e   m a r k  

i s   a l i g n e d   w i t h   s a i d   z o n e .  

44.  A  m e t h o d   of  p h o t o c o m p o s i n g ,   s a i d   m e t h o d   c o m p r i s i n g   f o r m -  

ing   c h a r a c t e r   i m a g e s   by  f l a s h i n g   a  f l a s h   lamp  t o  



i l l u m i n a t e   m a s t e r   c h a r a c t e r s   on  a  m a t r i x ,   p r o j e c t i n g  

c h a r a c t e r   i m a g e s   o n t o   a  r e c o r d i n g   s u r f a c e   f rom  a  p r o -  

j e c t i o n   p o s i t i o n ,   m o v i n g   s a i d   m a t r i x   a t   a  r e l a t i v e l y  

h i g h   s p e e d   when  a  s e l e c t e d   c h a r a c t e r   i s   r e l a t i v e l y  

r e m o t e   f rom  s a i d   p r o j e c t i o n   p o s i t i o n ,   and  a t   a  r e l a t i v e -  

ly  low  s p e e d   when  s a i d   m a t r i x   i s   a t   s a i d   p r o j e c t i o n  

p o s i t i o n ,  a n d   o p e r a t i n g   s a i d   f l a s h   lamp  a t   a  l e v e l  

of  l i g h t   i n t e n s i t y   a t   w h i c h   t h e   t i m e   d u r a t i o n   of  t h e  

f l a s h   i s   e x c e s s i v e l y   l o n g   r e l a t i v e   to  s a i d   h i g h   m a -  

t r i x   s p e e d .  

45.  A  m e t h o d   as  in  C l a i m   4 4  i n   w h i c h   s a i d   h i g h   s p e e d   i s  

a t   l e a s t   t e n   t i m e s   g r e a t e r   t h a n   s a i d   low  s p e e d .  

46.  A  m e t h o d   as  in  C l a i m   44  in   w h i c h   s a i d   m a t r i x   b e a r s  

o p t i c a l   s l i t s   f o r   f l a s h   t i m i n g ,   and  i n c l u d i n g   t h e  

s t e p   of  u t i l i z i n g   a  d i f f e r e n t i a l   p h o t o c e l l   to  d e t e c t  

l i g h t   s h i n i n g   t h r o u g h   s a i d   m a r k s   and  t h e r e b y   p r e c i s e l y  

d e t e c t   t h e   c e n t e r   of  e a c h   s l i t ,   and  d e v e l o p i n g   a  

c o r r e s p o n d i n g   e l e c t r i c a l   s i g n a l   to   c a u s e   t he   e n e r g i z a -  

t i o n   of  s a i d   f l a s h   l a m p .  

47.  In  or   f o r   a  p h o t o c o m p o s i n g   m a c h i n e ,   o u t p u t   means   f o r  

m o v i n g   a  f l e x i b l e   p h o t o s e n s i t i v e   r e c o r d   medium  p a s t  

an  e x p o s u r e   s t a t i o n   a t   w h i c h   i m a g e s   a r e   p r o j e c t e d   o n t o  

s a i d   m e d i u m ,   s a i d   o u t p u t   means   c o m p r i s i n g   a  h o l l o w  

drum  w i t h   h o l e s   in  i t s   w a l l s ,   means   f o r  d i v i d i n g   t h e  

h o l l o w   i n t e r i o r   of  s a i d   drum  i n t o   s e c t i o n s ,   d r i v e  

means   f o r   r o t a t i n g   s a i d   d rum,   and  h o l d i n g   means   f o r  

p a r t i a l l y   e v a c u a t i n g   a t   l e a s t   one  s e l e c t e d   s e c t i o n  

of  s a i d   drum  to  h o l d   s a i d   medium  o n t o   t h e   s u r f a c e   o f  

s a i d   d r u m .  

48.  A  d e v i c e   as  in  C l a i m   47,  s a i d   h o l d i n g   means   i n c l u d i n g  

means   f o r   d i v i d i n g   t h e   h o l l o w   i n t e r i o r   of  s a i d   d r u m  

i n t o   a  p l u r a l i t y   of  s e p a r a t e   s e c t i o n s ,   s a i d   h o l d i n g  

means   b e i n g   a d a p t e d   to   p a r t i a l l y   e v a c u a t e   o n l y   t h e   s e c -  



t i o n s   a r o u n d   w h i c h   s a i d   r e c o r d   medium  is   w r a p p e d .  

49.  A  d e v i c e   as  in  C l a i m   47  in  w h i c h   s a i d   r e c o r d   medium  i s  

in  r o l l   f o r m ,   s a i d   medium  b e i n g   w r a p p e d   more  t h a n  

o n e - f o u r t h   of  t h e   d i s t a n c e   a r o u n d   s a i d   d rum,   a  s u p p l y  

c a s s e t t e   f o r   d i s p e n s i n g   s a i d   m e d i u m ,   and  a  t a k e - u p  

c a s s e t t e   f o r   r e c e i v i n g   t h e   e x p o s e d   m e d i u m .  

50.  A  d e v i c e   as  in  C l a i m   47  in  w h i c h   s a i d   r e c o r d   m e d i u m  

is   in  s h e e t   f o r m ,   s a i d   h o l d i n g   means   i n c l u d i n g   m e a n s  

f o r   d i v i d i n g   t h e   h o l l o w   i n t e r i o r   of  s a i d   drum  i n t o   a  

p l u r a l i t y   of  s e p a r a t e   s e c t i o n s ,   s a i d   h o l d i n g   m e a n s  

b e i n g   a d a p t e d   to   p a r t i a l l y   e v a c u a t e   o n l y   t h e   s e c t i o n s  

a r o u n d   w h i c h   s a i d   r e c o r d   medium  i s   w r a p p e d ,   and  a  

g a s , i m p e r v i o u s   c o v e r   o v e r   t h e   p o r t i o n   of  s a i d   d r u m  

n o t   c o v e r e d   by  s a i d   s h e e t .  

51.  A  d e v i c e   as  in  C l a i m   50  i n c l u d i n g   a  s e l e c t i v e l y   a c t u a t -  

a b l e   d e f l e c t o r   d e v i c e   f o r   s e l e c t i v e l y   m o v i n g   to   a  

p o s i t i o n   c l o s e l y   a d j a c e n t   s a i d   drum  s u r f a c e   so  as  t o  

d e f l e c t   and  r e m o v e   s a i d   s h e e t   f rom  s a i d   d r u m .  

52.  A  d e v i c e   as  in  C l a i m   47  in  w h i c h   s a i d   r e c o r d   m e d i u m  

is   c a p a b l e   of  b e i n g   p r i n t e d   on  by  e l e c t r o p h o t o g r a p h i c  

m e a n s ,   and  i n c l u d i n g   c o r o n a   c h a r g i n g   means   f o r   c h a r g -  

i n g   s a i d   medium  b e f o r e   r e a c h i n g   s a i d   e x p o s u r e   s t a t i o n ,  

and  d e v e l o p i n g   means   f o r   r e c e i v i n g   t h e   e x p o s e d   m e d i u m  

and  a p p l y i n g   t o n e r   t h e r e t o   to  d e v e l o p   t h e   l a t e n t   i m a g e s  

on  s a i d   m e d i u m .  

