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This invention relates to systems in which a cathode
ray tube is used to modify the tone contrast of a colour
reproduction being made by photographic means. - Al-
though the invention will be described with particular
reference to the contact printing of positive colour trans-
parencies on to reversal colour film, it will be appreciated
that the principles described are equally applicable to
negative-positive processes and to projection printing sys-
tems which may provide magnification, reduction, or unii-

‘magnification printing from a colour record.

-1t is often desirable to print a colour record, herein-
after called the “original,” on to colour film to produce
after suitable processing copies of the original, which may
be positive or negative, which will be referred to herein-
after simply as “copies.” It is well known that in any
such process the colouring of the copy tends to be a de-
graded representation of-that of the original. This degra-
dation of colouring is commonly reduced by adjusting the
manufacture and processing of the colour film to provide
a high contrast, i.e. a characteristic curve of steep gradi-
ent. Because a high contrast is used, a reproduction of a
scale of grey tones necessarily shows an exaggerated dif-
ference between successive shades of grey. Thus if mid-
dle tones (corresponding to flesh tones, for example),
are reproduced accurately, dark tones such as deep
shadows become darker and light tones such as near-
whites and pale skies become lighter. This effect can
be disagreeable and in the production of copies from
an original positive transparency, an appreciable depar-
ture from the desired gradation may occur either in the
shadows or in the highlights or in both. )

This objectionable feature can be reduced or eliminated
by printing from the original in such a way as to reduce its
apparent contrast without inany way modifying its colour-
ing,

Known means for doing this include preparing from
the original a grey megative record of the original on
panchromatic film. After developing, fixing and drying,
this grey negative record is placed in register with the
original and light passing through the combination is used
tc expose the colour film on which the copies are to be
printed. This method is expensive and cumbersome in
practice and the copies may be marred by scratches and
dirt on the grey negative record. These defects are, of
course, reproduced in the copy with enhanced contrast.

The need for a separate grey negative record to provide
contrast reduction or “masking” may be eliminated’ by
using a known technique of electronic masking. This
electronic system of contrast reduction involves the ap-
plication of negative feedback to a flying spot scanner as
described by R. Theile and H. McGhee, Journal of the
British Institution of Radio Engineers, June 1952, pages
325-329. As applied to the printing of colour copies, the
arrangement used is shown diagrammatically and in part
by Figure 1 of the accompanying drawings. Here de-
flection circuits 16 cause the electron beam of a cathode
ray tube 1 to trace on the phosphor screen 2 a rectangular

-television-type raster or any other convenicnt known type
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of scanning pattern. An image of this scanning pattern
is projected by a lens 10 on to the original 6 which is
here shown in contact with the colour film 7 which is the
copy material on to which the copy is to be p-inted. Be-
bind the colour film is a photoelectric cell 13 which
receives light transmitted by the original 6 and copy mate-
rial 7 and provides an electrical current which is a
measure of the transmittance of the original 6. This cur-
rent is applied to an amplifier 17 the output of which is
applied to the control grid or cathode of the cathode ray
tube in a sense which reduces the brightness of the display
at those points projected on to parts of the original having
a high transmittance. As a result the display on the
cathode ray tube screen takes the form of a negative
image of the original, the contrast of this image being
a function of the amplifier gain. The foregoing system is
hereinafter referred to as “an electronic contrast-masking
system of the type defined.” .

It will be appreciated that if, as will usually be the case,
the original is being copied on to an integral tripack type
of colour film, the light emitted by the cathode ray tube
must contain substantial amounts of energy in the three
bands corresponding to the wavelength bands to which
the three emulsions of the colour film respond. Usually
these three bands are in the red, green and blue parts of
the spectrum. The relative energies required in the
three bands must be balanced so that an original which
represents a record of a neutral grey scale will produce
a duplicate in which the steps of the scale are also grey.

