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My invention relates particularly to motion 
picture film printing machines, although not 
limited to this use alone. 
The general object of my invention resides in 

5 the provision of an efficient and improved photo 
- graphic printing machine of the progressive 

printing type, such as is used in the printing of 
notion picture films, having a novel and effec 
tive printing light control, and preferably pro 

10 Viding for the printing of picture and sound 
records upon a film from separate picture and 
sound record bearing printing films, all with 
a view toward convenience, automatic operation 
and reduction of supervision during printing, 

5 and high production, 
With this object in view my invention con 

sists in certain features of novelty in the con 
struction, combination, and arrangement of parts 
by which the said object and certain other ob 

20 jects, hereinafter appearing, are effected, all as 
fully described with reference to the accompany 
ing drawings and more particularly pointed out 
in the appended claims. 

In the said drawings 
2. Figure 1 is a partial front elevation of a motion 

picture film printing machine embodying my in 
vention; 

Figure 2 is a partial rear elevation of the same 
with parts removed, broken away and shown in 

30; section 
Figure 3 is an enlarged partial section on the 

line 3-3 of Figure 1; 
Figure 4 is an enlarged partial Section on the 

line 4-4 of Figure 3; 
35, Figure 5 is a partial top plan view of the ma 

chine; 
Figure 6 is a partial section on the line 6-6 of 

Figure 5; 
Figure is a partial section on the line - 

40. of Figure 5; 
figure 8 is a partial view of the machine in 

rear elevation showing a portion of the film ten 
sioning mechanism, hereinafter described; 

45; Figure 9 is an enlarged horizontally condensed 
" partial section on the line 9-9 of Figure 8; 

Figure 10 is an enlarged view in rear elevation 
of a portion of one of the film tensioning de 
vices, hereinafter described; 

so Figure. 11 is a diagram of the electric circuit 
of the machine; 

Figure 12 is a partial inorizontally condensed 
section on the line 2-2 of Figure 2; 

Figure 13 is a section on the line - of 
55. Figure 12; 

Figure 14 is a face view of a portion of a film 
printed in the machine; 

Figure 15 is a longitudinally condensed face 
view of a portion of a light control film, herein 
after described, used in the machine; and 

Figure 16 is a partial transverse view of a por 
tion of one of the film feed rollers of the machine 
and its cooperating control roller, hereinafter 
described. w 

Like characters of reference inducate like parts 6 
in the several views. 

Referring to the drawings, designates the 
frame of the machine, which is of generally fiat 
horizontally elongated form and which is dis 
posed Vertically. See Figures 1 and 2. s 
Arranged along the back of the frame adja 

cent the top thereof is a horizontal drive shaft 
2 journaled at spaced points on the frame, and 
mounted on the frame at one end thereof is an 
electric motor 3 which drives the shaft through 20 
suitable spiral gearing 6. 
Two of exposure devices, generally designated 

at 5 in Figure 1, are carried on the frame ada 
cent the top thereof and are spaced along the 
drive shaft. 
Inasmuch as, except as hereinafter described, 

these exposure devices are identical but one of 
them will be described, it being understood that 
Such description applies to both, in accordance 
With which the same reference characters are SO 
applied similarly. On the drawingS. 

Each exposure device consists as follows. 
Mounted in a bore through the frame is a 
generally cylindrical member 6 disposed on an 
axis normal to that of the drive shaft 2 and dis- 85 
posed below the same. Formed on the front of 
the frame f is a hollow cylindrical enclosure for-. 
nation T, the front side of which is closed by a 
renovable cover 8. See Figures 3 and 4. 
Arranged in this enclosure and disposed con- 40 

centrically therewith is a film Sprocket compris 
ing axially spaced sprocket wheels 9, and a small 
axia shaft 0, extending therebetween. 
This sprocket is provided with a rearwardly 

extending shaft f l journaled in the formation 45 
6 coaxially therewith, which shaft projects 
rearwardly and has secured on its rear end a 
worm gear wheel 2 meshing with a worm gear 
f secured on the drive shaft 2, whereby the 
sprocket including the sprocket wheels 9 is driven so 

, from the drive shaft. 
The front portion of the enclosure formation 

in which lies the aforesaid sprocket forms a light 
chamber and arranged at the top thereof is an 
exposure film guide disposed horizontally and ex- SS 
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tending in correspondence with the drive shaft 2, 
which guide is constructed as follows. ' 

in the plane of the sprocket the wall of the en 
closure formation is cut away at its top portion, 

s and disposed between the strocket wheels with 
in the enclosure for nation are two arcal members 
l, which are secured outwardly against the 
formation and which, except as hereinafter de 
scribed, are separated at the upper ends thereof 

10 to form an exposure aperture, designated at is 
in Figure 4. 
The upper end portions of these arca members 
adjoining the exposure aperture , in con 

junction with straight guide members form an 
15 upwardly facing film face guide surface, the cen 

ter portion of which embraces the exposure aper 
ture S and is curved to coincide with the pitch 
circle of the aforesaid sprocket and the end por 
tions of which, formed by the straight guide 

20 members fi, are tangent thereto. See Figure 4. 
. Pivoted on a stud secured on the frame 
in parallelism with the aforesaid sprocket is a 
gate member 8, the lower face of which is faced 
by a film face guide member 1 providing a down 

25 wardly facing concave film face guide surface op 
posing and corresponding with the intermediate 
portion of the film face guide surface formed by 
the arcal members and guide members 6. 
Thus is formed an exposure guide having its 

30 erved intermediate portion embracing the ex 
posure aperture and coinciding with the pitch 
circle of the aforesaid sprocket and adapted to 
have a sensitized or positive motion picture film 2. 
and a printing or negative picture record bearing 

85 motion picture film 22 engaged therein in super 
posed printing relation and engaged by the afore 
said sprocket for the feeding of the films in 
printing relation through the guide to progres 
sively print the positive film from thenegative film 

40; by means of printing light passing through the 
exposure aperture is to the films. 

