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This invention relates to method and apparatus
for making separation images for four-color re-
production.

The ss-called four-color method of reproduc-

tion involves the use of four separation images,

three of which are chromatic, while the fourth is
achromatic or non-selective. In the use of the
method in the graphic arts the printers made
from the chromatic separation images are inked
with colored inks, while the printer made from
the achromatic image is inked with black ink,
The theory of the four-color imethod differs
from that of the three-color method in that in a
perfect four-color method all blacks and grays,
including both the grays of areas which appear
. gray in the reproduction and the grays which re-
duce the purity of color in other areas, are ob-
tained from the achromatic separation image,
while in the three-color method all blacks and
grays are obtained by combinations of three color-
separation images. The four-color method pre-
sents a number of practical advantages, particu-
larly in the graphic arts where it leads to sharper
outlines and results in the saving of colored inks,
which are much more expensive than black ink.
The theoretical requirements for correct three-
cclor reproduction are known, and satisfactory
methods have been developed for obtaining the-
oretically correct reproductions by this method.
The theoretical requirements of four-color repro-
duction are also known, but no practical method
has been developed for making four separation
images which comply with the theory. As a re-
sult, the use of the four-color method in the

graphic arts has been empiriéal and has involved 3:

a large amount of expense in hand retouching
of the plates..

Our invention provides a practical method ang
a simple apparatus for obtaining theoretically
correct separation images for the four-color
method, and when applied in the graphic arts,
introduces large savings in hand retouching and
in colored ink. .

In order to explain the theoretical require-
ments of four-color reproduction we shall first ge-
fine the terms which we will use, as the termin-
ology of this art has been indefinite.

(a) “Spectral or color component of a eolored
original” is the light or light flux which the orig-
inal would reflect or transmit in some particular
spectral region, if it were illuminated by white
light. Thus, for example, the red component of
& colored original is the light obtained by passing
through a red filter light which has been reflected
. from the colored original or transmitted through
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the colored original, if transparent, when the
colored original is illuminated by white light; or
it is the light transmitted through a positive
color-separation image of the colored original,
Wwhich has been made in the usual manner by
photographing through a red filier. The light
flux of a color component is usually measured on
a decimal or percentage scale, the maximum light
flux from any part of the original being termed
1. or 100%. .

The “lone value” of any area of an original or
a reproduction is measured on a decimal or per-
centage scale, in which the darkest tone is desig-
nated as 1. or as 100%, and the lightest tone is
designated as 0. In printed halftone reproduc-
tions, tone value is the same thing as “dot dens-
ity,” that is;, the proportion of any small area
which is covered by ink.

“Color tone value” is the tone value of some
one color in an original or in a positive reprodue-
tion of the original. ' Since the amount of Iight
from a colored original is least in the darkest
areas of the original and greatest in the lightest
areas of the original, the color tone value of any
area is related to the color component of the
original of that area by the expression,

tone value=—1.—light flux of color component

where both are measured as percentages. Since
the light flux of a color component produces a
color separation negative when rhotographed di-
rectly, it is apparent that the light required to
produce a color separation negative is related to
the tone value of the original, or of a positive re-
broduction of the original, by the relationship,

light fiux to produce negative—1.—tone value

“Effective color tone value” js the same thing
as color tone value, except that it is measured on
a s¢ale in which 1005 represents the darkness of
the color in question in the blackest tone which
can be produced by a combination of the three
colors used in a three color reproduction. In a
theoretieally perfeet three-color system, in which
black is produced by combining the greatest tone
values of each of the three colors, effective color
tone value is equal to color tone value. ‘With the
colors actually used, the blackest areas are often
produced by combining the three inks in different
proportions. Thus, for example, if a black area
is obtained in a printed half tone reproduction
by a yellow printer having a dot density of 100%,
2 magenta printer having a dot density of 90%
and a biue-green printer having a dot density of
80%, the color tone values of the three colors in
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this area are 100, 90, and 80; but the effective
color tone value of each color is 100%, since black
is produced. :

With the terminology above defined, the theo-
retical requirements of a correct four-color re-
production are as follows:

(1) The minimum effective color tone value
for each point of the reproduction must be de-
termined. The minimum effective color tone
value (ECTVmn) is the effective tone value of
the one of three color separation positives for
the three-color process which has the lowest ef-
fective tone value at the point in question.

