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RECORONG A PPARATUS 
James W. Bryce, Glen Ridge, N. J., assignor to 

International Business Machines Corporation, 
New York, N. Y., a corporation of New York . 

Application November 16, 1940, Serial No. 365,865 
(C. 95-45) * 1 Claims. 

This invention relates to photographic account 
ing apparatus of the type disclosed in my prior 
application, Serial No. 321,391, filed February 29, 
1940, now patent No. 2,343,397. 
The machine of my prior application employed 

a character bearing drum having columns of 
characters adapted to be selected and photo 
graphed upon a film during continuous movement 
of the drum. The number of different characters 
which could be selected was limited by the size of 
the character column. For a given machine speed 
there is an optimum exposure time for the individ 
ual characters which limits an increase in the 
number of different characters obtainable by spac 
ing them together or by increasing the drum 
diameter. Accordingly, were the number of dif 
ferent characters to be increased by spacing them 
closer together or by increasing the drum diame 
ter, the machine speed would have to be decreased 
in proportion. 

s 

O 

s 

provision of an improved photographic recording 
machine having multiple character drums with 
provisions for selecting a drum from the pluraltiy 
of drums and for also selecting which character 
upon the selected drum is to be exposed. 
A further object of the invention is to provide 

character representing control means for jointly 
determining character and drum selection. 
Another object of the invention is to provide al 

ternative means to select a drum and separate 
means to select a character on the selected drum 
for exposure. 

It is a further object to provide a photographic 
recording means adapted to photograph upon a 
film both numerical and alphabetic characters 
and novel controls for character selection. 

One of the objects of the present invention 
is to provide an improved construction of photo 
graphic recording apparatus wherein the record 
ing capacity or number of characters available for 
exposure may be increased without sacrifice of 
machine speed, 
More specifically, an object of the invention is 

to provide multiple sets of character columns or 
Series, each set having different characters and 
to select characters from the multiple sets for 
photographic exposure as they move in synchro 
nism past exposure positions. y 

Further, an object of the invention is to pro 
vide a plurality of sets of different character col 
umns and under control of character representing 
orders of control means common to the multiple 
Sets to select characters from the different sets 
for photographic exposure as they traverse ex 
pOSure positions. 
A further object of the invention is the provi 

Sion of a Set of controls for selecting characters 
from multiple sets of character columns and 
photographically recording the characters on a 
'common film line as the characters traverse ex 
posure positions, with characters from one col 
umn set adapted to be interspersed with charac 
ters from another column set on the film line. 
A further object of the invention resides in the 

provision of a plurality of character series or 
columns, characters from one or another of which 
may be selected by a single order of character 
representing means to be exposed, as the charac 
ters traverse spaced exposure positions, upon a 
common single character space of the film. 
A further object of the invention resides in the 

25 

A further object of the invention is the provi 
sion of a photographic recording machine adapted 
for selection and photographic exposure of char 
acters under combinational code control. A further object of the invention is the provi 
Sion of an improved photographic recording ma 
chine in which the characters of a column of the 
drum are in multiple sets with provision for se 
lecting a set and a particular character thereof 
for exposure to the film during continuous motion 
of the drum. 

30 

35 

40 

A further object is the provision of improved 
recording apparatus in which a plurality of char 
acters from a plurality of the character columns 
may be selected by combinational code control 
means and concurrently photographed on a film. 
A further object of the invention is the provi 

sion of photographic recording means with novel 
Shutter means. A further object is the provision in a photo 
graphic recording apparatus of unidirectionally 
movable shutters having successively acting ex 
posure apertures. 
Further and other objects of the present inven 

tion will be hereinafter set forth in the accom 
panying specification and claims and shown in 

45 

the drawings which show by way of illustration 
a preferred embodiment and the principle thereof 
and what it now consider to be the best mode in 
which I have contemplated applying that princi 

50 

55 

ple. Other embodiments of the invention employ 
ing the same or equivalent principle may be used 
and structural changes made as desired by those 
skilled in the art without departing from the 
present invention and within the spirit of the 
appended claims. 

In the drawings: 
Figure 1 is a front elevational view of the ma 

chine; 
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Fig. 2 is a detail view of the main clutch of the machine; 
Fig. 3 is an outside view of the card feeding 

and analyzing mechanism. This figure also shows 
the card feed de-clutching devices; 

Fig. 4 is a detail sectional view taken on line 
4-4 of Fig. 3; 

Fig. 5 is a detail view of the accumulator reset 
mechanism and clutch therefor; 

Fig. 6 is a somewhat diagrammatic view of the 
drive mechanism of the machine; 

Fig. 7 is a top view of the recording section of 
the apparatus with certain cover parts broken 
aWay to Show the interior construction; 

Fig. 8 is an isometric view of certain elements 
of One denominational Order of an accumulator; 

Fig. 9 is a detail view taken on line 9-9 of Fig. ; 
Fig. 10 is a partly end elevational and partly 

sectional view of the recording apparatus, taken : 
substantially online O-O of Fig. 7; 

Fig. 11 is a rear elevational view of the record 
ing Section of the apparatus with certain portions 
of the cover plates removed. The view is taken 
substantially along lines - of Fig. 10; 

Fig. 12 is a Sectional view showing one of the 
drums, the shutter tapes and the drive mecha 
nism, the view is taken substantially on line 
i2-2 of Fig. 11 and is on an enlarged scale; 

Fig. 13 is a sectional view taken substantially 
On line 3-3 of Fig. 11, showing both drums, 
the shutter tapes therefor and certain projecting 
apparatus. In this view certain of the drive 
parts for the shutter tapes are omitted. This view 
is on an enlarged scale with respect to Fig. 11. 

Fig. 14 is a transverse sectional view taken on 
line 4-4 of Fig. 12. Certain portions of the 
shutter tapes are broken away. This view is on 
an enlarged scale with respect to Fig. 12; 

Fig. 15 is an enlarged elevational view showing 
a shutter tape sprocket and the drive therefor; 

Fig.16 is a top view of the parts shown in Fig. 
15, looking in the direction of the arrows B - B 
of Fig. 15, and showing the shutter tape in cross 
section; 

Fig. 17 is an elevational view taken on line 
7-7 of Fig. 15; 
Fig. 18 is a transverse sectional view taken on 

line 8-8 of Fig. 12; 
Fig. 19 is a front elevational view taken sub stantially online 9-9 of Fig. 12; 
Fig. 20 is an enlarged detail view of the shutter 

driving mechanism shown on Fig. 12; 
Fig. 21 is a sectional view of the parts shown 

in Fig. 20, the section being taken or line 2-2 
of Fig. 20; 

Fig. 22 is a detail view showing certain parts 
of the mechanism of Fig. 20 in displaced and moved position; . 

Fig. 23 is a detail view of certain drive parts in 
their normal position; and - 

Fig. 24 is a similar view of like parts in oper ated position. 
Fig. 25 is an inside elevational view of the 

camera unit, the view is taken substantially on 
line 25-25 of Fig. 10; 

Fig. 26 is a detail sectional view of the camera 
unit, the Section being taken substantially on line 
2B-26 of Fig. 25; 

Fig. 27 is a table which shows the code for the 
various characters on the drum; 

Fig. 28 is an isometric detail of the drum show 
ing however, only one complete column of char 
acters; 

Fig. 29 is a fragmentary view of one of the con 
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trol records which is used in the machine. Only 
certain characters are here shown; 

Fig. 30 is a developed view of one of the drums 
showing the disposition of the characters thereon; 

Fig. 30a is a similar view showing the charac 
ters on the other drum; 

Fig. 31 is a chart or graph showing the relation 
of the shutter positions and the characters ex 
posed at different cycle times for the different 
shutter positions; 

Fig. 32 is a diagrammatic view showing the 
shutter in home position at the end of the ZOne 
cycle and the relation of the drum thereto; 

Figs. 33 to 35 are similar views showing the 
relation of a shutter to the drum for different Zone 
conditions. Fig. 33 shows a zero zone condition; 
Fig. 34 an 11 Zone condition; Fig. 35 shows a 12 
Zone Condition; 

FigS. 32a to 35a, are corresponding views show 
ing the relation of the shutter to the drum dur 
ing the recording cycle. All views showing the 
shutter tripped at the same time in said cycle. 

