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- This invention relates -to color pruting and
particularly to.methods of correcting color bal-
ance when printing from s multi-colored original.
‘The correction of color balance is not to be con-
fused with the type of correction obtained by
masking and in fact one embodlment of the pxes-
ent invention relates to & combination of both
types of color correction. Improper color balance

may be either in the original or in the distribu--

tion of sensitivity: in the sensitive material on
which the reproduction is being made. Therefore,
one properly speaks of the correct color balance

of an original with respect to the color sénsitive.
material being printed. In U. S. Patent 2,256,385,

Evans and Luboshez descnbe one method of cor-
recting color balance and the present invention-
may be considered as a direct improvement -of
- It 'will be noted that
Evans and Luboshez reqiiired a-large number of
color filters, but even then did not have continu-
ous increments of color. -

It is an object of the present 1nvention to.pro-
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. passed through both filters.
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vide a method of controlling color balance when

reproducing .a multicolored original. It is the
meain object of the invention to provide such a
control giving continucus increments of control.

Tt'is also an object of the invention to eliminate

the need for a large number of different filters to -

be used alternatively or in combination to get the
-various stages of control as employed in the prior
art, At this point, it is noted that a wedged color
filter is not catisfactory in any practical printing
system because it interferes with uniformlty of
light qistribution.; -

“These main objects are accomplished by em-
ploying a constant hue variable saturation color
filter and a preferred embodiment of the inven-

tion provides a method in which the hue c¢an be

varied from one hue, through neutral to the com-
plementary hue.
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the two flters in either order and- these ﬁlters
may be anywhere between the light source and the
photosensitive surface. 'Fhat is, either or both
“may be in the beam jlluminating the or1g1 3l be-
‘tween the original and the lens if a pr yjection
-system is used or between the lens and the photo-
sensitive surface. -In one particular embodiment
‘desciibed in detail below, the color filter must
face the polarizing filter, and hernce, it is turned
around if the order of the two filters is reversed.
Also, in the embodiment combining the present
invention with that of our copending application,
-the order of the filters is of some importance, as
will be noted. Since the color filter may come
either before or after the polarizing filter in the
optical system, the effective color saturation
thereof is not apparent until after the-light has
Therefore, in the

" above description of the invention, we refer mere- .
Iy to the fact that the filter has variable satura-
tion in accordance with the light by which it is-
viewed rather than in accordance with the light
incident thereon. .

At leest two entirely dlﬁerent types of such
variable saturation color filters are well known
to those skilled in the study of polarized light. It
-will be noted that either form-is quite different -
from the combination of an ordinary color filter
and two polarizing filters since this latter com- .
bination gives constant hue and constant satu-
uration with variable density.’ One form of vari-
able saturation filter consists of vecto-dye filter

" in which the molecules or crystals of the dye-are
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It is a further obJect of a preferred embodi- :

ment of the invention to combine this method of

-color balance control with the control of masking -

taught in our copending application,- Seria,l No.
446,445, filed concurrently herewith. -

According to the present invention a multi-
colored original is reproduced by printing from
the original onto & photcsensitive surface by light
- which passes through a polarizing filter and
through a definitely colored color filter whose

color saturation varies with the orientation of po--

larization of light by which the filter is viewed
and whose hue. is constant at least over g range
of said orientations, The light may pass through
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all oriented so that they absorb only light polar-
ized at right angles thereto. Such a vectodye fil-
ter appears neutral to lisht polarized in ‘the plane
parallel to the transmitting plane of the dye
molecules, and appears distinctly colored to light
polarized at right angles thereto. Of course, in-
termediate planes of polarization ‘of the viewing
light give intermediate degrees: of saturation, but -
the hue remains constant. With this arrange-
ment there is a slight increase in density corre-
sponding to the increase in saturatmn as the plane
of polarization’is rotated. ) .
-A second type of variable saturatlon ﬁlter con-

“sists of a birefringent layer in combination with a

second polarizing layer whose vibration axis is
oriented somewhere between the two vibration
axes of the birefringent layer. Furtherimore, the
birefringent layer must be between the two ,po-
1arizing filters. Obviously, the birefringent layer

_may be considered as combined with either po-

larizing layer, but for convenience it will be con-

L sidered always with respect to one of the layers,



the combination constituting a varlable satura-
tion constant hue fliter. The saturation of this
latter type of filter varies, as the first filter is
rotated, from a maximum saturation for one hue
through neutral to a maximum saturation for
the complementary hue. - Of course, complemen-
tary hues may be considered as algebraically the

same, one being negative with respect to the’

other, but it is not usual to do so. However, at
least over a range of orientations of the polariza-
tion plane, such a filter has constant hue varying
from zero to a maximum. With this type of filter
the change from neutral through a maximum of
one hue and back to neutral requires a rotation
of -the first polarizing fiiter through 90°, a second
980° carrying the color through a maximum sat-

uration of the complementary hue, On the other.

hand, with the vectodye type of filter, a rotation
of 180° is required to change from neutral to a
‘maximum saturation and back to neutral.