10

(2) Itls then necessary to make an achromatic '

separation image whose tone value at each point
is equal to the minimum effective color tone value
at that point.

(3) It is necessary to make three chromatic
separation images whose tone values at each
point are equal to the effective tone values of cor-
responding color separation images for the three-
color process (ECTVr, ECTVa, ECTVs) reduced
by the amount of the minimum effective color
tone value at the point in question. Thus, the
required tone value for the red separation Image
for the four-color process is

ECTVR—ECTVmin

Somewhat cumbersome methods have been de-
vised for making black printers complying with
the requirements of the theory, but such meth-
ods have proved of little practical value since
the use of a theoretically correct black printer
with color printers whose densities have not been
reduced in accordance with the theory results
neither in correct reproduction nor in a saving
of colored ink.

our invention avoids this difficulty and pro-
duces the four printers required for a correct
and economical four-color process.

In accordance with our invention, three color
components of a colored original, which could be
used directly or after correction to make color-
separation images for the three~-color process, are
so combined as to produce four separation images
for the four-color process, which may be used
for engraving four correct printers for the four-
_color process. The three components are di-
rected on separate receptors.! The greatest of

1A “receptor” is a material or device which under-
goes some change when subjected to radiant energy in
the form of light and thus may serve to record or in-
dicate the amount of light which it receives.
the three responses is selected and used to pro-
vide an achromatic separation image and the
differences between the selected response and the
individual response of each receptor are used to
provide three chromatic separation images.
While our invention is not limited to the use of
color components in any particular form, we
find it most desirable to communicate the in-
telligences of the three components to electrical
circuits and to make the necessary mathematical
combinations electrically.

An important feature of our invention con-
sists of a simple electric circuit in which all the
mathematical operations necessary for producing
correct separation images for the four-color proc-
ess are automatically and instantly performed.
The circuit has three sets of input terminals on
which are impressed voltages contalning the in-
telligences of the three color components. The
input terminals are connected through separate
rectifiers to & common resistor. The voltage
drop occurring across this resistor contains the
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intelligince required for the black printer or
achromatic separation image, while the voltage
differences occurring across the three rectifiers
contain the intelligences required for the three
chromatic separation images of a four-color
process.

In order that our invention may clearly be
understood, we will describe the apparatus em-
bodying it which is shown in the accompanying
drawings, in which:

Fig. 1 shows our new selector circuit in its sim-
plest form;

Fig. 2 shows a direct current device for produc-
ing the separation images for a four-color proc-
ess from three color-separation positives;

Fig. 3 shows an alternating current device for
the same purpose;

Fig. 4 shows a device for producing color-

"corrected separation images for the four-color

process directly from a colored original; and

Fig. 5 shows an alternative method for pro-
ducing an alternating current containing the in-
telligence of a color component, which may be
substituted for the flicker discs shown In Figs.
3 and 4.

When the intelligence of a color component
is communicated to an electric circuit by a scan-
ning operation in which a color component of a
colored original is directed on a photo-electric
cell, the response of the photo-electric cell is
greatest where the color tone value is least, that
is, at the points where the least ink of the color
in question should be printed. It follows that,
when the intelligences of three color components
are communicated to electric circuits, the maxi-
mum electric signal, Sigmax (that is, the signal
of the one of the three circuits which is greater
than the other two at any moment) corresponds
to the minimum color tone value, CTVmin. By
reference to the requirements of a correct four-
color reproduction method stated in col. 1 of this
page, it will be seen that, irr all cases where the
color tone value of each of the three colors used is
equal to the effective color tone value, the maxi-
mum electric signal at any moment corresponds
to the tone value which should be used in the
achromatic separation negative for the black
printer; and the differences between the maxi-
mum signal and the signal actually present in
the color component circuits correspond to the
tone values which should be used in the three
chromatic separation images for the four-color
process.

The selector circuit shown in Fig. 1 provides a
simple means for indicating at each moment of a
scanning operation the tone value required for
the achromatic image and for each one of the
chromatic images for four-color reproduction.
We shall first describe the operation of this cir-
cuit and then show its application in various spe-
cific apparatus for making separation images for
the four-color process.