Figs. 36 and 36a, taken together with Fig. 36a 
to the right of Fig. 36 is a timing diagram show 
ing the timing relation of the various can Con 
tacts and other devices in the machine; 

Fig. 37 is a fragmentary view of a portion of an 
exposed and developed film record; 

Fig. 38 is a diagrammatic view of a modified 
arrangement wherein three drums are used in 
stead of two drums as in the other embodiment; 
and 

Figs. 39a and 39b, taken together with Fig. 39b 
to the right of Fig. 39a, show the complete circuit 
diagram of the main embodiment of the inven 
tion. Fig. 39bb taken with Fig. 39a shows the 
circuit diagram for the modification shown in Fig. 
38; and 

Fig. 40 is a diagrammatic view of another modi 
fication wherein the plurality of drums are re 
placed by a single equivalent drum. 

General description of the machine 
Before describing the machine in detail, its 

general features will be briefly pointed out. Ac 
COrding to my previous construction, disclosed 
in my copending application, Serial No. 321,391, 
fled February 29, 1940, now Patent No. 2,343,397, 
Only a single character bearing drum was ens 
ployed, whereas according to the present inven 
tion a plurality of drums are employed, data from 
any of which drums may be recorded upon a 
common film. The multiple drums are continu 
Ously rotated and an optical system is provided 
for projecting character images from any of the 
drums to a common location upon a film. For 
each drum there is a separate set of shutters 
adapted to be selectively operated individually by 
differential driving mechanism. Provision is 
made for this driving mechanism to differentially 
position the shutters according to the presence 
of zoning designations of combinational charac 
ter representations on controlling records. After 
having preliminarily positioned the shutters ac 
cording to zoning controls, the differential driv 
ing mechanism is again brought into operation 
under control of intra-zone portions of the char 
acter representations on the records to effect 
character exposing movement of the shutters. 
The selection of characters which are exposed 
from any one drum is determined conjointly by 
the Zoning control of the shutter and the intra 
Zone control of said shutter. Suitable controls are 
provided to enable some characters to be recorded 
from one drum (for example, upper case char   
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acters) and other characters such as lower case 
characters to be recorded from another drum. In 
lieu of using shutters of the reciprocating type 
which have to be tripped and subsequently re 
stored by return movement, the present machine 
employs shutters which are in the form of con- . 
tinuous bands or tapes together with mechanism 
for advancing the tapes in One direction only. 
Each shutter tape has a plurality of shutter aper 
tures disposed at equi-distant intervals along the 
tape and successive shutter apertures along each 
tape are used for successive exposures on a film 
of characters from the drum. A camera unit and 
film carrying and feeding means of the same type 
as in my prior machine are provided. 
The new photographic recording apparatus is 

part of an accounting machine of the record-con 
trolled type wherein characters are represented 
on records. Such records have parallel columns 
of index positions 9 to 0, 11, and 12. The digits 
are represented by a simple Hollerith type of code 
wherein perforations in positions 9 to 0 represent 
these digits, and alphabetical and other special 
characters are represented by combinational 
codes wherein various zone designations in po 
sitions 0, 11 and 12 are combined with intra-zone 
perforations in the 1 to 9 positions. The records 
are fed in the usual way past upper and lower 
analyzing brushes. The upper brushes sense the 
ZOne designations to control preliminary zoning 
adjustment of the shutters. The preliminary 
shutter adjustment for zoning varies the initial 
extent of offset of the shutter apertures with re 
Spect to a fixed aperture through which apertures 
the characters upon the moving drum are exposed 

3 
44c, rotates a shaft 9. Fixed to shaft f is a 
gear 84 which drives a gear 83 rigidly carrying a 
clutch driving element 82. Gear 83 is freely ro 
tatable upon a reset-total shaft T. Shaft 75 
has fixed to it a gear 74 and an arm (see also 
Fig. 5) which carries a spring-pressed clutch dog 
77 normally held in the position shown in Fig. 5 
by a latching arm 78 supported by the arma 
ture shaft 79 of an armature 80 of reset clutch 
magnet 8. Energization of magnet 8 will re 
lease dog for engagement with the clutch driv 
ing element 82. The gear 74 provides the usual 
reset drive to main reset shaft T2 through a gear 

5 

20 

.25 

3. 

a gear 22 and its shaft 222. 

35 
when the shutter is subsequently advanced. Such . 
subsequent advance of each shutter is controlled 
by the Sensing by the lower brushes of intra-zone 
perforations of the controlling record. The se 
lection of a particular character for exposure is 
determined both by the initial offset of the shut 
ter and by the timing of the subsequent advance 
of the shutter. . The zoning controls may also 
determine whether certain characters are to be 
printed in upper or lower case, i. e., from one 
drum or another. Alternatively, drum selection 
may be determined by special controls governed 

40 

by special designations in record columns other 
than those containing character representations. 
A suitable optical system is provided to enable 

character images which are derived from one 
drum or another drum to be projected to a film. 
This optical projecting system enables characters 
from corresponding columns upon the multiple 
drums to be exposed at a common point on the 
photographic film and also enables characters 
from non-corresponding columns to be concur 
rently exposed side by side upon the film. 

Machine drive 
Referring to Fig. 6, the drive motor M, through 

a belt and pulley connection, drives the usual 
ratchet of the main clutch (see also Fig. 2). 
When clutch magnet it is energized, a shaft 6 
is clutched in for drive by motor M. Shaft 6, 
through gearing designated 6a, drives a main 
shaft 44. Gears 67a on the main shaft drive the 
gears 67, each of which through the usual shaft 
ing and gearing 67b, as indicated for the left 
hand accumulator only in Fig. 6, drives the clutch 
shaft 53 of a known type of accumulator. 

Driving for resetting and for total recording 

6) 

65 

Shaft 44 near its right hand end is provided 
with a gear 44a which, through gears 44b and s 

3 (corresponding to gear 28 of Fig. 26 of the 
Lake et al. Patent No. 1,976,617). On reset shaft 
72 are gears 7 driving gears 70, each affording 
individual reset drive to the index wheel shaft 
69 (see Figs. 6 and 8) of an accumulator unit. 
From the foregoing, it is clear that accumu 

lator reset will be effected when clutch magnet 
8 is energized. - - 

Recorder drie 
Referring to Figs. 6, 10 and 11, shaft 9 carries 

a gear 9 which, through gearing 22a, b, c, and 
d, drives a gear 23 fixed to a shaft 23a. Also 
fixed to shaft 23a is a gear 24 which meshes 
with a gear 2 fs secured to an upper character 
bearing drum 26B. Gear 25, in turn, through 
idlers 25a and 25b drives a gear 27 secured 
to a shaft 28. Shaft 28 rigidly carries a gear 
29 serving through an idler gear 220 to drive 

Further drive 
through gears 223, 224 (see Fig. 10) rotates a 
shaft 224a to which is fast a gear 224b. Gear 
224b, through idlers 225 and 225a, drives a gear 
226 fixed to the hub of a lower character bear 
ing drum 26A. By the foregoing driving 
mechanism the drums 26A and 2? 6B are rotated 
through one revolution for every revolution of 
shaft f 9. 
Card feed drive and record. analyzing 1762012S 
Referring to Fig. 3, main clutch shaft 6, 

through a gear 2, drives a pair of gears 2a. 
and f2b fixed upon a common shaft. Gear 2b 
in turn drives a gear 2c which meshes with a 
gear 3 rigid with a clutch drive disk 4, freely 
mounted on a sleeve (also see Fig. 4). Fixed to 
sleeve 7 is an arm 5 - which carries a spring 
pressed clutch dog 6 normally held disengaged 
from clutch drive disk f4 by an armature latch 
iT controlled by a card feed clutch magnet 8. 
When magnet f8 is energized, the clutch dog 6 
is released and sleeve T is set in rotation. Fixed 
to sleeve T is a gear which affords drive to 
successive pairs of the usual feed rolls to and to 
the customary card pickers 9. During each card 
cycle, pickers 9 feed a record card from the Sup 
ply stack to a pair of feed rolls O. During 
successive cycles, the feed rolls 0 feed a card 
past the usual upper and lower analyzing brushes 
UB and LB. Card feeding and analyzing opera 
tions will continue as long as magnet 8 remains 
energized. The magnet is de-energized during 
total taking cycles; hence, card feeding will not 
Occur during Such cycles. 