“To obtain satisfactory spectral emission from the cathode

ray tube it may be necessary to use a screen compounded
of a mixture of two or three phosphors. Alternatively or
additionally it may be necessary to interpose between
the cathode ray tube and the colour film a colour modify-
ing filter or filters. For example, it is well known that
to minimise the colour degradations due to overlapping
of dye absorption bands in the original and overlapping
of emulsion response bands in the colour film, printing is
best performed by a light source providing energy at only
three discrete wavelengths, these wavelengths coinciding
approximately with the peaks of the dye absorption

curves. An approximation to such a spectrum may be

produced by a cathode ray tube in which the screen com-
prises a mixture of red, green and blue phosphors each
emitting over a relatively narrow band of wavelengths.
In practice, however, a better result may be obtained by
using a highly efficient phosphor in conjunction with selec-
tive filters. Despite the use of such combinations of phos-
phors and filters, the light used for exposing the colour
film must still be balanced as described above, i.e. sub-
stantial proportions of its emergy are contained in each
ol three bands of the spectrum designated red, green and
blue. The term “balanced light” as hereinafter used will
be understood to be defined in this way. .

It is well known that in an integral tripack colour
film the subtractive dyes used to form the colour image
often approximate only indifferently to the ideal dyes
which are required. In particular, the magenta and cyan
dyes, which should transmit biue freely, often have
substantial absorptions in the blue region. As a result
of these deficiencies, subtractive colour films commonly
reproduce saturated blues at an unduly low brightness.
When a copy is made from the original a further loss
in brightness of blues is apt to be experienced. Depend-
ing on the dyes used by the colour process in question,
any particular colour or pair of colours (red, green or
blue) may suffer loss of brightness in this way., . . .

It is an object of the present invention to provide a
method and apparatus for counteracting the loss of bright-
ness in certain colours arising in the copying of subtrac-
tive colour films. According to the present invention,-in
the production of colour copies by means of an electronic
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contrast ‘masking system -of -the type defined, the print-

ing- of -the- duplicate -is-effected ‘by -substantially balanced
light as hereinbefore defined.and the photocell is selected,
or its response modified by the interposition of colour
#ilters, to-produce a substantial response-only to ‘part of
that 'portion ‘of the ‘spectrum -of ‘the printing -light to
swhic¢h -the -emulsion or emulsions of the copy - -material
‘respond dn a-particular form of the invention the photo-
scell ‘is ‘insensitive ‘to, ‘or made not ‘to receive, the red
‘emission-of-the printing light.

The invention may be further defined as a process: for
“the production-of ‘colour copies which comprises causing
‘the-electron beam of a-cathode ray tube to trace a scan-
=1iing;pattern- on the-phosphor-screen of such tube, project-
ing -an- 1mage of this ‘scanning -pattern on to -a colour
<record, -using-this ‘light to-print on to a photographic copy
-material, -collecting light from -said copy ‘material -on a
~photo—e1ectrlc cell, feeding the response of said cell to
«the control system -of the cathode-ray tube to reduce the
“brightness -of ‘the display on the screen at those parts
<corresponding to-those parts of ‘the colour record having
a relatively low optical density whereby the dlsplay on
<the-cathode ray tube takes the form of a-negative image
-of -the -colour record, the “light emitted by the screen
-containing substantial proportions -of its energy in those
-parts ‘of the spectrum required-for printing, and providing
-that "the light-to which -the -photoelectric cell is caused
‘to-respond is:in respect of part only of that portion of
-the -spectrum -of ‘the light used for printing to which
~the photographic -copy ‘material is responsive.

‘The invention will be further explained with reference
‘to 'the remaining figures of the accompanying drawings
-in ‘which:

“Figure 2 is-a-diagrammatic representation of the.optical
-system seen in“front elevation.

Figure 3-is'a diagrammatic representation of the optical
-system seen in‘side elevation.

Figure 4 is a curve indicating the quality of light emit-
-ted by the cathode ray tube.

“Figure 5 .illustrates the characteristic of the type of
-contrast mask ideally required.

‘Figure 6 illustrates the type of contrast masking char-
acteristics readily provided in practice.

