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P R E F A C E

P r in te r s  have a lw ays c o n s id e r e d  p r o c e s s  c o l o r  s ep a ra tion  to be 

too te ch n ica l  and in vo lved  fo r  anyone but a s p e c ia l is t .  The author was 

a d v ised  by s e v e r a l  that o f fs e t  printing o f  f u l l - c o l o r  rep rod u ct ion s  f ro m  

c o lo r e d  co p y  with a v e ra g e  equipm ent w ould  be fu t i le .

This con cep tion  ch a llen ged  the author to e x p lo re  the p ro b le m s  

re la ted  to the co m m o n ly  used  m ethods  o f  p r o c e s s  c o l o r  separa tion . 

E x p er im en ta tion  with P o la r o id  equipm ent resu lted  in a m o r e  d ir e c t  

separa tion  p r o c e d u r e .

It is the p u rp ose  o f  this th es is  to r e c o r d ,  f o r  the use o f  o th ers ,  

the m ethods  w hich  can be used  f o r  s u c c e s s fu l  o f fs e t  p r o c e s s  c o l o r  

sepa ra tion  with a v era g e  equipm ent.

The author g iv e s  m u ch  c r e d i t  f o r  the co m p le t io n  o f  this thes is  

to his w ife ,  M ild re d ,  w hose  e n cou ra g em en t,  s a c r i f i c e ,  and p r o o f 

reading sk i l ls ,  m ade it p o s s ib le .

We a lso  a ck n ow led ge  with gratitude, th e  a s s is ta n c e  re n d e re d  

this w o rk  by the P rinting  P ro d u c ts  D iv is ion  o f  the 3 M C om pany, who 

donated l ib e r a l  supplies  and in fo rm a tio n  on the " C o l o r - K e y "  p roo fin g
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A B S T R A C T

The g e n e ra l  b e l ie f  that p r o c e s s  c o l o r  sep a ra tion  is beyond  the 

ab ility  o f  the a v e ra g e  p r in ter  with a v e ra g e  equipm ent was qu estioned  by 

the author. In this th es is  the w e ll  known sepa ra tion  p r o c e s s e s ,  d ir e c t  

and in d ire c t ,  a re  d e s c r ib e d ;  and the d i f f icu lt ie s  o f  each  a re  m entioned .

The P o la r o id  m ethod , a s h o r te r ,  m o r e  d ir e c t  d eve lop m en t o f  the 

in d ir e c t  p r o c e s s ,  is d e s c r ib e d  and its advantages and d isadvantages  a re  

l is ted .  The use o f  P o la r o id  T ype 107 f i lm ,  K odak A u to s c r e e n  f i lm ,  and 

3 M " C o l o r - K e y "  p roo fin g  is g iven .

E x ten siv e  printing la b o r a to r y  w o rk  was p e r fo r m e d  by the author 

and exa m p le s  o f  the w o rk  a re  d isp lay ed  and d e s c r ib e d  in Chapter VI.

It was the op in ion  o f  the w r ite r  that the n u m erou s  steps and the 

ex ten s ive  c o r r e c t i v e  op era t ion s  o f  the d ir e c t  and in d ir e c t  m ethods m ake 

them  unsuitable f o r  the a v e ra g e  high s ch o o l  ind u str ia l  arts  printing 

student.

The P o la r o id  m ethod  e lim in a tes  m any of the steps  o f  the other 

sy s te m s  and with the use  of c o l o r  p ro o f in g ,  p ro v id e s  a p r o c e s s  within 

the ab ility  le v e l  o f  the high s c h o o l  student.

v m



C H A P T E R  I

THE TH EO RY OF PR O C ESS C O L O R  SE P A R A T IO N

C o lo r  p r o c e s s  printing is the p r o g r e s s iv e  overp r in t in g  of 

p r im a r y  c o l o r s  to r e p ro d u c e  the shades and tones  o f  c o l o r  o f  

the o r ig in a l  c o p y .  Separation  r e fe r s  to the e x tra c t io n  o f  the p r im a r y  

c o l o r s  f r o m  the o r ig in a l  f o r  use  in this p r o c e s s .

T o  d is c u s s  c o l o r  re p ro d u c t io n  in o f fs e t  pr inting, a defin ition  of 

c o l o r  and light m ust be es ta b lish e d .  L ight is  a fo r m  of radiant e n ergy  

to w h ich  the human eye  is s e n s it iv e .  A  n a rro w  r e g io n  o f  the v is ib le  

w avelength  conta ins  a fu ll sp e c tru m  o f  c o l o r  w hich  stim ula tes  a r e a s  of 

the retina in the eye causing  sen sa tion s  o f  c o l o r  in the bra in .

The c o l o r s  o f  the sp e c tru m  blend  f ro m  one c o l o r  to the next but 

the c o l o r s  o f  v io le t ,  b lue, g re e n ,  y e l lo w , oran g e ,  and re d  can  be 

d e fin ite ly  d ist ingu ished . T h e re  a re  hundreds o f  t in ts  and shades of 

these  c o l o r s  but the p r in te r  should use  as few  o f  them as p o s s ib le .

The c o l o r  of an o b je c t  depends on its p r o p e r ty  to r e f l e c t  and 

a b s o r b  d i f fe re n t  w avelengths  o f  light. If c o l o r e d  dots o f  in k a r e  applied  to 

the w o rk  in p r o p e r  p r o p o r t io n s ,  the c o l o r  o f  the o r ig in a l  c o p y  can be 

r e p ro d u c e d  with s o m e  d e g r e e  o f  a c c u r a c y .  P e r f e c t  m atch ing  o f  c o l o r  is

1
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so lid  ink a rra n g e d  p r o p o r t io n a l ly  to r e p r e s e n t  the d en s it ie s  o f  b la ck n e ss  

in the o r ig in a l  co p y .  In this way the shades o f  white, g ra y  and b la ck  

can  be a p p rox im a ted  by the d istr ibu tion  o f  b la ck  ink in the ap p rop r ia te  

p r o p o r t io n s .  This  is known as the halftone p r o c e s s .  The en larg ed  pat

terns  in F ig .  1 i l lu s tra te  the a rra n g e m e n t  and va r ia tion  o f  dot patterns 

w hich  re su lt  in v isu a l im p r e s s io n s  o f  b la ck ,  g ra y ,  and white.

