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We, Kopax Lmmtep, a  Company
registered under the  Laws of Great

Britain, of Xodak House,  Kingsway,
London, W.C.2, (Assignees of ForDycn
Torrie, Citizen of the United States of
America, of 343, Staie Street, Rochester,
New York, United States of America),
do hereby declare the nature of this inven-
tion and in what manner the same is to
be performed, to he particularly described
and ascertained in and by the following
statement «— )

This invention relates to a method of
and apparatus for printing from an
““ original 7’ lenticulated photographic
film, that is to say a film having a pic-
ture recorded thereor by colour com-
ponent images, on to another lenticular
film or ‘‘ copy.”

In the printing of colour pictures on

lenticular film it has hitherto been proved
difficult to obtain prints of satisfactory
definition and good colour rendition due,
primarily, to colour wedging and faulty
colour separation. The object of the pre-
sent invention is to provide an improved
method and apparatuz whercby printing
can be effected at a one to one ratio or
to produce a copy on a larger or smaller
scale than that of the original without
degradation of the colour values due to
colour splashing and flare which may tend
to occur. '

To this end according to the present
invention the colour component images on
the original film are separately and
successively illuminated and projected on
to the copy so as to be separately and
successively recorded in positions thereon
corresponding  respectively to  those
occupied by the colour component images
on the original film.

In this way instead of printing all the
colour separution or component images
simultaneously they are printed separately
and successively so that only that part of

_ the light desired for printing one colour

50

component is permitted to pass to the
sensitive film or copy at a time, and the
tendency for fogging and therefore
degradation of the colour values in the
copy are reduced. - :

After the colour component images have

[Price 1]-]

been- recorded on the original film, say,
through three colour filters and the
original film developed, the lenticulated
side of the original film may be illu-
minated successively from different direc-
tions corresponding respectively to the
dirvections of the rays from the colour
filters incident on the original film when
exposed so that the colour component
images on the original film ave separately
and successively illuminated, the light

-projected from the illuminated ecolour

images of different colour value on to the
copy being so restricted that the rays will
be 1ncident on the copy only in directions
appropriate to subsequent projection of
the copy through colour filters.

In the accompanying drawings—

Figure 1 illustrates diagrammatically
one arrangement of apparatus according
to the invention,

Figure 2 shows in perspective and on
an enlarged scale the shutter diaphragm
employed with the arrangement shown in
Figure 1, - '

Figure 3 illustrates diagrammatically
another form of apparatus for carrying
the invention into praclice and employ-
ing shutter diaphragms similar to that
illustrated in Figure 2, and

Figure 4 shows an alternative form of

shutter diaphragm which may be em-
ployed..
In the construction illustrated in

Figure 1 the original film 10 from which
a print is to be made is furnished with

. transverse cylindrical lenticulations 11 on

one side and a developed image layer 12
comprising a plurality of minute colour
separation or component images. The
sensitive film 13 upon which a copy is to
be made from the original film 10 simi-
larly comprises transverse ecylindrical
lenticulations 14 on one side, but with an
undeveloped sensitised layer 15 on the
opposite side. The two films 10 and 13
are arranged one on each side of a print-

ing objective 16 with the lenticulatioms,

11, 13 facing towards three separate light
sources 17, 18 and 19.

A masking device or shutter diaphragm
20, as clearly shown in Figure 2 and

_hereinafter fully described, is arranged in
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“diagrammatically

,£1ont of the hoht sources 17, 18 and 19
© - whilst & smuiar masking device-

p_us1t10ned within the. plmtmﬂ’ objective
16.
in the - and

comprise two

drawing-
will, -in practice,
ponents each —'havinﬂ" a' pllll‘a].ity '
fenses. : o
. The two masklno dwues 20 and 21 are
coupled together by a shaft 22 so that
when - the llth sources 17, 18 and 19 are

of

successively unmasked by the masking

" device 20 the corresmonding . portions of
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B whilst the masking device

the objective 16 will be unmasked by. the
maskmw device 21. As clearly shown in
Figure 2 the masking device 20 is pro-
vided with three arcuate slots R, G and
21 is simi-
larly furnished xmth three arcuate slots

r, g-and b, the slots in each masking

device bemrr radially and angularly dis-
placed so that when arranged in the
optical system as shown in Figure 1 the
slots R, G and B will respectnely be in
optlcalalwnmen’c with the slots », g and
b. The three slets, which are provided
for printing the wusual three colour
separation or component images in succes-
sion are arranged in an angular space of
180° on each of the maskmq* devices 20
and 21 so that both the masking; devices
can be rotated continuously since  all
three light sources 17, 18 and 19 will
be masked by the m'mkmw device 20 for
the time during which the films 10 and

