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(©  Electrophotographic  copier  with  variable  original  document  to  image  size  ratio. 

An  electrophotographic  copier,  of the type in  which  a line 
of light  scans  the  original  document  and  in  which  the  lens  is 
movable  to  effect  variations  in  the  ratio  of  original  document 
to  image  size,  has  a  field  stop  mask  positioned  to  intercept 
lightfrom  a  document  being  scanned  before it is  passed to the 
lens.  The  mask  has  an  aperture  configured to  minimise  image 
intensity  variations  caused  by  changes  in  the  ratio, to  correct 
for  lens  cos4  losses  and  to  compensate  for  uneven  intensity 
along  the  line  of  light  scanning  the  document. 



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

cop ie r s   with  v a r i a b l e   o r i g i n a l   document  to  image  s ize  r a t i o s .  

One  p a r t i c u l a r l y   d e s i r a b l e   f e a t u r e   which  has  been  i n t r o d u c e d  

with  commercial  e l e c t r o s t a t i c   cop ie r s   is  the  c a p a b i l i t y   of  v a r y i n g  

the  o b j e c t   image  so  t h a t   the  copied  image  is  va r i ed   in  size  w i t h  

r e s p e c t   to  the  ob jec t   image.  The  advent  of  c o p i e r s  c a p a b l e   o f  

t h i s   f unc t i on   r equ i r ed   the  s o l u t i o n   of  s eve ra l   problems,   i . e . ,  

those   p a r t i c u l a r l y   caused  by  changes  induced  as  a  r e s u l t   of  t h e  

changes  in  the  o p t i c a l   c o n f i g u r a t i o n   r equ i r ed   to  reduce  the  image.  

While  the  s o l u t i o n   of  these   problems  in  a  l a b o r a t o r y   e n v i r o n m e n t  

may  be  t r i v i a l ,   the  c o n s t r a i n t s   imposed  by  p r a c t i c a l   m a n u f a c t u r e  

of  these   devices   made  the  s o l u t i o n   to  these   problems  more  d i f f i c u l t .  

In  p a r t i c u l a r ,   the  commercial  device  had  to  e x h i b i t   the  same  image 

sha rpness   and  c o n s i s t e n c y   of  image  i n t e n s i t y   for  a l l   r a t i o s   o f  

document  and  image  s i zes   with  d e s i r a b l y   l i t t l e   or  no  i n c r e a s e   i n  

equipment  s ize ,   cost  or  main tenance   d i f f i c u l t y .  

While  a  copier   capable   of  va ry ing   an  image  s a t i s f i e s   more  o f  

the  u se r s '   need  than  a  machine  which  is  not  so  capab le ,   i t   is  a l s o  

d e s i r a b l e   to  i n c r e a s e   the  number  of  r a t i o s   and  f i n a l l y   to  p r o v i d e  

for  c o n t i n u o u s l y   v a r i a t i o n   of  r a t i o s   wi th in   some  s p e c i f i e d   r a n g e  

of  r a t i o s .   As  the  number  of  r a t i o s   is  i n c r e a s e d   u n t i l   i t   becomes 

e s s e n t i a l l y   con t inuous ,   the  number  of  o p t i c a l   problems  to  be  

solved  i n c r e a s e s ,   and  with  the  c o n s t r a i n t s   imposed  on  commerc ia l  

dev i ce s ,   the  d i f f i c u l t y   in  so lv ing   these   problems  i n c r e a s e s .  



Des i r ab ly ,   the  copied  image  produced  by  a  copier   is  u n i f o r m  

in  i n t e n s i t y ,   and  the  achievement   of  t h i s   r e q u i r e s   c a r e f u l   d e s i g n .  

Even  if  one  assumed  uniform  ob jec t   i l l u m i n a t i o n   (which  is  u s a l l y  

not  a c t u a l l y   the  case  due  to  size  l i m i t a t i o n s ) ,   the  p resence   of  a  

lens  in  the  o p t i c a l   path  r e s u l t s   in  image  i n t e n s i t y   r e d u c t i o n   f o r  

t ha t   p o r t i o n   of  the  image  passed  off  the  lens  or  o p t i c a l   c e n t r e  

l ine ,   i . e . ,   s o - c a l l e d   cos4  l o s s e s .   In  the  p r i o r   a r t ,   s o l u t i o n s   t o  

t h i s   d i f f i c u l t y   have  been  achieved  by  shaping  the  ob jec t   i l l u m i n a t i o n  

so  as  to  compensate  for  the  image  i n t e n s i t y   f a l l o f f ,   and  s i m i l a r  

shaping  has  been  used  to  compensate  for  o therwise   uneven  o b j e c t  

i l l u m i n a t i o n .  