53.  A  d e v i c e   as  in  C l a i m   52  in  w h i c h   s a i d   medium  is   i n  

d i s c r e t e   s h e e t   f o r m ,   means   f o r   r o t a t i n g   s a i d   drum  p a s t  

s a i d   c o r o n a   c h a r g i n g   means   c o n t i n u o u s l y   in  one  p a s s  

to  c h a r g e   s a i d   s h e e t ,   and  l e a d i n g   means   f o r   r o t a t i n g  

s a i d   drum  in  d i s c r e t e   s t e p s   to  s p a c e   l i n e s   of  c h a r a c -  

t e r s   f rom  one  a n o t h e r   d u r i n g   c o m p o s i t i o n .  



54.  In  a  p h o t o c o m p o s i n g   m e t h o d ,   t h e   s t e p s   of   u t i l i z i n g   a  
h o l l o w   drum  to  h o l d   a  p h o t o s e n s i t i v e   medium  d u r i n g  
t h e   p h o t o g r a p h i c   e x p o s u r e   of   s a i d   m e d i u m ,   s e p a r a t i n g  
t h e   h o l l o w   i n t e r i o r   of  s a i d   drum  i n t o   c h a m b e r s   w h o s e  

l o c a t i o n s   a r e   s t a t i o n a r y ,   p a r t i a l l y   e v a c u a t i n g   s e l e c -  

t e d   o n e s   of  s a i d   c h a m b e r s   so  as  to   h o l d   s a i d   m e d i u m  

on  s a i d   drum  w h i l e   n o t   e v a c u a t i n g   t h e   o n e s   of  s a i d  

c h a m b e r s   w h i c h   a r e   n o t   a t   l e a s t   p a r t i a l l y   c o v e r e d   b y  
s a i d   m e d i u m .  

55.  A  p h o t o c o m p o s i n g   m e t h o d   u t i l i z i n g   e l e c t r o p h o t o g r a p h y ,  

s a i d   m e t h o d   c o m p r i s i n g   m o v i n g   a  f i r s t   s h e e t   r e c o r d  

medium  p a s t   a  c o r o n a   c h a r g i n g   d e v i c e   to   c o m p l e t e l y  

c h a r g e   s a i d   m e d i u m ,   s i m u l t a n e o u s l y   a d h e r i n g   s a i d   s h e e t  

to   a  r o t a r y   d rum,   m o v i n g   s a i d   medium  p a s t   an  e x p o s u r e  
s t a t i o n   in  d i s c r e t e   s t e p s   to   a l l o w   t h e   f o r m i n g   of  l i n e s  

of  c h a r a c t e r s   b e t w e e n   s t e p s ,   g r a d u a l l y   r e m o v i n g   s a i d  

s h e e t   f rom  s a i d   drum  to  c l e a r   s u c c e s s i v e   a r e a s   o f  

t h e   s u r f a c e   of  s a i d   drum  and  s i m u l t a n e o u s l y   c h a r g i n g   a n d  

g r a d u a l l y   a d h e r i n g   a  s e c o n d   s h e e t   o n t o   s a i d   c l e a r e d  

a r e a s   and  d e v e l o p i n g   t h e   l a t e n t   e l e c t r o s t a t i c   i m a g e s  

on  s a i d   f i r s t   s h e e t .  

56.  In  or  f o r   a  p h o t o c o m p o s i n g   m a c h i n e ,   means   f o r   c o m p o s -  

i n g   c h a r a c t e r s   in   l i n e s   on  a  p h o t o s e n s i t i v e   s u r f a c e ,  

w h i l e   l e a v i n g   b l a n k   s p a c e s   f o r   g r a p h i c   m a t t e r   to   b e  

c o m p o s e d   on  t h e   same  p a g e ,   g r a p h i c   i n s e r i o n   means   f o r  

i n s e r t i n g   g r a p h i c   m a t t e r   in  s a i d   b l a n k   s p a c e s ,   s a i d  

i n s e r t i o n   means   i n c l u d i n g   a  r e c o r d   member   b e a r i n g   s a i d  

g r a p h i c   m a t t e r   t o g e t h e r   w i t h   c o d e d   i n d i c i a   i d e n t i f y -  

i n g   e a c h   b l o c k   of  g r a p h i c   m a t t e r   and  i t s   l o c a t i o n   o n  
s a i d   p a g e ,   means   f o r   r e a d i n g   s a i d   c o d e d   i n d i c i a   a n d  

l o c a t i n g   s a i d   r e c o r d   and  s a i d   p h o t o s e n s i t i v e   s u r f a c e  

w i t h   r e s p e c t   to   one  a n o t h e r   a c c o r d i n g l y ,   and  means   f o r  

p r o j e c t i n g   an  image   of  s a i d   g r a p h i c   m a t t e r   o n t o   s a i d  

p h o t o s e n s i t i v e   s u r f a c e   w h i l e   m o v i n g   s a i d   g r a p h i c   m a t t e r  



r e c o r d   and  s a i d   s u r f a c e   in  s y n c h r o n i s m   w i t h   one  a n o t h e r .  

57.  A  d e v i c e   as  in  C l a i m   56  in  w h i c h   s a i d   g r a p h i c   m a t t e r  

i n c l u d e s   a t   l e a s t   some  n o n - t e x t   m a t t e r ,   e a c h   of  s a i d  

p h o t o s e n s i t i v e   s u r f a c e   and  s a i d   r e c o r d   member   b e i n g  

m o u n t e d   on  a  r o t a t a b l e   d rum,   and  i n c l u d i n g   means   f o r  

r o t a t i n g   s a i d   d rums   in  s y n c h r o n i s m   w i t h   one  a n o t h e r  

w h i l e   p r o j e c t i n g   s a i d   i m a g e .  

58.  A  d e v i c e   as  in  C l a i m   56  in  w h i c h   s a i d   d rums   a r e   p a r a l -  

l e l   to  one  a n o t h e r   a n d  a r e   g e a r e d   t o g e t h e r ,   t h e   a x i a l  

e x t e n t   of  one  of  s a i d   d rums   b e i n g   s u b s t a n t i a l l y   t h e  

same  as  t h a t   of  t h e   o t h e r ,   s a i d   p r o j e c t i o n   means   c o m -  

p r i s i n g   l e n s   and  r e f l e c t o r   means   c o u p l e d   to   t h e  

c h a r a c t e r   s p a c i n g   m e c h a n i s m   of  s a i d   m a c h i n e   so  t h a t  

s a i d   l e n s   and  r e f l e c t o r   can  be  moved  to   t h e   p r o p e r  
l o c a t i o n   f o r   p r o j e c t i n g   t h e   g r a p h i c   m a t t e r   o n t o   t h e  

p h o t o g r a p h i c   f i l m   or  p a p e r .  