The circuit shown in Fig. 1 has three sets of in-
put terminals A1Bi1, A2Bz, AsB; on which are im-
pressed three variable voltages R, G, B containing
the intelligences of the three color components
of a colored original. The three sets of input ter-
minals are connected through separate rectifiers
Ei, Bz, E3 to a common resistor R. The three rec-
tifiers are all turned in the same direction. In
the form shown in Fig. 1, each rectifier has its
anode connected to the resistor R, but this is not
essential, as the circuit may be operated with the
cathodes of the three rectifiers connected to the
common resistor.



In the operation of this circuit, the greatest
of the three voltages impressed upon the three
pairs of input terminals at any moment appears
across the resistor R and at the output terminals
bk which may be connected to a recorder for the
achromatic separation image. The voltage
which appears across the rectifier E; and at the
output terminals r is the difference between this
maximum voltage and the voltage R impressed at
the terminals AiB:1. The voltage across the recti-
fier Ez and at the output terminals ¢ is the differ-
ence between the maximum voltage and the volt-
age G impressed on the terminals A2Bg, and the
voltage across the rectifier E3 and the terminals b
is.the difference between the maximum voltage
and the voltage B impressed at the terminals
A3Bs. One of these three voltages is always zero,
since one of them necessarily is the difference be-
tween two equal quantities. The output termi-
nals r, g, b may be connected to recorders for
the three chromatic images required for use with
the achromatic image recorded from the termi-
nals bk.

The reason for this operation may most simply
be explained.by the use of numerical examples.
As a first example, it may be assumed that the
terminals Bi, Bz, Bz and Bs: are grounded and
that the impressed voltages at the terminals Aj,
As, Az are —2, —5 and -7 respectively, (Nega-
tive voltages are used in order to correspond with
the direction of flow of electrons through the rec-
tifiers.) ‘The maximum impressed voltage, —7
impressed at Az will appear. at C3 and will cause
a flow of electrons through the rectifier E3; until
& voltage of —7 appears at Dz and Dy, so that the
voltage drop in the resistor R is 7 and a voltage
of 7 appears across the output terminals bk.
Since there is a flow of current through the recti-
fler E3 no appreciable difference in voltage ap-
pears across the output terminals b.

The input voltage of —5 at A2 appears at Ca,
but, as the voltage at D: is —7 (because Ds is
directly connected to I}), there is no flow
through the rectifier E2 and a voltage difference
of 2 is developed between the output terminals g,
In the same way a voltage difference of 5 (7—2)
occurs across the output terminals . The volt-
ages in. the above example are indicated in Fig. 1.

As a second example, it may be assumed. that
the voltage impressed at A1 is —9, at As —5 and
at Az —3. The voltage figures for this example
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are indicated in parentheses in Fig, 1, and it will

be seen that, as before, the maximum voltage,
which is now 9, appears across the terminals bk,

while the voltage differences 9—9=0, 9—5=4 and_

8—3=6 appear across the output terminals T, g
and b.

It is apparent from this explanation that the

simple selector circuit which has been described
combines the intelligences of three color compo-
nents in such a way as to indicate the intelli-
gences of the four separation images theoretically
required for a perfect four-color process.

In constructing the circuit shown in Fig. 1 cer-
tain. precautions must be taken in order to secure
accurate operation of the circuit. If vacuum tube
rectifiers are used at Ei, B, E; and it is most
desirable that such rectifiers should be used, the
rectifiers should be operated at cathode tempera-
tures substantially below those ordinarily used in
vacuum tube rectifiers in order to avoid, so far as
possible, any electron emission from the fila-
ments of the rectiflers when no voltage is im-
pressed across the rectifiers. The specific recti-
flers E1, Ez, E3 shown in Fig. 1 facilitate such op-
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eration as they are two-element vacuum tubes
with indirectly heated cathodes containing rheo-
stats J in their cathode-heating circuits. Fur-
thermore the impedance of the resistor R should
be made very large in comparison with the im-
pedances of the rectiflers in order that substan-
tially all the voltage drop in s circuit containing
a rectifler and the resistor may appear across the
resistor.

The simple form: of selector circuit shown in
Fig. 1 presents certain inconveniences which may
be easily eliminated:

(1) It provides no means for regulating the
voltages R, G, B, and consequently if its input
terminals are connected directly to photo-electric
cells its output will be in strict accordance witi
the theoretical requirements stated on page 2, col.
1, only in cases where the color tone value of each
color used is the same as the effective color tone
value of this color. .

