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[57] ABSTRACT 

Proce's‘s'of p'rba'ueiagaiaisisarém full color print of a 
multicolored picture, comprising the steps of: (a) with 
acomposite separation screen ‘having interspersed ?rst 
and second areas which transmit substantially red and 
substantially green information, respectively, of the 
multicolor picture, photomechanically forming upon a 
pg'nting surface ;a corresponding composite plate im 
age, the cornposite plate image'bcingreceptive to a 
substantially neutral tone dark ink; (b) photomechan 
ically forming upon the printing plate, only in the plate 
portions corresponding to the ?rst areas of the compos 
ite separation screen, a substantially cyan plate image 
of the multicolor picture, the cyan plate image being 
receptive to a substantially red ink;( c) inking the com— 
posite plate image with the dark ink and the cyan plate 
image with the red ink; and (d) making a single impres 
sion of the printing surface upon a receiving substrate 
having a selected pale color. 

11 Claims, 23 Drawing Figures 
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PROCESS FOR REPRODUCING A FULL-COLOR 
PICTURE IN ONE IMPRESSION 

This application is a continuation-in-part of my co 
pending application Ser. No. 754,168, now abandoned, 
filed Aug. 20, 1968 and titled PLATES FOR SINGLE 
IMPRESSION MULTICOLOR PICTURE AND TWO 
COLOR PRINTING 
This invention concerns a process of double-imaging 

latent 2-color printing surfaces, and also concerns a 
method of using any printing surface imaged as herein 
after described. Considered together, the two aspects 
of this invention will advance the art of reproducing a 
full-color picture from a single printing surface. 
The following de?nitions will assist understanding: 
“Printing Surface" refers generally to an imaged 

printing plate or printing cylinder, and particularly to 
the face thereof; 
A “2-Color Printing Surface” or “2-Color Surface” 

refers to a printing surface having a lst image intended 
to receive ink of a lst color and a 2nd image intended 
to receive ink of a 2nd color; 
The term “ lst-Image Elements" refers to all elements 

or portions of a printing surface associated with a 1st 
image thereon, and the term “2nd-Image Elements” 
refers to all elements or portions of a printing surface 
associated with a 2nd image thereon; 
A “latent” 2-color printing surface refers to a plate 

or cylinder, considered as a whole, which plate or cylin 
der is structurally suited to have lst-image elements 
and 2nd-image elements formed on its face; 
“Full-Color Picture” refers to subject matter to be 

graphically reproduced, normally having pictorial con 
tent in ?at and/or gradient tones which may be of any 
colors; 
“Color” refers to a visual sensation commonly as 

cribed to surface, e.g., red, green, blue, yellow, cyan, 
magenta, orange and brown, also including the “achro 
matics” white, black and gray, and which sensations 
may have any tint or shade or chromatic leaning; 
An “effective" reproduction of a full-color picture is 

here considered one which appears to contain all colors 
in the picture even though the apparent colors are not 
precisely identical, and which exhibits good general 
brightness, deep blacks and sharpness of detail presum 
ing such qualities were present in the said picture. 

In conventional “Process” printed reproduction of a 
full-color picture, at least three inks are required by 
theory, of the colors yellow, magenta and cyan, though 
practice usually demands use of a fourth ink of black 
color. Component images in respective ink colors are 
successively transferred into coincident register upon a 
white substrate, from separate printing surfaces. Mostly 
by subtractive interaction, the yellow, magenta and 
cyan inks, variously distributed, optically produce close 
equivalents of all the colors present in the original pic 
ture. The black ink improves contrast and sharpness of 
detail, and can also print any accompanying typo 
graphic matter. Process reproductions, particularly 
those using black ink, can be very effective. 
Various means have been.proposed to as effectively 

reproduce a full-color picture from a single printing 
surface. 
To such end, dependence has of late been upon a 

printing surface which can distinctly receive at least 
three inks, usually of the colors yellow, magenta and 
cyan. The three inks may be generally applied, as in 
C.S. Miller, U.S. Pat. No. 3,213,787, and separately re 
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2 
ceived by respective surface elements. A 3-color print 
ing surface can receive inks only in juxtaposed relation, 
and therefore properly relies upon equal intennixing 
(on the substrate) of all three inks to produce a black, 
upon equal mixing of a selected two inks to produce ‘ 
primary red, green and blue, and upon proportionate 
intermixing of all three inks to produce intermediate or 
tertiary colors. The black so-produced is typically of 
poor depth and tone, and cannot be produced in ?ne 
picture detail. For the latter reason these surfaces are 
unable to print accompanying typographic matter of 
small size (about 12-point or less), except in a particu 
lar one of the three ink colors. Moreover, the colors re 
produced tend to appear paled, because ,of light re 
?ected from small unprinted, or weakly covered, por 
tions of substrate between adjacent deposits of ink. In 
many such processes, including that of Miller, the 
chemical immiscibility of the inks interferes with their 
admixture on the substrate, and makes the selection of 
substrate a critical concern. 