59.  A  d e v i c e   as  in  C l a i m   56  i n c l u d i n g   a  h a l f - t o n e   s c r e e n  

f o r   s e l e c t i v e   i m p o s i t i o n   in  t h e   o p t i c a l   p a t h   of  g r a p h i c  

i m a g e s   f rom  s a i d   r e c o r d   means   so  as  to   p r o d u c e   h a l f -  

t o n e   g r a p h i c   i m a g e s   on  s a i d   s u r f a c e .  

60.  A  d e v i c e   as  in  C l a i m   56  i n c l u d i n g   a  s u p p o r t   f o r   s a i d  

p h o t o s e n s i t i v e   s u r f a c e   to   h o l d   s a i d   s u r f a c e   d u r i n g  

c o m p o s i t i o n   and  move  s a i d   s u p p o r t   and  s a i d   s u r f a c e   f o r  

l i k e   s p a c i n g ,   and  l e a d i n g   d r i v e   means   f o r   d r i v i n g   s a i d  

s u p p o r t   and  s a i d   g r a p h i c   m a t t e r   r e c o r d   in  s y n c h r o n i s m  

w i t h   one  a n o t h e r   d u r i n g   t h e   i n s e r t i o n   of  g r a p h i c   m a t t e r .  

61.  A  d e v i c e   as  in  C l a i m   56  in  w h i c h   t h e   p r o j e c t i o n   m e a n s  

i n c l u d e s   means   f o r   d i g i t a l l y   e n c o d i n g   s a i d   g r a p h i c   m a t -  

t e r   and  u t i l i z i n g   t h e   r e s u l t i n g   d i g i t a l l y - c o d e d   s i g n a l s  

to   c o n t r o l   a  l a s e r   s o u r c e   to   r e p r o d u c e   s a i d   g r a p h i c   m a t -  

t e r   on  s a i d   s u r f a c e .  



62.  A  d e v i c e   as  in  C l a i m   61  in   w h i c h   s a i d   means   f o r   d i g i -  

t a l l y   e n c o d i n g   i n c l u d e s   an  a r r a y   of  p h o t o c e l l s ,   m e a n s  
f o r   f o c u s i n g   an  image   of  s a i d   g r a p h i c   m a t t e r   o n t o  

s a i d   p h o t o c e l l s ,   s a i d   l a s e r   s o u r c e   b e i n g   a d a p t e d   t o  

p r o d u c e   a  p l u r a l i t y   of  s p a c e d   a p a r t   beams   in  r e s p o n -  

se  to   d i f f e r e n t   i n p u t   s i g n a l s ,   and  means   f o r   c o n -  

v e r t i n g  . t h e   o u t p u t   of  e a c h   of   s a i d   p h o t o c e l l s   i n t o  

one  of  s a i d   d i f f e r e n t   i n p u t   s i g n a l s .  

63.  A  d e v i c e   as  in   C l a i m   61  i n c l u d i n g   means   f o r   m o v i n g  
t h e   beams   f rom  s a i d   l a s e r   s o u r c e   to   s c a n   t hem  a c r o s s  
s a i d   s u r f a c e   f o r   p h o t o c o m p o s i t i o n   or  g r a p h i c s   i n s e r -  

t i o n .  

64.  A  d e v i c e   as  in   C l a i m   56  in   w h i c h   s a i d   g r a p h i c   m a t t e r  

i s   p r e v i o u s l y - c o m p o s e d   t e x t   m a t t e r .  

65.  In  a  p h o t o c o m p o s i n g   m a c h i n e   h a v i n g   a  m b v a b l y - m o u n t e d  
c h a r a c t e r   s p a c i n g   c a r r i a g e   b e a r i n g   a  f i r s t   l e n s  

u t i l i z e d   in  f o c u s i n g   c h a r a c t e r s   on  a  p h o t o s e n s i t i v e  

s u r f a c e ,   a  s u p p o r t   b e a r i n g   a u x i l i a r y   l e n s   m e a n s ,  
s a i d   s u p p o r t   b e i n g   a t t a c h e d   to   s a i d   c a r r i a g e   a n d  

m o v a b l e   t o   move  s a i d   a u x i l i a r y   l e n s   means   i n t o   t h e  

o p t i c a l   p a t h   of  s a i d   f i r s t   l e n s   so  as  to   c h a n g e   t h e  

m a g n i f i c a t i o n   r a t i o   of  c h a r a c t e r   i m a g e s   p r o j e c t e d  

o n t o   s a i d   s u r f a c e .  

66.  A  d e v i c e   as  in   C l a i m   65  in   w h i c h   s a i d   c a r r i a g e   b e a r s  

a  r e f l e c t o r   f o r   r e f l e c t i n g   i m a g e s   i t   r e c e i v e s   so  a s  
to   d e l i v e r   t hem  in  a  p e r p e n d i c u l a r   d i r e c t i o n   to   s a i d  

s u r f a c e ,   s a i d   a u x i l i a r y   l e n s   means   b e i n g   p r e - p o s i -  
t i o n e d   so  as  to   m a i n t a i n   t h e   f o c u s   of  t h e   l e n s   s y s t e m  
when  i n s e r t e d   i n t o   t h e   o p t i c a l   p a t h   of  t h e   f i r s t   l e n s .  

67.  A  d e v i c e   as  in   C l a i m   66  in  w h i c h   s a i d   s u p p o r t   a d -  

d i t i o n a l l y   b e a r s   a  p l u r a l i t y   of  r e f l e c t o r s   and  a  



n e g a t i v e   l e n s ,   t h e   c o m b i n a t i o n   s e r v i n g   to   e x t e n d   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   o p t i c a l   s y s t e m   a n d  

t h e r e b y   i n c r e a s e   t h e   m u l t i p l i c a t i o n   f a c t o r   of  s a i d  

s y s t e m .  

68.  A  d e v i c e   as  in  C l a i m   66  in  w h i c h   s a i d   s u p p o r t   b e a r s  

a  p a i r   of  s a i d   a u x i l i a r y   l e n s e s .  

69.  In  or  f o r   a  p h o t o c o m p o s i n g   m a c h i n e ,   means   f o r   c o r r e c t -  

i n g   a  p l a c e m e n t   e r r o r   of  a  c h a r a c t e r   image   a f t e r  

e n l a r g e m e n t   of  t h e   i m a g e ,   s a i d   means   c o m p r i s i n g   a  

beam  s p l i t t e r   f o r   s p l i t t i n g   t h e   e n l a r g e d   c h a r a c t e r  

image   i n t o   two  b e a m s ,   one  u s e d   f o r   c h a r a c t e r   p r o j e c -  

t i o n ,   and  t h e   o t h e r   u s e d   f o r   e r r o r   d e t e c t i o n ,   a n d  

d i f f e r e n t i a l   p h o t o c e l l   means   f o r   d e t e c t i n g   t h e   d e v i a t -  

i on   of  a  s e l e c t e d   i m a g e   f rom  a  c e n t r a l   l o c a t i o n   a n d  

p r o d u c i n g   a  c o r r e s p o n d i n g   c o r r e c t i o n   s i g n a l .  