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

f u r t h e r   v a r i a t i o n s   in  the  image  i n t e n s i t y   s ince ,   as  r e d u c t i o n   i s  

i n t roduced ,   image  i n t e n s i t y   at  the  image  plane  i n c r e a s e s .   The 

v a r i a t i o n s   in  i n t e n s i t y   in  a  machine  which  inc luded   a  s i n g l e  

r educ t ion   mode  ( i . e . ,   a  r e d u c t i o n   r a t i o   other   than  1)  had  b e e n  

compensated  for  in  the  p r i o r   a r t   by  adding  an  a p e r t u r e   only  in  t h e  

r e d u c t i o n   mode  to  l i m i t   image  i n t e n s i t y   in  t ha t   mode.  T h i s  

a p e r t u r e ,   mask  or  l i g h t   s top,   could  t h e o r e t i c a l l y   be  l o c a t e d  

e i t h e r   a d j a c e n t   the  image  plane  or  a d j a c e n t   the  ob jec t   p lane ,   and  

in  the  case  of  i t s   l o c a t i o n   near  the  o b j e c t   p lane ,   i t   could  be  

loca ted   between  the  source  of  i l l u m i n a t i o n   and  the  ob jec t   o r  

between  the  o b j e c t   and  the  l e n s .  

A  f u r t h e r   c o m p l i c a t i o n   a r i s e s   in  some  machines  which  a r e  

capable  of  v a r i a b l e   r a t i o   copying  by  reason  of  the  r e l a t i o n s h i p  

between  the  c e n t r e   l i ne   of  o b j e c t s   of  d i f f e r e n t   s i z e s .   In  one 

group  of  machines ,   the  cen t re   l ine   is  not  changed,  i . e . ,   t h e  

ob j ec t s   are  c e n t r e - r e f e r e n c e d ;   obv ious ly ,   t h i s   causes  no  a d d i t i o n a l  



d i f f i c u l t i e s .   However,  in  another   group  of  machines,   the  o b j e c t s  

to  be  copied  are  corner   r e f e r e n c e d ,   and  as  a  r e s u l t ,   as  the  o b j e c t  

to  be  copied  i n c r e a s e s   in  s i ze ,   and  the  r a t i o   is  c o r r e s p o n d i n g l y  

changed,  the  cen t re   l ine   moves  or  changes  in  p o s i t i o n   r e l a t i v e   t o  

cent re   l ine   of  a  smal le r   o b j e c t   to  be  copied.   t h i s   " c o r n e r -  

r e f e r e n c i n g "   serves  to  i n c r e a s e   the  d i f f i c u l t i e s   a s s o c i a t e d   w i t h  
c o s 4  l o s s e s   and  drum  c u r v a t u r e   d i s t o r t i o n s ,   since  more  of  t h e  

image  to  be  reproduced  f a l l s   in  the  edge  areas   whose  i n t e n s i t y  

would  be  reduced  absent   some  s p e c i a l   a t t e n t i o n .  

In  machines  capable   of  a  given  small  number  of  r a t i o s ,   image 

i n t e n s i t y   v a r i a t i o n s ,   in  the  p r i o r   a r t ,   were  handled  by  a r r a n g i n g  

the  i l l u m i n a t i o n   in  a  base  mode  to  be  r e l a t i v e l y   uniform,  and  t h e n  

s u b s t i t u t i n g   a  d i f f e r e n t   mask,  l i g h t   stop  or  a p e r t u r e ,   for  e a c h  

d i f f e r e n t   mode  to  ma in ta in   the  u n i f o r m i t y   of  i n t e n s i t y .   However, 

as  can  be  r e a l i z e d ,   when  the  number  of   r a t i o s   is  i n c r e a s e d   to  such  

a  poin t   t ha t   they  become  e s s e n t i a l l y   cont inuous   the  r equ i remen t   t o  

provide  d i f f e r e n t   masks,  l i g h t   s tops  or  a p e r t u r e s ,   for  each  r a t i o ,  

renders   the  system  unmanageable  in  terms  of  equipment  s i ze ,   c o s t  

or  m a i n t a i n a b i l i t y .  

A  system  capable   of  a ch i ev ing   some  of  these  goals  is  shown  i n  

U.S.  Pa ten t   S p e c i f i c a t i o n   No.  4 ,057 ,342 .   This  d i s c l o s e s   a  copy ing  

system  with  a  pa i r   of  a p e r t u r e s   l o c a t e d   in  the  o p t i c a l   path  and 

capable  of  o p e r a t i n g   in  a  base  mode  and  a  r educ t ion   mode.  The 

pa t en t ee   r ecogn ized   t ha t   a d d i t i o n a l   r e d u c t i o n   modes  could  be  

employed  and,  while  image  i n t e n s i t y   v a r i a t i o n s   would  occur,   t h e  

exposure  system  would  p rov ide   a  degree  of  c o r r e c t i o n .   The  p a t e n t e e  

also  i n d i c a t e s ,   however,  t h a t   a  s l i t   a p p r o p r i a t e   for  a  base  mode 



or  n o n - r e d u c t i o n   mode  of  o p e r a t i o n   would  p robably   not  be  a d e q u a t e  

for  r e d u c t i o n   mode  of  o p e r a t i o n   and  c o r r e s p o n d i n g l y ,   a  s l i t  

p rovided   for  uniform  i l l u m i n a t i o n   in  a  r e d u c t i o n   mode  of  o p e r a t i o n  

would  not  p rovide   proper   o p e r a t i o n   in  a  base  of  n o n - r e d u c t i o n   mode 

or  in  a  d i f f e r e n t   r e d u c t i o n   mode. 