13 are advanced by any suitable mech-
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. three colour component images say, red,
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- behind such element.

anism, to bring another frame on each of

the films into ’rhe printing position.
Assuming therefore that the original

film 10 has been recorded so as to bea1

green and blue, when the maskmg devices

20 and 21 are rotated to the position

shown in Figure 1 the slots B and » will
permit light to pass from the source 17
through the red colour component image
on the original film 10, through the
objective 16 and slot 7 on to the copy or
sensitive film 13.
dent light will illuminate similar areas,
i.e. images cf the same colour component,
behind all the lenticulations 11 of the
original film 10 a collimating lens &
arrann‘ed between the masmer device 20

and the original film 10 so as to cause
the light rays incident on the film 10 to-

be substantlallv parallel.

This parallel light transmitted from ther

lens 23 will be focussed by each cylin-
drical lens element 11 in a narrow band
Since in Figure
1 the slot R unmasks the light source-17
which is off the optical axis the colour
component image of the original film 1()
which will be 11111mmatef1 will be one of

PARSCE
The objective 16 is shown purely

| poni~

In order that the 1nci-  Teceilve light.-

2318

A gecond ecllimating lens 24
dlrec’ci the light transmltted bv the illus

minated colom component image fowarl!a

'ﬂ}c ou’cel‘ llLaf“eb i.e. the red component
Amage.-
: all‘dnoed behind the mlomal film 10

0

the printing . objective 16 Wblch is now -

unmasked by the slot » in the masking
device 21.
slot » will be 1maﬁu‘ by ach of the eylin-
drical lcntlculatmns 14 in the sensitive
layer 15 of the film 13
component-image in the form of a colour
band occupying one third of the area
behind - each lenticulation 14 will be
recorded in the sensitive layer I5.
this way the red colour component image

" on the original filin 10 13 recorded in fhc
sensitive layer 15 of the film 13 behina - - - -
each lenticulation 14 in a position corre-

sponding to that occupied by the red
colour component
lenticulation 11 of the orlcvmal film 10.
Witk a view to locating the colour com-

pouent image bands on the film 13 so ﬂlat ’

they will occupy the correct positions rela-
tively to the filters used in projecting the
copy a suitable compensating lens 25 is
arranged in front of the film 13.

Aftel printing a colour component
image, which has above been assumed fo
be the red component lying
optical axis, the central colour componen‘f
image, usuallv the green, may be printed
by rotating the masl\mw devices 20 and
91 so that the slot G “Wwill unmask the
light source 18 which lies on the op’tlcal
axis.
21 will simultaneously unmask the cen-

- tral portion of the printing lens 16, The '
-green. or central component image i.e.

so -that -a colour

In

image beliind  each-

The slot g in the masking device

The light passing through the |
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that lying centrally behind each lens ele- .

“ment 11 of the film 10 will now be illu-

minated and the slot g will restrict the
transmission of light from the lens 16 to
an area so positioned velatively to the film
13 that only those parts of the sensitive

1o . -

layer 15 lying immediately - behind the |

of " each lenticulation 14 wili
In this way the green
colour eomponent image of the oncmfﬂ
film 10 will be record led on
in positions corresponding to those of the
green colour component image on the-film
10. The third or blue component image
on the film 10 may then be printed in a
similar manner by turning the masking
devices 20 and 21 so that The slot B un-
masks the light source 19 whereby only
the blue colour component fmage on the
film 10 is illuminated and this eolour

centre

component image recorded, through the

slot &, on the film 13.