If a c o l o r e d  i l lu s tra tion  is sepa ra ted  into the p r im a r y  c o l o r s  of 

w hich  it is c o m p o s e d ,  s im i la r  halftone patterns adapted f o r  each  c o lo r  

can be c o n s e c u t iv e ly  applied  t o  p ro d u ce  a rea so n a b ly  a c cu ra te  c o lo r e d  

re p ro d u c t io n  o f  the o r ig in a l .  This  p h o to m e ch a n ica l  p r o c e s s  is d e s c r ib e d  

in deta il  in C hapter  II. The halftone e f fe c t  resu lts  f r o m  pass in g  the 

im age  f r o m  the co p y  c a m e r a  through a s c r e e n  w hich  d iv ides  the im age  

into tiny patterns . The density  o f  the shadow a re a s  w il l  p ro d u ce  n e a r ly  

so l id  b la ck  with tiny patterns o f  white, and the highlight a re a s  w il l  be 

n e a r ly  white with tiny patterns o f  b la ck  o r  c o l o r .  C o lo r  tones resu lt  

f r o m  m ix tu re s  o f  c o l o r e d  dots w hich  b lend  to g ive  a m ental im p r e s s io n  

o f  the c o l o r  o f  the o r ig in a l  cop y .



C H A P T E R  II

THE D IRE CT PROCESS

The p h otom ech a n ica l  w o rk  in p r o c e s s  c o l o r  printing re q u ire s  

the use  o f  a p r o c e s s  c a m e r a  w hich  c o n s is ts  o f  a len s , c o p y b o a rd ,  and 

im age  o r  f i lm  board . The lens m ust be c o r r e c t e d  fo r  c o l o r  f id e l ity  (a ll 

c o l o r s  c o p y  the sam e s ize  and with equal sh arp n ess  o v e r  the co m p le te  

im age)  and it m ust be able  to en large  o r  red u ce  the im age  as needed .

Lens
Rear •— Copyboard

•Lamps

Carriers

Camera
Leveling Screws

Darkroom Wall

Vacuum Back 
Film Holder

Film Back Latch

nuArc SST-1418 Camera

Exposure
Console

Ground

Vacuum Pump Hose

Vacuum Pump 
and Motor

Camera Leveling

F ig .  2 - - A  p r o c e s s  c a m e r a

4
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R anges  m ay  be f r o m  15% to 500% of the o r ig in a l  c o p y  s iz e .  The lens 

b o a rd  is  m ounted  r ig id ly  so  that it is con tin u ou sly  p a r a l le l  to the cop y  

and im a ge  s u r fa c e s .  The s u r fa c e  c o n s is t s  o f  a fo cu s in g  s c r e e n  and a 

f i lm  h o ld e r .  V acuum  f o r c e s  a re  often used  to hold  the f i lm  in p la ce  

during e x p o s u re ,  and the vacuum  back  and the v iew ing s c r e e n  m a y  be 

co m b in e d  into one p la s t ic  s u r fa c e .  The co p y  h o ld er  is  usua lly  g la ss  

c o v e r e d  though the vacuum  f o r c e  sy s te m  m ay a ls o  be used . F o r  p r e c i s e  

r e g is tra t io n  o f  c o l o r  ap p lica t ion  the c a m e r a  m ust be a rugged , depend 

able  s tru c tu re  w hich  w il l  p ro d u ce  a c c u r a te  im a g e s  at a ll  m a g n if ica t ion  

and red u ction  s e t t in g s . F i lm  s iz e  m ay  range f r o m  l 6 x  20 in ch es  to four  

by s ix  fee t .  A  p r o c e s s  c a m e r a  is shown in F ig .  2 - -p a g e  4.

The d ir e c t  p r o c e s s  m eth od  p r o d u ce s  a halftone negative  in one 

o p era t ion  f o r  each  c o l o r  to be u sed  in the re p ro d u ct io n .  The co p y  is 

m ounted  on the co p y  b o a rd  o f  the p r o c e s s  c a m e r a  and the f i lm  is p la ce d  

on the f i lm  h o ld e r .  A  c o l o r e d  f i l t e r  is  fitted  to the c a m e r a  lens to 

exc lu d e  the c o l o r s  not d e s ir e d ,  and a halftone s c r e e n  is p la ce d  to pat

te rn  the light rays  f r o m  the le n s .  The s c r e e n  should  be  g la ss  with a 

ru led  grating o f  fine  l in e s .  G ra y  p la s t ic  con tact  s c r e e n  is a ls o  suitable 

f o r  this p u rp o se .  The m agenta  con tact  s c r e e n  is not u sed  f o r  d ir e c t  

p r o c e s s  w ork  as its c o l o r  w ould  f i l t e r  out s o m e  o f  the d e s ir e d  c o l o r .

T o  m ake the halftone negative  w hich  c o n tr o ls  e x p o s u re  o f  the 

y e l lo w  printing p late, a b lue f i l t e r  is u sed  to a b s o r b  the red s  and b lues  

f r o m  the light r e f le c te d  f r o m  the c o l o r e d  co p y .  The halftone s c r e e n
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d iv ides  the im age  into p ro p o r t io n a l  in tensit ies  o f  light w hich print on 

the negative  as highlight and shadow dots. T h ese  patterns re p ro d u ce  

the y e l lo w  c o l o r  in the in ten s it ies  needed  f o r  the c o l o r  re p rod u ct ion .

In a s im i la r  m an n er , a g r e e n  f i l t e r  r e m o v e s  y e l lo w  and blue 

light f r o m  the negative  w hich  is  to print red ; and a re d  f i l te r  a b s o rb s  

re d  and y e l lo w  f r o m  the light str ik ing the f i lm  fo r  the b lu e -p r in t in g  

n egative . The negative  f o r  the b la ck  p r in ter  is  p ro d u ce d  by f i l te r in g  

the light through a y e l lo w  f i l t e r ,  o r  by  giv ing 1 /3  e x p o s u re s  through 

each  o f  the red , blue and g r e e n  f i l t e r s .  F ig u re  3 i l lu s tra te s  this 

p r in c ip le  o f  f i l t e r e d  c o l o r  c o n tro l .