(2) It results in recording the achromatic sep-
aration image as a negative and the chromatic
separation images as positives.
this is apparent from Fig. 1. The voltage across
the output terminals bk is

Vor=8igmax=1—CTVmmn

which is proportional to the light flux required
to produce a separation negative (see page 2, col.
2). The voltage across one of the output termi-
nalis 1,9, b, for example, that across the terminals
r, is
Vr=Vw—r . -
=(1—CTVmm) — (1—CTVr)
=CTVa—CTVmm

which is the tone value of a positive separation
image. :

A manner in which these inconveniences may
be eliminated is shown in Figs. 2, 3, and 4 which
illustrate practical scanning devices making use
of the selector circuit shown in Fig, 1,

The apparatus shown in Fig. 9 includes three
lamps 1, 2, 3 of fixed intensities arranged to scan
three color-separation positives 1, 8, 9 ard to im-
pinge upon three light-sensitive, electron multi-
plier tubes 15, 17, {9 so that the light Aux im-
pinging on each multiplier is, in effect, one of
the three color components of the colored origi-
nal from which the color-separation positives
1, 8, 9 were made. The multipliers are provided
with the usual voltage dividers { 4, 16 and 18. A
hattery (3 connected to the three multipliers
supplies them with g common operating voltage.
Voltages directly proportional to the light flux
impinging on the three multipliers are developed
across the load resistors 20, 21, 22 of the multi-
pliers,

The terminals of the load resistors 26, 21 and 22
are the input terminals of g selector circuit similar
to that shown in Fig. 1, which connects the three
bairs of input terminals through rectifiers 28, 30,
3i to a common resistor 32, corresponding to
the rectifiers Ei, Ez, E3 and the resistor R of
Fig. 1. Since the source of the voltages impressed
on the selector circuit are voltage drops in re-
sistors, it is necessary to the correct operation
of the selector circuit that the impedance of the
common resistor 32 be made many times as high
as the impedances of the resistors 20, 24 and 22,
so that the flow of current in the selector cireuit
required-to develop the desired voltage drop in
the resistor 32 does not appreciably affect the
pre-existing voltage drops in the load resistors
20, 21 and 22. ‘This can €asily be arranged since

The reason for ’
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the electron multipliers produce currents-of suf-
ficlent amperage so that their load resistors need
not have very high impedances in order to pro-
vide sufficient input voltage for the selector cir-
cuit, and the resistor 32 of the selector circuit.
may, and most desirably should, have an im-
pedance fifty times as high as that of each load
resistor. -

The selector circuit shown in Fig. 2 differs from
that shown in Fig. 1 only in two particulars:

(1) variable bias circuits consisting of poten- -

tiometers 23, 25, 21 and batteries 24, 26, 28 are
introduced between the input terminals and the
rectifiers to permit adjustment of the voltages
at the rectifiers. by adding or subtracting a con-
stant voltage to that introduced at the input
terminals,
containing the intelligences of the three color
components to levels corresponding to effective
rather than absolute color tone values.

(2) A battery 83 is introduced across the out-
put terminals 34, 35, 36 which correspond to the
output terminals r, g and b of Fig. 1. The voltage
of this battery is equal to the maximum voltage
developed across any one of the resistors 20, 21
or 22 when the minimum tone of one of the sep-
aration images is being scanned. The voltages
developed at the different terminals 34, 35 and
36 are, therefore, not those indicated in Fig. 1,
but in each case the difference between the volt-
age indicated in Fig. 1 and the voltage produced
by the maximum light. The output terminal
voltages, therefore, contain the intelligences re-
quired for recording negatives of the color-sep-
aration images, that is to say, these voltages are
proportional to the light flux required to produce
separation negatives. The voltage appearing at
the output terminals 3T connected across the re-
sistor 32 contains the intelligence required for
recording a negative of the black achromatic
separation image, as in Fig. 1. . )