-tlie -copy L5
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After printing all three colour com-

ponents on one frame as above described
the masking devices 20, 21 are rotated so

136G
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that all three.light sources 17; 18 and
19 are masked by the unslotted portion of
the masking device 20, The two films
10 and 13 are now advanced for the length
of one frame so as to bring- the mnext
succeeding frame of each film- into the

" printing position as above described.
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Preferably the flm advancing means is_
driven synchronously with the masking -

devices so as to provide a continuously
operating mechanism for printing- frame

by frame. One such arrangement is illus- -

trated in Figure 3 in which the original

film 10 passes from a supply reel 30 over

a guide roller 31, through gate members
32 each furnished with a-window 383, and
over a guide roller 34 on to-a take-up reel

35, The film 13 upon which the print is .

to be made is drawn from a supply reel
36 over a guide roller 37, through gate
members 38 each furnished with a window
39, and over a guide roller 40 to a take-
up reel 41. N o

Each of the

power shaft 42 furnished with a bevel
wheel 43 meshing with a bevel wheel 44
driving a crank 45 which reciprocates a
rod 46 having a pulled-down claw 47
adapted successively to engage the per-
forations in the film. . The shaft 42 is
driven through a belt and pulley 48 from
an electric motor 49. = . o

Bach of the masking devices 20 and 21

is driven by gears 50, 51 and a short ver--

tical shaft £2 driven through gears 53,
54 from the shaft 42.. The two masking
devices 20 and 21 are thus rotated in
synchronism. ] T

Instead of utilising three separate light:

sources as described with  reference to
Figure 1 a single lamp 7 is employed the
light of which is concentrated on a ground
glass '8 by a condenser 9. The ground
glass 8 in this arrangement constitutes a
secondary . source of light ~which = serves

effectively the purpose served by the three

separate sources 17, 18 and 19 included
in Figure 1. -~ - S

When the two filizs 10 and 13 have
been threaded through their respective
gates and attached to the take-up reels
35, 41, the motor 49 is set in operation
and, whilst the two films 10 and 13 are
stationary the light passing through the
ground glass 8 is successively unmasked
by ‘the slots R, G and B of the masking
device 20 whilst at the same time the
light transmitted through the printing
lens 16 is successively restricted by the
slots r, g and b to areas the apparent posi-
tions of “which corresponds respectively to

‘the positions which will be occupied by

the eorresponding colour filters to be em-

films 10 and 13 is advanced
step by step through the corresponding.
gate by feed- mechanism including a -

- central -slot g.
_devices such as that shown in Figure 4

ployed when projecting the copy 13. The
red, green and blue colour component

_images on the frame of the film 10 lying
“opposite the apertures 33 are thus printed

separately and successively on the irame
of thefilm 13 registering with the aper-

ture 39.  As soon as these ihree colour

component images have been printed the

ground glass 8 is masked by the unslotted -

portion of the masking device 20 and the
two films 10 and 18 are simultaneously
moved forward by one frame. 'Fhe
sequence of operations is then repeated
for the next succeeding frame of each
film. T '

Instead of
device such for example as that shown in
Tigure 2 a reciprocating device such, for
example, as that shown mn Figure 4 may
be employed. The masking device shown
in Tigure 4 for masking, say, the light
source, comprises a plate 60 furnished
with three slots B, & and R arranged as
shown. The plate 60 is reciprocated im
guides 61 by means of a crank 62 through
a connecting rod 63, the crank 62 being
driven by a shaft 64 which is in turm
driven, by the main shafl 42 shown in
Figure 3. A second reciprocating mask-
ing device is then provided for unmasking
the printing lens, the arrangement of the

slots b, g and 7 of this second masking

device being the reverse of that of the
slots B, G and R, that is to say so fthat

- if the second masking device is viewed in

the same manner as that shown in Figure

‘4 the slot & will lie to the left of and

below the central slot g whilst the slot »
will . lie to the right of and above the
‘When two masking

are employed means (not shown) are pro-
vided for obscuring the light source. or
all the light sources while the two films
are advanced and while the two masking
devices are returned ready for their next
forward movement. ,