R ed  Y e l lo w  B lue Y e l lo w  R ed  Blue Y e l lo w  Blue R ed

F ig .  3 - -E f fe c t  o f  c o l o r  f i l t e r s  as u sed  in the 
d ir e c t  p r o c e s s  sep a ra tion  m ethod

The d ir e c t  p r o c e s s  is b e s t  suited  f o r  o r ig in a ls  such as paintings, 

d raw in gs ,  te x t i le s ,  c o l o r  t ra n s p a re n c ie s  o r  c o l o r  p r in ts .  The cop y  

should  have high co n tra s t  f o r  sharp  halftone dot fo rm a tio n .

S om e c o l o r  c o r r e c t i o n  is n eed ed  f o r  a ll  s u c c e s s fu l  c o l o r
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re p ro d u c t io n  as the f i l te r s  do not c o m p le te ly  r e m o v e  the unwanted 

c o l o r s .  C o r r e c t io n  in the d ir e c t  p r o c e s s  is  l im ite d  to m ask ing  the 

o r ig in a l  to in tensify  the co n tra st ,  o r  to retouch ing  the halftone negative  

b e fo r e  the p lates  a re  p ro d u ce d .  C o lo r  m ask ing  and c o r r e c t io n  w il l  be 

fu rth er  d is c u s s e d  in Chapter III.

The h ig h -c o n tr a s t  ortho  f i lm  u sed  fo r  re g u la r  l ith ograp h ic  cop y  

w ork  is s a t is fa c to ry  f o r  the y e l lo w ,  b lue, and b la ck  halftone n eg a t ives ;  

but this f i lm  is in sen s it iv e  to red  light and cannot be u sed  f o r  the red  

printing n egative . P a n ch ro m a tic  f i lm ,  w hich  is s en s it iv e  to a ll  c o l o r s ,  

m ay  be u sed  f o r  th is  negative . A s  pan f i lm  p ro d u ce s  a low  co n tra s t  

negative , s o m e  fo r m  o f  c o r r e c t i o n  w il l  be n e c e s s a r y  to get a negative  

w hich  w ill  m ake a plate that w il l  pr in t  ba la n ced  am ounts o f  red .

It was the op in ion  o f  the w r it e r  that the d ir e c t  p r o c e s s ,  w hile  

having the advantage o f  fe w e r  o p e ra t io n s ,  p re se n ts  too  m any d if f icu lt ie s  

and va ria tion s  to be u sed  s u c c e s s fu l ly  in the ind u str ia l  arts  print shop. 

S ince  each  halftone negative  is p ro d u ce d  in a s ingle  o p era t ion , the 

e x p o s u re  a llow an ce  f o r  f i lm  and f i l t e r ,  and the deve lop ing  t im e  and

te m p e ra tu re s  a re  v a r ia b le s  w hich  m ust be c o n tr o l le d  s im u lta n eou s ly .

B e g in n e rs  a re  cautioned  not to attem pt s e r io u s  c o l o r  w ork  
with f l im s y  c a m e r a  equipm ent and cheap  le n s e s .  To do so 
is  on ly  inviting trou b le  b e c a u s e  even the b e s t  t r i c o l o r  f i l 
t e r s  and p h otograph ic  m a te r ia l  w il l  o th e rw ise  not be able 
to m e e t  the sa lient  r e q u ire m e n ts  o f  sepa ra tion  n e g a t iv e s -s u c h  
im a g e s  m ust all be ex a ct ly  the sam e s iz e  and equally  sharp,
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and their  o v e r a l l  density  should be  m o r e  o r  le s s  un iform  in all 
negatives  o f  the set. ^

l j .  S. M e r t le  and G o rd o n  L. M on sen , P h o to m e ch a n ics  and 
Printing , C h ica go ,  M e r t le  Publish ing  C o . , 1957



C H A P T E R  I I I

THE IN D IRECT PROCESS

P r o c e s s  c o l o r  s ep a ra tion  by  the in d ir e c t  m ethod  re q u ir e s  m any 

m o r e  steps t o  p ro d u ce  the halftone n eg a tives ,  but opportun ity  f o r  c o lo r  

c o r r e c t i o n  is  be tte r  and a m o r e  a c c u ra te  c o l o r  r e p ro d u ct io n  can  be 

achieved..

The f i lm s  in this p r o c e s s  a re  m ade in s e ts .  A  set  c o n s is ts  of 

one f i lm  fo r  each  c o l o r  to be prin ted . The f i r s t  step is to m ake a set o f  

con t in u ou s -ton e  negatives  f r o m  the c o l o r e d  co p y  by use  o f  sepa ra tion  

c o l o r  f i l t e r s .  T h ese  negatives  a re  usua lly  lack ing in co n tra s t  and are  

quite g ray .  B y  con ta c t  printing o r  by p r o je c t io n ,  ( i f  a d i f fe re n t  s iz e  is 

requ ired )  a set  o f  continuous^-tone p o s it iv e s  a re  m ade f r o m  the negatives  

The p o s it iv e s  a re  u sed  to m ake a set  o f  halftone negatives  f o r  use  in 

p rodu cin g  the printing p la tes .

A  va r ia tion  o f  this m ethod  is to m ake halftone p o s it iv e s  and 

p r e p a re  halftone negatives  by con tact  e x p o s u re  f r o m  them . A nother  

v a r ia t io n  is  to print con ta ct  p o s it iv e s  f r o m  the o r ig in a l  con tin u ou s-ton e  

n eg atives ,  and m ake halftone negatives  by photographing the prints  as in 

any other  c o p y  w ork . The P o la r o id  m ethod , d is c u s s e d  in C hapter IV,

9
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is re la ted  to this va ria tion .

T h e re  is  no c o l o r  in v o lved  in any o f  this p r o c e d u r e ,  ex ce p t  the 

c o l o r s  o f  the o r ig in a l  co p y .  A l l  the n egatives  a re  b la ck  o r  shades of 

b lack , but they re p re s e n t  the va r io u s  in ten s it ies  o f  c o l o r  w hich  a re  to 

be app lied  in the fina l printing p r o c e s s .  The f i r s t  con tin u ou s -ton e  

negatives  a re  m ade with p a n ch ro m a tic  f i lm  w hich  is  sen s it iv e  to all 

c o l o r s .  The con tin u ou s -ton e  p o s it iv e s  w ould  a ls o  have to be m ade on 

pan f i lm  as the h igh-contrast ortho  f i lm  w ill  not r e p ro d u c e  tones o f  g ray . 

