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3,079,839
DUPLEX PHOTOCOPIER
Erwin E. Lohrer, 70 Strawberry Hill Ave., Stamford,
Conn., and Joseph Sheehy, R.R. 1, Ridgeficld, Corn.
Filed Juze 22, 1959, Ser. No. 822,661
11 Claims. (Cl 88—24)

This invention relates to a camera for photographing
both sides of a document. It has particular reference to
a camera using a film which includes an opaque base with
photographic emulsion on both sides of the base material.

Exposure devices have been constructed and used which
first photographed one side of a document and then auto-
matically turned the document over and photographed
the other side on another area of a single emulsion base.
This resulted in the two images positioned adjacent to
each other on the same side of the base, an arrangement
with many unsatisfactory features. The present invention
records the images in a back-to-back alignment which
corresponds to the alignment of the original document.
With this result there can be no doubt regarding the cor-
responding image sides and considerable space is saved
when a large number of such recorded images are col-
lected in a storage space.

One of the objects of this invention is to provide an
improved copying camera which avoids one or more of
the -disadvantages and limitations of prior art arrange-
ments. ' i

- Another object of the invention is to photograph both
sides of a document on both sides of an opaque emulsion
bearing film in corresponding alignment.

Another object of the invention is to direct and focus
the light from the document sides so that the images of
such sides are applied to the photographic emulsion in
exact correspondence.

Another object of the invention is to simplify the op-
eration of copying cameras by providing a belt conveyor
means for the documents synchronized wtih the move-
ment of the film.

- Another object of the invention is to provide a gear
shift for either the document drive or the film drive so
that enlargements or reductions of the document size can
be photographically recorded.

Another object of the invention is to increase the path
of ‘travel of either the document or the film to provide
storage space between exposures and thereby maintain
back-to-back correspondence during emlarging or reduc-
tion.

Another object of the invention is to provide a vacuum
system which maintains the document in correct register
while being photographed.

The invention includes a copying camera for photo-
graphically recording booth sides of a document and com-
prises a film container having storage spaces for the un-
¢xposed and exposed film, and an exposure space inter-
mediate the two containers where both sides of the film
may be exposed. The invention also includes a docu-
ment conveyor having a guiding means which maintains
the document in an object plane while both sides are il-
luminated, and two optical systems each of which in-
cludes a lens and a triple reflecting mirror arrangement
which directs a light beam from one side of the docu-
ment and focusses it on one side of the film. A motor
operated mechanical means moves the film through the
exposure space and operates the document conveyor to
move the film and the document in synchronism.

For a better understanding of the present invention, to-
gether with other and further objects thereof, reference
is ' made to the following description taken in connection
with the accompanying drawings.

FIG. 1 is a plan view of the camera with some parts
cut away to show details of the mechanism.

10

15

20

25

30

35

46

45

50

65

60

65

70

A

nt

FIG. 2 is a sectional view of the machine shown in
FIG. 1 taken along line 2—2 of that figure.

FIG. 3 is a sectional view of the camera of FIG. 1
taken along line 3—3 of that figure.

FIG. 4 is a side view, with some parts in section, of
a document guiding means, showing an alternate struc-
ture.

FIG. 5 is a side view, similar to FIG. 4, but showing
another alternate guiding means for the document.

FIG. 6 is a schematic side view of both the document
guiding means and the camera to show the application
of the motor operated mechanical means which powers
both components.

FIG. 7 is a side view of the camera shown in FIG. 6
and is taken along line 7—7 of that figure.

FiG. 8 is a side view of the document guiding mech-
anism shown in FIG. 6 and is taken along line 8—8 of
that figure.

FIG. 9 is a schematic diagram of an optical system
having a single lens and two mirrors.

FIG. 10 is a schematic diagram of an optical system
having a single lens and three mirrors.

FIG. 11 is a side view of an alternate form of a film
holder with some parts in section to show how the loop
distance may be changed.

FIG. 12 is a side view of an alternate form of a docu-
ment machine with some parts in section showing how
the loop distance may be changed.

FIG. 13 is a cross-sectional view of a portion of the
machine shown in FIG. 12 and is taken along line 13—13
of that figure.

FIG. 14 is a side view of a portion of the document
machine shown in FIG. 13.