According  to  the  p r e s e n t   i n v e n t i o n ,   t he re   is  p rovided  a n  

e l e c t r o p h o t o g r a p h i c   copier   compris ing  an  exposure  s t a t i o n   i n -  

c luding   a  p l a t e n   for  suppor t i ng   an  o r i g i n a l   document  to  be  c o p i e d ,  

an  i l l u m i n a t i o n   source  adapted  to  produce  a  l ine   of  l i g h t   and  t o  

d i r e c t   i t   towards  the  p l a t e n   to  scan  a  document  thereon   and  a n  

o p t i c a l   sy s t em adap t ed   to  d i r e c t   a  l ine   of  l i g h t  r e f l e c t   from  a  

document  on  the  p l a t e n   on  to  an  imaging  element  said  o p t i c a l  

system  i n c l u d i n g   a  lens  for  f o c u s s i n g   the  r e f l e c t e d   l i g h t   on  t o  

the  imaging  element  and  mounted  for  movement  r e l a t i v e   to  t h e  

imaging  element  to  e f f e c t   v a r i a t i o n   of  the  r a t i o   of  o r i g i n a l  

document  to  image  size  on  the  imaging  e lement ,   c h a r a c t e r i s e d   by  a  

mask  p o s i t i o n e d   a d j a c e n t   the  p l a t e n   and  having  a  f i e l d   s t o p  

a p e r t u r e   t h e r e i n   to  r e ce ive   and  pass  r e f l e c t e d   l i g h t   to  s a i d  

o p t i c a l   system,  said  a p e r t u r e   having  a  l ength   s u b s t a n t i a l l y   e q u a l  

to  t h a t   of  the  r e f l e c t e d   l ine   of  l i g h t   and  a  width  p r o f i l e   c o n -  

f i g u r e d   to  minimise  image  i n t e n s i t y   v a r i a t i o n s   caused  by  c h a n g e s  

in  said  r a t i o   and  to  c o r r e c t   for  lens  c o s 4  l o s s e s .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  of  example,  w i t h  

r e f e r e n c e   to  the  accompanying  drawings,   in  w h i c h : -  



Figure  1  shows  an  e l e c t r o s t a t i c   cop ie r ,   broken  away  to  show 

e s s e n t i a l   componen t s ;  

F igures   2  and  3  i l l u s t r a t e   the  o p t i c a l   path  of  the  Figure  1 

copier   and  the  r e l a t i o n   of  severa l   pa rameters   r e l a t e d   t h e r e t o ;  

Figure  4  is  a  t y p i c a l   i l l u m i n a t i o n   p r o f i l e   at  the  o b j e c t  

p lane;   and 

Figure  5  is  a  plan  view  of  a  mask  employed  to  l i m i t   image 

i n t e n s i t y   v a r i a t i o n s .  

A  p r e f e r r e d   embodiment  of  the  i n v e n t i o n   is  i l l u s t r a t e d   in  t h e  

accompanying  drawings ,   in  connec t ion   with  an  e s s e n t i a l l y   c o n -  

t i n u o u s l y   v a r i a b l e   reduc ing   copying  machine  which  can  be  of  t h e  

type  shown  in  Figure  1,  and  in  more  d e t a i l   in  U.K.  Pa ten t   S p e c i f i c a t -  

ion  No.  152518.  In  t ha t   machine,  a  t r a n s p a r e n t   p l a t en   or  document  

support   50  is  a r ranged   to  support   a  document  to  be  c o p i e d .  

I l l u m i n a t i o n   for  the  copying  process   i s - p r o v i d e d   by  the  lamp  40,  

and  r e f l e c t o r s   41,  44  are  provided  to  r e f l e c t   the  i l l u m i n a t i o n   t o  

impinge  on  the  suppor t   50.  The  source  40,  the  e l l i p t i c a l   r e f l e c t o r  

41  and  the  d i c h r o i c   r e f l e c t o r   44  are  ar ranged  so  tha t   the  i l l u m i n a t i o n  

on  the  p l a t e n   d e s c r i b e s   a  focused  l ine   of  l i g h t   45.  Light  r e f l e c t e d  

by  the  o b j e c t   to  be  copied,   is  d i r e c t e d   to  a  mir ror   46,  and  f rom 

thence  to  m i r ro r s   47-48.  I l l u m i n a t i o n   r e f l e c t e d   from  the  m i r r o r  