. . The gate member 8 is pivoted on the stud 
for movement from film guiding or retaining posi 
tion upwardly to a position in which the guide is 

?ts. open for the lacing and unlacing of the films in the 
guide, and the closed position of the guide mem 
her is determined by a stop 23 on the frame en 
gaged by a screw 24 screw-threaded through the 
free end of the gate member and secured in ad 

60 justed position by a lock nut 25. See Figure 4. 
The printing light is provided for the exposure 

device in the following manner. See Figures 3 
and 4. 
In the plane of the sprocket the wall of the 

formation T is also cut away at its lower portion 
and the arcal members 4 have the lower ends 
thereof separated to form a light aperture, desig 
nated at 26 in Figure 4, and secured on the en 
closure and having their adjacent ends spaced in 
registry with the light aperture 26 are film face 
guide members 2 having their lower guide sur 
faces disposed tangentially to a circle coaxial with 
the aforesaid sprocket and adjacently spaced out 
Wardly from the teeth thereof. 

65 Pivoted on a stud 28 secured on the frame in 
parallelism with the aforesaid sprocket is a sec 
ond gate member 29, the upper surface of which 
is faced by a film face guide member 3 curved 
to conform with the aforementioned circle and 

70, the guide members 27, thus forming a film guide 
outwardly adjacent the teeth of the aforesaid 
sprocket and spaced below and extending corre 
spondingly with the aforesaid exposure guide. 
The gate member 29 is hollow, as hereinafter de 

S. scribed, and the guide member 3 is provided with 

an aperture 2 registering with the light aper 
ture 2 and communicating with the enclosure of 
the gate member 29 for the passage of printing 
light through the last described film guide, be 
tween the sprocket wheels 9 and through the ex 
posure aperture 5 to the superposed negative and 
positive films 2 and 22 for the printing of the 
positive fln. - m 
The gate member 29, as aforesaid, is hollow and 

provides an angled light passage 3 continuing the 10 
light aperture of the guide including this gate 
member and terminating at a rear face 34, of the 
gate member, disposed normal to the pivotal axis 
thereof and slidably engaging an opposing face 
35 of the frame f. The frame f is provided with is 
a light passage 36 terminating at the face 
thereof which continues the light passage of the 
gate member 2 and communicates with a lamp 
chamber S. on the rear of the frame in which is 
arranged a suitable incandescent electric lamp 20. 
providing printing light. 
Mounted on the gate member 29 at the angle of 

the light passage 38 thereof is a reflecting prism 
39 which reflects light from the lamp upwardly 
through the light aperture 26 of the lower film 25 
guide and between the sprocket wheels to the 
exposure aperture 5 of the upper or exposure 
guide for the printing of the positive film 2 from 
the negative film 22 in the upper guide. A con 
densing lens 4 is mounted on the gate member 290 
adjacent the lower film guide and lies across the 
light passage 33 for concentrating the light. 
The gate member 29 is pivoted on the stud 2. 

for. movement from film guiding or retaining 
position downwardly to a position in which its 35 
guide is open for the lacing and unlacing of a light 
control film 42, hereinafter described, in this 
guide, a spring 43, see Figure 1, normally post 
tioning this gate member in film guiding or re 
taining position as shown in the drawings. 40 
As before stated, the machine involves two such 

exposure devices spaced along the drive shaft 2, 
the purpose of the two exposure devices being the 
simultaneous printing of related picture and 
sound records upon the positive film 2, from 45 
separate picture and sound record bearing nega 
tive films, along adjoining longitudinally extend 
ing sections thereof, as shown in Figure 14 in 
which the picture section is indicated at 44 and 
the sound section at 45. O 
- Accordingly, these exposure devices differ in 
respect to the exposure apertures of their ex 
posure guides as follows. 
The picture record exposure device is disposed 

at the right in Figure 1 and is shown in Figures 5 
3 and 4. This exposure device has one of the 
arcal members 4 thereof provided with an exten 
son 46 registering with the sound record section 
45 of the positive film, which extension extends 
across the exposure aperture 5 and limits it 60 
transversely, so that the sound section of the film 
is not exposed in the picture printing exposure 
device. 
Correspondingly the sound record exposure de 

vice, disposed at the left in Figure 1, has one of 65 
the arcal members 4 thereof provided with an 
extension similar to the extension 6 but register 
ing with the picture record section 4 of the posi 
tive film whereby only the sound record section 
is exposed in the sound record exposure device. 0 
Of the films aforementioned, only the positive 

frn 2 is fed through the second or sound record 
exposure device, a second printing or negative 
sound record bearing notion picture film 4 being 
fed in printing relation with the positive film is 
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through the sound record exposure device. See 
Figure 1. A second light control film 48 is fed 
through the lower film guide of the sound record 
exposure device for controlling the exposure of 
the sound record section 45 of the positive film 
therein, the light control film 42 in the lower film 
guide of the picture record exposure device con 

... trolling the exposure of the picture record section 
44 of the positive flin therein. 
The several films are carried and fed to and 

from the said exposure devices in the following 
nanner. See Figure 1. 

Extending upwardly from the intermediate por 
tion of the frame f are two arms 49 and mounted 
on the upper ends of these arms are two horizon 
tally spaced film spools 5 carrying the wound 
portions of the positive film 2. 
From the right hand spool 5 the film 2 leads 

to and is engaged on a constant feed sprocket 2 
at the right of the machine, and from thence 
leads through a film tensioning device 53 to the 
Eight end of the exposure guide of the picture ex 
posure device. From the left end of the picture: 
exposure device this film leads through another 
tensioning device 58 to and is engaged on a con 
stant feed sprocket 55 disposed above and inter 
mediate the exposure devices. From the sprocket 
55 this film leads over a guide roller 56 and then 
through a film tensioning device 57 to the right 
end of the exposure guide of the sound exposure 
device. From the left end of the exposure guide 
of the sound exposure device this film leads 
through a tensioning device 58 and about a con 
stant feed sprocket 59 at the left of the machine 
to the left hand spool 5. 