Miller’s surface is believed outstanding of its kind, 
but nevertheless cannot produce what is herein consid 
ered to be an effective reproduction. Although the use 
of a fourth ink of black color would sufficiently en 
hance such a reproduction, and is proposed by Miller, 
he is unable to give any specific mechanism, i.e., chem 
ical treatment and ink formulation, which would allow 
it to be distinctly received, nor is any apparent. Even 
with a fourth ink of black color, his surface, and other 
surfaces having a ?xed array for ink-receiving ele 
ments, would still be unable to reproduce ?ne black 
picture detail, because only every fourth surface ele 
ment would receive black ink. To compensate for the 
aforementioned limitations, Miller’s and other 3-color 
surfaces are, in practice, best used as the ?rst in series 
with a conventional black-printing surface. The latter 
can overprint amounts of black and also print any ac 
companying black typographic matter. Accordingly, 
only by two impressions is an “effective” reproduction 
produced. 
Considering now 2-color printing surfaces, such as 

are known, none are able to effectively reproduce a 
full-color picture in a single impression. They have 
found use only (to knowledge) in reproducing “duo 
tone” pictures and other copy having just two color 
components disposed either separately or in intersper 
sion for limited additive secondary color effects, and 
which components can be exactly matched by the two 
ink colors, and also in reducing the number of separate 
plates needed for “Process" and other reproductions 
by three or more inks. The limitations experienced are 
to be expected from classical color theory, which pos 
tulates the need for at least three inks, usually of the 
colors yellow, magenta and cyan. 

It has nevertheless been found that all colors, in cer 
tain instances, and most colors, in most instances, can 
in fact be perceived in a picture reproduced by only 
two colors or “stimuli". This was strikingly demon 
strated by Edwin H. Land with the aid of paired photo 
graphic transparencies having the character of “red" 
and “green” separation images, conjunctive with pairs 
of colored illuminants (including white light as a 
“color”), as described in Scientific American, May 
I959, “Experiments in Color Vision”, and elsewhere. 
But attempts by Land, as in U.S. Pat. No. 3,034,890, 
and by Lorber, of instance, in U.S. Pat. No. 3,429,702, 
to produce an equivalently full range of colors on the 
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printed page, by use of only two inks, e.g., with red and 
black inks, have at best produced only “multicolor" ef 
fects. These have been characteristically de?cient of 
blue, among particular shortcomings (poor contrast 
and weak reddish blacks in the ?rst instance, yellows 
poorly distinguishable from white in the latter instance, 
to specify some). For a variety of technical and practi 
cal reasons the use of red and black inks is preferred to 
other combinations upon a white or pale paper. But the 
de?ciencies of known red-black reproductions will per 
sist if they are, by any apparent means, produced from 
a 2-color printing surface instead of from separate 
plates as was described in the art. Presumably, this ac 
counts for the before-mentioned commercial limita 
tions of known 2-color printing surfaces. 
A variety of other means have been proposed to re 

produce a full-color picture from a single printing sur 
face. None of these, including “collecting" processes 
and surfaces, has been found suf?ciently effective and 
/or practical to complete commercially with conven 
tional “Process” reproductions. As the art now stands, 
an “effective” reproduction of a full-color picture can 
neither be accomplished in a single impression nor 
from a single printing surface. In remedy of this situa 
tion, the principal objects of this invention are: 
To enable a 2-color printing surface to effectively re 

produce a full-color picture, conjunctive with appropri 
ate inking; 
To permit effective reproduction of a full-color pic 

ture by use of only two inks not of complementary col 
ors, thus avoiding de?ciencies typical of complemen 
tary-color prints; 
To permit effective reproduction of a full-color pic 

ture by use of only two inks, respectively of a black 
tone and a red color, yet by means avoiding de?cien 
cies herebefore experienced in the use of red and black 
inks for such purpose; 
To permit full-color pictorial reproduction of good 

quality from a single printing surface doubly imaged 
and inked with two inks, one of the inks having a black 
tone providing detail and contrast and also being suited 
to reproduce any accompanying black typographic 
matter or B&W pictures; and 
To extend the commercial utility of 2-color printing 

surfaces. 
Means to accomplish the above and other objects of 

this invention will be understood from the following de 
scription, and by reference to the accompanying Draw 
ing, which is schematic and not to scale, in which: 
FIG. 1 shows a camera set-up for obtaining precur 

sors to 1st and 2nd platemaking images; 
FIG. 2 and FIG. 3 show different suggested patterns 

for a 2-color screen used in direct composite color sep 
aration; 
FIG. 4 repesents selected colors of a full-color pic 

ture; 
FIG. 5 represents a section through a 2-color screen 

and general ?lter combination; 
FIG. 6 shows the encodement of selected picture col 

ors in a continuous-tone composite color separation; 
FIG. 7 shows a positive halftone equivalent of the 

composite color separation of FIG. 6; 
FIG. 8 represents minus- “cyan" picture content as 

encoded in the form of halftone densities in a 2nd 
platemaking image; 
FIG. 9 depicts the printed representation of selected 

picture colors (no color being observable here); 

15 

20 

25 

30 

35 

40 

45 

55 

65 

4 
FIG. 10 shows photomechanical formation of 1st 

image elements on an exemplary latent 2-color printing 
surface; and FIG. l0-A shows the suggested application 
of ultraviolet-opaque developing ink to ‘said surface 
subsequent to exposure and prior to development; 

FIG. 11 and FIG. I l-A respectively depicts results of 
the procedure of FIG. 10 and FIG. I0-A; FIG. ll-B 
show the optional application of gum to hydrophilic 
portions of a singly imaged latent 2-color surface ob 
tained by above operations; 