48  passes   through  a  lens  9,  is  r e f l e c t e d   by  a  f u r t h e r   mi r ror   4 9 ,  

passes   through  a  s l i t   51  in  a  wall  52  of  the  machine  and  imp inges  

on  the  su r face   of  a  drum  13.  Thus,  the  image  produced  by  the  l i n e  

of  l i g h t   45  is  reproduced   on  the  su r face   of  the  drum  13  as  a  l i n e  

of  l i g h t   45 ' .   In  order   to  reproduce  the  image  of  an  e n t i r e  

document,  a  f i r s t   c a r r i a g e   suppor t ing   the  l i g h t   source  40,  r e f l e c t o r  

41  and  mi r ro r s   44,  46  and  a  second  c a r r i a g e   suppor t ing   the  m i r r o r s  



47-48  are  moved  p a r a l l e l   to  the  longer   dimension  of  the  p l a t e n   50 .  

As  the  c a r r i a g e s   are  so  moved,  the  l ine   of  l i g h t   45  scans  t h e  

document  to  be  copied  and  produces   a  co r r e spond ing   image  t h e r e o n  

on  the  su r face   of  the  drum  13,  as  t h a t   drum  r o t a t e s .  

As  is  well  known  to  those  s k i l l e d   in  the  a r t ,   a  l a t e n t   image 

of  the  ob jec t   to  be  copied  is  produced  on  the  drum  13,  and  t h i s  

l a t e n t   image  is  developed  and  the  developed  image  l a t e r   t r a n s -  

fe r red   to  the  copy  paper  so  t h a t   the  image  which  the  o b j e c t   b e a r s  

is  reproduced  on  the  copy  p a p e r .  

As  is  d i s c l o s e d   in  the  a fo remen t ioned   U.K.  Pa ten t   S p e c i -  

f i c a t i o n   No.  1525218,  r e d u c t i o n   is  achieved  by  s e l e c t i v e l y   p o s i t i o n -  

ing  the  lens  9  and  a p p r o p r i a t e l y   c o n t r o l l i n g   the  scanning  of  t h e  

f i r s t   and  second  c a r r i a g e s   in  c o n j u n c t i o n   with  the  motion  of  t h e  

drum  13.  The  appa ra tu s   to  p o s i t i o n   the  lens  9  is  shown  in  F i g u r e  

1  as  a  motor  15  ope ra ted   under  o p e r a t o r   con t ro l   16.  Motion  of  t h e  

f i r s t   and  second  c a r r i a g e s   is  c o n t r o l l e d   by  a  motor  10  under  t h e  

con t ro l   of  c o n t r o l   appara tus   11 .  

For  each  d i s c r e t e   p o s i t i o n   of  the  lens  9  wi th in   i t s   i n  

ope ra t i ng   range,   the  e l e c t r o p h o t o g r a p h i c   copying  machine  shown  i n  

Figure  1  ach ieves   a  unique  r e d u c t i o n   r a t i o ,   and  thus ,   the  mach ine  

is  capable  of  a  r a n g e  o f   r e d u c t i o n   r a t i o s   or  r e d u c t i o n   modes 

wi th in   the  range  of  movement  of  the  lens  9.  In  a  p r e f e r r e d  

embodiment  of  the  i n v e n t i o n ,   the  machine  is  capable  of  r e d u c i n g  

modes  in  the  range  l : l   to  1 : 0 . 6 4 7 .  



The  o p t i c a l   path  of  Figure  2  is  usefu l   in  i l l u s t r a t i n g   t h e  

problems  which  r e q u i r e   s o l u t i o n .   In  f igure   2,  the  o p t i c a l   p a t h  

has  been  s t r a i g h t e n e d ;   those  s k i l l e d   in  the  art   wil l   u n d e r s t a n d  

tha t   the  fo l lowing   d i s c u s s i o n   wi l l   apply  not  only  to  o p t i c a l   p a t h s  

of  the  type  shown  in  Figure  2,  but  wi l l   also  apply  to  f o l d e d  

o p t i c a l   paths   such  as  t h a t   shown  in  Figure  1 .  

Figure  2  i l l u s t r a t e s   the  i l l u m i n a t i o n   source  i n c l u d i n g   lamp 

40,  r e f l e c t o r s   41  and  44,  in  r e l a t i o n   to  the  p la ten   50  and  an  

image-bear ing   o b j e c t   50'  whose  image  is  de s i r ed   to  be  copied.   The 

i l l u m i n a t i o n   from  the  i l l u m i n a t i o n   source  is  r e f l e c t e d   by  t h e  

document  in  accordance   with  the  image  on  the  document  50 ' ,   and  i s  

coupled  through  the  lens  9  to  be  focused  on  the  sur face   of  t h e  

drum  13.  If  we  assume  t ha t   the  d i s t a n c e   along  the  o p t i c a l   c e n t r e  

l ine   of  the  lens  9  from  the  ob jec t   to  the  lens  is  equal  to  t h e  