Any known type of recording means may be
connected to the four sets of output terminals
to produce negatives from which the three color
printers and the black printer may be obtained.
Fig. 2 illustrates diagrammatically recording
means for producing contrast negatives, such as
half-tone negatives, which may be used directly
for engraving printing plates. Any one of the
four sets of output terminals may be connected
by a double-pole switch S to a recording cir-
cuit H, such as that shown in Hardy Patent
2,136,340 intermittently operating a glow lamp
H—I6 directed through a suitable optical system
upon a recording film or plate F. This film is
mounted for movement corresponding to that
given to the separation positives 1, 8, 9 in the
scanning operation, for example, by placing the
separation positives and the recording film on
the tables of a flat-bed scanning machine such
as that shown in Wurzburg Patent 2,185,189.
With this equipment, the scanning operation is
repeated four times—first with the switch S on
the output terminals 34, then with the switch S
on the output terminals 35, etc. The purpose
of recording the four separation negatives in four
separate scanning operations is to permit vary-
ing the direction of the scanning lines to avoid
moiré effects as explained in Wurzburg Patent
2,185,188.

While the electron multipliers shown in Fig, 2
provide a convenient means for obtaining signal
currents of sufficient amperage to permit the use
of load resistors of comparatively low impedance,
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the use of electron multipliers is not necessary
for this purpose.

Fig. 3 shows a scanning apparatus in general
similar to that shown in Pig. 2 except that ordi-
nary photo-electric cells 15°, 117 18" are substi-
tuted for the electron multipliers {5, 17, 18 of
Fig. 2. Separate batteries 44, 45, 46 are provided
for the photo cells. The load resistors 20°, 21°,
22’ of the photo cells are necessarily of much
higher impedance than the load resistors of the
electron multipliers shown in Fig. 2 because of
the weakness of the currents produced in the
photo cells. In order to-obtain the benefits of
alternating current amplification, flicker discs
or light choppers 41, 42, 43 operated by motors
38, 39, 40 interrupt the beams of light from the
lamps |, 2, 3. A. C. amplifiers 41, 48, 48 are con-
nected to the load resistors 20’, 21’, 22’, and step-
down transformers 508, 51, 52 are connected to the
outputs of the amplifiers. These transformers
have two functions. In the first place, they in-
crease the signal currents so that the required
signal voltages c.in be obtained in load resistors
of comparatively low impedance. - In the second
place, they serve to isolate the photo cells from
the selector circuit and thus prevent the selector
circuit from in any way modifying the action of
the photo cell circuits. .

The secondaries of the transformers 50, 51, 52
are connected through rectifiers 53, 54, 55 to
load resistors 59, 60, 61, and filter condensers 59,
51, 58 are placed in parallel with these load re-
sistors. The rectified current in the load resistors
59, 60, 61 (which because of the use of the ampli-
fiers and transformers may be made of moderate
impedance) develops voltage drops proportional
to the light flux of the color components.

The terminals of the load resistors 59, 60, 61
are the input terminals of a selector circuit pre-
cisely like that shown in Fig. 2, and as in Fig. 2
the output terminals 34, 35, 36, 37 of the selector
circuit may be connected to convenient recorders
of any type to produce negatives for the four
color printers,

The devices shown in Figs. 2 and 3 do not pro-
vide for making the color corrections required
in the three-color process. Consequently, in the
use of this apparatus, it is desirable that the
color-separation positives which are scanned be
color-corrected color-separation positives in
order to secure correct printers for the four-color
process. .

Where it is desired to use color-separation im-
ages which have not been color-corrected, or to
work directly from a colored original, apparatus
for making color corrections may conveniently
be used with our selector circuit, particularly
where the transformers of Fig. 3 are used.

.Fig. 4 shows a device for making color-cor-
rected separation images for the four-color proc-
ess directly from a colored original. In Fig. 4
light from a lamp I’ is directed through a trans-
parent colored original T’, past a flicker disc 41,
and then to a beam splitter (which may consist
of three mirrors or reflecting prisms 62, 63, 64).
The beam splitter directs the light from the col-
ored original through three color filters 65, 66,
671 upon three photo cells 18°, 17° and 19’, which
are provided with batteries and load resistors as
in Fig. 3. The photo cell voltages are amplified
by A. C. amplifiers 41, 48, 49, as in Fig. 3.

In order to provide for making color correc- '
tions by modifying the intelligence in each color
circuit by the intelligences in the other two color
circuits, each of the amplifiers 47, 48, 49 is con-
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nected to three transformers. Asshown in Fig. 4,
© the output terminals of the amplifier 47 are con-
nected to the primaries of fransformers 68, 72
and 15, while the amplifier 48 is connected to
the transformers 69, 71 and 16 and the amplifier
43 to the transformers 70, 73 and 14.