Accumulating mechanism 
Fig. 6 diagrammatically illustrates three ac 

cumulator banks. Each of these accumulator 
banks is of the form fully described in the Lak 
et al. Patent No. 1,976,617. 
The mode of operation of accumulator ele 

ments of one order will be briefly described be 
low. 
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Referring to Fig. 8, previously mentioned shaft 

53 has slidably mounted thereon, but keyed for 
rotation therewith, clutch elements 54, one for 
each denominational Order of the accumulator. 
Element 54 is provided with a groove which fits 
the short arm of a lever 55 provided with a 
block 56 normally latched by armature latch 57 
of an add magnet 58. When magnet 58 is ener 
gized by the Sensing of a digital value, armature 
atch 5 releases lever 55 which is thereupon 
rocked in a counterclockwise direction. This 
movement brings the clutching member 54 into 
engagement with cooperating teeth 60 integral 
with a gear 6 freely rotatable on shaft 53. Gear 
6, when thus coupled to shaft 53, rotates a gear 
62 of an accumulator index wheel 63 freely 
mounted on a Shaft 69. The usual clutch re 
lease is provided and comprises a finger 64 
moved at a cyclic time to engage the rearward 
extremity of lever 55 for disengaging the clutch 
element 54 from teeth 60 and relatching block 
56 on armature 57. The index wheel 63 is there 
by advanced an amount corresponding to the 
Sensed value. 

Readout mechanism 
Also driven by index wheel driving gear 6 

(Fig. 8) is a gear 65 of the usual readout com 
mutator. The ratio of gears 65 and 62 is 2 to 1 
so that the former will turn a half revolution 
for each revolution of the latter. Carried by 
and insulated from gear 65 are two electrically 
connected brushes 66. During half a turn of 
gear 65, one of the brushes cooperates succes 
Sively with ten digit segments 67 while the other 
brush is wiping an arcuate conducting strip 68. 
During the next half turn of gear 65, the brushes 
reverse their positions and functions. The re 
lationship of the parts is such that when the in 
dex wheel 63 is in its zero position, One of the 
brushes 66 is in contact with the zero digit seg 
ment 67 and the other brush is in contact with 
common trip 68. 
The brushes 66, segments 67, and common 

strip 6 provide a readout mechanism for read 
ing Out amounts standing On the accumulator, 
an amount being represented by the position of 
one of the brushes with respect to the digit seg 
ments. The shaft 9 (Fig. 8), upon which the 
index wheels of an accumulator are freely 
mounted, is slotted for cooperating with the usual 
reset pawls (not shown) carried by the individual 
index wheels in such a manner that a counter 
clockwise revolution of shaft 9 during a reset 
cycle will advance the index wheels 3 to zero 
positions. Reset drive for shaft 9 is provided 
for in the manner previously described. 

Cam contact devices and machine tinning 
Referring to Figs. 6 and 9, the shaft 9 makes 

one revolution each machine cycle (Fig. 36) and 
is adapted to drive certain L. cams of the can 
contact devices. The same shaft - 9 through 
gearing 9, 9 and 9 drives the emitter drive 
shaft 5. This shaft drives the usual two brushes 
of conventional emitters designated EMI. The 
two emitter brushes of each emitter make one 
revolution for every two revolutions of shaft 9, 
but during each half a revolution of the brushes, 
one of the brushes is successively wiping the 
emitter spot and the Opposite brush is wiping 
the common segment. Suitable gears a, b 
are provided to drive from reset totaling shaft 
75, a shaft 92 which in turn drives the P cams 
of the machine. Such P cams rotate through 
One complete revolution in tWO machine cycles 
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and function during reset and total taking cycles 
(Figs. 36 and 36a). 
The present arrangement differs from the ma 

chine disclosed in the Daly Patent No. 2,126,621. 
wherein the P cans make a complete revolution 
in One machine cycle. 

Referring now to Fig. 3, a shaft 93 driven from 
the card feed gear train operates the F can con 
tact devices during card feeding cycles only. 
The timing relations of the various can con 

tact devices are substantially shown in detail in 
the timing diagram (Figs. 36, 36a). A card 
cycle is equal to the period of one revolution 
of shaft 93 and to the period between the ar 
rival of corresponding points of Successive cards 
at a reference point such as an analyzing sta 
tion. The card cycle occurs during one machine 
cycle. During each card cycle, the F cams make 
one revolution. A machine cycle is equal to a 
revolution of shaft 9 during which the L cams 
make one revolution and an emitter brush of 
emitter EM is successively wiping the emitter 
spots. The reset or total cycle occurs when 
shaft 75 (Fig. 6) makes one revolution as a re 
sult of energization of reset magnet 8. The 
drive relations of machine cycle shaft 9 and 
reset cycle shaft T5 are such that during one 
revolution of the shaft 75, there will be two 
revolutions of shaft 9. Hence each reset cycle 
is co-extensive with two machine cycles. Dur 
ing each reset cycle, the P cams make one revo 
lution. 
The photo-transferring section of the machine 

will now be described. 
Drum frame assembly 

Referring to Fig. 11, 50 designates the base 
frame of this section of the machine. Secured 
to it are two upright frames S and 52 which 
at their upper end are attached to cross 
members a, b and C (see Fig. 10). Fast to 
these Cross-members are upper cross-members 
52a, b and c which have secured thereto a pair 

O 

S 

of vertical frame members 53, S4. Supported 
by the members 53, 54 are cross-frame mem 
bers which provide support for a plate Sa 
which supports shaft and gear . Suitably 
carried upon these frames is a cover 5 pro 
vided with braces Sa and ST b which support 
the housing 58. The housing carries a camera 
unit including a lens and shutter assembly gen 
erally designated BD, provided with a shutter 
trip levir . To the left of the lens and shut 
ter assembly is the film supporting and feed 
assembly of the camera unit. Fixed to the hous 
ing is an assembly plate 2 (see also Fig. 
25). A stud is carried by plate 2 as shown 
in Fig. 25 affords a support for a film supply 
spool which is generally designated B4 (see also 
Fig. 10). A pair of shafts B and BB (Fig. 26) 
are also rotatably supported by the assembly 
plate 2 and on these shafts are film feed 
sprockets 7 and B (see Fig. 10). Another 
shaft affords a support for a takeup spool (TO, 

Referring now to Fig. 26, shaft IS has fast 
to it a ratchet T and a driving gear 2. Driv 
ing gear 2 meshes with an intermediate gear 

which is meshed with a gear T fixed on 
shaft it. A belt a transmits motion from 
a pulley S fixed to shaft BB, to a pulley 7B 
on takeup spool shaft B. Shaft BB is slotted 
at one end to receive a winding key generally 
designated TT, normally in the retracted posi 
tion, as shown in Fig. 25. Also carried by the 
assembly plate 2 is a film feed operating sole 
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noid 80, energization of which will depress an 
actuating member 8. This member 8 is suit 
ably spring-restored to upper position and upon 
restoring movement, a pawl 82, carried by the 
member, actuates the film feed ratchet to 
advance the film One line space. A flat Spring 
83 serves as a detent for the ratchet T. 
Referring again to Fig. 10, within the camera 

housing there is provided a pivoted ever 84 (See 
also Fig. 26) which is spring-pressed into con 
tact with the film on the supply roll. When the 
film is exhausted, member 84 swings clockwise 
to such an extent that a pair of contacts 85 
open. At other times with film available on the 
supply spool, the lever 84 maintains these con 
tacts closed. The camera unit, is provided with 
a suitable housing or cover designated 86. This 
cover is held in position on the housing by a 
pair of knurled thumb screws 87. The film 
which is designated 88 in Fig. 25 is provided 
with the usual feeding sprocket holes. The film 
passes successively under the first two film guides 
90, through a film gate 9 (see Fig. 25) and 
then under another pair of film guides 92 (Fig. 
25). The film guides 90 and 92 and the film 
gate 9 are suitably mounted on the assembly 
plate 62. Also carried by the assembly plate 
is a solenoid f 80S (Fig. 26). Fixed to the plunger 
of the solenoid is a plate 208 which is normally 
held in upper position by a spring 208.a. Plate 
208 is provided with a lug 208b engaged with 
the shutter control lever 6 ?. Upon each ener 
gization of the Solenoid 80S, the plate 208, 
through its lug 208b will operate lever 6 to 
actuate the main shutter mechanism of the 
camera unit. According to the present arrange 
ment, the main shutter mechanism is set for a 
so-called time exposure operation, that is to say, 
the first actuation of member 6 will open the 
shutter mechanism and the next actuation will 
close it. 