FIG. 15 is a schematic wiring diagram of connections
of 1the camera showing the Iight, motor, and clutch con-
trols.

Referring now to FIGS. 1, 2 and 3, the copying camera
components are mounted on a base 20 which may be
supported by any convenient means, such as a number of
angle irons 21.  The base supports a film holder 22, two
optical systems, and a document conveyor 23. Both the

‘film and the document are moved by mechanical means,

coupled through clutches 24A and B, and 25 and driven
by an electric motor 26 mounted under the base 20.

The film holder 22 includes a container 27 for a roil
of unexposed film 28. The film used in this camera is
made of an opaque flexible base coated on both sides
with a photographic emulsion. The film holder also in-
cludes a second container 39 for a roll of exposed film
31 and, intermediate between the two containers, is an-
exposure space 32 where the film is directed through an
image plane and is in alignment with both optical systems *
for receiving focussed images.

The film 31 is directed through the exposure space 32
by two rollers 33—34, roller 33 being connected directly
to clutch 25 which is turned by a gear mechanism 35, a"
belt 36, and the motor 26 through a speed reducer 26A.
Idler rollers 37 and 38, below the exposure space, hold
the film in moderate tension and a slipping belt (not
shown) engages a pulley coupled to the roll in container
3@ to wind the film on a spool 40. The entire film holder
22 may be detached from the base by sliding along ways
formed by members 41—42 for refilling and development
of the exposed film.

The document conveyor 23 includes an inclined flat
shelf 43 where documents are placed prior to being fed

‘into a narrow opening 44 and engagement with rollers 45

and 46. Roller 45 is power operated and is secured ‘to
shaft 47 which is connected directly to clutch 25 and film
roller 33. After passing rollers 45—46, the document
enters an object plane 48 defined by edge guide pieces

~.80 and 51, At this position both sides of the document -
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are illuminated by a series of lamps 52, 53, 54 and 55
and the light fiom the. document sides is collected by
plane, vertical mirrors 56 and. 57 and directed toward
lenses 58 and 66.  The lamps -are partially enclosed by
hoods 61 and 62 to confine the light to the object space.

After the document has passed through the object space
it is engaged by rollers 63-—=64 and ejected into a receiving
compartment 59,

Documents are fed into the machine in rapid succes-

sion and move down through the object plane at the same
time. and at the same rate as the film 28 moves down
through the image plane in the film holder 22.

The optical systems- receive the light from both sides

- of the-document in the object plane 48 and focus the light
on both sides of the film 28. The systems include two
- similar lenses 58—69, two similar plane mirrors 56—57,
‘and two_ reflecting mirrors 65—66, each composed of a
rectangular pair of plane mirrors, - The rectangular pair
combination need be no larger than the plane miirors but
this combination reflects the light rays twice and thereby,
~with the other plane mirror, reflects the light three times
as it moves from the object to the image.

A schematic representation of this form of optxcal sys-
tem is shown in FIG. 10 where a document 67 provides
a source of light, plane mirror 56 introduces a first reflec-
tion, Jens 58 focusses the light and inverts the image, and
the rectangular pair of mirrors 65 introduces the second
and third reflection to direct the focussed beam: to the
image plane on film- 2, thereby producing an image
which is erect and non-reversed. FIGURE 9 is shown
by way of comparison-where a lens 58 and only two
reflecting mirrors are used, The image is inverted but not
reversed, this resuits in an image which is upside down
and backwards.

The copying caméra described above is for a one-to-one
reproduction where the image is the exact size of the ob-
ject.- When such a result is desired, shaft 47 (FIG. 1)
which turns rollers 45 and 46, can also run shaft 68 and
rollers 33 and 34 as previously described, The gears 35
will then be comparatively simple, requiring a speed re-
“duction to only ‘one shaft 68 and 47. However; it is pos-

sible to adjust the optical components to produce either

a reduction or an enlargement of the image and when this
is. done, the speed of the film rollers 33—34 must be
changed accordingly The changing of gears for produc-
“ing varying speeds is a well-known expedxent and. will
not be described in detail,
When other than a one-to-one I'EPI’OdUutIOIl is- desired
the lens position along the optic axis must be changed and