The secondary of each of the nine transformers

is connected through a rectifier to a load re-
- sistor as in Fig. 3. ‘The result is to provide three
independent sets of three load resistors having
voltage drops corresponding to the light flux of
the three color components. Thus the voltage
drops in the first set of load resistors 95, 96, 97
correspond respectively to the light flux passing
the three filters 65, 66, 67. The same thing
is true of the second set of load resistors 98, 89,
100 and also of the third set of load resistors
- 101, 102, 103.. . -

The signal voltages in the three resistors of
each set are used to modify one another so as to
pbroduce a resulting voltage containing the in-
telligence of a color-corrected color component.
While any type of correction may be introduced,
we prefer to use the additive and subtractive type
of correction described and explained by .one of
us in U. S. Patent No. 2,193,722, issued Mar. 12,
1940, and U. S. Patent No. 2,165,168, issued July
4, 1939. This may be done very simply by-pro-
viding each load resistor with a variable contact
" 104 like that of & potentiometer and by provid-
ing cross connections between the contacts {08
and outpu{ terminals 195, 106 such that the voli-
age between the output terminals 105, 106 of
each set of transformers is the algebraic sum of
fractions of the three voltages in the three load
resistors of that set.

The output terminals 105, 106 of each of the
three sets of load resistors constitute the input
terminals of a selector circuit which is identical
with that shown in Figs. 2 and 2 and operates
in the same manner. The selector circuit being
supplied with voltages containing the intelli-
gences of three corrected components regulated
by the potentiometers 28, 28, 21, to levels corre-
sponding to effective color tone values produces
at its output terminals 34, 35, 36, 37 the intelli-
gences for four color-corrected printers.

As shown in Fig. 4, the output terminals may
be connected with recording devices for record-
ing the four separation negatives simultaneously.
The four recording devices shown. in Fig. 4 con-
sist of light valves V controlling recording lights
L, focused on four recording films 1, Fo, 3, Fy,
carried on the same cylinder as the colored
original 7’.

Thus the apparatus in Fig. 4 directly scans
a colored original and effects all the mathe-
matical operations necessary to produce simul-
taneously the four negatives required for making
the four printers of the theoretically correct
four-color process. Such printers, as we have
pointed out, give a reproduction as correct as
can be obtained from a theoretically correct

three-color process, and at the same time use a

minimum amount of colored ink. All the blacks
and grays, whether occurring by themselves or
in connection with colors, are produced by black
ink.

In order to use the A. C. amplifying system
shown in Figs. 3 and 4, it is not necessary to use
the flicker dises or light choppers shown in these
figures. An alternative arrangement for obtain-
ing an alternating current containing the intel-
ligence of a color component consists in omitting
the flicker disc and using direet current from 3
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photo-electric cell to modulate an alternafing
current obtained from an oscillator. This ar.
rangement, which Is shown in Fig. 5, may be used
in the apparatus shown in Figs. 3 and 4'in the
circuit for each color component, instead of us-
ing the flicker discs shown in' these figures.
What we claim is: . ]
1. An electro-optical circuit comprising three
channels respectively bearing signals correspond- .
ing to three color components of a, colored origi-

-nal, a fourth channe] connected to each of the -
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three channels and means responsive to the in-
tensities of the signals for rendering conductive
into the fourth channel only the channel carrying
the signal whose intensity is the greatest of the ..
three, and fifth, sixth and seventh channels each
one of which is connected to the output of one

.of the first three channels and to the output of
‘the fourth channel and means for establishing

in each one of the fifth, sixth and seventh chan-

‘nels a signal equal to the difference between the

signals in the two channels to which it is con-
nected. o

2. An electro-optical ecircuit comprising three
channels respectively bearing signals correspond-
ing to three color components of a colored origi-
nal, a fourth channel connected to each of the
three channels and means responsive to the in-
tensities of tHe signals for rendering conductive
into the fourth channel only the channel carry-
ing the signal whose intensity is the greatest of )
the three, means for producing light-flux varia-
tions corresponding to the signals in the fourth
channel, and means for producing light-fiux vari-
ations corresponding to the difference between
the signal intensity in the fourth channel and
the signal intensity in each one of the first three
channels,

3. The method of making separation images
for a four-color reproduction process, which com-
prises directing three different spectral compo-
nents of a colored subject to three separate
photo-electric receptors,. adjusting the electric
responses of the receptors to correspond to the-
effective color tone values of a three color re-
production, selecting at each instant the greatest
of the three adjusted responses, utilizing the se-
lected responses to provide an achromatic sep-
aration image, and utilizing the. differerces. he-
tween each selected response and the concur-
rent individual adjusted response of each photo-
electric receptor to provide three chromatic sep-
aration images.