Rotating character drums and auciliary shutter 
mechanism, 

From the previous description it will be under 
stood that the character drums 26A and 2.6B 
are in continuous rotation as long as the drive 
shaft 44 is rotating (see Figs. 10 and 6). 
According to the main embodiment, a pair of 

drums 26A and 26B each rotate through a 
complete revolution during each machine cycle. 
Each drum is provided with end plates 300 (see 
Fig. 28). Secured to these end plates is a cylin 
drical drum which is preferably opaque on its 
surface except at the character displaying por 
tions where the drum is transparent or trans 
lucent. While the cylinder may be made of glass 
and coated with opaque material except for the 
character areas, it is preferred to utilize a suit 
able synthetic translucent Or transparent plas 
tic material to avoid possibility of breakage. 
Such transparent or translucent cylinder would 
then be covered over with an opaque Surface ex 
cept at the character displaying portions. These 
character displaying portions may be termed 
“character patterns.' 

In the drawings, for clarity of illustration, the 
characters are shown opaque and the drum trans 
parent, but in actual practice the characters 
would be transparent and the background sur 
face opaque. The lower drum 26a is provided 
with a plurality of columns of characters; one 
such column is designated 302A in Fig. 30. This 
column of characters comprises the entire al 
phabet and the digits from 9 through 0 inclusive. 
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It will be noted that the alphabetical characters 
are interspersed between the successive digital 
characters. 
S0 that each different character has a predeter 
mined differential position around the periphery 
of the drum. The circumference of the drum 
may be considered to be divided into sixteen 
equal parts to correspond with the sixteen divi 
sions or index points in the cycle of the machine 
(Fig. 36). With the drum in continuous rota 
tion, i. e. rotating in the direction of the arrow . 
shown in Fig. 28, the various characters are suc 
cessively presented to an exposing position. It 
may be explained that in normal home position, 
no character is at the exposing position, then if 
the drum commences rotation, the first char 
acter to be brought to the exposing position is 
the letter I (see Fig. 30). The next character 
is the letter R, the following character is the let 
ter Z, followed by the numerical character 9. 
The four characters I, R., Z and 9 of the first 
group pass the exposing position at successive 
intervals during the '9' index cycle point of the 
machine cycle. The four characters of the next 
group are similarly exposed during the '8' cycle 
point and so on. The action is the same for the 
lower case alphabetical characters and special 
characters which are shown on Fig. 30a. It will 
be noted that in this instance, the numerical 
characters are replaced with special characters 
such as asterisks, punctuation marks, etc. It 
Will also be understood that the lower case char 
acters i, r and 2 and the A fraction character 
of the first group of drum 26B are passed by the 
exposing point during the '9' index point cycle 
of the machine, and so on. 

For simplicity of illustration, the present ma-. 
chine is shown with structure to provide for the 
exposure of ten columns of characters. In prac 
tice, the columnar capacity may be increased to 
any Suitable extent according to the desired col 
unnar capacity of the machine. 

Before describing the details of the construc 
tion which is employed, it may be briefly ex 
plained that individual shutters are provided, one 
for each circumferential band or column of char 
acters on each drum. By opening an individual 
shutter at the proper differential time in a cycle 
point, a related digit, character or symbol in a 
column on the drum will be exposed and selected 
for photographic transfer to the film. Suitable 
illuminating means is provided within the drum 
for projecting the character to the film. A suit 
able lens and reflecting system projects character 
images from the drum on spaced portions of a 
film line when the various shutters are open, 
Accordingly, by proper timed actuation of the in 
dividual shutters in relation to the machine cycle 
any character on either of the drums may be pro 
jected on the film or light sensitive element in 
the camera unit. It may also be mentioned that 
film feed is effected at the time in the machine 
cycle when the characterless, fully opaque por 
tion of the drum is traversing the exposure line 
or position. The upper case drum 26A is con 
tinuously driven in the manner previously de 
scribed from gear 9 by a train of gears which , , 
ultimately effects rotation of gear 226 (Figs. 10 
and 18). Gear 226 is fixed to a hub. 305 on the 
right hand end plate 300 of the drum 2 6A. This 
hub and the other hub are preferably mounted 
for rotation in suitable ball bearings supported 
by the end frames S and 52. It will be noted 
that the drum supporting hubs are hollow and 

The various characters are disposed 
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accordingly, it is possible to provide within the 
drum a source of light which is fixed and not 
rotatable. It is preferred to dispose the SOurce 
of light within the drum in order to secure bril 
liance of illumination. By a source of light with 
in the drum, light may be transmitted through 
the drum chamber to brilliantly contrast the 
translucent or transparent characters with re 
spect to the opaque portion of the drum cham 
ber. It is also desirable to provide the Source 
of light within the drum to afford more Space 
Without the drum for the shutter mechanism. 

Referring again to Fig. 18, fixed to the side 
frames 5 and 52 are a pair of brackets 308. 
Secured to these brackets are other brackets 309 
which extend through the hollow hubs to a point 
within the drum 26A. Mounted on the brackets 
309 are a pair of terminal Sockets 30 for receiv 
ing a tubular incandescent light 3. Preferably 
the rear part of this incandescent lamp is silvered 
as indicated at 3 a to provide a reflector. The 
brackets 309 also support a cross bracket 32 
which provides a support for a lens System gen 
erally designated 33 (see Fig. 12). Such lens 
System may comprise a pair of condensing lenses 
34 to direct the light received from the light 
Source 3 upon a small double concave lens 35. 
This System of lenses will direct a straight beam 
of light of proper height and width through one 
horizontal row of characters across the drum 
periphery when the row of characters is at the 
exposure position or station. The lens system 
is also of such character as to direct the rays of 
light in a Substantially parallel direction towards 
the drum periphery. The lenses are preferably 
long or so-called horizontal or cylindrical lenses. 