The fina l halftone negatives  a re  m ade on h igh-contrast orth o  f i lm .  If the 

p o s it iv e s  a re  halftoned, they can  be m ade  with ortho  f i lm .  This  p r o c e s s  

p e rm its  c o r r e c t i o n  by  etching the dots on the p o s it iv e s  to red u ce  or  

r e m o v e  c o l o r s  f r o m  a re a s  in w hich  they a re  not needed . S om e c o r r e c 

tion m a y  a lso  be m ade on the negative  by app lica t ion  o f  an opaque c o lo r  

to b lo c k  light f r o m  th e  a r e a s  in w hich  too m u ch  c o l o r  w ould  be applied .

An in v o lved  m ask ing  p r o c e d u r e  is  n eeded  to ach iev e  good  f ide lity  

of c o l o r  in this p r o c e s s .  A  thin ph otograp h ic  m a s k  m ade with p a n c h r o 

m atic  f i lm  is  p la ce d  o v e r  the c o l o r e d  o r ig in a l  to in tensify  c o l o r s  and to 

in c r e a s e  the c o l o r  co n tra s t .  M any m ask ing  p r o c e d u r e s  a re  u sed  such 

as m aking unsharp o r  d iffu sed  m a s k s ;  using p o s it iv e  o r  negative  

m a sk s  to p r e s e r v e  highlight o r  to in ten s ify  shadow  a r e a s ,  and making 

s p e c i f i c  m ask s  f o r  each  c o l o r  to be prin ted .

Due to the num ber o f  s teps  in v o lved  and m any v a r ia b le  fa c to r s  

in the p rod u ct ion  of s a t is fa c to r y  halftone n eg a t ives ,  the author does  not
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r e c o m m e n d  this p r o c e s s  fo r  use  in the in dustr ia l arts  pr in t  shop. Short 

w ork ing  p e r io d s  do not p ro v id e  t im e f o r  the continuous app lica tion  w hich 

is n e c e s s a r y  f o r  s u c c e s s  with this m ethod .

C o lo r
f i l t e r  S cre e n

Chart l - - F l o w  ch a rt  o f  in d ir e c t  p r o c e s s

S cre e n

C hart 2 - - F l o w  ch a rt  o f  d i r e c t  p r o c e s s



C H A P T E R  I Y

U T IL IZ A T IO N  O F  P O L A R O ID  LAND FILM  

T Y P E  107

The P o la r o id  A u tom atic  100 Land C a m e ra  is uniquely suited  to 

p r o c e s s  c o l o r  sepa ra tion . It is  equ ippedw ith  an e le c t r o n ic  light sensing 

unit w hich  is cou p led  to the shutter t im e r .  This d e v ice  holds the shutter 

open until su ff ic ien t  light has c o l le c te d  on the f i lm  to p r o p e r ly  ex p o se  it.

A  con t in u ou s -ton e  p o s it iv e  print is m ade d ir e c t ly  with P o la r o id  

Land f i lm .  A  f i l t e r  is  p la ce d  o v e r  the lens to sepa ra te  the c o l o r s  as in 

the d ir e c t  and in d ire c t  p r o c e s  s . A  c o l o r f i l t e r  is a lso  p la ce d  o v e r  the 

light sensing  lens to p rov id e  au tom a tica l ly  c o r r e c t  e x p o s u re s  f o r  the 

am ount o f  light adm itted  by  the c o l o r  f i l t e r s .  The print is im m e d ia te ly  

evaluated  and a d a rk er  o r  l igh ter  print m a y  be m ade if n e c e s s a r y .  

R e g is tra t io n  ta rgets  and c o l o r  patches  a re  included  in the co p y  a re a  fo r  

la ter  use .

C a re fu l  in sp ect ion  o f  the resu lting  continuous-tone p os it iv e  prints 

show s that the dark  a r e a s  r e p re s e n t  p la c e s  w h ere  n e a r ly  so lid  a p p l ic a 

tion o f  ink is needed . The n e a r -w h ite  o r  highlight a re a s  have ca r e fu l ly  

l im ited  dots o f  ink. Halftone patterns m ake it p o s s ib le  to b lend p r im e

12
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c o lo r s  to p ro d u ce  the tones and shades of the c o lo r e d  o r ig in a l .  Som e 

c o l o r  c o r r e c t i o n  can be m ade at this t im e  by m aking additional prints 

with ad justm ents  to a lte r  density  and co n tra st .  R e fe r e n c e  to the C o lo r  

S eparation  E valuation  Chart, (s e e  Chart 3 - -p a g e  14) aids judgm ent of 

the u ltim ate e f fe c t iv e n e s s  o f  each  print.

The print fo r  y e l lo w  is m ade with a blue f i l t e r .  It r e m o v e s  cyan, 

v io le t ,  and m agenta  f r o m  the r e f le c te d  light com in g  f ro m  the cop y . 

The print o f  these  c o l o r  patches  should n e a r ly  m atch  a white a re a  i f  the 

in tensity  o f  the prin t  is c o r r e c t .  The wanted c o l o r s  a re  ye l lo w , o r a n g e -  

red , and g re e n .  T h e se  c o l o r s  should show dark  but should be a little 

l igh ter  than the t h r e e - c o l o r  (brow n) patch . D ensity  a llow an ce  is m ade 

f o r  the addition of b lack .

The g re e n  f i l t e r e d  prin t  f o r  m agenta  was m ade to exc lude  the 

unwanted c o l o r s  o f  y e l lo w , cyan , and g re e n .  T h ese  patches  in the print 

should n e a r ly  m atch  the white a r e a s .  The wanted c o l o r s  a re  m agenta , 

p r im a r y  red , and v io le t .  A s in the y e l lo w  print, these  c o l o r s  should be 

n e a r ly  as dark  as the patch  f o r  the t r i - c o l o r  brow n.

A  re d  f i l t e r  is used  to r e m o v e  ye l lo w , m agenta , and p r im a ry  

red  f r o m  the print f o r  cyan . T h ese  c o l o r  patch a re a s  should m atch  the 

density  of the white a re a s  in the P o la r o id  print. The wanted c o l o r s  are  

cyan , v io le t ,  and g re e n  and should  print s o l id ;  co m p a r in g  with each  other 

and with the b la ck  on the cop y .