70.  A  d e v i c e   as  in  C l a i m   69  in  w h i c h   s a i d   d i f f e r e n t i a l  

p h o t o c e l l   has   s e p a r a t e   p h o t o s e n s i t i v e   a r e a s ,   s a i d  

s e l e c t e d   i m a g e   b e i n g   s u b s t a n t i a l l y   s y m m e t r i c a l   w i t h  

r e s p e c t   to   s a i d   a r e a s   when  p r o p e r l y   l o c a t e d .  

71.  A  d e v i c e   as  in   C l a i m   69  i n c l u d i n g   means   f o r   s t o r i n g  

c o r r e c t i o n   v a l u e s   c o r r e s p o n d i n g   to   d i f f e r e n t   v a l u e s  

of  d e v i a t i o n ,   and  means   f o r   r e a d i n g   ou t   s a i d   c o r r e c t -  

i on   v a l u e s   and  d e l i v e r i n g   them  to   means   f o r   m a k i n g  

a  c o r r e c t i o n   in  t h e   p o s i t i o n i n g   of  s a i d   i m a g e .  

72.  A  d e v i c e   as  in  C l a i m   70  in  w h i c h   t h e   b o u n d a r y   b e t w e e n  

s a i d   a r e a s   i s   s t r a i g h t ,   and  s a i d   s e l e c t e d   i m a g e   i s  

s y m m e t r i c a l   a b o u t   a  c e n t e r l i n e   w h i c h   i s   p a r a l l e l   t o  

s a i d   b o u n d a r y .  

73.  A  d e v i c e   as  in  C l a i m   72  i n c l u d i n g   a  s e c o n d   b e a m  

s p l i t t e r   l o c a t e d   in   t h e   p a t h   of  t h e   image   f rom  s a i d  



f i r s t   s p l i t t e r ,   one  beam  f rom  s a i d   s e c o n d   s p l i t t e r   b e -  

i n g   d i r e c t e d   to   s a i d   d i f f e r e n t i a l   p h o t o c e l l ,   and  a  
s e c o n d   d i f f e r e n t i a l   p h o t o c e l l   p o s i t i o n e d   in   t h e   p a t h  

of  t h e   o t h e r   beam  f rom  s a i d   s e c o n d   beam  s p l i t t e r ,  

s a i d   s e c o n d   p h o t o c e l l   b e i n g   r o t a t e d   by  90°  f rom  s a i d  

f i r s t   p h o t o c e l l   in  o r d e r   to   d e t e c t   d e v i a t i o n s   in   a n  

o r t h o g o n a l   a x i s .  

74.  A  d e v i c e   as  in  C l a i m   69  i n c l u d i n g   a  zoom  l e n s   f o r   e n -  

l a r g i n g   s a i d   c h a r a c t e r   i m a g e s .  

75.  In  or  f o r   a  p h o t o c o m p o s i n g   m a c h i n e ,   a  zoom  l e n s   f o r  

e n l a r g i n g   c h a r a c t e r   i m a g e s ,   means   f o r   c o r r e c t i n g   a  

m a g n i f i c a t i o n   e r r o r   in   s a i d   zoom  l e n s   by  d e t e c t i n g  
t h e   e n l a r g e d   c h a r a c t e r   i m a g e ,   a  beam  s p l i t t e r   f o r  

s p l i t t i n g   t h e   e n l a r g e d   c h a r a c t e r   image   i n t o   t w o  

b e a m s ,   one  u s e d   f o r   c h a r a c t e r   p r o j e c t i o n ,   and  t h e  

o t h e r   u s e d   f o r   e r r o r   d e t e c t i o n ,   means   f o r   p r o j e c t i n g  

s u c c e s s i v e   i m a g e s   t h r o u g h   s a i d   zoom  l e n s ,   p h o t o c e l l  

means   in   t h e   p a t h   of  one  of  t h e   beams  f rom  s a i d   b e a m  

s p l i t t e r ,   a  d i f f e r e n t i a l   p h o t o c e l l   f o r   m e a s u r i n g   t h e  

d i s t a n c e   b e t w e e n   s a i d   s u c c e s s i v e   i m a g e s ,   c o m p a r i n g  

t h a t   d i s t a n c e   w i t h   t h e   d e s i r e d   d i s t a n c e   c o r r e s p o n d i n g  

to   t h e   d e s i r e d   m a g n i f i c a t i o n ,   and  m a k i n g   a  m a g n i f i c a -  

t i o n   a d j u s t m e n t   to   c o m p e n s a t e .  

76.  A  d e v i c e   as  in   C l a i m   75  i n c l u d i n g   a  s e c o n d   b e a m  

s p l i t t e r   l o c a t e d   in   t h e   p a t h   of  t h e   image   f rom  s a i d  

f i r s t   s p l i t t e r ,   one  beam  of  s a i d   s e c o n d   beam  s p l i t t e r  

b e i n g   d i r e c t e d   t o   s a i d   p h o t o c e l l .  

77.  In  or  f o r   a  p h o t o c o m p o s i n g   m a c h i n e ,   a  m e c h a n i s m   f o r  

c o m b i n i n g   t e x t   and  g r a p h i c   m a t t e r   o n t o   a  s i n g l e  

p h o t o s e n s i t i v e   s h e e t ,   s a i d   m e c h a n i s m   c o m p r i s i n g   m e a n s  

f o r   m o v i n g   f i r s t   and  s e c o n d   s h e e t   m e m b e r s   as  a  u n i t ,  

s a i d   f i r s t   member   b e i n g   a  p h o t o s e n s i t i v e   member   b e a r -  



i ng   s a i d   t e x t   and  h a v i n g   b l a n k   a r e a s   f o r   s a i d   g r a p h i c  

m a t t e r ,   s a i d   s e c o n d   member   b e i n g   a  t r a n s p a r e n t   s h e e t  

b e a r i n g   s a i d   g r a p h i c   m a t t e r   a t   l o c a t i o n s   c o r r e s p o n d -  

i n g   to   t h e   b l a n k   a r e a s   on  s a i d   m e m b e r ,   and  m o v i n g  

s a i d   f i r s t   and  s e c o n d   m e m b e r s   p a s t   a  l i g h t   s o u r c e  

w h i c h   s h i n e s   i t s   l i g h t   t h r o u g h   s a i d   s e c o n d   m e m b e r  

o n t o   s a i d   f i r s t   member   f o r   c o n t a c t   p r i n t i n g   of  s a i d  

g r a p h i c   m a t t e r   o n t o   s a i d   f i r s t   m e m b e r .  

