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This invention relates to colour filter devices. It has
particular relation to means for accurately adjusting the
colour quality of a light source used in the production of
colour prints and will be described with primary ref-
erence thereto.

When making colour prints or duplicates from colour
transparencies or negatives, it is necessary to control the
colour balance of the reproduction to obtain a satis-
factory result. Colour balance has to be controlled
to compensate for differences in printing materials and
in printing light sources.

Colour processes now commonly use multilayer photo-
graphic material which includes three superimposed
emulsion layers arranged to record blue, green and red
light respectively. The colour balance of a print is usual-
ly controlled by using a printing light comprising suitable
ratios of blue, green and red light.

It is common practice to use a light source, such as
a tungsten filament lamp, which emits blue, green and
red light, and to control the ratio of the three colours
by interposing colour filters in the light beam. For ex-
ample, a pale magenta (minus green) filter would be
used to reduce the amount of green light reaching the
printing material.

Since the human eye is highly sensitive to small djf-
ferences in colour, the colour balance of the colour print
must be very closely controlled. This means that the
ratio of blue, green and red light which forms the print-
ing light source must be very precisely adjusted. Nor-
mally this requires that colour filters of suitable densities
must be chosen from a large range of filters in which
colour density increases by suitably small steps. A typi-
cal set of colour correction filters may comprise vellow,
magenta and cyan filters of densities ranging from
.03-1.0 (as measured with light of complementary col-
our) in increments not greater than 0.05, It is, however,
a matter of substantial commercial difficulty to manu-
facture colour filters with sufficiently accurate reproduc-
ibility for colour printing purposes.

Where a commercial printing house employs a num-
ber of colour printers or enlargers, it also becomes diffi-
cult, if not impossible, to obtain a perfect match for col-
our balance on all the machines without stocking a large
number of separate filters and devoting much time to
the selection of an optimum combination.

It is an object of the present invention to provide ap-
paratus which includes a source of “white” light (i.e.
containing blue, green and red radiation) in combination
with means for modulating the light to control the ratio
of one, or when necessary, two of the colours in rela-
tion to the third.

The present invention makes use of a gaseous discharge
lamp (or its optical equivalent as hereinafter set forth)
as the source of printing light. An electric lamp of this
type, when energised by alternating current, rises to
maximum brightness and fades to substantial extinction
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of each half-cycle the lamp is substantially extinguished,
it will be appreciated that the lamp in fact emits discrete
“flashes” of light at a frequency double that of the alter-
nating current supply. However, “flashes” are not sharp-
ly divided and the general effects is that the brightness
increases substantially from zero to its maximum value
at about the middle of the half-cycle and then fades away
towards the end of the half-cycle. The present inven-
tion makes use of this rise and fall in brightness to pro-
vide an improved form of closely controllable filter sys-
tem.

Instead of a gaseous discharge lamp there may be
employed a continuous emission source of light in asso-
ciation with a graduated density filter which moves in
the path of the lamp so that the beam transmitted from
the filter cycles through an increase to maximum bright-
ness and a fall to minimum brightness (e.g. zero bright-
ness) at a high cycle frequency. It will be appreciated
that this is the optical equivalent to a gaseous discharge
lamp.

According to the present invention apparatus for con-
trolling the colour of a beam of light emitted by a source
which increases to maximum brightness and then falls
to minimum brightness at a high cycle frequency com-
prises a colour filter element, means for intermittently
introducing said element into the beam of light at a fre-
quency which is related to the cycle frequency of the
source by an integral factor, and means for adjusting
the relative phase relationship between the said source
and the said filter element.

According to a particularly valuable aspect of the pres-
ent invention photographic printing apparatus includes a
source of printing light which is a gaseous discharge
lamp, or its optical equivalent as just set forth, means
for passing across a beam of light from said source, to
be used for printing, a filter element made up of un-
coloured areas and coloured areas, at a frequency which
is related to the cycle frequency of the source by an
integral factor, and means for adjusting the relative phase
relationship between the source and the filter.

By alteration of the relative phase relationship just
referred to, the position of the filter and therefore the
relative areas of uncoloured and coloured portions there-
of lying in the path of the beam at the instant of max-
imum brightness, will be varied, and accordingly the
integrated colour saturation of the light transmitted by
the filter system will be varied.

In the preferred form of the invention the filter is
mounted in, or consists of, a disc carried on a shaft par-
allel with the axis of the beam of printing light so that
as the disc rotates the filter is caused to pass across
the said beam. For convenience in explaining the inven-
tion the disc will be presumed to consist of four 90°
segments, two of them transparent and clear and the
other two coloured, e.g. magenta, the clear and coloured
segments alternating. This is in fact a system of prac-
tical value. By driving the disc by means of a syn-
chronous motor it may be readily arranged (the alter-
nating current - supplying both the motor on the one
hand and the discharge lamp or a controlling filter for
a continuous emission lamp on the other hand) that the
movement of the disc is synchronised with the “Aashes” of
the light scurce.

It will be appreciated that in a system as just described,
since the same portions of clear and coloured filter will
always be present during the period of flashing of the
light source, the colour saturation of the beam trans-
mitted by the filter will be constant. )

However, when the phase relationship between light
source and disc is altered, different relative areas of
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clear and coloured filter will be present during the period
of flashing of the light source, so that the colour satura-
tion of the beam transmitted by the filter system will be
constant but different from that in the former case. This
will be appreciated from the fact that-in the extreme po-
sitions it can be -arranged that at the peak transmission
brightness either a wholly coloured portion of the filter
will be in the beam or a wholly uncoloured portion of
the filter will be in the beam.