FIG. 12 shows photomechanical formation of 2nd 
image elements on the latent 2-color printing surface of 
FIG. 10, using the ?lm image shown in FIG. 8; 
FIG. 13 shows an exemplary 2-color printing surface, 

absent of ink, having special 1st and 2nd images as 
herein described; 
FIG. 14 and FIG. 15 show procedures to convert the 

continuous-tone composite color separation obtained 
in FIG. 1 into an equivalent halftone negative of appro 
priate lateral sense for use in FIG. 10; 
FIG. 16 and FIG. 18, in reverse order, show steps in 

converting the “cyan” separation obtained in FIG. 1 
into a laterally correct intermittant halftone image of 
positive sense, having minus-“cyan” information, such 
as shown in FIG. 8 and FIG. 10; 
FIG. 17 shows means of using the 2-color surface 

doubly imaged as described; and 
FIG. 19 and FIG. 19-A depict a 2-color gravure sur 

face which has been double-imaged as herein de 
scribed. 
The instant process of double-imaging is applicable 

to more than one species of latent 2-color surface, but 
is explained as it may be practiced upon a latent 2-color 
surface described by R.S. Storms in U.S. Pat. No. 
3,368,483, intended for use in offset lithography. 
Referring to FIG. 1, a full-color picture 11 to be re~ 

produced is, for simplicity, assumed to only have the 
colors red (R), green (G), blue (B), yellow (Y) and 
black (Bk) arranged as a cross upon a white (W) back 
ground. The half-round protrusion in the red is pro 
vided as a indication of lateral sense, for reference. The 
selected colors shown, also assumed to be fully satu 
rated and of a uniform flat tone, are “key" colors, in 
that an understanding of how they are reproduced on 
the printed page will assist in understanding the repro 
duction of other colors. However, the visual phenom 
ena involved is not certainly understood even by the in 
ventor. 

Through an optical system 12, preferably through a 
general color ?lter l3, and through a 2~color screen 14, 
the picture 11 is imaged upon the face of panchromatic 
?lm 17. The 2-color screen is of a contact type, and has 
on its face an interspersed Z-part pattern of transparent 
“red” elements 15 and “green“ elements 16 which act 
as limited-area color ?lters. Acceptable results will ob-_ 
tain if the “red" and “green” elements are substantially 
pure red and green, or if only the “red" elements are 
substantially of pure color. Preferably, and as a conve 
nience in practice here assumed, the “red” elements 
are a full magenta (transmitting equal red and blue) 
and the “green" elements are a full cyan (transmitting 
equal green and blue), while a general ?lter 13 is yel 
low of about 85 percent pun'ty. Such combination of 
general ?lter and 2-color screen effectively allows the 
“red” screen elements to transmit full red plus about 
15 percent blue, and the “green” screen elements to 
transmit full green plus‘ about 15 percent blue. Herein 
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after, references to “red" and “green" screen elements 
(or components transmitted therethrough) will not 
imply that such element (or components) need speci? 
cally be of the colors red and green. If desired, the 
screen elements could be formulated so that each 
transmits a minor amount of blue in addition to its pri 
mary color, thus avoiding need for a separate yellow 
?lter. 
For a single and correct exposure to be made upon 

the film 17, without need of balancing ?lters, a selected 
one set of screen elements may have neutral density or 
a complementary color component added, as required, 
to equalize the “?lter factor” of all screen elements. 
The single exposure may then be such as will produce 
a substantially normal range of image densities. 
Though, for simplicity, a checkerboard pattern is 

shown, the 2-color screen may have any other inter 
spersed 2-part pattern. In practice the pattern of FIG. 
2 is generally preferred, wherein the “green” elements 
have about 5 percent smaller area than “red" elements, 
as is also the case for the pattern of FIG. 3 (particularly 
recommended for use in preparing a 2~color gravure 
surface). Diminished ?nal results will be had if “red” 
and "green" elements are of equal size or if “red" ele 
ments have smaller area than “green” elements. 
The screen elements must be very small relative to 

the size of the reproduced picture, as they determine 
color resolution in the print. A group of four coadja 
cent screen elements may be considered the “normal” 
unit of color resolution, as shown for each “key" color, 
except white, in FIG. 1. The white color images 
through many “normal” units of color resolution, each 
comprising two “red” screen elements and two 
“ green" elements. In practice it will be found that there 
is an "effective” unit of color resolution, of indetermi 
nate size, which is substantially smaller than the “nor 
mal” unit, and which permits very small color detail to 
be seen. This is in part due to a random factor, and in 
part due to the synthesizing ability of the eye in reading 
pictures. Generally, most colors will have a size en 
abling them to image through tens, hundreds or thou 
sands of coadjacent screen elements. 
As with a halftone screen, the 2-color screen ele 

ments may be much coarser for poster and like work 
than for a magazine, book or newspaper picture. But in 
prints of the latter types it is neither necessary nor de 
sirable that the color screen pattern be so ?ne as not be 
be resolvable when (the screen itself) viewed from a 
comparable distance. For in the printed reproduction 
the screen pattern will be effectively obscured by the 
co-presence of halftone structure, and by the eye’s con 
cern for reading the subject content of the reproduc 
tion, analogously to the non-perception of highlight 
dots in a conventional halftone print. 
Use of a (relatively) coarse 2-color screen is a practi 

cal and not seriously compromising means to avoid re 
sort to halftone screens of excessive ?neness. For ex 
ample, “red” and “green" screen elements could be 
nominally about one-sixtieth inch along a side (or 
across, where round), when a halftone screen of 100, 
I33 or 150 lines is subsequently to be employed. For 
news pictures, color screen elements as coarse as about 
one-fortieth inch may be used, yet the color screen pat 
tern will be indistinct in the print. As a matter of inter 
est, color screen elements of about one-sixtieth inch 
will prove more than suf?cient to reproduce the color 
of such small details as the iris of an eye in any common 