78.  A  d e v i c e   as  in  C l a i m   77  in   w h i c h   s a i d   m o v i n g   m e a n s  

i n c l u d e s   a  d rum,   m e a n s  f o r   h o l d i n g   s a i d   m e m b e r s   o n t o  

t h e   s u r f a c e   of  s a i d   d rum,   and  an  e l o n g a t e d   l i g h t  

s o u r c e   e x t e n d i n g   l o n g i t u d i n a l l y   of  s a i d   drum  t o  

i l l u m i n a t e   s a i d   m e m b e r s .  

79.  A  d e v i c e   as  in  C l a i m   77  in  w h i c h   s a i d   f i r s t   m e m b e r  

i s   an  e l e c t r o p h o t o g r a p h i c   m e m b e r ,   s a i d   m o v i n g   m e a n s  

i n c l u d e s   a  d rum,   means   f o r   h o l d i n g   s a i d   m e m b e r s   o n t o  

t h e   s u r f a c e   of  s a i d   d rum,   means   f o r   a d h e r i n g   s a i d  

f i r s t   member   on  s a i d   drum  a l o n e ,   means   f o r   e l e c t r o -  

s t a t i c a l l y   c h a r g i n g   s a i d   f i r s t   m e m b e r ,   means   f o r  

p o s i t i o n i n g   s a i d   s e c o n d   member   o v e r   s a i d   f i r s t   m e m b e r  

and  e x p o s i n g   s a i d   f i r s t   member   t h r o u g h   s a i d   s e c o n d  

m e m b e r ,   and  means   f o r   d e v e l o p i n g   t h e   l a t e n t   e l e c t r o -  

s t a t i c   i m a g e s   on  s a i d   f i r s t   m e m b e r .  

80.  A  d e v i c e   as  in   C l a i m   79  in   w h i c h   s a i d   f i r s t   m e m b e r  

i s   an  e l e c t r o p h o t o g r a p h i c   p r i n t i n g   p l a t e .  

81.  A  m e t h o d   of  c o m b i n i n g   g r a p h i c   and  t e x t   m a t t e r   to   f o r m  

a  c o m p o s e d   p a g e ,   s a i d   m e t h o d   c o m p r i s i n g   t h e   s t e p s   o f  

c o m p o s i n g   one  of  t h e   t e x t   m a t t e r   and  g r a p h i c   m a t t e r  

on  a  f i r s t   f l e x i b l e   p h o t o s e n s i t i v e   member   w i t h   b l a n k  

a r e a s ,   l o c a t i n g   t h e   o t h e r   of  s a i d   t e x t   m a t t e r   a n d  

g r a p h i c   m a t t e r   on  a  t r a n s p a r e n t   m e m b e r ,   p o s i t i o n i n g  

s a i d   o t h e r   member   so  as  to   r e g i s t e r   w i t h   b l a n k   a r e a s  

on  s a i d   f i r s t   m e m b e r ;   m o v i n g   s a i d   m e m b e r s   t o g e t h e r  



p a s t   an  e x p o s u r e   s t a t i o n ;   d i r e c t i n g   l i g h t   a t   s a i d  

t r a n s p a r e n t   member   so  as  to   t r a n s f e r   t h e   i m a g e s   t h e r e -  

on  to   s a i d   f i r s t   m e m b e r ,   and  d e v e l o p i n g   t h e   l a t e n t  

i m a g e s   so  f o r m e d   on  s a i d   f i r s t   m e m b e r .  

82.  A  m e t h o d   as  in  C l a i m   81  i n c l u d i n g   t h e   s t e p   of  a d h e r -  

i n g   s a i d  m e m b e r s   t o g e t h e r   on  t h e   s u r f a c e   of  a  d r u m ,  
and  r o t a t i n g   s a i d   drum  to   move  s a i d   m e m b e r s   p a s t  
s a i d   e x p o s u r e   s t a t i o n .  

83.  A  m e t h o d   as  in   C l a i m   82  in   w h i c h   s a i d   f i r s t   m e m b e r  

i s   an  e l e c t r o p h o t o g r a p h i c   m e m b e r ,   and  i n c l u d i n g   t h e  

s t e p   of  e l e c t r o s t a t i c a l l y   c h a r g i n g   s a i d   f i r s t   m e m b e r ,  

a d h e r i n g   s a i d   member   to   s a i d   drum  a l o n e ,   r o t a t i n g  
s a i d   drum  w i t h   s a i d   f i r s t   member   on  i t   to   a  j o i n i n g  

s t a t i o n ,   o v e r l a y i n g   s a i d   s e c o n d   member   o n t o   s a i d  

f i r s t   member   a t   s a i d   j o i n i n g   s t a t i o n ,   h o l d i n g   b o t h  

of  s a i d   m e m b e r s   o n t o   s a i d   d rum,   m o v i n g   t hem  p a s t   s a i d  

e x p o s u r e   s t a t i o n ,   r e m o v i n g   s a i d   s e c o n d   m e m b e r ,   a n d  

t h e n   t r a n s p o r t i n g   s a i d   f i r s t   member   to   an  e l e c t r o -  

p h o t o g r a p h i c   d e v e l o p m e n t   s t a t i o n   to   d e v e l o p   t h e  

l a t e n t   e l e c t r o s t a t i c   i m a g e s   t h e r e o n .  

84.  A  r o t a t a b l e   c h a r a c t e r   m a t r i x   f o r   p h o t o c o m p o s i t i o n ,  

s a i d   m a t r i x   b e a r i n g   c h a r a c t e r s   in   c i r c u l a r   rows  c o n -  

c e n t r i c   a b o u t   t h e   a x i s   of  r o t a t i o n   of  s a i d   m a t r i x ,  

s a i d   c h a r a c t e r s   b e i n g   f u r t h e r   a r r a n g e d   in   g r o u p s  
t r a n s v e r s e   to   s a i d   r o w s ,   t h e   c h a r a c t e r s   in   e a c h   g r o u p  
b e i n g   a r r a n g e d   a l o n g   an  a r c   of  a  c i r c l e   w i t h   a  c e n t e r  

a t   a  s u b s t a n t i a l   d i s t a n c e   f rom  s a i d   a x i s   of  r o t a t i o n ,  
and  a  s i n g l e   t i m i n g   s l i t   a l i g n e d   w i t h   t h e   c h a r a c t e r s  

of  e a c h   g r o u p   to   t i m e   t h e   f l a s h   i l l u m i n a t i o n   of  a n y  
c h a r a c t e r   w i t h i n   t h a t   g r o u p .  

85.  A  m a t r i x   as  in   C l a i m   84,  s a i d   m a t r i x   h a v i n g   t h e   s h a p e  
of  a  s e g m e n t   of  a  c i r c l e .  



86.  A  m a t r i x   as  in   C l a i m   84  in   w h i c h   s a i d   t i m i n g   s l i t  

i s   on  a  l i n e   w h i c h   i s   t a n g e n t   to   s a i d   c i r c l e   a t   t h e  

a p p r o x i m a t e   c e n t e r   of  e a c h   of  s a i d   g r o u p s .  