If it is desired only to print the positive film 
in the picture exposure device, as where it is only 
desired to print a picture record on the film, the 
film may be led directly to the left hand spool 5f 
from the guide roller SS, as indicated at 6. 
Two downwardly disposed horizontally spaced 

film spools 2 are mounted on the frame below 
the right hard or picture exposure device and 
these spools carry the wound portions of the pic 
ture record bearing or negative film 22. 
From the right hand spool 62 the film 22 leads 

upwardly to and about a constant feed sprocket 
63 at the right of the machine, and from thence 
leads through a film tensioning device 6 to the 
right end of the 'exposure guide of the picture 
exposure device. From the left end of the expo 
sure guide of the picture exposure device this film 
leads through another tensioning device 65 to 
and over a constant feed sprocket 66, and from 
this sprocket this film leads downwardly to the 
left hand spool 62. 
Two downwardly disposed horizontally spaced 

fin spools are mounted on the frame below 
the left hand or sound exposure device and these 
spools carry the wound portions of the sound 
record bearing or negative film . -. 
From the right hand spool 6 the film 4 leads 

upwardly to and about a constant feed sprocket 
68, and from thence leads through a film ten 
sioning device 69 to the right end of the exposure 
guide of the sound exposure device. From the 
left end of the exposure guide of the sound ex 
posure device this film leads through another 
tensioning device to and over a constant feed 
aprocket 2, and from this sprocket this film leads 
downwardly to the left hand spool ST. - 
The sprockets 3, 66, 68 and 72, spaced along 

the drive shaft 2, are driven from this shaft by 
means of spiral gearing 73 correspondingly spaced 
along the shaft. See Figures 1 and 2. 

The sprockets 52, 55 and 59 are disposed in 
mediately above the. sprockets 68, 66 and 72 and 
are driven therewith by means of spur-gearings 
T4, all of these sprockets being thus driven in 
unso with the sprockets formed by the spaced 5 
sprocket wheels 9 for feeding the films 2, 22 
and to and from the exposure guides. 

For purposes hereinafter described the light 
control films 42 and 48 are fed through the 
lower guides of the exposure devices in corre- 0 
spondence with the feed of the films 2, 22 and 
4T, but, as shown, at a slower speed. Accord 
ingly, the length of the films 42 and 48 cor 
responds with but is correspondingly shorter 
than that of the films 2, 22 and , and the lis 
films 2 and 48 are carried and fed to, from 
and through the lower guides of the exposure 
devices in the following manner. 
Two downwardly disposed horizontally spaced 

film spools 5 are mounted on the frame be- 20 
low the right hand or picture exposure device 
and immediately above the spools 62, and these 
spoois 5 carry the wound portions of the pict 
light control film 42. 
From the right hand spool 75 the film 42 leads 2s 

over a constant feed sprocket 6 to the right 
end of the lower film guide of the right hand or 
picture exposure device. From the left end of 
the lower film guide of the picture exposure de 
vice this film leads over another constant feed 0 
sprocket to the left hand film spool 75. 
Two downwardly disposed horizontally spaced 

film spools 8 are mounted on the frame be 
low the left hand or sound exposure device and 
immediately above the spools 67, and these 
spools 8 carry the wound portions of the sound 
light control film 48. 
From the right hand spool 8 the film 48 leads 

over a constant feed sprocket 9 to the right end 
of the lower film guide of the left hand or sound 0. 
exposure device. From the left end of the lower 
film guide of the sound exposure device this film 
leads over another constant feed sprocket 8 to 
the left hand film spool 8. 
The sprocket TB, 77, T9 and 8, spaced along 

the drive shaft f, are driven from this shaft to 
feed the light control films 42 and 4 in corre 
spondence with the positive and negative films 
by means of vertical shaft and spiral gearing 
mechanisms correspondingly spaced along the 
shaft and generally indicated at 82 in Figure 2. 
The machine is adapted for printing in either 

direction of feed of the films, as will be hereins 
after more fully referred to, and for this pur 
pose the following drives for the film spools are 
provided. 
The shaft of the sprocket has secured there 

on a double grooved pulley 83, and the shafts of 
the spools 5 have rotatably mounted thereon 
pulleys which are driven by means of belts is 
trained thereabout and about the pulley . 
The pulleys 84 are operatively connected with 
the spools 5 by automatic one way driving cont 
nections, hereinafter described, arranged so that ninted to either of these spools, depending upon' 
the direction in which the machine is operated, 
will be wound thereon while the film will be per 
mitted to be drawn from the other. 
The shafts f of the sprockets, formed by the spaced sprocket wheels, each have a double 

grooved pulley 86 secured thereon, and the shafts 
of the spools 62 and 67 have rotatably mounted 
thereon double grooved pulleys 8 which are 
driven by means of belts 8 trained thereabout and about the adjacent pulleys. The pulleys 
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are operatively connected with their spools 2 

and T by Qutonotic one way driving connections, 
hereinafter described, arranged so that film fed 
to either of each pair of these spools 2 or ST, de 
pending upon the direction in which the ma 

is operated, will be wound thereon while 

Emitted to be drawn from the 
of the spools S and 7 have rotat 
thereon grooved pulleys which 

by means of belts trained there 
ut the adjacent pulleys B7. The 

are operatively connected with their 
by automatic one way driving 

hereinafter described, arranged so 
fed to either of each pair of these 

TE, depending upon the direction in 
machine is operated, will be wound 

the film will be permitted to be 
20 drawn from the other of each pair. 