A  b la ck  p r in ter  print should e l im in ate  a ll  s ix  c o l o r s .  This is  not



C O L O R  S E P A R A T I O N  E V A L U A T I O N  C H A R T

Evaluation o f  C o lo r  Separation  P o la ro id  P r in ts  and N egatives by C on tro l P a tches

PR IN T E R F IL T E R W ANTED COLORS UNWANTED COLORS

Y E LLO W BLUE Y E L L O W , O R A N G E -R E D , GREEN CYAN, VIO LET, M A G E N T A

M A G E N T A G REE N M A G E N T A , PR IM A R Y  RED, VIO LET Y E L L O W , CYAN, G REE N

CYAN RED CYAN , VIO LET, G REE N Y E L L O W , M AG EN TA, 
PR IM A R Y  RED

B L A C K Y E LLO W NONE A L L

Wanted c o lo r s  should co m p a re  with Unwanted c o l o r s  should m atch  
each  other and should be s lightly  a print a rea  which rep resen ts
ligh ter  than the brow n patch. white in the or ig ina l.

Chart 3
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p o s s ib le ,  but a y e l lo w  f i l t e r  w il l  help  in ten s ify  the co n tra st .  T o  r e s t r i c t  

the app lica t ion  o f  b la ck  ink a v e r y  light print m u st  be m ad e . The c o lo r  

patches  should a ll  be tones o f  light g ra y  and th e  highlight a r e a s  o f  the 

c o p y  should  be e lim in ated . An u n d e re x p o su re  w il l  g ive  this e f fe c t .

The p r o c e s s  c a m e r a  is used  to m ake a halftone negative  o f  each  

print o f  the P o la r o id  set. C a re fu l  attention to e x p o su re  t im e and 

d eve lop m en t is  e s se n t ia l  to c o n t r o l  the ap p lica t ion  o f  each  c o l o r .  T h ese  

negatives  should have high co n tra s t  w ith tran sp a ren t  open a r e a s  and 

dense  b la ck  c lo s e d  a r e a s .  A  flat  negative  p e r m its  e x c e s s iv e  am ounts o f  

ink to be app lied  and the re su lt  is  a m uddy, d u l l - c o l o r e d  re p ro d u ct io n .

The P o la r o id  c a m e r a  re d u ce s  the prints  to about 50% o r  le s s  o f  

the o r ig in a l  s iz e .  Th is  l im its  the s iz e  potentia l o f  the fina l print. 

H ow ev er  i f  the p r o c e s s  c a m e r a  can en la rg e  m o r e  than to 200%, this 

l im ita t ion  m a y  be m in im ize d .

A  P o la r o id  ba ck  m a y  be f itted  to a 4 x 5  p r e s s  c a m e r a  f o r  la r g e r  

p r in ts .  S ince  this unit does  not have the autom atic  fea tu re  f o r  c o r r e c t  

e x p o s u re ;  a light m e te r ,  used  with the f i l t e r ,  w il l  p ro v id e  ap p rox im ate  

e x p o s u re  t im e .

The in ex p en s iv e  P o la r o id  c a m e r a s  a re  not su itable f o r  p r o c e s s  

c o l o r  sep a ra tion  as they do not have the c o l o r - c o r r e c t e d  lens w hich  is 

so v ita l to a c cu ra te  w ork . M o d e l  n u m bers  be low  230 do not a c c e p t  the 

c l o s e - u p  attachm ent.

The halftone negatives  a re  m ounted  and s tr ip p ed  on g o ld en rod
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layout sheets  in p rep a ra t ion  f o r  p latem aking . G re a t  c a r e  m ust be  g iven  

to e x a ct ly  m atch  the r e g is t e r  ta rg e ts .  With the punch m a rk s  o f  the 

m asking  sheet  p r e c i s e ly  a ligned , the r e g is t e r  targets  should a l l  m atch  

p e r fe c t ly .

If the lens o f  the p r o c e s s  c a m e r a  is not c o l o r - c o r r e c t e d ,  o r  if  

any ad justm ent is m ade in the p r o c e s s  c a m e r a  during the p h o to -co p y in g  

p r o c e d u r e ,  the sep a ra tion  prints  m ay  v a ry  in s iz e .  If parts  o f  the 

r e g is t e r  m a rk s  o f  the negative  a re  cut out, the negative  can  be applied  

to the vacuum  back  o f  the c a m e r a  f o r  a c cu ra te  c o m p a r is o n  with the

im age  o f  the next print.



C H A P T E R  V

U T IL IZA T IO N  O F P R E -S C R E E N E D  F IL M  F O R  H A L F T O N E S  

AND " C O L O R -K E Y "  F O R  PROO FIN G

The E astm an  K odak C om pan y  m akes  K odalith  A u to s c r e e n  O rtho 

f i lm  w hich p ro d u ce s  halftone negatives  without the use  o f  a con tact  

s c r e e n .  This fi lm  has, e f fe c t iv e ly ,  a 133-line  s c r e e n  built into it. This 

e lim in ates  the need f o r  exp en s ive  s c r e e n s  and the m any va r ia b le  steps 

a s s o c ia te d  with their  u se .  This  f i lm  is e s p e c ia l ly  suitable  f o r  m aking 

halftone negatives  f r o m  the P o la r o id  prints  as its highlight co n tra s t  is 

h igher and the shadow co n tra s t  lo w e r  than with usual halftone s c r e e n  

m e th o d s . A u toscreen  f i lm  can be a lso  used  in a plate c a m e r a  to p rod u ce  

s c r e e n e d  negatives  d ir e c t ly .  I l lu stra t ion s  in Chapter VI w e re  m ade  this 

way.

The P rinting  P ro d u c ts  D iv is io n  of the 3 M C om pan y  has d e v e l 

oped  the " C o l o r - K e y "  p roo fin g  sy s tem  to g ive  the p r in te r  a dependable 

and an e c o n o m ic a l  m ethod  of c o l o r  p roo fin g  f r o m  the halftones without 

inking a p r e s s .  P o s i t iv e  o r  n e g a t iv e -a c t in g  f i lm ,  in in k -m atch in g  c o l o r s ,  

is e x p o se d  through the halftone negatives  to p rod u ce  s ingle  c o l o r e d  h a lf 

tone t r a n s p a re n c ie s .  T h ese  a re  a s s e m b le d  in r e g is t e r  o v e r  a white

17
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r e f le c t iv e  back grou n d  to s im u late  the ap p lica tion  of c o l o r e d  inks on

white p ap er .  The e f fe c t  is that o f  the f in ish ed  print job .