87.  A  m a t r i x   as  in  C l a i m   84  i n c l u d i n g   a  p l u r a l i t y   of  c o d e  

i n d i c i a   i d e n t i f y i n g   s a i d   m a t r i x .  

88.  A  m a t r i x   as  in  C l a i m   84  i n c l u d i n g   a  p l u r a l i t y   o f  

code   i n d i c i a   i d e n t i f y i n g   t h e   w e i g h t   of  a  t y p e   s t y l e  

on  s a i d   m a t r i x .  

89.  A  m a t r i x   as  in   C l a i m  8 5   in   w h i c h   s a i d   m a t r i x   b e a r s  

a  c o m p l e t e   f o n t   of  c h a r a c t e r s   in   one  s t y l e .  

90.  A  m a t r i x   as  in  C l a i m   85  h a v i n g  a   p a i r   of  c i r c u m -  

f e r e n t i a l l y   s p a c e d   a p a r t   m o u n t i n g   h o l e s ,   t h e   r a d i a l l y  

i n n e r m o s t   p o r t i o n   of  s a i d   s e g m e n t   b e i n g   t r u n c a t e d ,  

and  s a i d   h o l e s   b e i n g   l o c a t e d   a d j a c e n t   t h e   r a d i a l l y  

i n n e r m o s t   edge   of  s a i d   s e g m e n t ,   in  an  a r e a   d e v o i d   o f  

c h a r a c t e r s .  

91.  A  m a t r i x   as  in  C l a i m   85  h a v i n g   an  a r e a   d e v o i d   o f  

c h a r a c t e r s   a d j a c e n t   t h e   r a d i a l l y   o u t e r m o s t   edge   o f  

s a i d   s e g m e n t ,   s a i d   a r e a   b e i n g   s u i t a b l e   f o r   e n g a g e -  

ment   w i t h   m a t r i x   h a n d l i n g   e q u i p m e n t .  

92.  A  m a t r i x   as  in  C l a i m   85  h a v i n g   a p p r o x i m a t e l y   s i x   o f  

s a i d   rows  of  c h a r a c t e r s   w i t h   a p p r o x i m a t e l y   t w e n t y -  

two  c h a r a c t e r s   in  e a c h   r o w .  

93.  A  m a t r i x   as  in  C l a i m   84  w h i c h   i s   a  d i s c   b e a r i n g  

c h a r a c t e r s   in  a  p l u r a l i t y   of  s t y l e s .  

94.  A  m a t r i x   as  in  C l a i m   85  in   w h i c h   t h e   mos t   o f t e n   u s e d  

c h a r a c t e r s   in   a  s e l e c t e d   l a n g u a g e   a r e   l o c a t e d   in  o n e  

of  s a i d   c i r c u l a r   r o w s .  



95.  A  m a t r i x   as  in   C l a i m   85  in   w h i c h   t h e   m o s t   o f t e n  

u s e d   c h a r a c t e r s   in   a  s e l e c t e d   l a n g u a g e   a r e   c o n c e n t r a t e d  

n e a r   t h e   c e n t e r   of  t h e   c h a r a c t e r - b e a r i n g   a r e a   o f  

s a i d   m a t r i x .  

96.  In  or  f o r   a  p h o t o c o m p o s i n g   m a c h i n e ,   a  p i v o t a b l e   s u p p o r t  

f o r   a  r o t a t a b l e   c h a r a c t e r   m a t r i x   b e a r i n g   c o n c e n t r i c  

rows  of  c h a r a c t e r s ,   s a i d   s u p p o r t   c o m p r i s i n g   a  m e m b e r  

p i v o t e d   a d j a c e n t   one  e n d ,   a  r o t a t a b l e   m a t r i x   s u p p o r t  

m o u n t e d   a d j a c e n t   t h e   o t h e r   e n d ,   and  d r i v e   means   f o r  

s w i n g i n g   s a i d   member   a b o u t   i t s   p i v o t   a x i s   to   b r i n g  

d i f f e r e n t   c h a r a c t e r s  o n   s a i d   m a t r i x   to   a  p r o j e c t i o n  

l o c a t i o n .  

97.  A  d e v i c e   as  in  C l a i m   96  h a v i n g   a  f l a s h   t i m i n g   s l i t  

d e t e c t o r   m o u n t e d   on  s a i d   member   a d j a c e n t   s a i d   m a t r i x .  

98.  A  d e v i c e   as  in  C l a i m   96  h a v i n g   a  d e t e c t o r   m o u n t e d  

on  s a i d   member   f o r   d e t e c t i n g   e a c h   c o m p l e t e   r e v o l u t i o n  

of  s a i d   m a t r i x   and  p r o d u c i n g   a  c o r r e s p o n d i n g   e l e c t r i -  

c a l   s i g n a l .  

99.  A  d e v i c e   as  in   C l a i m   96  h a v i n g   a  p o r t i o n   of  s a i d  

member   e x t e n d i n g   b e y o n d   t h e   edge   of  s a i d   m a t r i x ,  

a t   l e a s t   one  i m a g e - f o r m i n g   e l e m e n t   s e c u r e d   to   s a i d  

e x t e n s i o n   and  l o c a t e d   on  an  a r c   of  a  c i r c l e   p a s s i n g  

t h r o u g h   s a i d   p r o j e c t i o n   l o c a t i o n   and  h a v i n g   s a i d  

p i v o t   a x i s   as  a  c e n t e r .  

100.   A  d e v i c e   as  in   C l a i m   96  h a v i n g   a  p o r t i o n   of  s a i d   mem-  

b e r   e x t e n d i n g   b e y o n d   t h e   edge   of  s a i d   m a t r i x ,   one  o f  

a  code   e l e m e n t   and  a  d e t e c t o r   e l e m e n t   m o u n t e d   on  s a i d  

p o r t i o n ,   s a i d   code   e l e m e n t   h a v i n g   a  p l u r a l i t y   o f  

p o s i t i o n - i n d i c a t i n g   i n d i c i a   t h e r e o n ,   and  t h e   o t h e r  

of  s a i d   e l e m e n t s   b e i n g   s e c u r e d   in   a  s t a t i o n a r y   p o s i -  

t i o n   on  s a i d   m a c h i n e   a d j a c e n t   t h e   f i r s t   e l e m e n t .  



101.   A  d e v i c e   as  in  C l a i m   96  in   w h i c h   s a i d   d r i v e   m e a n s  

i n c l u d e s   an  a r c u a t e   r a c k   s e c u r e d   to   s a i d   m e m b e r ,  

t h e   c e n t e r   of  t h e   a r c   of  s a i d   r a c k   b e i n g   s a i d   p i v o t  

a x i s ,   and  a  s t a t i o n a r y   d r i v e   p i n i o n   p o s i t i o n e d   t o  

d r i v a b l y   e n g a g e   s a i d   r a c k .  

102.   A  d e v i c e   as  in  C l a i m   96  in  w h i c h   s a i d   member  h a s  

two  r a d i a l   arms  j o i n e d   by  an  a r c u a t e   s e c t i o n   a t   a  

l o c a t i o n   s p a c e d   r a d i a l l y   o u t w a r d l y   f rom  s a i d   p i v o t  

a x i s .  