It is desirable to compensate for the motion of 
the drum during film exposure to avoid any pos 
sibility of slight blurring of characters when the 
device is operated at extremely high rates of 
Speed. Accordingly, there is provided in associa 
tion with the drum a compensating prism system. 
Such compensating system comprises prisms 3 8a. 
and 3? 8b which are, respectively, inside and out 
Side the drum (see Fig. 12). These prisms are 
of octagonal shape and they are mounted in oc 
tagonally recessed end plates. The carrying 
plates for prism 38a are designated 39a and 
those for prism 38b are designated 39b (see 
Fig. 18). Right hand end plate 39a is rigidly car 
ried by a shaft 320 which has a gear 32 fast 
thereto. Gear 22 meshes with an internal ring 
gear 324 fixed to the right hand (lower in Fig. 18) 
side plate 300 of the drum. Right hand end plate 
39b is fast to a shaft 322 which has fixed to it a 
gear 323 receiving drive from an external spur 
gear 324 which is fixed to the right hand side 
plate of the drum, 

It will be clear that through the above gearing, 
both prisms associated with a drum will rotate 
during rotation of the drum and that their ro 
tation will be synchronous with the rotation of 
the drum. Drive relations between the drum and 
the prisms 38a and 38b are such that the prisms 
rotate one eighth revolution during the passage 
of a character row or line past the beam of light 
projected from or which emerges from the lens 
system. The arrangement of the gearing is, fur 
ther, such that the prisms 3 8a and b ro 
tate in opposite directions. Prism systems of 
this character are described in the United States 
patent to Hopkins No. 1204,771. Briefly stated, 
the action of the dual prism system is such that 
the inner prism during the motion of the drin 
bends the light beam downwardly and the outer 

2,877,754 
prism corrects this downward motion so that dur 
ing the interval when the picture is being taken, 
the effect is equivalent to halting the motion of 
the drum or momentarily arresting the character 

is row at the exposure.station. Accordingly, even 
though the actual object, i.e. the translucent or 
transparent character is in motion, its image 
While it is being photographed remains stationary 
during exposure time. A compensating prism 
System is provided for each of drums 26A and 
26B. 
The above correcting prism system is deemed 

desirable when extremely high speed of operation 
is desired. In practice, however, such correcting 
prism Systems may be omitted when slower speeds 
are employed. 

Auaciliary Optical System 
It has been previously explained that upper 

case characters and digit values may be derived 
from the lower drum 26A and lower case charac 
ters and symbols from the upper drum 2 6B. An 
auxiliary optical System is provided to direct ex 
pOSed Characters from both drums to a common 
film line. This optical system provides for pro 
jection of characters from both drums in inter 
Spersed relation upon a film line and for projec 
tion of a character from one drum or the other 
upon a common single character space of the film 
line. The optical system is interposed between 
the outer rotating prisms of the vertically spaced 
pair of drums and the shutter and lens assembly 
60 of the camera unit. The part of the optical 

system for directing characters from the upper 
drum 26B comprises a pair of mirrors 325 and 
326. From mirror 326, the light rays are projected 
through a partially silvered mirror 327 and thence 
to the lens 60. From the lower drum the rays 
are reflected by a mirror 328 to the partially sil 
wered mirror 327 and thence reflected to the lens 
60. 
By the above construction, including the par 

tially silvered mirror, it is possible to project a 
character from One drum or the other or from 
both drums On a common film area. It will be 
understood that characters of non-correspond 
ing columns of both drums may be exposed con 
currently, in which case, they will be projected 
to different columnar areas on the film. 

It will also be understood that considering cor 
responding columns on both drums, any charac 
ter from either of such columns may be exposed 
at the same lateral, single-character position on 
the film, but exposure of characters from the 
corresponding columns cannot be concurrent and 
may not occur while the same film line is in image 
receiving position. 

Shutter construction 
Referring to Figs. 12 and 15, disposed on suit 

able shafts between the side frames 5 and 52, 
are a plurality of freely rotatable sprockets 3 
and driving sprockets 832. Passing over and 
around these sprockets are parallel, endless tapes 
335. These tapes are preferably of thin flexible 
metal. It will be understood, as clearly shown in 
Fig. 13, that there is one set of tapes for the up 
per drum 2 GB and a separate and independent 
set of tapes for the lower drum 2 tiA. The set 
of tapes for each drum includes an individual 
tape for each column of characters on the re 
lated drum. Each tape is provided with a plu 
rality of horizontal slots 837 (Fig. 17) to engage 
the sprocket teeth 838 of the various sprockets. 
These slots not only are for the enabling of the 
tape to be driven but the slots also aford exposure 
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apertures through the tape. The manner of driv 
ing the various shutter tapes will be explained 
subsequently. 
Between the side frames supporting each drum 

and in front of the outer Compensating prism of 
each drum, there is provided a fixed plate 342 
provided with a plurality of fixed exposure aper 
tures 343 (Figs. 13 and 19) arranged along the 
exposure line. These apertures 343 are in col 
umnar alignment with the tape apertures and 
with the character columns. Accordingly, wher. 
it is desired to effect exposure of a particular 
character, a shutter tape is so actuated that one 
of its apertures 33 passes the fixed aperture 343 
at the time when the desired character on the 
drum is at exposing position behind aperture 343. 
As stated before, there is a separate loop-like 

0. 

5 

endless shutter tape for each different column 
of characters for each drum, that is, there is a 
set of endless tapes for the upper drum and an 
other set of endless tapes for the lower drum. 
Each tape, as also stated before, has a plurality 
of exposure apertures 33 equi-spaced along its 
length (see Figs. 17 and 19). Normally, all of 
the tapes are stationary with an exposure aper 
ture in a tape in its normal position, which is a 
position spaced a certain distance back lengthwise 
from the fixed exposing aperture 343. This initial 
position may hereinafter be termed the normal 
position, designated 'f'' in Fig. 32, and the dis 
tance at which the shutter aperture in normal 
position is back from the fixed aperture may be 
termed the normal offset distance. 

2 

gears 239 and 240 to rotate a shaft 24. 

30 

When a character on the drum is to be ex 
posed, the tape is set in motion in such a way 
that the tape aperture comes into alignment with 

35 

the fixed aperture just at the time this char- . 
acter on the drum aligns with the fixed aperture. 
The tape moves uninterruptedly during and after 
exposure, but after exposure, the tape motion is 
again stopped in such a position that the next 
following exposure aperture in the tape is in the 
normal position, i. e. the normal Offset distance 
from the fixed aperture. 
From the foregoing it will be appreciated that 

the time that a tape aperture passes the fixed 
aperture primarily determines which character 
is to be exposed upon the assumption that the 
tape motion is Synchronous with the drum mo 
tion and with the further assumption that the 
tape always starts moving when a certain point on 
the drum is passing the fixed aperture. If, how 
ever, the tape is preliminarily advanced length 
wise one or more steps before it is subsequently 
set in motion to effect exposure, the ultimate 
effect will be to change the time when the tape 
aperture passes the fixed aperture assuming the 
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with a bevel gear 234. 

cycle. 
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upon energization of a stop magnet as will be 
hereinafter described. 

It will be further understood that there is a 
shutter advance magnet and stop magnet for 
each of the shutter tapes. . . 

Drive means for shutter tapes 
The gear train for driving character bearing 

drums 26A and 26B, as previously described 
under the heading "Recorder drive,' includes a 
gear 27 fixed to a shaft 28 (see Fig. 10). The 
gear ratio between shaft 9, making one revo 
lution a cycle, and gear 27 is such that shaft 
28 makes four revolutions a cycle. Also as pre 
viously described, under the heading Recorder 
drive, gear 29 on shaft 28 drives a gear 22 on 
shaft 222 and gear 22, in turn, drives a gear 223. 
As indicated in Figs. 10 and 11, gear 223 drives 
a gear 232 rigid with a bevel gear 233 meshing 

Gear 234 is fixed to a 
vertical shaft 235, the lower end of which has 
a bevel gear 236 meshing with a bevel gear 237. 
Rigid with gear 237 is a gear 238 serving through 

Gear 
240, through an idler 242 drives a gear 243 on 
a shaft 244. The gear ratio between shafts 218, 
222, 24f, and 244 is one to one, so that each 
of these shafts makes four revolutions a machine 

Fixed to shafts 24 and 244 are a set of 
drive gears 352 for the set of shutter tapes of 
the lower drum 26A and fixed on shafts 28 and 
222 are a set of similar gears (not shown) for the 
shutter tapes of the upper drum 26B. 
As previously explained, each shutter tape 335 

passes around three idler sprockets 33 and a 
drive sprocket 332 (Fig. 12). 