4. Apparatus for making separation images for
a four-color reproduction brocess, comprising an
electric circuit having three pairs of input ter-
minals, three rectifiers, a resistor, conductors
connecting corresponding electrodes of the three
rectifiers t0 one end of the resistor, conductors
connecting one terminal of each of the three
pairs separately to the other corresponding elec-
trodes of the rectifiers and a conductor connect-
ing the other terminals of the three pairs to the
other end of the resistor, means for impressing
on the three sets of input terminals variable
voltages containing the intelligence of three dif-
ferent spectral components of a colored subject,
and means for utilizing the variations in the
voltage drop occurring across the resistor and
the variations in the voltage differences occur-
ring across each one of the three rectifiers to
produce four separation images.

5. Apparatus for making separation images for
engraving the printers for g four-color repro-
duction process, comprising an electric circuit
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having three pairs of input terminals, three recti-
fiers, a resistor, conductors connecting corre-
sponding electrodes of the three rectifiers to one
end of the resistor, conductors connecting one
terminal of each of the three pairs separately
to the other corresponding electrodes of the recti-
fiers and a conductor connecting the other ter-
‘minals of the three pairs to the other end of the
resistor, means for impressing on the three sets
of input terminals variable voltages containing
the intelligences of three different spectral com-
ponents of a colored subject, means for recording
the variations in the voltage drop occurring
across the resistor to provide an achromatic sep-
aration image for engraving a black printer, and
means for recording the variations in the volt-
age differences occurring across each one of the
three rectifiers to provide three separation images
for engraving the coloY printers to be used with
the black printer. .

6. Apparatus for making separation images for
a four-color reproduction process comprising an
electric circuit having three pairs of input ter-
minals, three rectifiers, a resistor having an im-~
pedance many times as great as that of the
rectifiers and conductors connecting the termi-
nals to the resistor through the rectifiers, means
for impressing on the three sets of input termi-
nals variable voltages containing the intelligences
of three different spectral components of a col-
ored subject, regulatable means for adding a fixed
voltage to the voltage impressed upon each set
of terminals, a pair of output terminals at oppo-
site ends of the common resistor, and a pair of
output terminals at opposite sides of each recti-
fier. - .
7. Apparatus for making separation images for
a four-color reproduction process from three
color components of a colored original, compris-
ing an electric circuit having three load resistors,
a common resistor having an impedance many
times as great as that of any one of the load
resistors, three rectifiers, conductors connecting
the load resistors to the common resistor
through the rectifiers, means for passing through
the load resistors currents varying with the point-
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load resistors, three rectifiers, conductors con-
necting the load resistors to the common resistor
through thesrectifiers, four recorders, conductors
connecting one recorder across the common re-
sistor and connecting-each of the other three
recorders across one of the rectiflers, and a source
of constant potential inserted in the connection
between these three recorders and the three recti-
fiers.

10. Apparatus for making separation images
for a four-color reproduction process, compris-

" ing means for establishing three alternating cur-
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to-point variation of the three spectral compo- .

nents, and means for recording the variations
in the voltage drop occurring across the common
resistor.

8. Apparatus for making separation images for
a four-color reproduction process from three
color components of a colored original, compris-
ing an electric circuit having three load resistors,
three rectifiers, a common resistor having an im-
pedance many times as great as that of any one
of the load resistors, conductors connecting the
Joad resistors to the common resistor through the
rectifiers, means for passing through the load re~
sistors currents varying with the point-to-point
variation of the three spectral components, and
means for recording the variations in the volt-
age drop occurring across the common resistor,
and for recording the variations in the voltage
differences occurring across each one of the recti-
fiers.