103.   A  d e v i c e   as  in   C l a i m  9 6   h a v i n g   a  d e t e c t o r   f o r   d e -  

t e c t i n g   c o d e d   m a t r i x   i d e n t i f i c a t i o n   m a r k s   on  s a i d  

m a t r i x ,   s a i d   d e t e c t o r   b e i n g   m o u n t e d   on  s a i d   m e m b e r .  

104.   A  d e v i c e   as  in  C l a i m   96,  in  w h i c h   s a i d   r o t a t a b l e  

m a t r i x   s u p p o r t   c o m p r i s e s   a  hub  w i t h   a  p l u r a l i t y  

of  p r o j e c t i o n s   f o r   m o u n t i n g   a  p l u r a l i t y   of  s e g m e n t s  

to   fo rm  a  c i r c u l a r   d i s c .  
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105.   A  d e v i c e   as  in  C l a i m   in  w h i c h   s a i d   hub  has   a  

s u b s t a n t i a l   f l a t   s u r f a c e   a r e a   in  t h e   p l a n e   of  s a i d  

d i s c ,   and  r e s i l i e n t   means   f o r   h o l d i n g   s a i d   s e g m e n t s  

a g a i n s t   s a i d   s u r f a c e .  

106.   In  or  f o r   a  p h o t o c o m p o s i n g   m a c h i n e   i n c l u d i n g   a  

m o v a b l e   c h a r a c t e r   m a t r i x   and  means   f o r   m o v i n g   s a i d  

m a t r i x   in   o r d e r   to   f a c i l i t a t e   t h e   s e l e c t i o n   o f  

c h a r a c t e r s   to   be  p r o j e c t e d   o n t o   a  p h o t o - s e n s i t i v e  

s u r f a c e ,   a  c h a r a c t e r   s p a c i n g   m e c h a n i s m   f o r   s p a c i n g  

c h a r a c t e r s   f rom  one  a n o t h e r   when  p r o j e c t e d   o n t o  

s a i d   s u r f a c e ,   means   f o r   m o v i n g   s a i d   m e c h a n i s m   s u b -  

s t a n t i a l l y   c o n t i n u o u s l y   w h i l e   c o m p o s i n g   a  l i n e   o f  

c h a r a c t e r s ,   d e f l e c t i n g   means   f o r   d e f l e c t i n g   e a c h  

c h a r a c t e r   i m a g e   to   one  s i d e   or  t h e   o t h e r ,   and  m e a n s  

f o r   c o n t r o l l i n g   s a i d   d e f l e c t i n g   means   to   p r o p e r l y  

l o c a t e   s a i d   c h a r a c t e r   image   on  s a i d   s u r f a c e .  



107.   A  d e v i c e   as  in   C l a i m   1 0 6  i n c l u d i n g   means   to   s e l e c t i v e -  

ly  d e c e l e r a t e   and  a c c e l e r a t e   s a i d   s p a c i n g   m e c h a n i s m .  

108.   A  d e v i c e   as  in   C l a i m   106  in   w h i c h   s a i d   d e f l e c t i n g  

means   c o m p r i s e s   a  l e n s ,   and  i n c l u d i n g   a  m o t o r   f o r  

m o v i n g   s a i d   l e n s .  

109.   A  d e v i c e   as  in   C l a i m   106  i n c l u d i n g   a  f l a s h   lamp  f o r  

i l l u m i n a t i n g   c h a r a c t e r s   on  a  m a t r i x ,   and  mean-   f o r  

d e l a y i n g   t h e   o p e r a t i o n   of   s a i d   f l a s h   lamp  in  o r d e r  

to   a l l o w   s a i d   s p a c i n g   c a r r i a g e   t o   r e a c h   t h e   p r o p e r  
l o c a t i o n   f o r   p r o j e c t i n g   a  s e l e c t e d   c h a r a c t e r   i m a g e  

o n t o   s a i d   s u r f a c e .  

110.   In  a  p h o t o c o m p o s i n g   m a c h i n e ,   c h a r a c t e r   p r e s e n t a t i o n  

means   f o r   p r e s e n t i n g   a t   a  p r o j e c t i o n   l o c a t i o n   i m a g e s  

s e l e c t e d   f rom  any  of  a t   l e a s t   t h r e e   c h a r a c t e r   m a -  

t r i c e s   and  p r o j e c t i n g   s a i d   i m a g e s   a l o n g   an  o p t i c a l  

a x i s ,   s a i d   m a t r i c e s   b e i n g   l o c a t e d   so  as  to   d i r e c t  

i m a g e s   t o w a r d s   a  r e f e r e n c e   l o c a t i o n   w h i c h   i s   s p a c e d  

f rom  s a i d   p r o j e c t i o n   l o c a t i o n ,   s a i d   i m a g e s   b e i n g  

d i r e c t e d   f rom  s a i d   m a t r i c e s   a t   v a r y i n g   d i f f e r e n t  

a n g l e s   w i t h   r e s p e c t   to   s a i d   o p t i c a l   a x i s ,   and  a  

o r t h o g o n a l l y   m o v a b l e   r o t a r y   r e f l e c t o r   a t   s a i d   r e -  

f e r e n c e   l o c a t i o n ,   s a i d   r e f l e c t o r   b e i n g   r o t a t a b l e  

to   v a r i o u s   d i f f e r e n t   p o s i t i o n s   to   d e f l e c t   i m a g e s  

f rom  s a i d   m a t r i c e s   a l o n g   s a i d   a x i s .  

111.   A  d e v i c e   as  in   C l a i m   110  in   w h i c h   s a i d   a n g l e   f o r   o n e  

of  s a i d   m a t r i c e s   i s   z e r o ,   and  i n c l u d i n g   means   f o r  

o r t h o g o n a l l y   m o v i n g   s a i d   r e f l e c t o r   o u t   of  t h e   way  o f  

i m a g e s   f rom  s a i d   one  m a t r i x   to   l e t   t hem  r e a c h   s a i d  

p r o j e c t i o n   l o c a t i o n   d i r e c t l y .  

112.   A  d e v i c e   as  in   C l a i m   110  in  w h i c h   a n g l e s   of  two  o f  

s a i d   m a t r i c e s   a r e   9 0 ° ,   s a i d   r e f l e c t o r   b e i n g   r o t a t -  



a b l e   to   a t   l e a s t   two  p o s i t i o n s   90°  a p a r t .  