" the optical distance between object and image must be

lengthened. This adjustment can be made by the mecha-
nism shown in FIG. 1 where edch lens 58 and 69 is re-
strained by a slot 7¢'and 71 to move in a direction along
the. optical axis between the two mirrors.
lenses are so adjusted the mirror platforms 72--73 are
moved away from the camera components because of the
curved slots 74—75 cut in cam plates 76 and 77 mounted
below the platforms and secured to the base plate 29.
The mirror platforms 72-—73 are each slidably mounted
on two parallel rods 78--8@ so that they can be moved
in-one direction only. The lens mountings 5868 are
each secured -to a stud 81—82 which passes through and
engages both the straight slot and the curved slot.
ing the lens to the-right or left not only ¢hanges the ratic
of the object distance to the image distance but also in-
creases the total optical path whxle still kebpmg the image
" in focus on the film.

The carvature of slots 74—75 does not conform to a
simple mathematical formula- but the result required can
be easily calculated. - For example if, a‘lens having a

focal length of two units is used, a one-to-one reproduc-"

tion arrangement requires a total optical path of § units.
If, now, a change is to be made to an enlargement of one-
~to-two or to a reduction of two-to-one, the lenses must be

When the.

Mov-

4

_moved one unit along the optical axis while the mirror

p;atforms must be moved one-half unit away from the
image-object line to: produce a total optlcal path of 9
uanits.

The operation of this copying.camera is obvious from
the above description. "~ As soon as the motor 26 is started,
rollers 33—34 direct the film down through the image

- space 32 (FIG. 2) while rollers 45—46 tura to pull docu-
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ments: down through - the -object  plane 48 (FIG. 3).
Documents are now fed from shelf 43 through opening
44, are illuminated on_ both sides by lamps. 5253

5453, and pass into compartment 59. During the pas- -

sage through the object plane 48, light from both sides
of the docuinent is reflected by mirrors 56—57—65-—64
and focussed by lenses 58-and 60 to both suies of the film
28 in the image plane.

For reduction or enlarvementu of the docurments, an al-
ternate form of camera (shown in FIGS. 4, 5, 6, 7 and 8)

may be used. These figures show the details of a vacuum:

system (FIGS. 4 and 5) which holds a large document in

a well defined flat plane while it is' being illuminated and '

photographed.  Since. the vacuum must be applied by a

cavity structure which is opague, both sides of the docu- -

ment cannot be photographed at the same time and hence
two exposure positions are necessary, réquiriag an offset
~When -a -one-to-
one recording is desired, no further changes need be made
but when any other transfér is desired -a.storage loop in
the film. or document is necessary to conserve space and
not waste film area nor-overlapping of document images.

FIG. 4 shows the alternate form of document conveyor
without a loop but employing two vacuum plates. The
conveyor 90 is mounted on the usual base 20-and includes

a document shelf 43 and a container 65 for the documents:

which have been conveyed through the two object planes.
In this machine the documents are fed to two rollers 91

- and 92, one of which is encircled by an endless belt 93
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having a large number .of small holes 84 cut’in-its surface.
The endless.belt 93 encircles: another roller 95 and- the
space between parallel belt surfaces is occupied by a

vacuum chamber 96 connected: by suitable piping to a’

vacuum pump (not shown). . The side of the chamber

adjoining belt 93 is formed with alarge number of holes

97 similar to the holes in the belt.. The usual lamp hood
98 is positioned in front of the perforated belt 93 whose
outer surface defines one of the object planes. -

A.second system of three rollers similar to those ‘de-.
scribed. above is.mounted directly below the first system 7

with a cooperating junction adjoining the roller 85.- Roll-
ers 100 and 101 are in vertical alignment and are en-
circled by a second perforated belt 102 which encloses a
secorid vacuum chamber 103 also connected to a vacuum
pump. The second belt moves at the same speed as the
first ‘belt 93 and the two make rolling contact at'the space
adjacent to rollers 95—100 where the document is trans-
ferred from one system to-the-other. -Near the bottom of

‘belt 102, an idler roller 104 makes resilient contact with

the belt ‘and helps to eject photonraphed documents into
the receiving compartment 59." A second lamp hood 105
is.positioned in front of: the second perforated belt 102

" and encloses ‘a plurality ‘of lamps 106.