The aforementioned automatic 
ing Connections will now be described with ref 
erence to one of the spools BT and the pulley. T 

E. 
E. ted 

g 

E. 
thereof, it being understood that the description 

25 is applicable to all such devices. See Figures 
12 and 13. 
The spool B is secured on a shaft 2 which ex 

tends through and is journaled in a bore through 
the frame . , and the pulley BT is rotatably 

30 mounted on the rear end of this shaft. Secured 
on the shaft inwardly adjacent the pulley is a 
disk 8 provided with spaced peripheral can re 
Ceeses 84, and the pulley is provided with a cylin 
drical flange 5 surrounding the disk, 

SS Disposed in the recesses 4 are clutch balls B 
which are (ed in angular spaced relation by 
a case 7 loose with reference to both the pulley 
and the shaft, this cage cooperating with a 
washer 8 on the shaft for retaining the balls 

the recesses. 
, the can recesses 4 are so formed that when 
the pulley is rotated in one direction, i. e., 

i fin Figure 13, the balls 6 are wedged 
between the disk 93 and the flange 5 to estab 
lish a driving connection. When, however, the 
pulley 8 is rotated in the opposite direction the 

are free from such wedging action with 
the result that the pulley Trotates independent 
ly of the shaft 2 and spool B for the drawing 
of film from the spool. 
The light control films 42 and 48, through which 

the printing light passes in exposing the positive 
film by said exposure devices, it will be observed, 
are fed in aynchronism with the negative and pos 

65 itive films in either direction of operation of the 
machine, and for the purpose of automatically 
varying the printing light during the printing 
operation to effect the printing of the positive 
film with the desired densify throughout irrespec 

clockwise 

or other such light control films only in so far 
85 as each such light control film is adapted to only 

the negative film with which it is used, that is, 
each negative film is provided with an individual 
light control flin. 
The light control film is preferably motion pic 

To ture film, and has longi'udinal sections 9 of in 
dividually preselected different densities, prefer 
ably photographically produced, and of individ 
ually preselected different extents for varying the 
exposure of the corresponding sections of the pos 
itive film as the light control, negative and posi 

one way drive 
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tive films are fed through their exposure device 
in synchronisa. 
The sections 99 of the light control film corre 

spond in length with the length of the corre 
sponding sections or scenes of the negative film is 
and the densities thereof are selected with due 
regard to the densities of the corresponding sec 
tions or scenes of the negative film, so that as a 
section of the negative film passes through the 
exposure device during the printing operation the lo 
corresponding section of the control film is pass 
ing through the lower guide of the exposure de 
vice for giving the corresponding section of the 
positive film the proper or desired exposure. 
The light control strip, if motion picture film, 15 

may be a one-piece strip upon which the several 
sections of different densities have been photo 
graphically produced thereon, or may be made of 
strips of different densities photographically pro 
duced, assembled by splices 00, in which case 20 
the sections of different densities may be cut from 
a stock of rolls of developed film, each having a 
different density throughout and graded to stand 
ard densities. 

In mounting a negative film and its light con- 5 
trol film on the machine it is only necessary that 
these films be properly timed after which the . 
change of the control of the exposure light is au 
tomatic and requires no further attention on the 
part of the operator. 
As before described, the machine is adapted to 

operate in either direction, and it will be observed 
that the light control film as driven in correspond 
ence with the negative and positive films auto 
matically controls or varies the printing light is 
during the printing operation and provides the 
same exposure at corresponding sections of the 
negative film irrespective of the direction of feed 
of the negative and positive films. 

In order to effect operation of the machine in 
either direction a conventional reversing switch 
Of is connected in circuit with the motor 3. See 

Figures 5 and 1. 
In order to interrupt operation of the machine 

in either direction at the end of a predetermined as 
run thereof the following is provided. See Fig 
ures 2, and 5. 

Disposed at the top of the frane in parallel 
ism with the drive shaft 2 is a screwthreaded shaft 
102 which is rotatably mounted in spaced bear- so 
ings 3 and which is driven frcm the shaft 2 by 
means of a spiral gear drive, generally indicated 
at 04. 
Mounted on the bearings 103 for longitudinal 

movement is a bar 05 disposed in parallelism iss 
with the shaft 02, the movement of the barbe 
ing limited by pins 66 in the bar and engaging 
the bearings 103. Screwthreaded upon the shaft 
fe2 is a nut member 87, which is provided with 
a bifurcated projection 08 embracing the bar 0 
f05 and slidable therealong. 
The bar 05 is provided with a series of notches 
9 therealong in which are selectively engaged, 

for the adjustable positioning along the bar of 
two U-shaped stop members if f between which is 
the projection 08 is disposed and which are en 
gageable thereby for longitudinally operating the 
bar with opposite movements of the nut member 
effected by rotation of the shaft 02 in its screw 
threaded engagement with the nut member. Seeo 
Figures 5 and 7. 
Connected in circuit with the motor to cons 

trol operation of the machine is an electric switch 
carried on one of the bearings 03 and compris 
ing a stationary contact 2 and a cooperating is . 
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rotatably fixed with the collar. 
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movable contact 3 carried on one arm of a piv 
oted bell crank 4. See Figures 5 and 11. The 
bell crank is yieldably urged into open circuit 
position by a spring 5 but is normally main 
tained in closed circuit position by engagement 
of the other arm of the bell crank lever with a 
side of the bar 05. This side of the bar 05 is 
provided with a notch f 6 into which the said 
other arm of the bell crank lever noves when the 
bar is in an intermediate position of its move 
ment to open the switch and stop operation of 
the machine. 
The operation of this device is as follows. When 

the machine is started the stop members fill are 
adjustably positioned on the bar 05 to correspond 
with the desired run of the machine, and the bar 
is positioned at the end of its movement opposite 
that in which the nut member (, will move upon 
operation of the machine in the desired direction. 
As the machine is operated the nut member 07 

approaches the corresponding stop member f, 
and, adjacent the end of the predetermined run 
of the machine, the projection 08 of the nut 
member engages the corresponding stop member 
f, and with continued movement of the nut 
member operates the bar to its intermediate posi 
tion in which the bell crank lever engages the 
notch. f. 6 of the bar and opens its switch, there 
by stopping operation of the machine. 

After operation of the machine is so stopped, 
the bar 05 is reset for stopping the machine in 
the opposite direction by moving the same to the 
end of its movement opposite that in which the 
nut member 07 will travel during such operation 
of the machine. 
The film tensioning mechanisms including the 

hereinbefore referred to tensioning devices 53, 
54, 57, 58, 64, 65, 69 and , operative upon the 
negative and positive films, are constructed and 
controlled as follows. 