20 

25 

30 

40 

45 

50 

55 

60 

65 

6 
size picture wherein a person is the principal subject. 
The b 2-color screen 14 may be prepared by a variety 

of apparent means, including the use of subtractive 
color ?lm. So that the very same screen may also be 
used in later procedures, it preferably has a thin, e.g., 
0.004 inch, base of dimensionally stable material, e.g., 
“Estar", brand of polyethylene terephthalate. 
The developed image on ?lm 17 is a continuous-tone 

composite color separation, in effect, an interspersed 
Z-part encodement of “red" and “green" picture con 
tent. This image is represented in FIG. 6. To facilitate 
understanding, the colors represented by ?lm density 
are shown in FIG. 4, in positions above the correspond— 
ing ?lm densities. FIG. 5 depicts the Z-color screen 14 
and yellow ?lter 13 combination through which the 
densities of FIG. 6 were obtained, and the screen is 
shown to have “red” elements larger than “green” ele 
ments, as recommended. The numbers shown below 
each “key" color in FIG. 4 are in arbitrary units, 
merely intended to show an assumed actinic potential 
of each color, and are not values which might actually 
exist. Neither are the density values shown in FIG. 6 
those which might actually result in practice. These val 
ues here assume that about l5 percent blue was trans 
mitted through both “red” and “green” screen ele 
ments, but in practice a lesser amount of blue can still 
produce effective ?nal results. 

Referring speci?cally to FIG. 6, it will be seen that 
blue is differently represented than black, that black 
has the least value and white the most, and that yellow 
has a density slightly less than white. In each case the 
two pairs of densities that represent each color are 
equal, but in practice some difference can exist in the 
densities of conjunctive pairs. In the case of red and 
green, one pair of densities is seen to have negligible 
value while the conjunctive pair has a high, but not 
maximum, value. White is here presumed to have been 
slightly overexposed. This is desired. The correct expo 
sure is best determined, in practice, if a yellow sample 
photographed through the screen and ?lter combina 
tion produces an average density of about 90 percent 
or slightly more, when the resulting negative is rou 
tinely developed. This yellow density is preferably 
higher, e.g., about 95 percent, if the yellow ?lter 13 has 
a purity of 90-95 percent. 
With reference now to FIG. 14, the developed image 

on ?lm 17 is printed onto the face of autoscreen ?lm 
18, or is otherwise halftoned. The screen angle is best 
determined empirically, but may be about 30° different 
from the effective angle of the 2-color screen. The half 
toned (and positive) form of the composite color sepa 
ration is shown in FIG. 7. Its correspondence to the 
continuous-tone (negative) form may be seen by refer 
ring to FIG. 6, above. Next, as shown in FIG. 16, the 
halftone image on film 18 is printed onto copy ?lm 19. 
The resulting halftone negative on ?lm l9 hasa desired 
lateral sense, and is the ?rst platemaking image. 
Referring back to FIG. I, the picture 11 is also im 

aged through the optical system 12 onto the face of 
ortho ?lm 21. The ?lm 21 is here assumed to also have 
an autoscreen feature and an effective screen angle 
about 30° different than that of ?lm 18, but in practice 
other halftoning means can be used. What is essentially 
desired by this exposure is a “cyan” color separation, 
it merely being a convenience to use ortho ?lm and to 
directly halftone. (The Z-color screen 14 is not em 
ployed). The exposure is preferably just sufficient to 
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leave about 8~l0 percent “highlight windows” in den 
sity representing picture white. Though the exact bal 
ance of blue and green light recorded is not critical, su 
perior final results will obtain if one component is only 
about 85 percent the strength of the other component. 
To this end a pale yellow ?lter 20 is inserted into the 
optical path, and will attenuate the blue component. 
Instead, a pale magenta filter can be used to attenuate 
the green component. Hereinafter, reference to a 
“cyan” separation (or component) is not to imply that 
blue and green are equally recorded (or present). 

It is important to appreciate that densities in a 
“cyan" separation are not reciprocal to densities in a 
(minus-red) print made from a conventional red sepa‘ 
ration. In a “cyan” separation full green and blue are 
each represented by densities of middle value, while in 
a minus-red image green and blue are each represented 
by maximum density. Similarly, the term “minus-cyan” 
does not mean “red”, but refers to densities which are 
reciprocal to those obtained in a “cyan” separation, 
and to the complex component (including red) of a pic 
ture directly represented by said reciprocal densities. 
Next, as shown in FIG. 18, the developed halftone 

“cyan” separation image on ?lm 21 is printed onto the 
face of autopositive ?lm 22. This provides lateral rever 
sal without change of negative-positive sense. Subse 
quently, as shown in FIG. 16, the image on ?lm 22 is 
printed by red light, e.g., as passes through a red ?lter 
23, onto the face of panchromatic ?lm 24 throughlthe 
same 2-color screen 14 which was used in FIG. 1. As 
shown, the ?lm 22 is face-down upon the body of 
screen 14. By using the same 2-color screen, rather 
than an identical twin, the possibility of misregister is 
greatly minimized, as even symmetrical and regular 
patterns may have slight irregularity. The screen 14 is 
suitably “keyed” to assure that the same corner which 
was in the upper left part of the image in FIG. 1, is now 
in the corresponding corner of the image here passed 
through it. By the procedure of FIG. 16 “green” screen 
elements will block the passage of red light, so that the 
resulting minus-“cyan” halftone image on ?lm 24 is 
regularly interrupted or blanked. 
The developed minus-“cyan” image is represented in 