It will be obvious that when the above structure is in
use the document, fed from shelf 43, is engaged by roller
%1 and belt 93 and is started on its downward movement.
As soon as the document is moved in front of the holes
97, which draw air through belt holes 94, the document
is held in position by a partial atmospheric pressure and
remains fixed to the surface of the belt until it is trans-
ferred to the second belt when the same action takes place
but with the other side of the document exposed to the
lamps and the other lens system. - The lens systems which

project the document characters by reflection and ‘lens o

focussmg action onto the film are the same as descnbed
in connection thh FIGS. 1,2 and 3. .

fon



.

8,079,839

5

The camera used with the above described document
conveyor is the same as that showr in FIG. 2, except that
two exposure spaces are used, one for each optical system,
and each displaced vertically in a manner similar to the
exposure planes in FIG. 4. This combination of document
conveyor and film holder is for a one-to-one recording
of images.

When it is desired to enlarge or reduce the image in
comparison to the documient, a loop is used. FIG. 5 shows
the construction of a document conveyor which reduces
the image by a ratio of four-to-one, - The same components
are-employed but, in addition, an extra path, or loap, is
provided for the document so that it travels three times the
distance between the exposure apertures that the film
travels. This permits the four-to-one ratio of speeds neces-
sary for the reduction and still leaves a small margin be-
tween recorded images.

The extra loop is introduced between the two exposure
apertures by directing the document around roller 95 to
travel horizontally under rollers 107 and 108 (which also
cairy belt 93), then around roller 110, guided by deflection
plate 111, and roller 112, to again travel horizontally over
rollers 113, 114 and 115 to be again deflected downward
by plate 116. At this point belt 162 engages the document
and directs it onto the surface of the belt in front of
vacuum compartment 103. By proper design of the length
of the loop, the leading edge of the document arrives at
the lower aperture to be photographed on the back of the
film, at'the corresponding place where the leading edge
was photographed through the upper aperture on the front
of the film, =~ o ,

"There may be times when very small documents are to

be copied using the ‘vacuum containers for maintaining -

their flatness and enlarging the image on the film. In such
an application the document conveyor shown in FIG. 4
may be used in cooperation with the film holder 117 shown
in FIGS. 6 and 7. This film holder is similar to the film
holder 22, shown in FIG. 2, having a storage compart-
ment 27 for unexposed film 28, a second film compart-
ment 30 where the exposed film 31 is wound on a roll 40,
and rollers 33, 34 which control the speed of the film
through the exposure image planes. Roller 33 is driven
by a belt 118 from a reduction gear 326 and the lower
film spool 48 is kept in tension by means of belt 121 which
slips on the lower pulley. i

“Since this film holder cooperates with a document con-
veyor having two separate object planes, the holder is
arranged with two separate exposure spaces 122 and 123.
The exposure spaces are separated by a distance equal to
the document image planes so that the optical systems,
which transfer the light from object to image, operate in
a pair of horizontal planes. For most applications the
film 28 will be directed in a straight line from rollers
33—34 to the lower pair of rollers 37—38, but sometimes,
when the document is to be enlarged, a loop is necessary
to increase the length of film between the two exposure
spaces. This is done by threading the film arcund rollers
124, 125 and 126, as shown in FIG. 7. No belts or deflec-
tion plates are necessary. It is obvious that this film
holder may be used without the loop by simply threading
the film directly from rollers 33—34 to rollers 37—38.

The document conveyor 127 shown in FIGS. 6 and 8
is.identical to the conveyor shown in cross sectional detail
in FIG. 5. FIGS. 6 and 8 show how the power for the
rollers is applied from motor 26, speed reducer 26A, and
belt 36, to power roller 92. As is evident from FIG. 5,
the power applied to roller 92 turns most of the other
rollers due to the power transmitted by belt ¢3. However,
an additional gear combination 128 is-employed to trans-
fer power from roller 95 to roller 106, and a belt 139 is
used to turn roller 115; this arrangement insuring that the
document is conveyed around the loop without danger of
buckling or tearing.