Slidably mounted for limited movement in suit 
able bearings on the frame and disposed in ad 
jacent parallelism with the drive shaft 2, is a 
rod T, the intermediate bearing of which is 
provided with a spring pressed latch lever 8 
engageable in any of three circumferential grooves 
f 9 on the rod for positioning the rod in any of 
three positions thereof for purposes to be de 
scribed, and the rod has secured thereon an up 
Wardly projecting handle 12f for the convenient 
manual positioning of the rod. See Figure 2. 
The aforesaid tensioning devices are spaced 

along the rod f and each consists as follows. 
See Figures 8, 9 and 10. 
A shaft 22 extends through and is pivotally 

engaged in a bore through the frame f. See Fig 
unre 9. Rotatably mounted on the front end of 
this shaft is a film roller f23, and secured on 
the shaft between this roller and the frame is a 
roller arm 24 upon the free end of which as a sec 
ond revoluble film roller 25 is mounted. 
A film is reversely laced on these rollers, see Fig 

lure 1, so that movement of the arm 24 to en 
gage the roller 25 against the film effects a ten 
son of the film between the corresponding 
sprocket formed by the sprocket wheels 9 and 
the corresponding sprockets 52, 55, 59, 63, 66,68, 
of 2. 

Pivoted on the shaft 22 at the rear of the frame 
is a collar 26 and engaged in a rearwardly fac 

ing bore in this collar and encircling the shaft 
is a torsion spring 27 the inner end of which is 

See Figures 9 
and 10. The outer end of this spring is engaged 
with a radially extending pin 28 mounted on 
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the rear end of the shaft f22, thus forming a 
torsional spring connection between the shaft and 
collar, the relative movement of the shaft and 
collar under the influence of the spring being 
limited by an axial extending pin 29 on the 
collar and engaged by the pin f28. See Figure 10. 
Assuming that a film is laced on the rollers f23 

and 25 as before described, the relation is such 
that angular movement of the collar to separate 
the pins 28 and 29, clockwise in Figure 10, tends 10 
to move the roller 25 against the film and, such 
movement of this roller and the arm 24 and shaft 
22 being opposed by the film, the pin 29 dis 

engages from the pin 28, thus causing the spring 
27 to operate on the shaft, arm and roller 25 s 

to yieldably urge the roller against the film to 
provide a Spring pressed or yieldable tension on 
the film. 

Secured on the rod 7 at suitably spaced in 
tervals are fingers f$f which are engageable with go 
crank fingers 32 on the collars 26 for angularly 
controlling the collars. Thus, as a finger f3 is 
moved against its crankflinger 32 by longitudinal 
movement of the rod 7 in the proper direction, 
the collar f26 is angularly positioned to resist 25 
opposite movement of the arm 24 and its roller 
25 through the spring 27, and movement of the 
rod in the opposite direction permits such opposite 
movement of the arm f24 and its roller 25. 
The tensioning devices on opposite sides of each SO 

exposure device are oppositely arranged, see Fig 
ures 1 and 8, so that the tensioning devices on 
one side of the exposure device are alternately 
placed in film tensioning condition with opposite 
movements of the rod T. Thus, when the rod 35 
is positioned with the latch lever 8 engaging 
one end groove 9, see Figure 2, the tensioning 
devices on One side of the exposure devices are 
placed in film tensioning position while the ten 
stoning devices on the other side thereof are not, 40 
for the operation of the machine in the corre 
sponding direction, and when the rod is positioned 
with the latch lever 8 engaged in the opposite 
end groove 9 the condition of the tensioning 
devices on opposite sides of the exposure devices 45 
is reversed for the operation of the machine in 
the opposite direction. Figure 8 illustrates the 
different positions of the arms f24 and rollers 25 
of the tensioning devices associated with one of 
the exposure devices. 
When the rod f : 7 is positioned in its interme 

date position with the intermediate groove 9 
thereof engaged by the latch lever 8, all of the 
tensioning devices are positioned in film lacing 
positions in which they serve to provide the proper 65 
lengths of film between the sprockets, the film lac 
ing positions of the arms 24 and rollers 25 
being substantially the same as the tensioning 
positions thereof, though in the film lacing posi 
tions the pins 28 and 29 are engaged while in 60 
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the tensioning positions these pins are separated 
for tensioning action of the springs 27. 

In order that the direction of operation of the 
machine and the film tensioning devices may be 
controlled together in correspondence, the nov- 65 
able member of the reversing switch f of is pro 
vided with a bifurcated end 33 which embraces 
the handle 2, see Figure 5, whereby the switch 
is operated with movement of the handle &nd 
its rod ( f, the arrangement being such that the O 
tensioning devices are set for operation of the 
machine in the corresponding direction as deter 
mined by the position of the reversing switch at 
the opposite ends of the movement of the handle 
2 and rod ( 1. In the intermediate position of 5 
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the handle and intermediate position of the han 
die and rod, where the tensioning devices are in 
lacing position, the switch f is in neutral posi 
tion. 

In order that opening of either of the film 
Euddes of the exposure devices will interrupt the 
printing light the following is provided. 
The gate member is provided on its pivot 

hub with an adal groove 34 into which is en 
Eageable a spring pressed plunger 35 which 
serves for one purpose to retain the gate mem 
ber in film retaining or guide closed position. 
See Figure 4. The outer end of this plunger is 
engageable against an arm secured on a rock 
shaft 37 pivotally mounted on the frame . 

Secured on the rear end of the shaft 3T is 
another arm 38 and this arm is operatively con 
nected with a lever 9, pivotally mounted on the 
rear of the frane f, by a connecting link 4. 
See Figure 2. the lever 39 is operatively con 
nected with a weighted mercury switch 42, piv 
otally mounted on the frame f, by a connecting 
link 48, so that upward movement of the plunger 

effected by opening movement of the gate 
member causes tilting of the switch 42, 
against the influence of the weight thereof, into 
open circuit position. Re-engagement of the 
plunger 5 in the groove 84 by closing of the 
Eate permits the switch to return to closed cir 
cuit position. As will be seen in Figure 11, the 
switch 42 is connected in circuit with the lamps 

and the motor , so that when the gate men 
ber is opened the printing light and operation 
sets interrupted until the gate men 
The gate member 2 is provided at its pivot 

hub with an arca formation f4 which is en 
aged a finger S secured on a shaft is 

suit the frame f. See Figure 

ber 

rear end of the shaft 14B is 
... see Figure 2, which is operatively 

connected with the aforesald lever 8 by a con 
arm 

the 

i. 

the frame f and are engaged by the negative films 
- 22 and 47 between the spools S2 and BT and the 
feed sprockets , , 8 and T2. See Figure 1. 

interrupt the printing light and stop operation 
of the machine. 