. When using the birefringent plus polarizer type
of saturation filter it is preferable to have the
axes of the birefringent material at 45° to the axis
of the fixed or second polarizer. Of course, these
. axes must be at some angle to the fixed polarizer;
otherwise the combination will always remain
neutral and vary only in density as the first po-

larizer is rotated. With the vibration axes at 45°.

_ to the fixed polarizer axis, the change in density
is 2 minimum as the first polarizer is rotated thus

giving practically pure change of saturation with -

no change of hue or density. For color printing
it fs desirable to have a minimum change in den-
sity so as to have the least effect on exposure time
required,

Thus, both preferred embodiments of the in-

vention ‘employ control filters which the satura-
tion can be varied all the way from a maximum
down to zero. In one embodiment it may be
_varied right through zero and to a maximum
of the complementary hue which, of course, has
#ts advantages. in color printing processes in
which the color balance may be off either way.
The density of a vectodye filter is usually less
than the combination of a birefringent layer and
fixed polarizer so that this embodiment has cer-
tain advantages. On the other hand, the hi-
refringent type can give complementary hues
and that form of Birefringent type having the
vibration axes at 45° to the fixed polarizer axes
the density as well as the hue remains practi-
cally constant as the first polarizer is rotated.

In practice the polarizer and the variable sat-
uration filter are rotated relative to one another
to give the saturation which corrects the color
picture relative to the photosensitive surface on
‘which & print is heing made. Of course, addi-
tional color filters may be included in the optical
system but the saturation of these filters is, of
course, independent of orientation of any polariz-
ing filter and for theoretical purposes such ad-
ditional fixed color fllters may be considered as
contributing to the balance of the color sensi-
tivity of the sensitive layer upon which the re-,
-~ production is being made,

In our above mentioned copending application,
& vectograph mask is combined with a multicol-
ored original so that the degree of masking may .
be varied by adjusting the orientation of the
printing light. ' That invention may be readily
combined with the present invention by first ad-
Justing the polarizing fiiter relative to the vecto-.
. graph mask to give

quired and then adj the variable satura-

e degree of masking re- -
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tion color filter relative to the pola,rizmg filter

to give the saturation required to correct the

color balance of the combination of the original

and its mask relative to the sensitivity of the pho-
5 tosensitive surface upon which a pring is being
made. In this combination of the two inventions,
the polarizer should be between the mask and
the variable saturation color fiiter. That is, if
the polarizing filter is-between the source and
the masked original, the color filter should be
between the source and the polarizing filter; if
the polarizing filter is between the masked origi-
nal and the sensitive layer, the color filter should
be between the polarizing filter and the sensitive
layer.
- The invention and its advantages will be fully
understood from the following description when
read in connection with the accompanymtf draw-
ing in which:
29  Figs. 1 and 1A fllustrate one form of the prior

art. :

- . Fig. 2 illustrates a -preferred embodimeny of

the invention.

Figs. 3 and 4 show two forms of variable sat-

uration color filters.
- Fig. b illustrates a combinatlon of the pres-
- ent invention and that of our copending appli-
cation, Serial No. 446,445, filed concurrently here-
with.

In Fig. 1 light from a source iD passes bhrouﬂh
a.multicolored transparency 1 toc print there-
‘from by projection by a lens 12 onto a photo-
- sensitive surface 13 which may be developed to
& natural color reproduction of the transparency
{i. The transparency i1 may be either a nega-
tive or a positive and similarly the photosensi-
tive layer 3 may be processed either directly or
by reversal. If the color balance of the trans-

- parency 11 or the balance of the sensitivity of
40 the material 13 is incorrect, one with respect to
the other, this may be corrected by inserting a
color filter 14 having the correct hue and sat-
uration. In practice it is desirable to make this’
correction very accurately, and hence, as illus- -
trated by Fig. 1A, the filter 14 is usually selected
from g 'large number of slightly different color
filters. Even with as large a number of filters
as is practical, the exact degree of correction
required may fall between two of the filters or

50 combinations of filters. This is overcome by the.

present invention which glves a continuous varia-
tion in saturation.

In the embodiment of-the present invention
shown in Fig. 2, the printing light. passes through

55 & polarizing filter 21 and a- constant hue varia-
ble color saturation color filter 20, which filters
are rotatable relative to one another. The fil-
ters are shown immediately adjacent to the lens
12, but either may be anywhere, in the optical
system between thie source 10 and the photo-
sensitive surface 13.. If no color balance correc-
tion is required, the filters are rotated relative

~to one another to give a neutral hue. Adjust-

‘ments from this setting may be made to any de-

sired- saturation, up to the maximum available,

by rotating either filter.

One form of varisble saturation ﬁlter is illus- |
trated in Fig. 3 and consists of a second polariz-
ing filter 23 and a birefringent layer 22 between

70 this second polarizer 23 and first polarizer 2i.