d i s t a n c e   from  the  lens  to  the  su r face   of  the  drum  13,  then  t h e  

image  at  the  drum  13  wi l l   be  of  the  same  size  as  is  the  image  on 

the  ob jec t   50 ' ,   i . e . ,   no  r e d u c t i o n   wi l l   be  produced.  With  mos t  

p r a c t i c a l   i l l u m i n a t i o n   sources ,   the  d i s t r i b u t i o n   of  ob jec t   l i g h t  

i n t e n s i t y   is  non-uni form.   A  t y p i c a l   p r o f i l e   is  reproduced  by  t h e  

curve  52  in  F igure   2.  An  i nc r emen ta l   area  of  curve  52  l a b e l l e d   A 

wi l l   be  "seen"  by  a  i n c r e m e n t a l   area  on  the  drum  13.  As  t h e  

r e l a t i v e   p o s i t i o n   of  the  i l l u m i n a t i o n   source  and  ob jec t   50'  a r e  

changed  during  the  scan,  so  the  image  produced  at  the  su r face   o f  

the  drum  13  changes,   and  as  the  drum  13  r o t a t e s ,   t h i s   change  

produces  on  drum  13  a  l a t e n t   image  of  the  e n t i r e   document .  

As  exp la ined   in  connec t ion   with  Figure  1,  r educ t ion   i s  

achieved  by  r e p o s i t i o n i n g   the  lens  9,  so  tha t   for  a  p a r t i c u l a r  

r educ t ion   mode,  the  lens  9  wi l l   be  loca ted   at  the  p o s i t i o n   9 ' .  

This  has  the  e f f e c t   of  i n c r e a s i n g   the  e f f e c t i v e   i l l u m i n a t e d   a r e a  



viewed  by  the  drum  from  the  po r t ion   A  to  the  oo r t ion   A'  which 

i n c r e a s e s   the  image  i n t e n s i t y   at  the  drum  13,  as  compared  with  t h e  

i n t e n s i t y   t ha t   would  have  been  produced  at  the  drum  13  had  t h e  

lens  been  in  the  p o s i t i o n   9.  As  a  r e s u l t ,   image  i n t e n s i t y   wi l l   be  

r e l a t e d   to  r e d u c t i o n   mode,  d i r e c t l y   c o n t r a r y   to  the  des i red   g o a l  

of  r e l a t i v e l y   cons t an t   image  i n t e n s i t y   r e g a r d l e s s   of  r e d u c t i o n  

mode. 

In  order  to  eva lua te   the  ex tent   of  t h i s   image  i n t e n s i t y  

v a r i a t i o n ,   we  can  r e f e r   to  Figure  3,  which  is  s i m i l a r   to  Figure  2 

except   t ha t   the  i l l u m i n a t i o n   package  has  been  e l im ina t ed   as  n o t  

being  e s s e n t i a l   to  th i s   d i s c u s s i o n .   From  the  preceding   d i s c u s s -  

ion,  i t   wi l l   be  unders tood  tha t   the  d i s t a n c e s   S and  S'  are  v a r i e d  

in  order   to  change  the  r e d u c t i o n   mode.  The  i r r a d i a n c e   produced  a t  

the  plane  of  an  image  is  given  by  H  =  TπNsin2@'  (watt  cm.  - 2 ) ,  

where  T  is  the  system  t r a n s m i t t a n c e ,   N  is  the  ob jec t   rad iance   ( i n  

u n i t s   of  watt  STER-1cm.-2),  and  @'  is  the  ha l f   angle  subtended  by  

the  e x i t   pupi l   of  the  o p t i c a l   system  from  the  image.  For  sma l l  

ang les ,   sin  @',  approximates   to  R/S' .   In  a d d i t i o n ,   1/S'  =  1/S  + 

1 / f ,   and  s'  =  mS  where  m  is  the  m a g n i f i c a t i o n   or  r educ t ion   mode 

and  f  is  the  foca l   length   of  the  lens .   We  can  also  wri te   S'  =  f (m 

+  1)  and  t h e r e f o r e ,   the  i r r a d i a n c e   H  equals   TπNR 2 f2(m+1)2 

in  u n i t s   of  wat ts   per  square  c e n t i m e t r e ,   i n d i c a t i n g   tha t   t h e  

i r r a d i a n c e   v a r i e s   in  accordance  with  r e d u c t i o n   mode  m.  To  l i m i t  

t h i s   v a r i a t i o n ,   a  mask  25,  ac t ing   as  a  f i e l d   stop,   is  loca ted   t o  

l i m i t   the  r e f l e c t i o n   from  the  ob jec t   50'  to  a  width  h0.  