Pivotally mounted on the frame adjacent the 
hafts f are arms SS provided with rollers is 
at their free ends which are yieldably urged by 
springs SS against the negative films 22 and 
and the light control films 42 and 47 at the 
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guide rollers 49 and the sprockets 78, 77, Tl 
and Sf. 
The arms 58 are provided with fingers 56 

which engage fingers 5 secured on the shafts 
15 and while the rollers S4 engage film on the 
rollers 49 and the sprockets 76, TT, T-9 and Bf 
maintain the switches S2 in closed circuit posi 
tion, thus permitting operation of the machine 
to print. 
The rollers 54 are provided with spaced cir 

cumferential flanges 58 which engage against 
opposite margins of film on the rollers 4 or 
sprockets 6, 7, 7 and , see Figure 16, and 
these rollers and sprockets are provided with 
grooves 59 registering with the flanges 5 to 
permit movement of the arms S. under the in 
fluence of the springs to a position to tilt the 
switches f2 into open circuit position, if film is 
not interposed between the rollers 4 and the 
sprockets 76, 77, TS and 8. • 
Thus upon breakage of any of the films 22, 

47, 42 or 48 one of the arms 3 will move to 
a position to move its switch 52 to open circuit 
position, thus interrupting the printing light and 
stopping operation of the machine. 

in the printing of a number of positive films 
from the same negative films, the negative films 
and their light control films are laced on the 
machine together with the first positive film to 
be printed. The stopping device is then set for se 
the required run, and the machine is set in oper 
ation which is continued until the positive film 
is printed and the machine stopped automatically. 
Then the handle 2 is set in its neutral post 

tion in which the tensioning devices are in their sis 
lacing position and the printed positive is re 
moved and a new unprinted positive is laced in 
the machine. After setting the bar S for stop 
ping the machine at the opposite end of its run, 
the handle 2 is then moved to the end of its 
movement to effect operation of the machine in 
the opposite direction. This procedure is con 
tinued until the required number of positive films 
are printed, it being obvious that this operation 
of the machine in alternate directions does nots require the rewinding of the negative films and 
the light control fans. 

It will be observed that the arrangement of 
the machine is such that the interchange of the 
positive films is simple and convenient and is se 
well adapted for the operation of the machine in 
alternate directions with attendant advantages. 
As shown the frame f is provided with for 

wardly projecting partition walls if which 
cooperate with a hinged cover 2 for en 
closing the major portions of the paths of the 
negative and light control films and the spools 
thereof. See igure 1. 
While I have described and shown the pre 
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ferred embodiment of my invention I do not wish 
to be limited to the precise details of construc 
tion as changes may ready be made without 
departing from the spirit of my invention, but 
having thus described my invention, I claim as 
new and desire to secure by Letters Patent the is 
following: 

'1. In a photographic printing machine the 
combination with an exposure device adapted for 
printing progressively upon a sensitized photo 
graphic element from a photographic printing to 
element having a progression of scenes or sec 
tions of different densities and extents, of a sepa 
rate exposure control element progressively oper 
ative upon the printing light and provided with a 
Progression of control sections varying in extent 
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and each of said control sections corresponding in 
extent with the corresponding scene or section of 
the printing element, and each section of said 
control element having a uniform exposure char'- 
acteristic corresponding with the density of the 
corresponding scene or section of the printing 
element to effect the desired exposure of the 
sensitized element throughout its extent, and 
means for feeding said sensitized, printing and 
control strips in synchronism. 

2. In a motion picture film printing machine 
the combination with an exposure guide adapted 
for the passage of superposed printing and sensi 
tized films therethrough and provided with an 
exposure aperture, a second film guide spaced 
from said exposure guide and provided with a 
light aperture through which printing light passes 
to said exposure aperture and adapted for the 
passage of a light control film therethrough, and 
means for feeding said printing, sensitized and 
control films through said guides in synchronism 
characterized by a feed sprocket disposed between 
said guides and engaging said printing and sensi 
tized films in said exposure guide at said ex 
posure aperture and adapted to permit said print 
ing light to pass between said guides. 

3. In a motion picture film printing machine 
the combination with a curved exposure guide 
adapted for the passage of superposed printing 
and sensitized films therethrough and provided 
with an exposure aperture on the concave side 
thereof, a second curved film guide spaced from 
said exposure guide and extending corresponding 
ly therewith and having its concave side facing 
that of said exposure guide and provided with a 
light aperture through which printing light passes 
to said exposure aperture and adapted for the 
passage of a light control film therethrough, a 
feed sprocket disposed between said guides on axis 

, normal to the curvature thereof and engaging 
said printing and sensitized films in said exposure 
guide at said exposure aperture and adapted to 
permit said printing light to pass between said 
guides, and means for feeding said light control 
film through said second guide in synchronism 
with but at a slower speed than that of the print 
ing and sensitized films comprising a pair of feed 
sprockets engaging said light control film at oppo 
site ends of said second guide. 

4. In a motion picture machine the combination 
with a light apertured film guide including a face 
guide gate movable facewise of the guide into and 
out of film retaining position and provided with 
a face disposed corresponding with said movement 
of the gate and with an angled light passage con 
tinuing the light aperture of the gate and termi 
nating in an opening at said face, a relatively sta 
tionary part provided with a face opposing said 
face pf the gate and with a light passage terminat 
fing at its said face and continuing the adjacent 
portion of the light passage of said gate, and a 
reflecting member on said gate at the angle of 
the light passage thereof for reflecting light from 
the light passage of said stationary part to the 
light aperture of the guide. 