In the arrangement shown, the color filter fol-

lows the polarizing filter 2¢, but if it were placed
- .optically ahead the polarizer 21, it should be

turned around so that the birefringent layer:22 .
78 follows the polarizer 23 and therefore comes be-
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- go too blue,
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tween the two polarizers.  Of courss, if the po-
lerizing azis of the polarizer 23 were parallel o
either of the birefringent axes, the birefringent
material would have no ~fiect and rotation of
the polarizer 2 would only vary the densiby.

Therefore, the polarizing axis of the polarizer 23

must not be parallel to either birefringent axis.
Of course, either polarizer may be considered as
forming part of the color flter, but for com-
venlence we refer to the second polarizer 23 as
being part of the color filier and we describe
it with respect to the condition in which its vi-
kration axis is fixed relative to those of the bi-
refringent layer. Although, this fixed polarizing
axis may heve any oriendation not parailel io
either birvefringent axis, it is preferable {o orient
it at 45° to either, i. e. halfway between both
birefringent axes. This preferred embodiment
provides & minimum change In density as the
first polarizer 20 is rotated to change the color
saturaiion.

In Fig. 4, the voriable saturation filter com-
sisis of o vectodye fllter having the color abe

sorbing molecules orlented to operate practically

entirely only on light polarized In one azimuth ¢

and not on light polarized at righté angles thereto.
Therefore, rotation of the polarizer 20, or at
least relative rotation of this polarizer 2! and
the coler flter 24 glves 2 variation from neutral

up to s meximum satursbion of the hue of the g
Such & color filter does not In general .
have eg high » density 28 the combinziion po--

Alter.

lanzer and  birefringent material fllustrated in
© Fig. 3 but the latier permits variation from ore
hue through neuiral m & meximum of the com-
plementary hue.

In Fig. 5 the original {{ Is masked by a vecto-
graph mask 82 in accordance with the invention
of our copending application mentioned repsat-
edly above. In this fgure o polarizer 31 is ro-
tated relative to the vectograph 82 to give the de-
gree of measking required. A variable saturation
color filter 80 is adjusted relative to the polarizer
3! to give the color balance control required, and
hence, the polarizer 81 acts o give both controls,
i. e. the conirol of measking and the conirol of
color balance,

Bivefringent materials which appear colored
when placed between two polarizers and operate
as described above are well known, for example,
the transparent wrapping material now market-
ed under the name “Cellophane.”

In practice, each color process is generally sus-
ceptible to only one form of incorrect color bal-
ance; for example, it may have & tendency to
This may be corrected by a variable
saturation yellow filter. . Evenr .a process which
may go either too blue to too yellow may be
corrected by & single filter of the type discussed
- above to give complementary hues. In & few
cases, however, it may be desirable to have two
or more variable saturation filters to be used al-
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ternatively (er in geries, one kdaing balancad o
neyired if the correction can be obtained entively
by the other). Two such flters, one to balanecs
green against magents snd the othezv to balande
bive against yellow or red are sufficient used al-
ternatively for practicaelly all printing m@cessesé
Any system using two such filters In serigs m
talke into account thelr mutusl eficct or else me
two systems must be independent eech with ils.
own polarizer and sepeiated from each obher by
2 depolarizer, ‘ :
In this specificalion the ferms “Hue, Saturé.
tion and Brightness’” are employed in the 2ctepi-
ed and approved manner for describing the thres
agtributes of color. Zerc stauvation refers to

- peutral gray or white,
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Having thus described fhe mef@rred embodl-
ments of our invention and the preferred manner .
of combining it with our copending application,
we wish to point oub thet the invention is not go .
limited but is of the scope of the appended claims, -

What we claim and desire o secure of Letiers -
Patent of the United States ls: '

i. The method of reproducing & muliicolored
origingl masked by & vectograph mask contain-
ing a color. correction image of and for the briginal

which comprises printing from the combination.

- onts & photosensitive surfece through a polariz-
Cing filter orlented relaiive o the mask to give

color corvecting contresi to the mask and
through & .defintiely . coloped color filter whose
color saturation varies with the orlentation of po-

" arization of the Hght by which i is viewed and
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whose hue is constant at least over & range of

. said orientetions; seid color filter belng adjusted

relative fo the polarizing filler to correct the
color balance of said combination relative io the
photosensitive surface. .

2. The method of reproducing & multi-colored
transparency which comprises printing 2 vecto-
graph mask from the transparency by light whoge
color is that required to give & color corrsciing
mesk, holding sald mask in masking register
with the iransparency, orienting & polarizing fil-
ter in opfical alignment with the combination
of transparency snd meask to adjust the contrast.
of the mask to that required for color correg-

- tion, orienting aiso in said opiical alignment and
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6.

relative to the polarizing filter a definitely col-
ored color filler whose. color saturation varies
with the orientation ‘'of polarization of the light
by which 1§ is viewed and whose hue is constant
at least over & range of said orientstions, the
latter orienting being to the saturation required
to correct the color balance of said combination
relative to a given color sensitive layer and the
polarizing filter being optically between the mask

-and the color filter, and printing onto said color

sensitive layer from said combination through-

" seid adjusted fiiters. -
o WESLEY T, HANSON Jr.

‘RALPH M. EVANS,