Other  problems  c o r r e c t e d   by  t h i s   mask  are  those  caused  when  a 

f l a t   o b j e c t   plane  is  imaged  onto  a  curved  su r face ,   i . e . ,   t h e  

pho toconduc to r   drum.  One  e f f e c t   is  v e l o c i t y   smear,  where  t h e  



image-plane   component  of  the  drum  t a n g e n t i a l   v e l o c i t y   vec tor   i s  

l ess   in  magnitude  than  the  image  v e l o c i t y   vec to r .   Another  is  an 

"edge  e f f e c t "   c a l l ed   e l l i p t i c a l   side  smear  wherein  a  poin t   of  t h e  

o b j e c t   plane  is  not  imaged  c o n t i n u o u s l y   during  exposure  on  t h e  

same  po in t   on  the  drum.  Both  these   e f f e c t s   are  overcome  by 

p rov id ing   a  s u f f i c i e n t l y   narrow  image  he igh t ,   h. ,   c o n t r o l l e d ,   i n  

t u rn ,   by  the  he igh t ,   h  ,   of  the  ob jec t   a p e r t u r e .  

In  a  cop ie r ,   exposure  energy  dens i ty   ( joules   per  cm2)  is  t h e  

q u a n t i t y   of  i n t e r e s t ,   and  t h a t   is  merely  the  i r r a d i a n c e   m u l t i p l e d  

by  the  exposure  time.  The  exposure  time  is  the  he igh t   h.  i  o f   t h e  

i l l u m i n a t e d   image  area  d iv ided   by  the  drum  t a n g e n t i a l   v e l o c i t y   v .  

However,  for  p a r a x i a l   o p t i c s ,   we  can  wri te   h.  =  mho.  Thus,  we  can  

wr i t e   t h a t   E  (the  exposure  energy  dens i ty)   e q u a l s  

wherein  the  l e f t m o s t   q u a n t i t y   is  a  c o n s t a n t ,   s ince  we  have  l i m i t e d  

the  e f f e c t i v e   r e f l e c t i n g   area  of  the  ob jec t   by  a p e r t u r e   25.  

Accord ing ly ,   the  energy  exposure  dens i ty   can  be  w r i t t e n   a s  

For  two  d i f f e r e n t   r e d u c t i o n   modes,  the  exposure  e n e r g y  

d e n s i t y   r a t i o   E1/E2  is  equal  to  m  (m2  +  1)2  .  Fo r  

m2(m1 +  1)  
2 

the  parameter   of  m  equal  to  0.647,  t h i s   exp res s ion   i n d i c a t e s   a 

change  in  energy  exposure  d e n s i t y   of  about  5%,  which  is  an  a c c e p t -  

able  v a r i a t i o n .   However,  the  p reced ing   d i s c u s s i o n   is  a p p l i c a b l e  

only  along  the  cent re   l i ne ,   and  does  not  t r e a t   edge  e f f e c t s   o r  

r e d u c t i o n   in  i n t e n s i t y   off  the  o p t i c a l   cent re   l i n e .  



In  gene ra l   we  can  wri te   t ha t   the  image  i l l u m i n a t i o n   Ei  i s  

equal  to  TBWcos4φ,  where  T  is  a  f unc t i on   of  the  lens  (and  any  

mirror)   t r a n s m i t t a n c e   and  B  is  the  ob j ec t   b r i g h t n e s s ,   and φ  i s  

the  angle  between  the  image  p o s i t i o n   and  the  lens  cen t re   l i ne ,   and  

W  (omega)  is  the  so l i d   angle  subtended  by  the  lens   a p e r t u r e   to  a  

given  po in t   in  the  image .  

The  average  o b j e c t   b r i g h t n e s s   is  a  f u n c t i o n   of  the  l i g h t  

energy  d i s t r i b u t i o n   i l l u m i n a t i n g   the  o b j e c t   and  the  a t t e n u a t i o n   o f  

t h i s   l i g h t   due,  for  example,  to  the  a p e r t u r e   25  r e f e r r e d   to  a b o v e .  

That  i s ,   B  =  KB ,  where  B   is  the  ob jec t   b r i g h t n e s s .   T h e r e f o r e ,  

E.  =  TWKBocos4φ.  However,  we  can  wr i te   K  =  KA  x  Ki11,  w h e r e   K  i s  

the  b r i g h t n e s s   c o e f f i c i e n t   which  is  v a r i a b l e ,   KA  is  the  a p e r t u r e  

width  r a t i o   and  K i l l   is  the  ob j ec t   i l l u m i n a t i o n   i n t e n s i t y   r a t i o .  

Thus,  we  can  wr i t e   t h a t   E.=  TWKAKi11Bo  cos4φ .  

In  o rder   to  ensure  t ha t   E.  is  a  c o n s t a n t   ac ross   the  image 

p lane ,   we  set   KA  =  1/Ki11 cos4φ. 

Acco rd ing ly ,   by  employing  the  f ixed   a p e r t u r e   of  a p e r t u r e  

width  r a t i o   KA  we  can  reduce  image  i n t e n s i t y   v a r i a t i o n s   as  a  

f u n c t i o n   of  r e d u c t i o n   mode,  cos4φ,  and  ob j ec t   i l l u m i n a t i o n   v a r i a t -  

i o n s .  