5. In a motion picture machine the combination 
with a light apertured film guide including a face 
guide gate pivoted for movement facewise of 
the guide into and out of film retaining position 
and provided with a face disposed normal to the 
pivotal ads thereof and with an angled light 
passage continuing the light aperture of the gate 
and terminating in an opening in said face, a 
frame on which said gate is pivotally mounted 

is and provided with a face opposing said face of the 
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gate and with a light passage terminating at its 
said face and continuing the adjacent portion 
of the light passage of said gate, a reflecting men 
ber on said gate at the angle of the light passage 
thereof for reflecting light from the light passage 
of said frame part to the light aperture of the 
guide, and a condensing lens in the light passage 
of said gate between said reflecting member and 
the light aperture of the guide. 

6. In a photographic printing machine the con 
bination with an exposure device for printing pro 
gressively upon a Sensitized photographic element 
from a photographic printing element, of means 
for feeding said sensitized and printing elements 
in printing relation through said exposure device 
in either direction, and automatic light control 
neans for varying the printing light during the 
printing operation and adapted to provide the 
Same exposure at corresponding portions of the 
printing element irrespective of the direction of 
feed of said printing and Sensitized elements. 

7. In a photographic printing machine the com 
bination with an exposure device for printing pro 
gressively upon a sensitized photographic element 
from a photographic printing element and adapt 
ed to have the printing light thereof varied by a 
fed light control element progressively operative 
upon said light, of means for feeding said sensi 
tized and printing elements in printing relation 
and said control element in controlling relation 
therewith in either direction. 

8. In a motion picture film printing machine 
the combination with an exposure device for 
printing progressively upon a sensitized film 
from a printing film, of an exposure control film 
through which the printing light passes progres 
sively in exposing said sensitized film by said ex 
posure device and provided with sections of in 
dividually preselected different densities and of 
individually preselected extents for varying the 
exposure of said sensitized film by said exposure 
device, and means for feeding said sensitized, 
printing and control films in synchronism in 
either direction. 

9. In a motion picture film printing machine 
the combination with an exposure device for 
printing progressively upon a sensitized film 
from a printing film, of an exposure control film 
through which the printing light passes progres 
sively in exposing said sensitized film by said 
exposure device and provided with sections of 
extents corresponding with sections of different 
densities of said printing strip and arranged cor 
respondingly therewith and of different photo 
graphically produced densities preselected fron 
the densities of the corresponding sections of said 
printing strip, and means for feeding said sensi 
tized, printing and control films in synchronism 
in either direction. 

10. In a motion picture film printing machine 
the combination with an exposure device for 
printing progressively upon a sensitized film. 
from a printing film and adapted to have the 
printing light thereof varied by a fed light con 
trol strip progressively operative upon said light, 
of Imeans for feeding said sensitized and printing 
films in printing relation and Said control strip 
in controlling relation therewith in either direc 
tion, and means for automatically stopping op 
eration of said feeding means in either direction 
at the end of a predetermined run thereof. 

11. In a motion picture film printing nachine 
the combination with an exposure device for 
printing progressively upon a sensitized fln 
from a printing film, of means for feeding said 
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sensitized and printing films in printing relation. 
through said exposure device in either direction, 
automatic light control means for varying the 
printing light during the printing Operation and 
adapted to provide the same exposure at corre 
sponding portions of the printing film irrespec 
tive of the direction of feed of said films, and 
means for automatically stopping operation of 
said feeding means in either direction at the end 
of a predetermined run thereof. 

12. In a motion picture machine the combi 
nation with two constant film feed sprockets 
driven in unison, of a pivoted film tensioning 
member for tensioning a film between said 
sprockets, a second member pivoted correspond 
ingly with said tensioning member, a spring op 
erative between said tensioning device and said 
pivoted member for urging said tensioning men 

ment between said tensioning device and said 
pivoted member and operative oppositely with 
reference to said spring, and means for operat 
ing said pivoted member against the influence of 
said spring thereon and for selectively position 
fing the same. . 

13. In a motion picture machine the combina 
tion with three constant film feed sprockets 
driven in unison, of a pair of film tensioning de 
vices operative upon a film fed by said sprockets, 
one between the intermediate sprocket and an 
other sprocket and the other between the inter 
mediate sprocket and the third sprocket, and 
yieldably urged against the film, and means for 
alternately positioning said tensioning devices 
in tension released positions, 

14. In a motion picture film printing machine 
the combination with three constant film feed 
sprockets driven in unison, of a pair of alm ten 
sioning devices operative upon a film fed by said 
prockets, one between the intermediate sprocret 
and another sprocket and the other between the 
intermediate sprocket and the third sprocket, 
and yieldably urged against the film, and con 
Enon means for positioning said tension devices 
in lacing positions and for alternately positioning 
the same in tension and tension released post 
tions. . 

15. In a motion picture film printing machine 
the combination with a constant feed exposure 
device operative upon superposed sensitized and 
printing films and including a constant feed 
sprocket means engaging said films, of two pairs 
of constant feed sprockets driven in unison with 
said sprocket means for individually feeding 
said films to and from said exposure device, of 
two pairs of film tensioning devices individually 
operative upon said flns between said sprocket 
means and said pairs of sprockets and yieldably 
urged against said films, and connon means for 
simultaneously positioning said tension devices 
in lacing positions and for alternately positioning 
the tensioning devices associated with opposite 
sides of said exposure device in tension and ten 
ston released positions. 

16. In a motion picture film printing machine 
the combination with a constant feed exposure 
device for printing progressively upon a sens 
tized film from a printing film and including a 
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Constant feed sprocket means engaging said 
films, additional constant film feed sprockets 
driven in unison with said sprocket means for 
feeding said films to and from opposite sides of 
said exposure device, film tensioning devices in 
dividually operative upon said films between said 
aprocket means and said additional sprockets and 
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yieldably urged against said films, means for 
operating said sprockets as a group in either 
direction, means for alternately positioning the 
tensioning devices associated with opposite sides 
of said exposure device in tension and tension 
released positions to correspond with the direc 
tion of feed of said films, and automatic light 
control means for varying the printing light dur 
ing the printing operation and adapted to pro 
vide the same exposure at corresponding portions 
of the printing film irrespective of the direction 
of feed of said fans. 