FIG. 8, and would appear “positive” by visual examina 
tion. It will be noted that, except where interruptions 
or blanks 25 occur, yellow and green will be repre 
sented by about 41 percent halftone density, and blue 
will be represented by about 48 percent halftone den 
sity (assuming, for these values, that in the original 
“cyan” separation the blue component had about 85 
percent the strength of the green component). Also to 
be noted are the small halftone dots 26, in practice abut 
10 percent size or less, which are a desired conse 
quence of the highlight windows formed in the original 
“cyan” separation. This image is the second platemak 
ing image, on film 24. 
The ?rst and second platemaking images obtained by 

the aforementioned procedures may be used as follows: 
Referring to FIG. 10, the 1st platemaking image on 

?lm 19 is placed upon the sensitized coating 29 of 
Storms’ latent 2-color surface 30, having a Te?on body 
28. (The coating sensitivity is best largely or wholly in 
the visible range). Then an exposure is made to light 
from a source 38, preferably having little or no ultravi 
olet component. The exposure should be adequate to 
render insoluble all portions of the coating 29 which 
were not shielded by halftone density in the ?lm image. 
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8 
(This operation corresponds to that shown in FIG. 3 of 
Storms‘ patent.) 

In departure from Storms’ procedure, and with refer 
ence to FIG. l0-A, an ultraviolet~opaque developing 
ink 27 preferably is applied to the exposed but undevel 
oped coating 29. Carbon-black inks are suitably absor 
bent and may be used; ?ake aluminum ink can also be 
used, among others which will be apparent. The ink 
base is suitably one which will quickly become surface 
dry and which will be water repellant. 
FIG. 11 (corresponding to Storms‘ FIG. 4) shows the 

latent 2-color surface 30’ after development of the ?rst 
image. The constituent ?rst-image elements 1 are, for 
schematic clarity, shown absent of residual developing 
ink 27, but the presence of such ink, as shown in FIG. 
ll-A, will be understood. The amount of relief of ?rst 
image element is negligible, and is shown greatly exag 
gerated. The ?rst-image elements are oleophilic 
hydrophobic, whereas the plate surface 33 is hydro 
philic (having been ?nely etched in manufacture). It is 
important to understand that the ?rst image is an in 
verse representation of the composite color separation 
on ?lm 17 (also being halftoned), and therefore the 
?rst-image elements represent “minus” amounts ‘of 
“red” and “green” in the picture 11. (The image on 
?lm 17 is properly a “positive” record of “red” and 
“green”, although appearing as a negative by visual in 
spection.) . ' 

FIG. 1 1-8 shows an ultraviolet-transparent gum coat 
ing 39 upon the hydrophilic surface 33. This may be 
done as in conventional litho platemaking, e.g., using 
gum arabic. This coating is optional, and merely has as 
its function to level up the single-imaged surface 30' so 
that a second platemaking image can lay in ?atter con 
tact on it. 
With reference to FIG. 12 (corresponding to Storms 

FIG. 5, with minor di?‘erence), the second platemaking 
image on ?lm 24 is optically printed onto the plate sur 
face 33 by the action of ultraviolet light from a source 
32. Sufficiently intense U.V. light has ability to smooth 
the etched surface 33, in which state it will be repellant 
to both greasy ink and aqueous ink. In minor departure 
from Storms’ practice, it will be noted that the ?lm 24 
does not have co-imaged thereon a “positive” equiva 
lent of the ?rst platemaking image. The optical shield 
ing which such a co-image would provide above formed 
?rst-image elements 1 (FIG. 11) is instead equivalently 
provided by a residual layer of developing ink 27 (FIG. 
1 l-A). 
FIG. 13 (corresponding to Storms’ FIG. 6) shows the 

double-imaged 2~color printing surface30” (absent of 
any ink), which is obtained by the preceding opera 
tions. Instead of having had two arbitrary images 
formed thereon, ?rst-image elements 1 and second 
image elements 2 have particular dispositions and in 
formation content which will cooperatively allow the 
surface 30", when appropriately inked, to effectively 
reproduce a full-color picture. It is important to note 
that only certain of the halftone densities on ?lm 24 
have formed as corresponding hydrophilic second 
image elements 2. The prior presence of ?rst-image el 
ements 1 has effectively limited the extent to which the 
second image fonned. To be especially noted, are the 
very few second-image elements within the plate por 
tion representing blue. This limited presence is deliber 
ate, instead of total absence. Also to be noted is the 
complete absence of secondJmage elements in plate 
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portions representing green and black, and'the inter 
rupted distribution of second-image elements 26 of 
about 10 percent halftone value in the plate portion 
representing white. Except as noted, the interference of 
first-image elements with the formation of second 
image elements, will allow the latter to form generally 
proportionate to the degree in which a red-light com 
ponent is present in a picture color, though not to an 
extent greater than corresponding density on ?lm 24. 
By such mechanism (and with the understanding that 
red ink will be received by second-image elements) the 
red quantity in such colors as red, orange, yellow, yel 
low-green and purple is provided. The intermediate 
halftone density for yellow, relative to the full halftone 
density for red, in the image on ?lm 24 (FIG. 12 and 
FIG. 8), acts to limit the maximum formation of se 
cond-image elements in the yellow-representing plate 
portion. Similar biasing occurs in systematic manner 
for other colors containing red, as a consequence of the 
“cyan" separation, and is deliberate and desired. The 
exact parts of any given halftone densities on ?lm 24, 
which are able to form as second-image elements, will 
depend on the random “lay” of halftone structure in . 
the ?rst and second platemaking images as results from 
the prescribed differential angling. For example, the 
few second-image elements in the blue-representing 
plate portion may not have the particular positions 
shown, or even be completely circular, though they will 
form generally in the same quarters of said portion. It 
should be appreciated that second-image elements ac 
tually represent amounts of minus-“cyan”, although 
they will receive red ink. 
Referring to FIG. 17, the 2-color printing surface 