A  p r a c t i c a l   copying  machine  w i l l   not  have  an  o b j e c t   i l l u m i n a t -  

ion  f o o t p r i n t   which  is  cons t an t   across   the  o b j e c t ,   and  t h e r e f o r e ,  

the  a p e r t u r e   width  r a t i o   must  also  r e f l e c t   shaping  to  r e d u c e  

i n t e n s i t y   v a r i a t i o n s   as  a  r e s u l t   of  o b j e c t   i l l u m i n a t i o n   v a r i a t i o n  

caused  by  the  p a r t i c u l a r   i l l u m i n a t i o n   package  employed.  F o r  

example,  Figure   4  is  the  ob j ec t   i l l u m i n a t i o n   p r o f i l e   for  a  p r a c t i c a l  



i l l u m i n a t i o n   package.  It  can  be  seen  t h a t ,   for  example,  t h e  

i l l u m i n a t i o n   changes  by  a  f a c t o r   of  more  than  two  to  one  from  t h e  

r e f e r e n c e   edge  across  the  ob jec t   w i d t h .  

Table  I  reproduced  below  i l l u s t r a t e s   ob jec t   i l l u m i n a t i o n   as  a 

f u n c t i o n   of  image  p o s i t i o n   or  d i s t a n c e   from  the  r e f e r e n c e   edge ,  

with  the  f i r s t   two  columns  of  Table  I  merely  r eproduc ing   t h e  

i n f o r m a t i o n   shown  in  Figure  4.  The  t h i r d   column  i l l u s t r a t e s  

r e l a t i v e   i l l u m i n a t i o n ,   Ki11,  normal ized   to  the  r e f e r e n c e   edge .  

The  next  column  c o r r e c t s   for  cos 4  losses   by  m u l t i p l y i n g   the  f a c t o r  

Ki l l   by  cos4  of  the  a p p r o p r i a t e   angle ,   depending  upon  image 

p o s i t i o n .   The  f a c to r   KA  is  the  r e c i p r o c a l   of  t ha t   p r o d u c t .  

F i n a l l y ,   the  l a s t   column  shows  the  a p e r t u r e   width  which  i s  

ob ta ined   by  s t a r t i n g   with  an  a p e r t u r e   width,   for  example,  10  m.m. ,  
and  d i v i d i n g   t ha t   q u a n t i t y   by  the  a s s o c i a t e d   f a c to r   KA  to  d e t e r -  

mine  a  given  f a c t o r ,   in  t h i s   example,  9.017,  tha t   is  used  t o  

m u l t i p l y   a l l   KA  f a c t o r s   to  ob ta in   r e l a t e d   widths  along  the  a p e r -  

t u r e .  



Figure   5  shows  a  f i e l d   stop  mask  i n c l u d i n g   an  a p e r t u r e   h a v i n g  

a  c o n f i g u r a t i o n ,   from  the  r e f e r e n c e   edge  up  to  400  m.m.  t h e r e f r o m ,  

which  conforms  to  the  width  d imensions   shown  in  Table  1.  The 

chosen  s t a r t i n g   a p e r t u r e   width  is  s e l e c t e d   to  provide   a  c o n s i s t e n t  

f i e l d   angle  for  a l l   r a t i o s   of  the  ob j ec t   to  image  size  to  b e  

employed  as  exp la ined   above  with  r e f e r e n c e   to  Figure  3.  The  KA 
va lues   c o r r e c t   for  cos4 φ  l o s s e s   when  the  lens  remains  on  a  

c o n s t a n t   ax i s .   I f ,   however,  the  lens  axis   is  changed  for  d i f f e r -  

ent  r e d u c t i o n   modes,  then  the  cos40  va lues   wi l l   also  change  

somewhat.  With  the  i l l u m i n a t i o n   package  with  the  Figure  4  p r o -  

f i l e ,   i t   was  found  t ha t   the  c a l c u l a t e d   a p e r t u r e   size  from  t h e  

r e f e r e n c e   edge  up  to  400m.m.  p rov ided   s u b s t a n t i a l l y   even  i l l u m -  

i n a t i o n   t h roughou t   the  r e d u c t i o n   range.   However,  for  225  m.m. 

from  the  r e f e r e n c e   edge  and  g r e a t e r ,   the  c a l c u l a t e d   s i z e s  



had  to  be  de termined   e m p i r i c a l l y   to  ob ta in   good  r e s u l t s   t h r o u g h o u t  

the  r e d u c t i o n   range.  These  d e t e r m i n a t i o n s   r e s u l t e d   in  the  f o l l o w -  

ing  v a l u e s :  

225  m.m. from  r e f e r e n c e   edge:  7.01  m.m. 

250  m.m.  from  r e f e r e n c e   edge:  9.5  m.m. 

275  m.m.  from  r e f e r e n c e   edge:  11.25  m.m. 