Referring to Figs. 14 to 17, each driving 
sprocket 332 comprises a pair of side sprocket 
plates 344, each provided with seven equi-distant 
sprocket teeth 338. Intermediate the side plates 
of each side plate assembly is a gear 345. In 
mesh with each gear 345 is an idler 346 driven 
by a gear 347 (see also Fig. 12). Each gear 347 
constitutes a differentially driven element of 
what may be termed a shutter drive unit. . Each 
drive unit includes a gear 348 (see Figs. 20 and 
21) which is fixed to the hub of a driving ratchet 
349. This hub is rotatably mounted on a suitable 
bearing disposed on a stub shaft 350 fixed at one 

50 end to a Supporting plate. 35f. Meshing with 
gear 348 is one of the previously mentioned gears 
352. Also rotatably mounted upon a suitable 
bearing on stub shaft 350 is a driven assembly 

55 

tape to start in exposing motion at the same time . 
as before. Character selection is therefore made 
dependent upon two factors, one, whether or not 
and to what extent or degree the tape is prelim 
inarily advanced; two, upon the differential time 
in the machine cycle when the tape is set in 
motion upon its exposure producing travel. 

It should be further noted that regardless of 
the preliminary position of the shutter aperture 
before exposure advance of the tape occurs, the 
tape is always arrested after exposure in a posi 
tion in which the next following aperture of 
the tape is in normal position relative to the fixed 
aperture. Tape motion for either preliminary 
(zoning) or tape motion for exposure advance is 
brought about by energization of a tape advanc 
ing magnet as will be later described. Likewise 
stopping of tape motion after exposure is effected 
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which comprises a collar 353 to one side of which 
is secured a notched plate 354 having ten ratchet 
notches 355 (see Fig. 22) adapted to coact with 
an impositive detent 356. Rotatably mounted on 
the opposite side of the collar 353 is a toothed 
disk 357 which is provided with ten teeth 358. 
The notched plate 354 carries a clutch pawl 362 
which is pivoted at 363. As viewed in Fig. 21, 
the pawl 362 lies in the plane of the driving 
ratchet 349 and the toothed disk 357 lies between 
the pawl 362 and its supporting plate 354. The 
toothed disk 357 (see Fig. 24) is provided with 
an opening 364 through which a spacing sleeve 
365 and its supporting pin extends. A spring 
366 connected to the upper end of pawl 362 is 
connected with a pin 367 carried by the plate 
354. This pin also extends through a suitable 
opening in disk 35. Secured on pawl 362 is a 
pin 368 which engages a camming surface 369 
on the disk 357. The relationship of the parts 
is shown in Fig. 23 which shows the pawl 362 
normally held out of engagement with the ratchet 
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teeth 349 by the camming surface 69 against the 
pin 368. If the toothed disk 357 is permitted 
to move counterclockwise with respect to the 
pivot point of the pawl 362, the camming surface 
369 will move away from the pin 38 and will 
permit the spring 366 to rock the pawl 362 into 
engagement with the ratchet 349. This relation 
of parts is shown in Fig. 24. 

Plate 354 is normally held against displacement 
by an impositive detent 356. With the plate 54 
thus restrained against movement, the tension of 
spring 366 (see Fig. 23) tends to cause the pin 
368 to act against the camming surface and urge 
the toothed disk 35 in a counterclockwise direc 
tion. The teeth. 358 of the driven member 357 
are normally engaged by a latching extension 375 
of a lever 376 (see Fig. 20). If the extension 35 
is raised out of engagement with a tooth 358 the 
notched disk 35 may then rock counterclockwise 
to permit the pawl 362 to move from the position 
of Fig. 23 to that of Fig. 24, thereby engaging the 
constantly rotating driving ratchet 349 so that 
the plate 354 will be advanced until the pawl 362 
is again disengaged from the driving ratchet 349. 
This disengagement is brought about by lowering 
the extension 375 into the path of one of the 
teeth 358, thus holding the disk 357 and causing 
the camming surface 369 to cam the pawl 362 out 
of engagement of the driving ratchet. The device 
just described is more fully described in U. S. 
Patent No. 2,150,277, wherein an accumulator 
clutching means is described. 
The initial elevation of the extension 35 to 

permit clutching of the plate is controlled by a 
double coil magnet 377 which upon energization 
attracts an armature 378. The armature is piv 
oted at 379 so that when it is attracted lever 376, 
is rocked clockwise. A second double coil magnet 
380 is provided which attracts the armature 37 
to cause rocking of the lever 376 in a counter 
clockwise direction. The lever 376 is provided 
with a toggle mechanism for maintaining the 
lever in either position. This toggle comprises a 
lever 38 pivoted at 382 to the plate 35? and also 
comprises a hair spring 383, one end of which is 
Secured to the end of lever 38 f and the other end 
of which is secured to a pin 384 on the lever 376. 
Lever 38 also has a pin and slot connection with 
lever 376 as shown at 385. Accordingly, as the 
lever 36 is rocked clockwise under control of the 
magnet, 377 the pin and slot connection 385 will 
cause lever 38 to rock clockwise throwing the 
toggle 38, 383 across dead center to the position 
shown in Fig. 22. The parts will be held in this 
position by the spring 383 until the lever 376 is 
rocked back to its initial position (shown in Fig. 
20). 

This return rocking of the lever 37.6 may be 
effected by the magnet 380 which when energized 
rocks lever 376 to the position of Fig. 20. Accord 
ingly, upon energization of the magnet 377 the 
notched plate 354 is clutched to the driving ratch 
et. It will thus be seen that upon energization of 
magnet 37 lever 376 rocked clockwise releasing 
detent 375 from plate 357 causing clutching of the 
driven assembly to the driving ratchet 349. Also 
upon energization of magnet 380, the lever 376 
is rocked counterclockwise, placing the detent 375 
in the path of a tooth 385 of cam disk 357, there 
fore causing unclutching of the driven part from 
the driving part of the shutter drive unit. 

Referring now to Figs. 23 and 24 pawl 362 is 
provided with a tail 362d which lies in the path 
of a pin 390 carried by the disk 357. With pawl 
362 in disengaged position the relative position 
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of the pin and the tail 2a is as shown in 
Fig. 23. With the pawl in engaged position the 
position of pin 3D relative to the pawl tail is as 
shown in Fig. 24. In either position of the pawl, 
the pin 3 coacts with the pawl tail to prevent 
chatter of the pawl. 
As previously explained the drive gear 352 

makes four revolutions a machine cycle. The 
ratio of gearing between gear 852 and a drive 
sprocket 332 is such that the sprocket 332 turns 
a distance between successive sprockets 2 for 
each quarter of a revolution of the gear 52. This 
quarter of a revolution of gear 352 is equivalent 
to One of the Sixteen cycle points of the machine 
cycle (see Fig. 36). Thus, if pawl 362 is clutched 
to the drive ratchet 349 for an interval during 
which the gear 352 makes a quarter revolution, 
drive sprocket 332 will rotate the distance be 
tween successive sprocket teeth 338. Further, if 
pawl 362 is clutched in while the gear 352 is mak 
ing one sixteenth of a revolution, i.e., the equiv 
alent of one quarter of a cycle point, the drive 
Sprocket 332 will turn through one quarter of a 
distance between successive sprocket teeth. It 
may be stated now that a zone or primary step of 
movement of a shutter tape is the distance the 
shutter tape is moved when its drive sprocket 
turns one quarter the distance between a pair of 
Sprocket teeth. Further, if a shutter tape has 
not been preliminarily advanced through a zone 
Step, an expOSure advance of the shutter is effect 
ed when its drive sprocket turns through the dis 
tance between a pair of sprocket teeth. If, how 
ever, a shutter tape has been preliminarily ad 
Vanced One or more Zoning steps, then its ex 
posure advance is the distance through which it 
moves when its drive sprocket turns through the 
remaining distance between successive sprocket 
teeth. 