17. In a motion picture film printing machine 
the combination with a constant feed exposure 
device for printing progressively upon a sensitized 15 
film from a printing film disposed in superposed 
relation therewith including a constant feed 
sprocket engaging said fins, additional constant 
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feed sprockets driven in unison with said first 
Enentioned sprocket for individually feeding said. So 
films to and from opposite sides of said exposure 
device, film tensioning devices individually oper 
tive upon said films between said first mentioned 

sprocket and said additional sprockets and yield 
ably urged against said films, means for operate 25 
ing said sprockets as a group in either direction, 
means for alternately positioning the tensioning 
devices associated with opposite sides of said ex 
posure device in tension and tension released 
positions to correspond with the direction of feed 30 
of said films, and means whereby an exposure 
control element, through which the printing 
light passes progressively in exposing said sensi-. 
tized film by said exposure device, is fed in cor 
respondence with said films in either direction S5 
corresponding with the direction of feed of said 
films. 

18. In a motion picture machine the combi 
nation with three constant film feed sprockets 
driven in unison, of a pair of tensioning devices do 
operative upon a film fed by said sprockets, one 
between the intermediate sprocket and another 
sprocket and the other between the intermediate 
sprocket and the third sprocket, and yieldably 
urged against the film, means for alternately po- 45 
sitioning said tensioning devices in tension and 
tension released positions, means for operating 
said sprockets as a group in either direction, and 
means whereby said first and second mentioned 
means are controlled together. 50 
19. In a motion picture machine the combina 

tion with three constant film feed sprockets driv 
en in unson, of a pair of tension devices operative 
upon a film fed by said sprockets, one between 
the intermediate sprocket and another sprocket 55 
and the other between the intermediate sprocket 
and the third sprocket, and yieldably urged 
against the film, means for alternately positioning 
said tensioning devices in tension and tension 
released positions including a novable element, 60 
an electric motor for driving said sprockets, a re 
versing switch in circuit with said notor for 
operating the same in either direction, and an 
operative connection between said movable eles 
ment and said switch. / 

20. In a motion picture film printing machin 
the combination with an exposure device for 
printing progressively upon a sensitized photo 
graphic film from a printing film, of means for 
feeding said sensitized and printing films in print- 70 
ing relation through said exposure device in either 
direction, automatic light control means for pre 
determinately varying the printing light during 
the printing operation and adapted to provide 
the same exposure at corresponding portions of 25 
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the printing element irrespective of the direction 
of feed of said films, and means for automatically 
stopping operation of said feeding means in 
either direction after predetermined runs thereof. 

21. In a motion picture film printing machine 
the combination with an exposure device for 
printing progressively upon a sensitized photo 
graphic film from a printing film, an exposure 
control element through which the printing light 
passes in exposing said sensitized film in said 
exposure device and provided with sections of 
preselected densities and of preselected extents, 
means for feeding said films and said control ele 
Inent as a group in correspondence in either direc 
tion, and adjustable means for automatically 
stopping the printing operation in either direc 
tion of feed after predetermined runs of said 
fins and light control element. 

22. In a motion picture film printing machine 
the combination with an exposure device, of an 
upwardly disposed pair of spools for a sensitized 
film and a downwardly disposed pair of spools for 
a printing film, means for carrying and feeding 
said films between their spools and said exposure 
device in paths with that of said sensitized film 
above that of said printing film, means whereby 
said films may be fed in printing relation in 
either direction including means for operating 
either of each pair of spools to take up the film 
fed thereto, and automatic light control means 
for varying the printing light during the print 
ing operation and adapted to provide the same 
exposure at corresponding portions of the print 
ing film irrespective of the direction of feed of 
said sensitized and printing films. 

23. In a motion picture film printing machine 
the combination with an exposure device, of an 
upwardly disposed pair of spools for a sensitized 
film and a downwardly disposed pair of spools for 

film by said exposure device, means for carrying 
feeding said films and light control strip 

including means for operating either of each 
pair of spools to take up the film or strip fed 

24. In a motion picture film printing machine 
the combination with a picture record exposure is 
device and a sound record exposure device hori 
zontally spaced therefrom, of an upwardly dis 
posed pair of horizontally spaced spools for a 
sensitized film and two pairs of downwardly dis 
posed horizontally spaced spools for a picture 
record printing film and a sound record printing 
frn, two additional pairs of downwardly disposed 
spools for a light control strip operative upon 
the printing light in exposing said sensitized film 
by said picture record exposure device and for a 5 
asecond light control strip operative upon the 
printing light in exposing said sensitized film by 
said sound record exposure device, means for 
carrying and feeding said films and strips between 
their spools and said exposure devices, said sen- 20 
sitized film to. said picture record exposure de 
vice only or to both of said exposure devices and 
said printing films and control strips each to 
their related exposure devices, in paths with that 
of said sensitized film above those of said printing 25 
films and control strips, and means whereby said 
films and control strips may be fed in printing 
and exposure controlling relation in either direc 
tion including means for operating either of each 
pair of spools to take up the film or strip fed 30 
thereto. 

25. In a motion picture film printing machine 
the combination with a horizontally disposed 
drive shaft, exposure devices spaced along said 
shaft including film guides extending corre- as 
spondingly with said shaft, feed sprockets ass . 
sociated with said exposure devices and disposed 
normal to said shaft, additional feed sprockets 
spaced along said shaft for feeding films to and 
from said exposure devices, spiral gearing spaced 40 
along said shaft for driving said sprockets, ten 
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ision devices spaced along said shaft and opera 
tive upon said films between said first mentioned 
sprockets and said additional sprockets, and a 
common means for controlling said tension de- 45 
vices including a rod extending in parallelism 
with said shaft. s ALBERT s. HOWELL. 