9. Apparatus for making separation images for
a four-color reproduction process, comprising
three photo-electric receptors, means for direct-
ing different spectral components of the light
from a colored original upon said receptors, three
load resistors, means for directing the current
response of each receptor through one of the load
" resistors, a common resistor having an imped-
" ance many times as high as that of any of the
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rents containing the intelligences of three color
components of a colored original, an A, C. am-
plifier for amplifying -each of said alternating
currents, a step-down transformer connected to
each amplifier, three load resistors, means for
rectifying the current from each transformer
and directing it through one of the load resistors,
a common resistor connected to the three load
resistors through three separate rectifiers, and
having an impedance many times as great as
any of the load resistors, and means for record-
ing the variations in the voltage drop occurring
across the common resistor and the variations
in the voltage differences occurring across each
one of the rectifiers.

11, Apparatus for making color-corrected sep-
aration images, comprising means for establish-
ing three alternating currents containing the in-
telligences of three color components of a colored
original, three sets of transformers, three sets of
load resistors, means for passing each of said
alternating currents through the primaries of
transformers of a plurality of said sets of trans-
formers, means for rectifying the output current
from each transformer and passing it through
one of the load resistors so as to provide three
sets of a plurality of variable voltages, the volt-
ages of each set containing the intelligences of &
plurality of color components of the colored origi-
nal, and means for combining the voltages of each
of the three sets to provide three voltages corre-
sponding to three color-corrected color compo-
nents.

12. Apparatus for making color-corrected sep-
aration images for a four-color reproduction
process, comprising means. for establishing three
alternating currents containing the intelligences
of three color components of a colored original,
three sets of transformers, three sets of load re-
sistors, means for passing each of sald alternat-
ing currents through the primaries of transform~
ers of a plurality of said sets of transformers,
means for rectifying the output current from
each transformer and passing it through one of
the load resistors so as to provide three sets of a
plurality of variable voltages, the voltages of
each set containing the intelligences of a plu-
rality of color components of the colored origi-
nal, means _for combining the voltages of each
of the three sets to provide three voltages corre-
sponding to three color-corrected color compo-
nents, a selector circuit having three sets of in-
put terminals connected through separate recti-
flers to a common resistor, means for impress-
ing the three voltages corresponding to color-
corrected color components upon the three sets
of input terminals, and means for recording the
variations in voltage drop across the common
resistor and the variations in the voltage differ-
ences across the three rectifiers.

13. Apparatus for making color-corrected sep-
aration images for a four-color reproduction
process directly from a colored original compris-
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ing means for scanning the colored original with
an interrupted light beam and splitting the beam
into three parts, three color filters through which
the three parts of the beam are passed, three
photo-cells receiving the three parts of the beam
passed through the filters, an A. C. amplifier con-
nected to each photo-cell, a plurality of step-
down transformers connected to each amplifier,
three sets of load resistors, means for rectifying
the current from each transformer and passing
it through one of the load resistors so as to pro-
vide three sets of plurality of variable voltages,
the variations in the voltages of each set corre-
sponding to the point-to-point variations in g
plurality of the color components of the original,
means for combining the voltages of each of the
three sets to provide three voltages corresponding
to three color-corrected color components, a se-
lector circuit having three sets of input termi-
nals connected through separate rectifiers to a
common resistor, means for impressing the three
voltages corresponding to color-corrected color
components upon the three sets of input termi-
nals, and means for recording the variations in
voltage drop across the common resistor and the

7

variations in the voltage differences across the
three rectifiers.

14, In scanning apparatus, the combination of
means for scanning a colored original with an
interrupted light beam and splitting the beam
into three parts, three color filters through which
the three parts of the beam are passed, three

" photo-cells receiving the three parts of the beam
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passed through the filters, an A, C, amplifier con-
nected to each photo-cell, a plurality of step-
down transformers connected to each amplifier,
a plurality of sets of load resistors, means for
rectifying the current from each transformer and
passing it through one of the load resistors so as
to provide three sets of plurality of variable voli-
ages, the variations in the voltages of each set
corresponding to the point-to-point variations in
a plurality of the color components of the origi-
nal, and means for combining the three voltages
of each of the three sets to provide three volt-
tages corresponding to three color-corrected color
components,

ARTHUR C. HARDY.

FRANCIS L. WURZBURG, Jr.

EDWARD C. DENCH.
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