It may also be noted that the idler sprockets 
33 are of the same size as drive sprocket 32, 
move through corresponding distances and their 
teeth are spaced the same distance apart as on 
drive sprocket 332. 
The details of construction and mode of oper 

ation of a shutter drive unit have been described 
above in detail and an explanation will now be 
given of the manner in which the shutter Oper 
ating parts are timed in relation to other parts 
of the machine. Figs. 30 and 30a show developed 
views of the two drum Surfaces. Each drum sur 
face may be considered as divided along the cir 
cumference into sixteen equal parts which cor 
respond to the index point positions of the ma 
chine cycle (Fig. 36). As the drum rotates, a 
group of four characters from each column of 
each drum will pass the exposure openings 343 
at the exposure station during each of certain 
of the cycle points. Remembering that drun 
21 6A has upper case characters thereon, consider 
such drum during the first quarter of the interval 
between index point 9 and index point 8 on the 
timing chart. The letter I will pass the exposure 
opening during this quarter interval. During the 
second quarter of such index point interval, the 
letter R will pass the opening 343, during the 
third quarter the letter Z, will pass the opening 
and during the last quarter the digit 9 will pass 
the exposure station. If a shutter 335 for the 
26A drum is actuated so that a slot 3 in the 
shutter tape passes the aperture 43 during the 
first quarter of the 9th cycle point, the character 
I will be exposed for recording on the film. If 
the shutter slot passes the opening 4 during 
the second quarter of the 9th cycle point, the 



character R will be recorded, and so on. Like 
wise if the shutters of the lower case drum 2.6B 
were actuated at like times, the characters ex 
posed for recording would be i, r, 2 and 4 (see 
Fig. 30a). . Summarizing, it may be explained that the 
different characters of a column on the drum pass 
the exposure station at quarter cycle point in 
tervals. 
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for upper case drum 2A is moved to position 
4. Fig. 31 is a chart or graph indicating the oper 
ation of a shutter with respect to the upper case 

5 drum. The ordinate on the chart represents 
sensing time expressed in cycle points. The ab 
scissa represents shutter operation and portrays 
the particular time in the cycle the shutter op 
eration occurs. More particularly the ordinate 

Fig. 29 shows a fragment of one of the con- Q shows the cycle time when different index point 
trolling records which is used in the machine. 
This card, as is customary in tabulating machine 
practice, is divided into columns, each of which 
has twelve index point positions. For numerical 
recording, the Only index point positions which 
will be used are those from 0 through 9 inclu 
sive. For alphabetical recording, the 0, 11 and 
12 index point positions are utilized for what 
may be termed Zoning control purposes and the 
9 to 1 positions are used for what may be termed 
intra-Zone control purposes. 
The code table shown in Fig. 27 indicates that 

if the card is perforated in a column with a single 
index point perforation in one of the positions, 
0 through 9, the corresponding digit will be repre 
sented. On the other hand if there are multiple 
perforations in the column, one or more of which 
are in the Zone positions, alphabetic characters 
or special symbols will be represented. For ex 
ample, if a column contained a perforation at 
the 12 index point position and there be another 
perforation at one of the positions 1 through 9 
inclusive, the characters represented will be up 
per case alphabetical characters as shown. Thus 
with a perforation at the 12th position and an 
other perforation at the 2 position, the repre 
sented character will be B and so on. Perfor 
ations in both the 12 and 11 positions of a column 
will call for lower case recording as is evident 

perforations are sensed. The abscissa represents 
the exposure point or shutter operation to ex 
pose a particular character and denotes the rel 
ative time in one cycle in which a plurality of 

15 characters may be exposed for different shutter 
positions. The four diagonal lines in the chart. 
represent four different zone positions of a single 
shutter. It will be noted that during the zoning 
cycle, if a Zoning position 0, 11 or 12 was not 

20 sensed, the shutter remains in its position until 
the end of the zoning cycle. If during the zon 
ing cycle, the "12'' zone perforation was sensed, 
the shutter starts moving at "13.25' of the zone 
cycle and moves three steps to position 4. If a 

25 Zoning perforation was sensed, the shutter 
movement will be initiated at “13.5' of the zoning 
cycle and the shutter will move to position 3. The 
presence of a '0' Zoning perforation causes the 
shutter to move to position 2, this movement 

30 being initiated at "13.75" of the zoning cycle. 
The shutter remains in either of these four posi 
tions until the end of the zoning cycle and until 
an intra-zoning or digit perforation is sensed 
during the following recording cycle. For ex 

35 ample, with the shutter in its home position dur 
ing the recording cycle, if a 9 perforation is 
sensed, the shutter will begin moving at '9' and 
an exposure aperture 337 will reach the fixed 
aperture 343 at about "8.13' of the cycle at which 

from the table. Special and lower case charac-40 time the digit 9 will also reach the aperture 343. 
ter recording will also be afforded with perfor 
ations at 12-0, 11-0 and at 12-11-0 of a col 
umn. In combination with the zone perforation 
or perforations, there will also be a perforation 
in positions from 1 to 9 inclusive. 

In the operation of the machine, which will be 
explained fully later in connection with the cir 
cuits, and considering one card, the zoning per 
forations are sensed during a Zoning cycle which 
precedes a recording cycle. It is clear that each 
shutter tape has what may be termed a "normal 
relation' to the fixed exposure aperture 343. 
During the cycle which precedes recording, if no 
Zoning perforations are sensed, the shutter will 
remain in its normal relation to the fixed aper 
ture until the numeral designating perforation is 
Sensed. For convenience in subsequent descrip 
tion the positions from 9 to 1 on a card may be 
referred to as “intra-zone positions' perforated 
to designate "intra-zone values.' 
As indicated in Figs. 32 to 35, the shutter for 

one column of a drum may take any of four Zone 
positions designated , 2, 3 and 4. Position f is 
the normal position spoken of before, position 2 
with respect to the shutters for the upper case 
drum is the position to which a shutter is moved 
when a 0 zoning perforation is sensed in the cor 
responding card column during the cycle preced 
ing recording. Position 3 with respect to the 
upper case drum is a position to which a shutter 
is moved when an 11 perforation is Sensed in the 
corresponding column of the card during the 
cycle preceding the recording. If a 12 perfor 
ation is sensed during the Zoning cycle, a shutter 

Accordingly, the digit 9 will be exposed and re 
corded on the film. If the shutter is in position 
2 during the recording cycle and a perforation, 
say 8, is sensed, the shutter will start moving 

45 at "8" of the recording cycle and an aperture 
33 will cross a fixed aperture 343 while character 
Y is behind the fixed aperture. The character 
Y will thereby be exposed on the film. If the 
shutter is in position 3 and say a perforation 4 
is sensed, the shutter will start moving at the 
"4" time and an aperture 337 thereof will reach 
the exposure position at the same time as the 
character M on the upper case drum reaches 
the exposure position and character M will be 

55 recorded on the film. If the shutter is in posi 
tion 4 and say a perforation 1 is sensed during 
the recording cycle, the shutter will start mov 
ing at "1' and will register with the fixed aper 
ture 343 at the same time as the character A 

60 registers therewith and this character will be 
exposed. On the film. 

Referring now to Figs. 32 to 35 and Figs. 32a to 
35a, Fig. 32 shows the relation of the upper case 
drum to the fixed shutter and to the tape shutter 

65 for normal position and with the drum in home 
position. This is the relation of these parts at 
the end of the zoning cycle and shows a shutter 
aperture 337 (ac), through which the next ex 
posure is to be made, in 1 position at normal 

70 offset distance from the fixed aperture 343. Con 
sidering now Fig. 32a, this view shows diagram 
matically the same parts at the positions they 
assume when index point 8 is sensed on a card 
during a recording cycle. The shutter has started 

75 from its normal position at cycle point 8 and the 
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aperture 337 (ac) aligns with the fixed aperture 
343 at the time the 8 character on the drum is 
in alignment with aperture 343. 