30", double-imaged as described, may be used on sub 
stantially conventional offset lithographic equipment, 
e.g., including a plate cylinder 3, an offset cylinder 4, 
and impression cylinder 5 and two fountains 6 and 7 
having distribution and form rollers. Normally the 
fountain ?rst in line according to the direction of cylin 
der rotation, e.g., fountain 6, would be used to apply a 
colorless, aqueous, wetting solution to hydrophilic 
plate areas, while the fountain next in line, fountain 7, 
would apply greasy lithographic ink of any desired 
color. As here adapted, the greasy lithographic ink l is 
speci?cally of a black tone and the aqueous solution 2 
is of red color, and may include binder and other com 
ponents of an ink. The 2-color printing surface 30" is 
mounted to cylinder 3, and will be given successive 
general applications of the inks l and 2 (in reverse or 
der) as the cylinder rotates. But ink 1, of black tone, 
being greasy will be received only by ?rst-image ele 
ments of the surface 30", and ink 2, of red color, being 
aqueous will be received by 2nd-image elements of the 
surface 30". If desired, the two inks could be compo 
nents of an emulsion applied from a single fountain, the 
component inks being selectively received by ?rst 
image elements and second-image elements. Such 
emulsion systems are known for lithography, though 
usually the aqueous component is colorless. Hereinaf 
ter, reference to “1st" and “2nd” inks will not imply 
sequence or even separate application, nor (as will be 
understood from further example), necessary differ 
ence in composition or base. 
Regarding ink colors, the black tone is preferably 

blue-black (such as will also be suited to reproduce ty 
pographic matter), and the red color is preferably a 
bright red. Departure from these recommended colors, 
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10 
e.g., a neutral black or green-black, or a very deep or 
medium red, is permissible but will be less effective. 
Conjunctive with the recommended use of blue 

black ink and bright red ink, most‘ effective results will 
be obtained when the printed substrate 8, e.g., paper, 
is of a selected pale color other than neutral white. The 
preferred substrate color is a pale green, e.g., about a 
5-8 percent green tint. Such a substrate colorwould be 
analogous to the color of “Eye-Ease" writing paper, 
but lacking a bluish quality. The use of such off-white 
paper will negligibly affect the subjective general 
brightness or “crispness” of the reproduction, because 
of the excellent contrast and detail provided by the 
black-tone ink and because of other factors, e.g., a 
large proportion of substrate show~through for green 
and colors having a green-light component. A substrate 
of exceptionally high reflectance is not essential for ef 
fectiveness. 
The printed representation of selected “key” colors 

is shown in FIG. 9, relative to FIG. 4, above. A sub 
strate 8 of pale green tint has had simultaneously 
printed upon it, e.g., by the 2-color surface 30", depos 
its 1’ of a “first” ink having blue-black tone and depos 
its 2' of a “second” ink having bright red color. The ink 
deposits are in the form of halftone densities, and areas 
uniformly shaded in the drawing represent full halftone 
density. By reference to FIGA it will be self-evident 
how the red and blue-black ink deposits “represent" 
respective “key” colors, but it will not be evident how 
such representation gives rise to the perception of cor 
rect color in each instance. The following paragraphs 
will attempt to clarify this. ’ 
Assuming a whole reproduction and not just selected 

individual colors thereof, all picture detail and tonal 
values would be represented by the halftone deposits of 
the blue-black ink. In the absence of red ink the repro 
duction would seem to be an ordinary “black-and 
white” halftone print. But the particular distribution 
and amounts of red ink cause the observer to perceive 
a full-color reproduction. This phenomena (not observ 
able from the Drawing) is related to the previously 
cited discoveries of Edwin H. Land, but as here applied 
to the printed page incorporates certain re?nements. In 
common with Land’s projected images and illuminated 
transparencies, the perceived colors here elicited are 
indistinguishable from “real” colors and have excellent 
constancy. Their physical absence would not be sus 
pected, neither does knowledge of their physical ab 
sence diminish their apparent reality. 
By physical measure (if possible) or by direct com 

parison, colors perceived in this reproduction will not 
be as bright as those in a conventional “Process" print. 
(The relative lack of brightness should not be confused 
for paleness.) Subjectively, however, the reproduction 
will appear more natural and correct than does a “Pro- . 
cess” print. This is because a reduction of a life scene 
to page size nonnally has the psychological effect of 
making the reader unnaturally aware of the colors, per 
se. Reproductions of the instant type, in distinction, 
may be generally described as having a character akin 
to that of a skillfully hand-dyed photo print having both 
tints and tones of color, with comparable sharpness of 
detail and contrast (allowing for normal losses due to 
halftoning). The color quality of hand-dyed photo 
prints is unique and pleasing, although such prints are 
largely obscure because of more rapid means of repro 
ducing color. 
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White is perceived even though there is a presence of 
about 10 percent red dots, whether on a pale green sub 
strate or a white substrate, presumably by reference to 
the reproduction as a whole. The red dots provide den 
sity to give other apparent colors correct value relative 
to perceived white. (By a variety of mechanical means 
the red dots can be prevented from forming in accent 
areas of a picture.) The absence of highlight black dots 
in areas representing white is instrumental in permit 
ting the perception of yellow distinctly from white. 
The sensation of yellow is experienced presumably 

because, in the immediate presence of red ink, exposed ' 
portions of substrate assume the additive role of a 
bright green, and also because the presence of slight 
black density provide a correct relative value com 
pared with areas representing white. A full amount of 
red ink in yellow areas would render the yellow as or 
ange, and such full presence of red has therefore been 
prevented. 
Luminosity (by re?ectance) from exposed portions 