300  m.m.  from  r e f e r e n c e   edge:  14.94  m.m. 

These  are  the  va lues   shown  in  Figure  5 .  

In  the  machine  shown  in  Figure  1,  the  mask  must  be  mounted  t o  

avoid  the  i l l u m i n a t i n g   rays  from  source  40,  via  mirror   40,  t o w a r d s  

the  document  g l a s s ,   and  to  i n t e r c e p t   the  r e f l e c t e d   l i g h t   p a s s i n g  

between  the  document  g lass   and  mi r ror   46.  I t   must,  t h e r e f o r e ,   be 

mounted  for  movement  with  mi r ro r s   44  and  46  in  a  d i r e c t i o n   a l o n g  

the  document  g l a s s .  



1.  An  e l e c t r o p h o t o g r a p h i c   copier   compris ing  an  exposure  s t a t i o n  

i n c l u d i n g   a  p l a t e n   (50)  for  suppor t ing   an  o r i g i n a l   document  to  be  

copied,   an  i l l u m i n a t i o n   source  (40,  41)  adapted  to  produce  a  l i n e  

of  l i g h t   and  to  d i r e c t   i t   towards  the  p l a t e n   to  scan  a  document  

the reon   and  an  o p t i c a l   system  (46,  47,  48,  49)  adapted  to  d i r e c t   a  

l ine   of  l i g h t   r e f l e c t   from  a  document  on  the  p l a t e n   on  to  an  

imaging  element  (13),  said  o p t i c a l   system  i n c l u d i n g   a  lens  (9)  f o r  

focuss ing   the  r e f l e c t e d   l i g h t   on  to  the  imaging  element  and 

mounted  for  movement  r e l a t i v e   to  the  imaging  element  to  e f f e c t  

v a r i a t i o n   of  the  r a t i o   of  o r i g i n a l   document  to  image  size  on  t h e  

imaging  e lement ,   c h a r a c t e r i s e d   by  a  mask  (Figure  5)  p o s i t i o n e d  

a d j a c e n t   the  p l a t e n   and  having  a  f i e l d   stop  a p e r t u r e   t h e r e i n   t o  

r ece ive   and  pass  r e f l e c t e d   l i g h t   to  said  o p t i c a l   system,  s a i d  

a p e r t u r e   having  a  l eng th   s u b s t a n t i a l l y   equal  to  t ha t   of  t h e  

r e f l e c t e d   l ine   of  l i g h t   and  a  width  p r o f i l e   con f igu red   to  m i n i m i s e  

image  i n t e n s i t y   v a r i a t i o n s   caused  by  changes  in  said  r a t i o   and  t o  

c o r r e c t   for  lens  c o s   l o s s e s .  

2.  An  e l e c t r o p h o t o g r a p h i c   copier   as  claimed  in  claim  1  f u r t h e r  

c h a r a c t e r i s e d   in  t ha t   sa id   width  p r o f i l e   is  f u r t h e r   c o n f i g u r e d   t o  

compensate  for  uneven  i n t e n s i t y   along  the  l ine   of  l i g h t   from  t h e  

s o u r c e .  

3.  An  e l e c t r o p h o t o g r a p h i c   copie r   as  claimed  in  claim  1  or  c l a i m  

2  in  which  said  i l l u m i n a t i o n   source  is  mounted  for  movement  a l o n g  

the  p l a t en   to  e f f e c t   document  scanning,   c h a r a c t e r i s e d   in  t h a t   s a i d  

mask  is  mounted  for  movement  t h e r e w i t h .  



4.  An  e l e c t r o p h o t o g r a p h i c   cop ie r   as  claimed  in  any  of  t h e  

p rev ious   claims  f u r t h e r   c h a r a c t e r i s e d   in  t ha t   said  f i e l d   s t o p  

a p e r t u r e   has  a  compound  dogbone  s h a p e .  

5.  An  e l e c t r o p h o t o g r a p h i c   copie r   as  claimed  in  claim  4  f u r t h e r  

c h a r a c t e r i s e d   in  tha t   said  a p e r t u r e   has  a  c o n f i g u r a t i o n   v a r y i n g  

from  a  f i r s t   width  at  one  end  to  a  minimum  width  s u b s t a n t i a l l y   a t  

the  cen t re   to  a  second  width,   g r e a t e r   than  said  f i r s t   width,   a t  

the  end  oppos i t e   to  said  one  end .  

6.  An  e l e c t r o p h o t o g r a p h i c   copie r   as  claimed  in  claim  5  f u r t h e r  

c h a r a c t e r i s e d   in  t ha t   from  the  f i r s t   width,   the  width  of  t h e  

a p e r t u r e   d e c r e a s e s   to  a  f i r s t   i n t e r m e d i a t e   minimum  width  and  t h e n  

i n c r e a s e s   to  a  f i r s t   i n t e r m e d i a t e   maximum  width  before   d e c r e a s i n g  

to  said  minimum  w i d t h .  
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