It has a lw ays been  n e c e s s a r y  f o r  the c o l o r  p r in ter  to p r o c e s s  
the p lates  and pull p r e s s  p r o o fs  to r e a l ly  see  what h e 's  got. 
T h at 's  a high p r ic e d  way to d i s c o v e r  -  and m ayb e  too  late -  how 
m any m is ta k e s  th ere  a re  to c o r r e c t .  ^

It is  easy  to see ,  with the o v e r la y  sys tem  of " C o l o r - K e y " ,  w hich  c o lo r

is e x c e s s iv e  o r  short.

In the in d ir e c t  p r o c e s s  m ethod , p o s it iv e  acting " C o l o r - K e y "  is 

u sed  with the halftone p o s i t iv e s .  C o r r e c t io n s  can  then be m ade b e fo r e  

the f in a l halftone negatives  a r e  p ro d u ce d .

In the d ir e c t  p r o c e s s  and P o la r o id  m eth od s ,  the negative  acting 

" C o l o r - K e y "  is u sed  to p r o o f  f r o m  the final halftone n eg a t ives .  During 

the c o l o r  printing the " C o l o r - K e y "  p r o o fs  a re  app lied  o v e r  the f i r s t  

print o f  c o lo r e d  ink to ch e ck  the in tensity  o f  the prin ted  c o l o r .  The 

techniques o f  the use  o f  "C o lo r -K e y " a re  d iscu s  sed  in deta il  in Chapter VL

" C o l o r - K e y "  is a lso  used  to: p r o o f  o rd in a ry  b la ck  prin t  h a lf 

ton es ;  m ake t r a n s p a re n c ie s  f r o m  tran s lu cen t  docum ents  f o r  plate 

m aking ; apply  c o l o r  to a printing layout to p r o m o te  the e f fe c t iv e n e s s  

o f  c o lo r a t io n .

^ T ech n ica l  In form ation  L ib r a r y  S e r ie s ,  " C o l o r - K e y "  P ro o f in g
S ystem , P rinting  P ro d u c ts  D iv is ion ,  3M C om pany, St. Paul, Minn.



C H A P T E R  V I

L A B O R A T O R Y  E X P E R IM E N T S

A  part ia l  l is t  o f  equipm ent and supplies  n eeded  f o r  the P o la r o id  

sepa ra tion  m ethod  is g iven  h e r e .  A  p h otograph ic  d a rk ro o m  with stand

a rd  equipm ent and an o f fs e t  printing p r e s s  a re  esse n t ia l .

O ther n e c e s s a r y  su p p lies :

P o la r o id  Land C a m e ra ,  M o d e l  100 o r  2 3 0 -2 4 0 -2 5 0

P o la r o id  c l o s e - u p  attachm ent

F ilm  pack  type 107 speed  3000, 8 e x p o s u re s

Kodak c o l o r  f i l t e r s - - n u m b e r s :  8; K 2; 58; 2 5 A ;& 4 7 . S ize  2x2" .

C opy  h o ld e r  and c a m e r a  support  f ix tu re

P r o c e s s  c a m e r a  with lights

Kodak A u to s c r e e n  f i lm  and P h oto lith  d e v e lo p e r

3 M " C o lo r - K e y  p r o o f in g -  p r o c e s s  c o l o r s -  negative  acting & 
Stouffer  g ra y  s ca le

The c o l o r  sepa ra tion  m eth od  beg ins  with p os it iv e  prints  m ade 

with the P o la r o id  c a m e r a .  The c l o s e - u p  attachm ent was app lied  and 

f ix tu re s  w e re  m ade to hold  the c o l o r  f i l t e r s  in p la ce .  C en ters  w ere  

r e m o v e d  f r o m  lens c o v e r s  and f i l t e r s  w e re  in sta lled . The c o l o r  f i l te r
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is  a thin sheet of c o lo r e d  gelatin . The standard s m a ll  s iz e  is 2 x 2  inches  

and is  la rg e  enough to m ake f i l t e r s  f o r  both the lens and the t im ing eye . 

An ink c a r t r id g e  c o v e r  ( # - 188)fits the eye  housing if  its length is reduced . 

F ig .  4 show s the c a m e r a  m ounted  on the b a se  with the f i l t e r s  attached 

to to the le n s e s .  A  double lens c o v e r  f o r  a tw in -len s  c a m e r a  (such  

as R o l i c o r d )  can  be adapted to hold  both f i l t e r s  in p osit ion .

The co p y  was held  betw een  h a rd b oa rd  h inged to a p la s t ic  fron t.

A  s lo t  was cut in a w ooden  2x4 b ase  to fit  the c l o s e d  co p y b o a rd .  The 

c a m e r a  was s e c u r e d  to the o th er  end o f  the b a s e  by  a w in g - s c r e w  

through a s lo t  in a sheet m eta l  b ra ck e t .  This  a rra n g e m e n t  is e s se n t ia l  

to the p r o c e s s  as e xa ct  r e g is t ra t io n  m u st  be m ainta ined  betw een  the 

c a m e r a  and co p y  (F ig .  5). A t r ip o d  f o r  the c a m e r a  is not s a t is fa c to r y  

as the c a m e r a  w il l  m o v e  when the print is r e m o v e d .

F ig .  4 - -M o u n te d  c a m e r a  
with f i l t e r s  attached

F ig .  5 - - C a m e r a  and c o p y -  
b o a rd  m ounted  on base
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The a r c  lights o f  the p r o c e s s  c a m e r a  w e re  used  to light the cop y . 

If o ther  light s o u r c e s  a r e  u sed , the c o l o r  o f  the light m a y  in fluence  the 

c o l o r s  r e f le c te d  f r o m  the cop y , o r  r e f le c t io n s  m ay  appear on the c o p y -  

b oa rd . L ight should s tr ik e  the co p y b o a r d  at about 4 5 ° .  B r igh t  s u r fa ce s  

on the c a m e r a ,  w hich cou ld  r e f le c t  on the c o p y  c o v e r ,  w e re  m ask ed . 

B ack groun d  o b je c ts  w e r e  ch e ck e d  to p re v e n t  re f le c t in g  into the c a m e r a .