“In Figures 2 and 3 there is shown a cathode ray tube'l
‘the ‘internal face of which carries a phosphor screen 2
comprising a .mixture of a small proportion of zinc sul-
phide emitting green.light under electron excitation and
-greater proportions of silver-activated zinc sulphide emit-
‘ting desaturated blue-green light and cadmium phosphate
emitting red hght On removal of electron excitation
‘the hght emission from either zinc sulphide phosphor
fdlls in .about 10 microseconds to 1/e of its emission
under .excitation. The corresponding “afterglow” time
for the cadmium phosphate component is about 10 milli-
.seconds. “These three phosphor components combine to
.emit, when continuously excited, light of a quality indi-
cated by the plot against wavelength of energy per umit
‘wavelength band, as shown in Figure 4. The spectral
energy distribution of this light is not satisfactory for the
_printing. of copies and accordingly colour selective filters
“3,4,5 are mterposed in the optical path in a plane which
"is not imaged-in the plane of the original 6, or the colour
“film 7 on to which the original is to be prmted Prefer-
“ably the filters 3, 4.and 5 are arranged, as shown, close
1o ‘the .lens mount '8 which houses the projection lens
system'9. 10. They serve to balance the spectral energy
distribution of the“light used for printing the copy.

Light passing through both the original 6 and the colour

“film 7 enters an -integrating light-guide 11, and 'is so’

‘conveyed to the photocathode 12, of an end-window mul-
tiplier_photocéll 13. “Between the colour film' 7 and the
_photocathode 12 is a further colour-selective filter or
“filters 14 and 15. 'If the photocell 13 shows substantial
tesponse to-the réd light emission of the cadmium.phos-
phatc component in the phosphor of the cathode ray. tube
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1, one of these filters should be of a red-absorbing nature.
In -this-way ‘it -is-provided -that -the -photocell -cannot-re-
spond to saturated reds in the original and these are ac-
cordingly printed in the same way as blacks, ie. they
receive maximum light from the cathode ray tube and
are accordingly relatively-brighter.

The-second-of-these two filters may-be a blue-absorbing
filter which;renders- the-photocell -insensitiverto saturated
blues in the original. Thus, while both filters are used
‘the ~contrast -mask :is -defived :entirely from -the .green
transmission- of ‘the-original. “As' a-tesult, the ‘brightness
of saturated .greens ‘s Testricted .by -the .contrast mask,
but that of saturated blues and reds is not.

These filters :are equivalent to -a -green-transmitting
filter, but it is convenient to keep the two components
separate, so that :the -absorptions-.can be separately ad-
justed to give maximum transmission in the green.

The effective mask density, plotted against density of

‘the -original, -should “have -a -characteristic of -the form

-shown-in Figure'S. -(The derivation of this curve-is de-
scribed-in “The Reproduction of Colour,” R. W."G. Hunt,
-pages 70-74, Fountain Press, 1957.) ‘Using a ‘linear

feedback amplifier and assuming a cathode ray tube with

‘Jinear modulation characteristic, the system ‘of electronic
‘masking described -above provides an equivalent maskmg
characteristic as shown in ‘Figure 6. A better approxx-
mation to ‘the required characteristic is -obtained in the
foregoing embodiment ‘of the invention by using a diode
to-limit the amplitude of the feedback signal so that the

‘brightness of the raster is the same at all points corre-

sponding to parts of the original having green-light densi-
ties less'than about 0.7 density unit.
It ‘will ‘be understood that the foregoing -example of

“the ‘invention, in-which the :photocell 'is made .not to

receive, or to receive a reduced amount of, the red.and

-blue regions :of the spectrum, -is purely illustrative and

essentially of value for the colour film materials which
are currently available on the market. ‘Changes.in the
absorption characteristics of the dyes in the colour film
would necesistate variations in the selection of the re-
sponse to be derived from the photocell.

“What I claim’is:

'1. A process for the production of colour copies which
comprises causing the -electron .beam of a cathode.ray
‘tube to trace a scanning pattern on the phosphor .screen
of such tube, projecting an image of this.scanning_pattern
on to a colour record, using.this light to print.on fo.a
‘photographic copy ‘material, collecting light from _said

_copy. material on a photoélectric cell, feeding the response

of said cell to the control .system of the-cathode.ray
‘tube to reduce the brightness of the display on.the screen
at those parts corresponding to those parts of the colour
record having a relatively low .optical density wheréby
the display on the .cathode ray tube takes the form .of
a negative image of the colour record, the light emitted

by ‘the screen contdining substantial proportions .of .its
.energy in-those parts of the spectrum required:for printing,

and providing .that the light to which the photoelectric
cell is caused to respond .is in respect of .part only .of

.that portion of the spectrum.of the light used for printing

to which the photographic copy material .is .responsive.