of the substrate in areas representing green, gives rise 
to a strong sensation of green although there may be no 
red deposits immediate thereto to account for such ef 
fect by simultaneous contrast. A red‘referent elswhere 
in the reproduction is presumably responsible. This ef 
fect is not dependent upon the use of a green-tinted pa 
per. 
The sensation of full red is seen in areas representing 

red, presumably by the substantial absence of any other 
luminosity from such area. Slight desaturation is caused 
by the minor blue component in blue-black ink, and 
this is largely compensated by the larger relative size of 
red deposits than blue-black ink deposits in the red 
representing areas. The apparent brightness of reds is 
increased by the phenomena of simultaneous contrast, 
when, as recommended, the 2-color screen pattern is 
slightly coarser than could not be resolved by the eye. 
Accordingly, a physical measure of red intensity would 
be misleading. (Similar reinforcement of apparent in 
tensity is present in areas representing green.) 
The apparent presence of blue is believed to result 

from the fact that areas representing blue have slightly 
less halftone density than areas representing black, to 
gether with the small, permissibly almost insigni?cant, 
amounts of red therein. The red component is believed 
to additively combine with the minor blue component 
of the blue-black ink to form a dark purple, either con 
fused with blue or which gives rise to -a sensation of 
blue. (It is known that strong blue light will cause a sen 
sation of weak purple.) By another explanation, the 
small amount of luminance from portions of substrate 
in such area tends to accentuate the blue component of 
the blue-black ink. ’ 

In any area representing black the blue quality of the 
blue-black ink is unnoticed, presumably because these 
areas are the darkest in a picture and automatically are 
considered black in the picture context. The absence of 
small “shadow dots" is deliberate, and intended to pre 
vent accentuation of the blue quality of the blue-black 
ink, such as occurs (presumably) for blue. 
The production of other apparent colors results from 

minor differences in amounts of red and black such as 
occur for the “key” colors, ?esh tones, metallic tones, 
oranges, browns and purples being among those per 
ceivable. 
The recommended inclusion ofa blue quantity in the 

black ink is in recognition of the fact that the ?rst 
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12 
image elements do not merely represent amounts of 
minus-“red” and minus-“green", but also represent 
positive (indeterminate) amounts of blue, at least for 
all colors not purely red and/or green, or the color 
black. By some visual mechanism not well-understood, 
the bluish quality of the blue-black ink becomes pro 
nounced generally to a degree which is locally appro 
priate. Because the substrate acts largely as if it were 
green (while at the same time its paleness enhances the 
picture brightness), the “green” together with the red 
ink and the blue of the blue-black ink, may in part op 
erate in accordance with classical 3-color additive the 
ory to produce an effective color reproduction. 
Although a picture is the only matter which has been 

shown double-imaged upon the 2-color surface 30", it 
will be understood that the “first" image on the surface 
30" could include incidental matter which is to repro 
duce in black (or blue-black) ink, while incidental mat 
ter which is to reproduce in red ink could comprise part 
of the “second” image on the surface 30''. It will there 
fore be appreciated that this invention is concerned 
only with forming a quantity (all or less than all) of 
?rst-image elements and second-image elements which 
cooperate to reproduce a full-color picture, when suit 
ably inked. . 

The aforementioned procedures may be modi?ed to 
form such cooperating ?rst-image elements and se 
cond-image elements upon other latent 2-color printing 
surfaces. The necessary modi?cations will be dictated 
by the structure of the particular other latent 2-color 
surface. 
For example, FIG. 19 shows a gravure equivalent of 

the 2-color printing surface 30'. In the gravure surface 
40, ?rst-image elements 1 and second-image elements 
2 are recessed. The ?rst-image elements (shown with 
cross-shading) and the second~image elements (shown 
with linear shading) may be assumed to have relative 
dispositions and information content equivalent to 
their counterparts on the 2-color surface 30", except 
that a 2-color screen as in FIG. 3 was used for compos 
iting the “red" and “green" separations. The portion of 
gravure surface represented is schematic, and of an ar 
bitrary section of a whole reproduction, and elements 
therein are not intended to be a representation of any 
particular color. Use of the 2-color screen of FIG. 3 has 
given second-image elements of relatively full halftone 
density a generally circular, rather than rectangular, 
shape, the circular shape being believed more suited 
for smooth traverse of a doctor blade._ 
Subsequent to their formation, ?rst-image elements 

have been chemically treated to be exclusively recep 
tive to a ?rst ink, of black tone, and subsequent to their 
formation second-image elements have been given a 
chemical treatment so they will be exclusively recep 
tive to a second ink, of a red color. The ?rst and second 
inks may, aside from color, be of respective greasy and 
aqueous composition, or of any other compositions 
which are mutually immiscible, and they should have a 
consistency suited for gravure as well as different physi 
cal density. Such differential treatment of gravure cavi 
ties, together with suitably different ink compositions 
and means of generally applying such inks, is known in 
the art, e.g., as described by CS. Miller in US. Pat. No. 
3213787, previously cited. FIG. l9-A shows 1st and 
second inks as selectively received. 

It is essential that the ?rst-image elements and se 
cond-image elements be of a halftone structure such as 
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will result from a so-called “halftone gravure” process 
employing a halftone screen, and providing variable 
dot sizes (and optionally, variable depths). As in the 
preparation of Storms’ surface, the ?rst-image ele~ 
ments must be formed ?rst, so their presence can gov 
ern the extent to which second-image elements will 
form. It will also be apparent that both platemaking im 
ages must normally be “positive”, as etching of the sur 
face 40 will be through a photo-resist. As a peculiar re 
quirement of a 2-color gravure surface is that individ 
ual pockets be formed for respective inks, precautions 
must be taken to form a thin wall 41 around all ?rst 
image elements wherever they may be intimately juxta 
posed to subsequently formed second-image elements. 
Optical formation of a thin ring of resist around all ?rst 
image elements will assure that a wall 41 will remain 
thereunder. Various particulars of these procedures 
will be apparent to those familiar with the preparation 
of gravure surfaces. 