In the case where the disc has two clear sectors and
two coloured sectors of 90° each, the disc may bz 10-
tated by a synchronous motor at 3000 r.p.m. from a
50 cycles per second mains supply. The phase relation-
ship between the light output from the source and
the sectors of the filter disc can be changed by rotating
the body of the synchronous motor around its axis. By
this means it is possible to adjust the relationship of
the sectors of the disc and the alternating output of light
from the source so that most of the light emitted during
any one cycle will pass either through the coloured sec-
tors or the clear sectors of the disc.

The angular disvosition of the body of the synchro-
nous motor and with it the filter disc attached to its shaft,
can be smoothly controlled to provide an infinitely var-
iable adjustment of the effective colour density of the
disc.

The range of effective demsity over which adjustment
can be made is from nearly zero to about 80% of the
full density of the coloured sectors in use. The angular
displacement of the motor involved in providing this
range of adjustment is 90° in the case of a disc rotating
at 3000 r.p.m.

By employing a filter disc made up of eight alternat-
ing coloured and uncoloured sectors of 45° each, and a
rate of rotation of 1500 r.p.m. a similar result can be
obtained, but in this case the angular displacement neces-
sary to provide the full range of adjustment is reduced
to 45°. It will thus be appreciated that the system
may be varied in relation to the number and angle of
the sectors and the rate of rotation of the disc.

In an alternative form of the invention the phase varia-
tion may be effected by control over the peak output tim-
ing of the source, the angular relationship of the disc
remaining unchanged.

In practice it is often necessary to use two differently
coloured correction filters, and in such cases two filter
discs of the type described will permit smooth and inde-
pendent adjustment of any two filter colours. |

The ratio of blue, green and red light may be con-
trolled automatically by using monitoring photo-cells,
each controlling one colour, and arranged to contro] (via
servo-motors) the angular position of the rotating discs,
thus maintaining the ratio of blue, green and red light at
a pre-determined value.

In an alternative form of the invention there are used,
instead of discs as aforesaid, reciprocating filters which
are inserted into and withdrawn from the light beam at
a frequency which is related to the frequency of the
source by an integral factor, and means are provided
for adjusting the ratio of time that the filter is in the
beam to the time it is out of the beam.

While the invention is of particular value in the pro-
duction of colour prints, it may also be employed for
photographic printing using printing material which de-
velops to black/white images but which is varied in con-
trast according to the colour of the printing light, such
materials being known per se.

An embodiment of the present invention providng two
filter discs is diagrammatically illustrated in the accom-
panying drawings in which—

Figure 1 shows the apparatus in elevation.

Figure 2 shows the-lay-out-of discs and lamp viewed
along the axis of the system.

‘Figure 3 is-an: elevational -view: of ‘one: of the-motors,
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showing the supporting and adjusting means for the
motors.

Figure 4 is a planned view of the adjusting means.

Figure 5 is a diagrammatic view of the wiring arrange-
ment between the motors and the lamp.

Referring to these drawings, the apparatus comprises
a gaseous discharge lamp 1 in a box type housing 2 pro-
vided with a window 3. The beam of light from the
lamp is passed through condenser lenses 4 and the frans-
parency 5 which is to be copied. An image of the
transparency 5, thus illuminated, is thrown, by objective
lens 6, on to print material 7. The path of the rays is
shown in conventional manner.

Located between the lamp assembly 1, 2, 3 and the
condenser lens unit 4 are two discs 8 and 9. Each of
these is made up of four sectors, two of which are
coloured (in disc 8 sectors 10 and 11 and in disc 9
sectors 12 and 13), and the other two of which are un-
coloured. The colour -of the filter sectors 10, 11 differs
from that of filter sectors 12, 13. The discs 8 and 9
are each mounted centrally on the axis of a synchronous
motor, 14, 15.

Bach of the synchronous motors 14 and 15 is mounted
for bodily adjustment about its axis. Figs. 3 and 4
show certain details of the motor supporting means, the
motor body 14 being rotatably mounted and supported
by the supporting means 16 and .the motor body having
a worm wheel 17 fixedly circumposed thereon by a suit-
able clamping means 18. A worm gear 19 is fixed on a
rotatable rod 20 and is in meshing engagement with the
worm wheel. The rod 20 is rotated by means of the
knob 2% and is suitably supported by bearings 22.

As will be seen from Figure 2 there are occasions,
during rotation of the discs, when uncoloured sectors
on the discs will coincide in front of the lamp (this is
the situation as illustrated), and occasions in which
coloured sectors will coincide in front of the lamp. Im
use the synchronisation of the filter positions with the
lamp cycle is arranged as already explained. The pre-
cise effect of each filter disc may be adjusted by rotat-
ing the housing of the synchronous motor which drives it.

What we claim is:

Apparatus suitable for photographic printing which
comprises a source of light consisting of a gaseous dis-
charge tube, a filter device located in the path of a beam
of the said light, said filter. element consisting of a disc
having alternate coloured sectors and uncoloured sectors,
a synchronous motor powered by the same aiternating
current supply as is used to power the gaseous discharge
tube and connected to rotate the said disc at a frequency
which is related to the cycle frequency of the gaseous
discharge tube by an integral factor, support means for
said motor and means for adjusting the position of the
body of the synchronous motor round its axis in order
to change the relative phase relationship between the
cycle frequency of said source and the cycle frequency
of the rotating filter device.
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