.2. A process.for the production of colour copies which
comprises causing the electron beam of .a cathode ray
tiibe to trace a scanning pattern on the :phosphor .screen
-of such tube, projecting an.image of this scanning pattern
on to.a colour record, using.this light to print.on to.a

_photographic .copy -material, .collecting light .from said

copy material on a photoelectric cell, feeding the. response
of said.cell to the control system -of the cathode :ray

_tube_to reduce the brightness. of the display.on the:screen
_at those parts corresponding to those parts of.the.colour

record ‘having .a relativeély low .optical density -whereby
the display on the.cathode ray tube:takes.the form .of
‘a negative image of the:colour record, the light emitted
by “the .screen .containing .substantial proportions..of :ts

.
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energy in those parts of the spectrum required for printing,
and providing that the photoelectric cell is responsive
to part only of that portion of the spectrum of the light
used for printing to which the photographic copy material
is responsive.

3. A process for the production of colour copies which
comprises causing the electron beam of a cathode ray
tube to trace a scanning pattern on the phosphor screen
of such tube, projecting an image of this scanning pattern
on to a colour record, using this light to print on to a
photographic copy material, collecting light from said
copy material on a photoelectric cell, feeding the response
of said cell to the control system of the cathode ray
tube to reduce the brightness of the display on the scren
at those parts corresponding to those parts of the colour
record having a relatively low optical density whereby
the display on the cathode ray tube takes the form of a
negative image of the colour record, the light emitted
by the screen containing substantial proportions of its
energy in those parts of the spectrum required for printing,
and providing that the light accepted by the photoelectric
cell is received via a colour filter absorbing part of the
portion of the spectrum of the light used for printing
to which the photographic copy material is responsive.

4. A process for the production of colour copies which
comprises causing the electron beam of a cathode ray
tube to trace a scanning pattern on the phosphor screen
of such tube, projecting an image of this scanning pattern
on to a colour record, using this light to print on to a
photographic copy material, collecting light from said
copy materital on a photoelectric cell, feeding the response
of said cell to the control system of the cathode ray tube
to reduce the brightness of the display on the screen at
those parts corresponding to those parts of the colour
record having a relatively low optical density whereby
the display on the cathode ray tube takes the form of a
negative image of the colour record, the light emitted
by the screen containing substantial proportions of its
energy in those parts of the spectrum required for
printing, and providing that the photoelectric cell is
insensitive to red light, that being light to which the
photographic copy material is sensitive.
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5. A process for the production of colour copies
which comprises causing the electron beam of a cathode
ray tube to trace a scanning pattern on the phosphor
screen of such tube, projecting an image of this scanning
pattern on to a colour record, using this light fo print
on to a photographic copy material, collecting light from
said copy materidl on a photoelectric cell, feeding the
response of said cell to the control system of the cathode
ray tube to reduce the brightness of the display on the
screen at those parts corresponding to those parts of the
colour record having a relatively low optical density
whereby the display on the cathode ray tube takes the
form of a negative image of the colour record, the light
emitted by the screen containing substantial proportions
of its energy in those parts of the spectrum required
for printing, and providing that the light accepted by
the photoelectric cell is received via a colour filter
absorbing red light, that being light to which the photo-
graphic copy material is sensitive.

6. A process for the production of colour copies which
comprises causing the electron beam of a cathode ray
tube to trace a scanning pattern on the phosphor screen
of such tube, projecting an image of this scanning pattern
on to a colour record, using this light to print on to a
photographic copy material, collecting light from said
copy material on a photoelectric cell, feeding the response
of said cell to the control system of the cathode ray
tube to reduce the brightness of the display on the screen
at those parts corresponding to those parts of the colour
record having a relatively low optical density whereby the
display on the cathode ray tube takes the form of a nega-~
tive image of the colour record, the light emitted by
the screen containing substantial proportions of its energy
in those parts of the spectrnm required for printing,
and providing that the light accepted by the photoelectric
cell is received via filters absorbing red and blue lights,
these being lights to which the photographic copy material
is sensitive.

No references cited.