It must be understood that film intermediates of any 
kind, including ?rst and second platemaking images, 
will not always be essential to actually forming the pre 
scribed two images upon a latent 2-color printing sur 
face, neither need there be material difference between 
?rst-image elements and second-image elements for 
them to be selectively receptive of generally applied 
inks. The following paragraphs will illustrate both these 
points by a single example. 
Any photoconductive (PC) surface, e.g., a xero 

graphic surface, is latently a 2-color printing surface, 
because techniques are known to form two (or more) 
images in common register thereon, and to give each 
image a distinctive color of ink. But it has been unobvi 
ous to form two images having disposition and informa 
tion as hereinbefore described. Provided only that the 
PC surface is of a kind having sensitivity also to red 
light, the novel images may be formed as follows: 

a. The PC surface is electrostatically charged. 
b. A full-color picture to be reproduced is projected 
onto the PC surface, through a 2-color screen and 
separate yellow ?lter combination substantially as 
hereinbefore described. 

By choice of illuminant, or by balancing ?lters or ad 
justment of screen colors, the PC surface is given an ef 
fective panchromatic sensitivity, if it was but poorly 
sensitive to red. The 2-color screen is preferably micro 
?ne and in the form of a reticle in the optical system, 
and has a pattern suited to allow “stepping” of the 
screen by an increment which will transpose spatial po 
sitions of red (sic) and “green” screen elements. If the 
PC surface does not have sufficient resolution to repro 
duce continuous-tones, a shiftable-angle halftone 
screen, e.g., of cross-line type, micro-ruled, may be 
placed just in front of the 2-color screen, or an equiva 
lent halftone screen, macro-ruled, may be positioned 
close above the PC surface. (Red screen elements 
should here not transmit blue.) ' 

c. Toner of blue-black color is conventionally ap 
plied, and is received by the ?rst-image elements 
optically formed in (b). _ 

d. The PC surface is recharged. Properly done, e.g., 
as with a charge of slightly lesser intensity, this 
need not cause separation of blue-black toner from 
the singly imaged PC surface. 

2. The yellow ?lter is removed from the optical path 
and a “cyan” ?lteris substituted; also, the 2-color 
screen is “stepped", and the halftone screen (if one 
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14 
is used) is suitably reangled from the angle previ 
ously employed. . 

f. A second exposure is made, the remaining charge 
areas being the second-image elements. 

When no halftoning was used, the charges forming 
second-image elements will vary in strength, and may 
be co-incident with toner deposits on [st-image ele 
ments. When halftoning was employed, these charges 
will be of uniform strength and in discrete areas co 
disposed among the inked ?rst-image elements. The 
presence of inked ?rst-image elements will in either 
case limit the extent of formation of the charges consti 
tuting second-image elements. I 

g. Toner of bright red color is conventionally applied, 
and is received substantially only by second-image 
elements optically formed as in (f). . 

h. The two applied and received toners are conven 
tionally transferred to a substrate of pale color, 
e.g., white or pale green, and conventionally ?xed 
upon the substrate. 

The above procedures, which are subject to re?ne 
ment and modi?cation as may be obvious, will produce 
a good representation of the original full-color picture, 
though involving slight compromise in general quality. 
Any quantitative values which were hereinbefore 

given were solely to assist in understanding, and are not 
to be considered as limiting. 
Whatl claim is: 
1. Process of producing an apparent full color print 

of a multicolored picture, comprising the steps of: 
a. with a composite separation screen having inter 
spersed 1st and 2nd areas which transmit substan 
tially red and substantially green information, re 
spectively, of said multicolor picture, photome 
chanically forming upon a printing surface a corre 
sponding composite plate image, said composite 
plate image being receptive to a substantially neu 
tral tone dark ink; , 

b. photomechanically forming upon said printing 
plate, only in the plate portions corresponding to 
said ?rst areas of said composite separation screen, 
a substantially cyan plate image of said multicolor 
picture, said cyan plate image being receptive to a 
substantially red ink; , 

c. inking said composite plate image with said dark 
ink and said cyan plate image with said red ink; and 

d. making a single impression of said printing surface 
upon a receiving substrate having a selected pale 
color. 

2. Process according to claim 1 wherein said compos 
ite plate image and said cyan plate image are halftone 
images. 

3. Process according to claim 1 wherein said dark 
and red inks are mutually immiscible. ’ ' 

4. Process according to claim 1 wherein said tone of 
said substantially neutral tone dark ink is bluish black. 

5. Process according to claim 1 wherein said substan 
tially red ink is bright red. 

6. Process according to claim 1 wherein said receiv 
ing substrate is white. 

7. Process according to claim 1 wherein said receiv 
ing substrate is greenish white. 

8. Process according to claim 1 wherein said substan 
tially red separation also records a minor amount of 
blues. 
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9. Process according to claim 1 wherein said substan- 11. Process according to claim 1 wherein said print 
tially green separation also records a minor amount of mg surface has text printing areas‘ and Said text prinp 
blues‘ ing areas are inked with said dark ink together with said 

10. Process according to claim 1 wherein said sub 
stantially cyan separation records blues more strongly 
than greens. 

5 composite plate image. 
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