The camera assembly described above (FIGS. 5, 6, 7
and 8) can be adjusted to copy documents on a one-to-one
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basis by threading the film straight through the container
117 without using roller 125, The document COnveyor is
adjusted to send the documents straight through the con-
veyor without use of the extended path arcund roller 110.

When a reduced size copy is to be made of two-to-one,
the film speed is reduced by one-half and the path is un-
changed. The document speed is retained but the docu-
menis are routed through the extended path around roller
119,

When an increased size is to be made of one-to-two, the
film speed is kept constant and the film is threaded around
roller 125 (FIG. 7) to give the required extended path
necessary to prevent overlapping. The document speed is
reduced by one-half and the documents are routed straight
through the machine. The optical systems obviously must
be adjusted for each change of reproduction size.

The above described adjustments can be made only
when the camera motor is stopped and parts of the camera .
removed. An alternate arrangement of camera compo-
nents is shown in FIGS. 11, 12, 13 and 14 where a fast
change of reproduction size can be made without removal
of any of the camera parts. Adjustments can even be
made while the motor is running, The film holder 135 is
similar to the film 117 shown in FIG. 7, having storage
containers 27 and 30, and exposure openings 122 and 123.
The film 28 passes over rollers 124 and 126 as before but
the loop roller 136 is secured to a bracket 137 which in
turn is moved by a long threaded shaft 138 which is posi-
tioned by a knurled nut 140 equipped with an indicator

.dial 141. The operator may change the length of the loop

path by turning the nut 14¢ and by this means provide an
extended path as shown in the drawing or the roller 136
may be moved to the right as shown in FIG. 11 and the
film will then be moved through the intermediate portion
of the film container in a straight line, passing directly
from the exposure opening 122 to the lower exposure .
opening 123. No other adjustment is necessary since the
slipping belt on the lower portion of the film container
takes up any slack that may be produced when the ex-
tended path is shortened.

A similar adjustment can be made in the document con-
veyor as is indicated by FIG. 12. This document con-
veyor is similar to the conveyor shown in FIG. 5 and has
the usual power belts which turn feed rollers 91 and 92
and convey the document past the vacuum compartment
96 while being illuminated by the lamps in hood 98. This
document conveyor also contains hood 105 and the usual
Ienses 58 and 60 mounted on bases 72 and 73.

In order to vary the length of path between the two
object planes a flexible belt 145 is mounted on power
rollers 146 and 147. Relt 145 is held in place by idler
rollers 148, 150, 151 and 152 and in addition passes over
the outside surface of a movable vacuum chamber 153.
As shown in FIG. 12 the vacuum chamber 153 is moved
to the right to permit the belt 145 to move in a straight
line between the object planes where the documents are
illuminated. Since the chamber 153 is connected to a
vacuum pump which produces a reduced pressure and
since the container 143 is perforated the documents will
be held in position on perforated belt 145 as they move
between the two object planes.

The vacuum chamber 153 is provided with a rack 154
which meshes with a pinion 155 journaled in a portion of -
the camera case. The pinion 155 is manually controlled
by a knurled wheel 156 and by turning this wheel an
operator can move the chamber to the left as shown in
FIG. 12 and produce an extended path or loop between
the two object planes as illustrated in FIG. 14. It should
be noted that the adjustment of the vacuum chamber 153
retains the belt 145 in its proper tension because, as the
loop to the left is made longer the loop that passes around
the right hand side of the chamber js made smaller, In
order to show the operator the extent of the loop a scale
157 is provided on the outside of the camera case. It will
be obvious that this adjustment also may be made by an
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operator without dismantling any portion of the document
conveyor and may be made while the motor is runniag.
The foregoing ~ description “indicates how a copying
camera can be used to copy both sides of a document ont
opposite sides. of a'strip of recording film. The exposures
" are made while the document and film are both moving in
the same direction.
The schematic diagram of connections shown-in FIG.

<t

15 illustrates ‘one form of the electrical connections neces- -

. sary for running the camera.. The plug 166 is inserted into
any socket which is connected to a source of alternating
current, ~ Transformers 161 and 162 are connected in
series with switches 163 and 164 to the alternating current
supply. The secondaries of the transformers are connected
to the lamps 166 for lighting the document as it passes
‘through -the camera’s object planes. = A motor switch 165
controls motor. 26 and also connects the alternating cur-
rent supply to a bridge rectifier 166 which supplies direct
current to the three clutch windings 167, 168 and 169
enclosed in clutches 25, 24A and 24B. A dial switch 176

controls the direct current supply to any one of the three |

_clutch windings at the same time insuring that only one
._clutch can be energized at any time.