Since therefore each colour component
image is printed separately the apparent
‘angles subtended by the filter areas can
be readily maintained-the same for the
printer as for the original film either
when the printing ratio is one to one or
when the print is on a scale different from
that of the original. Furthermore, the
aperture subtended in taking the original

film is independent of that subtended in

the print so that a small aperture may be

used in the camera for recording the
-original film and the printing done with

a large aperture. Again, the colour ratio
can . be controlled 'during the printing
process whereby the necessity for adjust-
ment of this ratio by cutting out some of
the light during the projection of the

employing a rolary masking
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print is obviated. ]

Though the invention has been de-
scribed above as applied for printing from
an  original film bearing transverse
lenticulations on to a copy bearing simi~
larly arranged lenticulations the inven-

" {ion may also be employed for printing
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from an original having transverse or
longitudinal lenticulations on to a copy
furnished with longitudinal or transverse
lenticulations. It is then only necessary
to arrange each masking device so that
the length of each slot therein extends in
a direction parallel to the lenticulations
on the adjacent film. -

When a reciprocating form of masking
device, such for example as that shown in
Figure 4 is employed, the mask will be
reciprocated in a direction parallel to the
lenticulations on the adjacent flm
wheiher these lenticulatious are transverse
or longitudinal. In any event, the
proper orientation between each film and
its associated masking device may be

5 obtained by selecting either the position

of the masking device or the direction of
travel of the film and then adjusting
either the film or the masking device to
satisfy the conditions set out above.

In the arrangement ahove described the
invention has been employed for printing
at 2 one to one ratio. The method accord-
ing to the invention may however be em-
ployed for producing a print on a scale
larger or smaller than that of the original.
With known methods of printing from
lenticular film on to lentieular film the
difficulty experierced in maintaining the
apparent angles subtended by the filters-
the same in the print as in the original
makes it impracticable to produce a satis-
factory print on a scale which differs from
that of the original Since however with
the present invention each ecolour com-
ponent image is printed separately and
the angles of the filters in recording the
original film is independent of the angles
of the filter in projecting the copy, all
that is necessary to produce a print on a
scale larger or smaller than the original
is to adjust the ratio of the object and
image distances, i.e. the magnification of
the rear component of the printing objec-
tive. Further, since the filter angles in

55 Tecording the original film do not neces-

60

sarily correspond to the angles of the
filters during projection, the original film
may be recorded with a lens of small aper-
ture such, for example, as f.4 and to pro-
ject the copy with a lens of larger aper-
ture, say, f.2. This ig advantageous in
that whilst it is difficult to obtain lenses
of short focal length and large aperture
for recording purposes which will fulfl

65 the conditions required for lenticular

film, i.e. that all parts of the lens are
visible from all parts of each frame on
the film, it is relatively simple to obtain
lenses of long focal length and larger
aperture suitable for projecting purpuses.

It will be understood that the arrange-
ments described above are given by way
of example only and that details may be
modified. For example, though the
invention has been described above as
applied to the printing from lenticular
film bearing three colour component
images the invention is equally applicable
to the printing of film bearing two or
more colour separation images which may
correspond to two stereoscopic views or
to two separation images of a two colour
process. The invention 1is, in faet,
directed to the duplication of lenticulated
film irrespective of the nature of the
image or images carried by the original.
Again, though the masking devices are
preferably mechanically driven so as to
provide continuous operation of {he
printer. the selective and successive mask-
ing of the light source or sources and the
corresponding portions of the printing
objective may be manually effected.

Having now particularly described and
ascertained the nature of our said inven-
tion and in what manner the same is to
be performed, we declare that what we
claim is —

1. The method of printing from an

original lenticular film bearing colour
component images on to another lenticular
film or copy, according to which the
colour component images on the original
film are separately and successively illu-
minated and projected on to the copy so
as to be separately and successively
recorded in positions thereon correspond-
ing respectively to those occupied by the
colour component images on the original
film,