A  tr ia l  photograph  of s im p le  line, c o p y  was m ade to c e r t i fy  fo cu s  

and to e s ta b l ish  range l im its .  Som e o f  the co p y b o a rd  back  was included  

to p ro v id e  r e fe r e n c e  points f o r  mounting the c o l o r e d  co p y .  As the fo cu s  

was not p e r fe c t ,  a s c r e e n  was fa b r ic a te d  f r o m  an em pty  f i lm  p ack  f o r  

d ir e c t  fo cu s in g .  In co m p le te  d ark n ess  the f i lm  pack  w as r e m o v e d  and 

p la ce d  in a l ig h t -s a fe  con ta in er .  The eye  o f  the c a m e r a  was c o v e r e d  

w ith  b lack  tape to exc lude  light so  that a t im e ex p o su re  fo r  fo cu s in g  

cou ld  be m ad e . With the s c r e e n  in p la ce  a good  fo cu s  w as a ch iev ed .

The c a m e r a  was re lo a d e d  and r e - s e t  f o r  sep a ra tion  shots , and 

the c o lo r e d  o r ig in a l  was p la ce d  in the c o p y  back  with a s tr ip  o f  c o l o r  

patches  and s e v e r a l  r e g is t ra t io n  ta rg e ts .  S ince  c o l o r  patches  should 

m atch  the c o l o r s  of the inks to be u sed , the c o l o r  patches  w e re  m ade of 

" C o l o r - K e y "  m a te r ia l .

C o m p o s it io n  o f  the co p y  should  be g iven  c a r e fu l  attention. Be 

su re  that the texture  o f  the co p y  is not p rom in en t .  Any gra in  o f  the copy  

fa c e  should be  p a r a l le l  to the light line in o r d e r  to re d u ce  copy ing  o f  the 

texture . If the texture  o f  the co p y  shows in the photograph , it w ill
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The print f o r  y e l lo w , (F ig .  1 0 - -p a g e  24) was m ade  with a blue 

f i l t e r .  It does  not have the co n tra s t  o f  the cyan  and m agenta  prin ts .  

H ow ev er  the cyan , v io le t ,  and m agenta  w e re  n e a r ly  r e m o v e d  and the

wanted c o l o r s  show w ell .

H alftone n egatives  w e r e  next m ade  by photographing the P o la r o id  

p os it iv e  prints  in the p r o c e s s  c a m e r a  on K odak A u to s c r e e n  f i lm .  This 

f i lm  is  p r e - s c r e e n e d  with 133 lines  p e r  inch  and the s c r e e n  pattern  is 

p a r a l le l  to the edges  o f  the f i lm .  E a ch  negative  was e x p o s e d  at a 

d if fe ren t  angle to p reven t  m o i r e '  patterns in the f ina l ap p lica t ion  of 

c o lo r e d  inks. A  thin sheet  o f  p ap er ,  cut to the intended negative  s iz e ,  

w as used  to p os it ion  the f i lm  on the vacuum  back  of the c a m e r a .  When 

the im age  was m ade to f it  the paper  pattern , the f i lm  was p la ce d  on the 

pattern . Enough a ir  p a s s e s  through the paper  to p ro v id e  the vacuum

H alftone S cre e n  A n gles

Y e l lo w  90°

M agenta 75°

Cyan 105°

B la ck  4 5 °

F ig .  l l - - T h e  vacuum  back  o f  the p r o c e s s  
c a m e r a  with t e e -s q u a r e  and 15° tr iang le
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n e c e s s a r y  to hold  the f i lm  in p os it ion .  F ig .  11, page 25, show s the 

a rra n g e m e n t  u sed  to p os it ion  the f i lm . About 30° is  n eed ed  betw een  

s c r e e n  angles  o f  each  c o l o r .  The set  o f  sep a ra tion  halftone negatives  

is shown on page 27. The open a r e a s  o f  these  negatives  p e rm it  a p p l ic a 

tion o f  the r e s p e c t iv e  c o l o r s .  C o m p a r is o n  o f  the c o lo r -p a t c h e s  and 

the open a r e a s  o f  each  negative  ind icate  the m ethod  o f  c o n tro l l in g  c o l o r .

B e fo r e  m aking printing p la tes , a set o f  " C o lo r  -  K e y "  t r a n s 

p a r e n c ie s  w as m ade f r o m  the halftone negatives  to o b ta in  a p r o o f  of 

the re su lt  o f  c o l o r  printing . T h e se  w e re  e x p o se d  in a p la s t ic  c o v e r e d  

f r a m e  to an a r c  light f o r  about one m inute . A  S to u f fe r  g ra y  s c a le  was 

u sed  to d e te rm in e  c o r r e c t  e x p o s u re  t im e .  R e g is tra t io n  o v e r la y  o f  these  

t r a n s p a re n c ie s  w as m ade  by m aking c r o s s - c u t s  on the ta rge t  lines  and 

the sheets  w e r e  a s s e m b le d  on two th u m b-tack s  w hich  p a s s e d  through 

the c r o s s - c u t s .  The individual t r a n s p a re n c ie s  a re  shown on page 28, 

and the a s s e m b le d  se t  is  on page 29-

In sp ect ion  o f  the a s s e m b le d  " C o l o r - K e y "  p r o o f  w i l l  ind icate  the 

need  f o r  any c o r r e c t i o n  in the n eg a t ives .  If too  m u ch  o f  any c o l o r  is to 

be app lied , the a r e a s  in v o lved  can be m a s k e d  with opaque. If m o r e  

c o l o r  is  needed , e m u ls io n  can be r e m o v e d  f ro m  the n egative  by s cra p in g  

o r  by  c h e m ic a l  red u ction .  F a r m e r s  r e d u c e r  can  be c a r e fu l ly  applied  

with a b ru sh  and w ash ed  o f f  when the d e s ir e d  e f fe c t  is a ch ie v e d .  . 

This  m ethod  g iv es  a m o r e  gradua l change o f  c o l o r  tone than by

hand s cra p in g .
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exa ct ly  with another . One of the sharp  co n tra s t  negatives  was m ounted 

on the go lden  rod , and an opening was cut to ex p o se  the d e s ir e d  a re a .  

The next negative  was lightly  taped o v e r  the f i r s t  in exa ct  r e g is tra t io n .

A  g o ld e n ro d  sheet  was p la ce d  o v e r  this a s s e m b ly  and the punched h o les  

w e r e  m atch ed . D o u b le - c o a te d  p re s  s u r e -s e n s i t iv e  tape was p la ce d  on 

the c o r n e r s  o f  the upper negative  and the go lden  r o d  sheet was p r e s s e d  

down on i t .  An opening was then cut in the go ld e n ro d  to m atch  the f i r s t .  