The foregoing disclosure and drawings are merely 111us-
trative of the principles of this invention and are not to
be interpreted in-a limiting sense. The only limitations

ate to be determmed from the scope of the appended

claims.

~What is claimed is:

1. A copying camera for photographlcally recording
both sides of a document on both sides of a film com-
prising; a film holder including a first storage container
for an unexposed film roll, a second storage container
for an exposed film roll, a first exposure plane where one
side of the: film may be exposed, a second exposure plane

where the otlier side of the film may be exposed, said’

first ‘and second exposure planes spaced apart for sequen-

tial exposure as the film movés from the first to the sec~

ond storage confainer; a document conveyor for moving
the document through a first object plane where one side
of the document is illuminated, additional conveyor
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means for moving the document through a second object”

plane where the other side of the document is illuminated,

said first and second object planes spaced apart for se-

quential illumination; a first optical system for focussing
light rays from the first object plane onto the first ex-
posure plane, a second optical system for focussing light
rays from the second object plane onto the second ex-
posure plane, said optical systems each including a focus-
sing lens, a piane mirror and a double rectangular mirror
for providing the equivalent of three reflections; and a
‘motor operated mechanism which controls the speeds of

50

thé documents and the film to'move in the same direction

and in synchronism with each other.

2. A copying camera as set forth in claim 1 wherein
the documents are maintained .in their object planes by
a perforated belt and a reduced pressure volume ad;om-
ing the belt.

3. A copying camera as set forth in claim 1 wherein

-said documents and film are coupled by gear means to
move at the same speed and the optical systems are ad-
justed to produce an image the same size as the object.

4. ‘A copying camera as set forth in claim 1 wherein
said document conveyor is coupled to the film by gear
nieans so that the documents are moved faster than the
film and the optical systems are adjusted to produce an
image smaller than the object, the ratio of the object size
to the image size being substantially equal to the ratio of
the document speed to the film speed.

60

5. A copying camera as set forth in claim 4 wherein
said document conveyor and film are coupled: by ‘gear
meaiis to move the documents through an extended path
greater than the distance between the first and second ob-
jéect planes to thereby produce the images of both sides
of a document in correspondmg ahgnment on both sides
of the film.

6. A copymg camera as set forth in claim 1 wherein
said film is coupled to the .document conveyor by gear
means for moving the film faster than the document con-
veyor-and the optical systems are adjusted to produce an
image largvr than the object, the ratio of the object size
to the image size being substantially equal to the ratio
of the document speed to the film speed.

7. A copying camera as set forth in claim 6 wherein
said- film is coupled to the document conveyor by gear
means for moving the film. through an extended path
greater than the distance between the first and second
image planes to thereby produce the images of both sidés

of a document in ¢orresponding ahgnment on both sides

of the film.

8. A -copying camera for photographically recordmg
both-sides of a document on both sides of a film includ-
ing a document conveyor comprising, means for moving
the document through & first object plane where:one side
of the document is illuminated, belt conveyor means for
moving the document threugh a sécond -object plane

where the other side of the document is illuminated,. said '

means for moving the document inchiding two perforated
belts adjoifiing two volumes respectively each having re-
duced atmospheric pressure and roller means for trans-
ferring said document from one belt to another,

9, A-copying cameéra as set forth in claim 8 wherein
said first object” plane is spaced apart from the second
object plane and wherein said moving means includes an
adjustable extendeéd path greater .than the distance bé-
tween the two object planes.

10." A copying camera as sét forth in claim 8 wherem

said- adjustable extended path is varied by means of:a -
transversely movable chamber which is-adapted to mové
a conveyor belt into an extended path while maintaining
a suction at the beli surface and maintaining the belt in

tension for all values of document path

11. A copying camera as set forth in ¢laim 10 wherein
-sald chamber is connected to a vacuum pump and portions
of said belt move across two faces of said chamber, said
chamber being adjustable by a manually operable rack
and pinion. 3
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