2. The method of printing from an
original lenticular film, whereon colour
component images have been recorded
through colour filters, on to another
lenticular film or copy, according to
which the lenticulated side of the original
film is illuminated successively from
different directions corresponding respec-
tively to the directions of the rays from
the colour filters incident on the original
film when exposed so that the colour com-
ponent images on the original film are
separately and successively illuminated,
the light projected from the illuminated
colour images of different colour values
on to the copy being so restricted that
the rays will be incident on the copy only
in directions appropriate to subsequent
projection of the copy through «olour
filters.
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3. The method. of printing from an
original linearly lenticular film, whereon
colour component images have ‘been
recorded through colour filters, on to
anothier linearly lenticular film or copy,
which comprises arranging the two films
on opposite sides of an objective with the
lenticulated fsces of the films facing in
the same direction along the optical axis,
illuminating the lenticulated side of the

original film successively from different.

positions which correspond respectively to
the apparent positions of the taking filters
relatively to the original film when this
was exposed in the camera so'that the
colour separation images on the original
film arve separately and successively illu-
minated, and restricting the projection of
light from the original film during illu-
mination of each colour component 1mage
to an area the apparent position of which
relatively to the copy corresponds to the
position which will be occupied by the
corresponding colour filler when project-
ing the copy. ,

4. In optical apparatus for printing
from an original lenticular film bearing
colour component images, on to another
lenticular film or copy, the combination
with means for separately and succes-
sively illuminating the colour component
images of the original film, of means
whereby light from the original is pro-
jected on to the copy so that the colour
component images are separately and
successively recorded thereon in positions
corresponding respectively to those oceu-
pied by the colour component images on
the original film.

5. In optical apparatus for printing
from an original lenticular film whereon
colour component images have been
recorded through colour filters, on to
another lenticular film or copy, the com-
bination with means for illuminating the
original film successively from different
directions corresponding respectively to
the directions of the rays from the colour
filters incident on the original film when
exposed so that the colour component
images on the original film are separately
and successively illuminated, and means
whereby the light projected from the

jlluminated colour images of different

colour values

- to subsequent projection of the

on to the copy is so
rvestricted that the rays will be incident
on the copy only in directions appropriate
copy
through colour filters,

6. In optical apparatus as claimed in
Cluim 4 or Claim 5_the combination with
a source of light towards which face the

lenticulated surfaces of both films, of an

objective arrangeéd between the original
film and the copy, a masking device for
selectively and successively unmasking
part of the light passing from the light
source to the original film, and a second
masking device for selectively and succes-
sively unmasking the light projected from
the original on to the copy.

7. Optical apparatus as claimed 1in
Claim 6, in which the two masking

devices are driven synchronously.

8. In optical apparatus for printing
from an original lenticular film bearing
colour component images on to another
lenticular film or copy, the combination
with means for separately and succes-
sively projecting the several colour com-
ponent images of the original film on to
the copy as claimed in Claim 6 or Claim
7, of apparatus for synchronously feed-
ing the two films step by step through
the optical axis and for operating the
masking devices in synchronism with the
film feeding apparatus.

9. Optical apparatus as eclaimed in
Claim 6 or Claim 7 or Claim 8 in which
means arc provided whereby the picture
recorded on the original film can be
imaged on the desired scale on the copy.

10. Optical apparatus as claimed in
Claim 6 or Clalm 7-or Claim 8 or Claim
9 in which each masking device com-

prises a rotary slotted diaphragm.

11. Optical apparatus as claimed in

Claim 6 or Claim 7 or Claim 8 or Claim
9 in which each masking device comprises
a reciprocating slotted diaphragm.
- 12. Optical apparatus as deseribed with
reference to Figures 1 and 2, or Figures
5 and 2 or Figures 3 and 4 of the accom-~
panying drawings..

Dated this 30th day of January, 1934.
KILBURN & STRODE,
Agents for the Applicants,

Redhill: Printed for Hisr Majesty’s Stativnery QOfficy, - by love & Malcomson, Litd.—1934.
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[This Drawing is a reproduction of' the Original or reduced scale/

'411,;40'_7 COMPLETE SPECIFICATION

! SHEET

Malby & Sons, Photo-Litho.



	Bibliographische Daten
	Beschreibung
	Ansprüche
	Zeichnungen