In this way the other negatives  w e re  cut and s tr ip p ed . This w o rk  was 

done on a tran sparen t  s u r fa ce  lighted  f r o m  beneath to fa c i l i ta te  m a tc h 

ing and cutting the m a s k s .  A c c u r a c y  o f  this op era t ion  is  v e r y  c r i t i c a l  

as the re g is t ra t io n  o f  one c o l o r  o v e r  the o ther  is  p a rt ly  c o n t r o l le d  by 

this step.

The p lates  w e r e  p r e p a re d  f o r  printing by exp os in g  them to p h oto 

f lo o d  light through the m a sk e d  and s tr ip p ed  n eg a t ives .  A  prin ted  line 

c r o s s e s  the punched ho les  o f  the go lden  rod  and the edge o f  the printing 

plate was e x a ct ly  a ligned  with one edge o f  the prin ted  line. One top 

c o r n e r  o f  the go ld e n ro d  sheet  was fo ld e d  back  and the r e g is t ra t io n  lines  

w e r e  m atch ed  with the top o f  the printing p late. In ex a ct ly  the sam e 

way, the o th er  p lates  w e re  r e g is t e r e d  and e x p o se d .  This is  the other 

o f  the two p r e c i s io n  steps w hich  c o n tr o l  the r e g is tra t io n  o f  the c o lo r  

p r in t in g .

B e fo r e  the c o l o r  printing was started , a p lentifu l supply o f  s tock  

was cut. A l l  p r a c t ic e  and quality sheets  m ust be ex a ct ly  the sa m e  s ize



31

so that re g is tra t io n  w ill  be constant throughout the op eration .

The ink r o l l e r s  o f  the p r e s s  w e re  thorough ly  c lea n ed  by rep ea ted  

app lications  o f  w ash  and co n d it io n e r .  T o  a b s o r b  any dark  ink res id u e ,  

white ink was d istr ibu ted  o v e r  the r o l l e r s  and was re m o v e d .  Y e l lo w  

ink w il l  print dull and m uddy u n less  the r o l ls  a re  co m p le te ly  c lean .

The sequ en ce  o f  c o l o r  ap p lica tion  is not f ixed .  H ow ev er  m any 

p r in te rs  beg in  with y e l lo w  and p r o c e e d  through the d a rk e r  c o l o r s .  The 

changes  f r o m  y e l lo w  to m agenta  and to cyan  and b la ck  do not r e q u ire  

such  c o m p le te  cleaning as fo r  y e l lo w . H ow ev er  if  c o l o r s  w e re  applied  

in the r e v e r s e  o r d e r ,  c o m p le te  c lean ing  would be r e q u ir e d  a fte r  each  

run. S om e p r in te rs  p r e fe r  to print y e l lo w  a fter  the other three  c o l o r  

ap p lica t ion s .

This p r o je c t  was pr in ted  : y e l lo w ,  m agenta , cyan , and b lack . 

When the y e l lo w  ink was printing n o rm a lly ,  a c o m p a r is o n  was m ade 

with the y e l lo w  " C o l o r - K e y " .  This p ro v id e d  a guide f o r  c o l o r  intensity . 

The m agenta , cyan , and b la ck  " C o l o r - K e y "  p lates  w e re  added to the 

y e l lo w  print to d e te rm in e  how the c o l o r  in tensity  co m b in e d  with the 

c o l o r s  to be added. When the other c o l o r s  w e re  prin ted , the sam e 

check ing  and p roo fin g  p r o c e d u r e s  w e re  p e r fo r m e d .

R e g is tra t io n  targets  w e re  in c luded  in the printing f o r  this p r o je c t  

f o r  i l lu s tra t iv e  p u r p o se s .  A  c o m m e r c ia l  p r o je c t  would have the targets  

e r a s e d  f r o m  the plate a fter  r e g is t ra t io n  f o r  each  c o l o r  was esta b lish ed .









C H A P T E R  V I I

SU M M ARY OF FINDINGS

P r o c e s s  c o l o r  sep a ra tion  is an in vo lved  and te ch n ica l  op era t ion . 

The ab ility  to r e p ro d u ce  a c o lo r e d  o r ig in a l  on an o f fs e t  p r e s s  utiliz ing 

any p r o c e s s  re q u ir e s  m uch  sk il l  and te ch n ica l  k now ledge .

The d ir e c t  p r o c e s s  is sh ort,  by c o m p a r is o n  with other  m eth od s, 

but the m any v a r ia b le  qua lities  in the op eration  re q u ire  m uch  sk ill  and 

e x p e r ie n c e  f o r  s u c c e s s .

The in d ire c t  p r o c e s s  has m any m o r e  steps and a lso  includes  

v a r ia b le s  w hich  a f fe c t  the f id e l ity  o f  the c o l o r  r e p ro d u ct io n .  Only an 

advanced  and e x p e r ie n c e d  student cou ld  hope to a ch iev e  s u c c e s s  with 

e ither  o f  these two m eth od s.

The P o la r o id  m ethod  e lim in ates  m any o f  the p r o b le m s  invo lved  

in the other p r o c e s s e s .  The P o la r o id  p os it iv e  prints  r e p la c e  the f i r s t  

two steps o f  the in d ire c t  p r o c e s s  m ethod  and e lim inate  the need  f o r  t im e -  

con sum ing  and uncerta in  m asking p r o c e d u r e s .

The use  o f  " C o l o r - K e y "  p ro v id e s  p roo fin g  e a r ly  in the p r o ce d u r e  

so that c o r r e c t io n s  and ad justm ents  can  be m ad e . P r o g r e s s  p r o o fs  

during the printing a ls o  help insure  good  c o l o r  ba lance .
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A  ded ica ted  high s ch o o l  student can  lea rn  to m ake p r o c e s s  c o l o r  

separa tion s  by using the P o la r o id  m ethod . This system  has s ize  l im it a 

tions but this does  not im p a ir  its e f fe c t iv e n e s s  f o r  teaching the p r in c i 

p les  o f  p r o c e s s  separa tion . Any high s ch o o l  n ew sp ap er  staff that 

p ro d u ce s  f u l l - c o l o r  i l lu s tra tion s  in their  s ch o o l  paper w il l  have a fee lin g  

of r e a l  ach ievem en t.
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