113.   In  or  f o r   a  p h o t o c o m p o s i n g   m a c h i n e   i n c l u d i n g   i m a g e  

p r e s e n t a t i o n   means   f o r   p r e s e n t i n g   i m a g e s   a t   a  p r o -  

j e c t i o n   p o s i t i o n ,   and  image   p r o j e c t i o n   and  l o c a t i o n  

means   f o r   p r o j e c t i n g   s a i d   i m a g e s   f rom  s a i d   p o s i t i o n  

and  l o c a t i n g   s a i d   i m a g e s   in  a  p r e - d e t e r m i n e d   o r d e r  

on  a  p h o t o s e n s i t i v e   r e c o r d   s u r f a c e ,   s a i d   image   p r e -  
s e n t a t i o n   means   i n c l u d i n g   s t o r a g e   means   f o r   s t o r i n g  

a  p l u r a l i t y   of  i m a g e - b e a r i n g   m a t r i c e s ,   s e l e c t i o n  

means   r e s p o n s i v e   to   c o d e d   s i g n a l s   f o r   s e l e c t i n g   o n e  

of  s a i d   m a t r i c e s   and  m o v i n g   t h e   m a t r i x   so  s e l e c t e d  

f rom  s a i d   s t o r a g e   means   to   s a i d   p r o j e c t i o n   p o s i t i o n  

f o r   p r o j e c t i o n   of  i m a g e s   t h e r e f r o m ,   e a c h   of  s a i d  

m a t r i c e s   b e i n g   a  d i s c   b e a r i n g   a  p l u r a l i t y   of  c h a r a c -  

t e r s ,   a  p l u r a l i t y   of  p i v o t a b l e   s u p p o r t i n g   m e m b e r s ,  

one  f o r   r o t a t a b l y   s u p p o r t i n g   e a c h   of  s a i d   m a t r i c e s ,  

and  means   f o r   p i v o t i n g   a  s e l c t e d   one  of  s a i d   m e m -  

b e r s   to   move  s a i d   m a t r i x   f rom  s a i d   s t o r a g e   means   t o  

a  p r o j e c t i o n   p o s i t i o n   and  b a c k   a g a i n .  

114.  A  device   as  in  C l a i m   113  in  w h i c h   s a i d   s t o r a g e   m e a n s  

c o m p r i s e s   a  p l u r a l i t y   of  s a i d   p i v o t a b l e   s u p p o r t   mem-  

b e r s   m o u n t e d   on  a  s l i d a b l e   c a r r i a g e ,   means   f o r   s l i d -  

i ng   s a i d   c a r r i a g e   to   p o s i t i o n   a  s e l e c t e d   one  of  s a i d  

m a t r i c e s   a t   a  p r e - d e t e r m i n e d   p o s i t i o n .  

115.   A  d e v i c e   as  in   C l a i m   113  in   w h i c h   c h a r a c t e r s   a r e  

l o c a t e d   in  c o n c e n t r i c   c i r c u l a r   a r r a y s   on  s a i d   d i s c ,  

w i t h   t h e   c h a r a c t e r s   in  a d j a c e n t   rows  b e i n g   a l i g n e d  

a l o n g   a  r a d i u s   of  s a i d   d i s c ,   and  means   f o r   s e l e c t -  

i ng   one  of  s a i d   rows  f o r   p r o j e c t i o n .  

116.   A  d e v i c e   as  in   C l a i m   115  i n c l u d i n g   an  a p e r t u r e   f o r  

a l l o w i n g   o n l y   one  c h a r a c t e r   image   to   p a s s ,   and  m o v -  

a b l e   r e f l e c t i n g   means   m o u n t e d   f o r   m o v e m e n t   t r a n s -  

v e r s e l y   of  s a i d   rows  to   p r o j e c t   c h a r a c t e r s   f rom  o n e  



of  s a i d   rows  t o w a r d s   s a i d   a p e r t u r e .  

117.   A  d e v i c e   as  in  C l a i m   113  i n c l u d i n g   s e l e c t i v e l y   e n g a g e -  
a b l e   d r i v e   means   on  e a c h   of  s a i d   p i v o t a b l e   s u p p o r t  

m e m b e r s ,   and  s t a t i o n a r y   d r i v e   means   p o s i t i o n e d   to   e n -  

gage   t h e   d r i v e   means   on  s a i d   s u p p o r t   member   when  i t  

i s   p i v o t e d   i n t o   s a i d   p r o j e c t i o n   p o s i t i o n .  

118.   A  d e v i c e   as  i n  C l a i m   116  in  w h i c h   s a i d   r e f l e c t i n g   m e a n s  

i s   a  p a i r   of  45°  m i r r o r s   m o u n t e d   on  a  c a r r i a g e .  

119.   A  d e v i c e   as  in   C la im.1 .1 .3   i n c l u d i n g   a  p r o j e c t i o n   o n  

e a c h   of  s a i d   p i v o t a b l e   s u p p o r t   m e m b e r s ,   d r i v e   m e a n s  

f o r   s e l e c t i v e l y   e n g a g i n g   s a i d   p r o j e c t i o n   to   c a u s e  

s a i d   p i v o t a b l e   s u p p o r t   member   to   p i v o t   b e t w e e n   a n  

i n a c t i v e   s t o r a g e   p o s i t i o n   and  an  o p e r a t i v e   p o s i t i o n .  

120.   A  d e v i c e   as  in  C l a i m   117  in   w h i c h   s a i d   s e l e c t i v e l y  

e n g a g e a b l e   d r i v e   means   i n c l u d e s   a  c u r v e d   r a c k ,   a n d  

s a i d   s t a t i o n a r y   d r i v e   means   i n c l u d e s   a  p i n i o n   e n g a g e a b -  

le  w i t h   s a i d   r a c k   when  s a i d   r a c k   n e a r s   i t s   o p e r a t i v e  

p o s i t i o n .  

121.   A  d e v i c e   as  in   C l a i m   113  i n c l u d i n g   d r i v e   means   f o r  

r o t a t i n g   s a i d   d i s c ,   a  d r i v a b l e   member   s e c u r e d   to   s a i d  

d i s c ,   s a i d   d r i v e   means   i n c l u d i n g   a  p i v o t a b l e   a r m ,  

a  r o t a r y   d r i v e   member   m o u n t e d   on  s a i d   p i v o t a b l e   a r m ,  

a  m o t o r ,   c o u p l i n g   means   f o r   d r i v a b l y   c o u p l i n g   s a i d  

m o t o r   to   s a i d   d r i v e   m e m b e r ,   means   f o r   p i v o t i n g   e a c h  

of  s a i d   p i v o t a b l e   s u p p o r t   m e m b e r s   and  s a i d   d i s c   f o r  

s e l e c t i o n   among  c o n c e n t r i c   c h a r a c t e r   a r r a y s   on  s a i d  

d i s c ,   and  means   f o r   m a i n t a i n i n g   e n g a g e m e n t   b e t w e e n  

s a i d   d r i v e   member   and  s a i d   d r i v a b l e   member   as  s a i d  

d i s c   p i v o t s   f o r   a r r a y   s e l e c t i o n .  



122.   A  d e v i c e   as  in  C l a i m   121  in  w h i c h   s a i d   arm  i s   e l o n g a t -  

ed  and  s a i d   c o u p l i n g   means   c o m p r i s e s   a  t o o t h e d   b e l t .  
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