Fig. 33 shows the relation of parts after zoning 
and ascertaining a 0 Zoning condition. It will 
be noted that tape 335 has been advanced length 
wise One preliminary or zone step into position 
2. With the shutter in the 2 position, if an 8 
perforation is sensed in the recording cycle, then 
as indicated in Fig. 33a, the character Y will be 
exposed when aperture 337 (ac) aligns with fixed 
aperture 343. Fig. 34 shows the relation of parts 
after Zoning for an 11 Zone condition. Here the 
tape has been stepped two steps of advance to 
position 3. Fig. 34G shows the relation of parts, 
assuming index point 8 Sensed after the Zoning 
condition of Fig. 34. The aperture 337 (ac) will 

O 
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to sockets 403 (middle of Fig. 39b). These plug 
connections bring lower brushes L3 for sensing 
the same card columns as the selected upper 
brushes into intra-zone and digit detecting cir 
cuits, traced later. Plug connections are also es 
tablished between sockets 404 (top of Fig. 39a) to 
sockets 405 (middle of Fig. 39b) for controlling 
the shutter control magnets from the accumu 
lator during total-taking operations. Entry cir 
cuit connections from desired ones of the lower 
brushes to the accumulator are provided by plug 

align with the 343 aperture to expose character 
Q. Fig. 35 shows the 4 position of the shutter 
tape after Zoning under control of a 12 index 
position perforation. Fig. 35a, shows the record 
ing phase wherein character H is in alignment 
with the fixed aperture 43 and in alignment 
with the shutter aperture 337 (ac) as a result of 
sensing an 8 index point on the record following 
the 12 index point. 
The foregoing figures illustrate how four dif 

ferent characters may be recorded as a result 
of the sensing of an 8 index point in the record ing cycle, 
corded according to the preliminary zoning COn 
trol Over tape advance. 

It will be understood that the sprocket teeth 
338 are spaced apart on each drum if the dis 
tance equal to the distance between adjacent 
shutter openings. The sprocket teeth of one of 
the drums 33 of a shutter tape, are used for 
actuating contacts 39 (Fig. 12). The contacts 
are so disposed with respect to the teeth 338 
that they close just after a slot 3 in the shutter 
tape has passed the fixed aperture 343 and ex 
posed a selected character. Upon closure of the 
contacts, the shutter tape stop magnet 380 (Fig. 
20) is energized to stop movement of that shutter 
tape. It is to be understood there is a pair of 
contacts 39 for each shutter tape. If a given 
shutter tape has had a preliminary zoning ad 
vance then the following sprocket tooth will in 
itially be correspondingly closer to the contacts 
39 than that shown in Fig. 12. The closure of 
contacts 39 in any case will occur, however, 
when the shutter tape has completed an ex 
posure advance and the shutter aperture , 
following the aperture 337 (ac) through which the 
exposure has just occurred, is practically in home 
position; i. e., at the normal offset distance from 
its related fixed aperture 3. ' 

Operation and circuit diagram 
(Figs. 39a and 39b) 

Before starting up a run, certain preliminary 
plug connections and switch settings are made, 
depending on the type of operation desired. As 

. Sunning, for example, it is desired to list on the 
film alphabetical and numerical data represented 
on each record of the run and that totals of 
amounts accumulated from a group of records 
also are to be recorded on the film, plug con 
nections are made as follows: from upper brush 
plug sockets 400 (Fig. 39a) plug connections are 
made to sockets 40 (Fig. 39b, top). These plug 
connections bring upper brushes UB, for sensing 
desired card columns, into zone detecting cir 
cuits traced hereinafter. From the lower brush 
Sockets 402 (Fig. 39a) plug connections are made 

The different characters will be re 
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connections between selected sockets 402 and 
sockets 4 wired to add magnets 58 (Fig. 39a). 
For auto-control purposes, the usual plug Con 
nections are made from corresponding upper 
and lower brush sockets to sockets 408 and 40 
of group control relay magnets GC. Auto-con 
trol switch 40 is thrown to the illustrated posi 
tion and a plug connection is established from 
a socket 42 to a socket 43. Switch 406 (Fig 
39a) is thrown to LIST position. Switches 47 
(Fig. 395, bottom) are placed in full line posi 
tions. 
Assuming a stack of records has been placed in 

the supply hopper (Fig. 3), the machine is now 
ready for operation. The operator now closes 
main line switch 417 (Fig. 39a, right), connecting 
Opposite circuit lines 45 and 46 to a suitable 
current source. With current supplied to lines 
45 and 46, relay coil R40 (Fig. 39a, left) is 
energized, since contacts L19, R43d and P are 
initially closed. With relay coil R40 energized, 
its contacts R0a (Fig. 39a, upper left) are closed 
and as the L2 contacts are initially closed, a cir 
cuit is established through the reset magnet 
(see also Fig. 5). With this magnet energized, 
the reset shafts 75 and 92 (Fig. 6) are clutched to 
the main drive shaft. Reset does not occur at this 
time however because the main clutch shaft has 
not been set in operation. The operator now de 
presses the reset key to close contacts RK (Fig. 
39a). This results in energizing a relay coil R. 
which closes its contacts R0a to complete the 
following circuit (Fig. 39a): From line 4, 
through stop key contacts SP1, film lever contacts 
85, relay contacts R30a, relay coil R2S, main 

clutch magnet contacts 6, main clutch magnet 
l, to the opposite line 4 f5. When magnet if 

energizes, contacts 6 open, thus opening the 
shunt around the relay coil R and permitting 
said relay to be energized. Relay R closes con 
tacts Ria and establishes the circuit of motor M. 
With the motor in operation and clutch magnet 
fill energized, the main drive is in action and 
since reset magnet 8 is energized, the reset cans 
P (Fig. 6) advance from the start or the ID posi 
tion (Figs. 36, 36a). The L cams also rotate be 
cause they are on the shaft 9 which is always 
driven whenever the main drive is in operation. A 
reset cycle now takes place and as explained be 
fore, there are two machine cycles co-extensive 
with one reset cycle. As soon as the relay coll 
R2s (Fig. 39a) was energized by the above circuit, 
it closed contacts R25a to shunt out the reset key 
relay coil contacts R30a through can contacts. If 
or P. Near the end of the first machine cycle, the 
Il can contacts open, but at that time the reset 
can contacts P are closed and prevent opening 
of the motor clutch circuit, so that the motor and 
main clutch continue in operation for the next 
machine cycle and until the end of the reset cycle. 
When coil Rio was energized, it closed contacts 
Rb to provide a shunt circuit for reset magnet 
lf. When the reset key is released, coil RO de 
energies and contacts Rib open. During the   
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reset cycle, cam contacts P open, deemergising 
coil R40, whose contacts R0a open. With con 
tacts R40a and Rob open, reset clutch magnet 

will be de-energized and conditioned to inter 
rupt the reset means at the end of the reset cycle. 
Towards the end of the reset cycle, contacts Pl 
close, energizing auto-control relay coil R43 by a 
circuit extending from line 45, through P7 (lower 
left of Fig. 39a), coil R43, lower card lever relay 
contacts LCLb, upper card lever relay contacts 
UCLb and back to line 46. Coil R43 closes con 
tacts D43a to shunt contact P and establish a 
stick circuit for R43. Near the end of the second 
machine cycle, can contacts Il open and with 
reset can contacts P also open and contacts 
R30a having been previously opened because of 
release of the reset key, the relay coil R25 and 
motor clutch magnet fare de-energized and the 
motor circuit broken. 
At the end of the above reset cycle, coll R43 is 

energized, contacts R43d in the circuit of coil R40 
are open, and with the latter coil de-energized, 
its contacts R4 Ob (Fig. 39a, left) are closed. The 
operator now depresses the start key to close key 
contacts SK completing a circuit through coil 
R33, contacts R40b and coil R.32. Coil R33 closes 
contacts R33a which replace contacts. R30a in 
completing the circuit through coil R25 andmotor 
clutch magnet 7, followed by the motor circuit. 
Coil R.32 closes contacts R.32a (Fig. 39a, left) and 
with contacts R43c now closed, due to energiza 
tion of coil R43, a circuit is completed through 
a coil R39, through contacts R32a, stop key con 
tacts SP2, contacts R43c, cam contacts P9, to line. 
Coil R39 closes contacts R39b (Fig. 39a, upper 
left) forming the circuits of card feed clutch mag 
net 8 (see also Fig. 3). A card feed cycle now oc 
curs and the first card is fed to the upper brushes. 
Concurrently, with the card feed cycle, a machine 
cycle takes place during which can contacts L, 
open, causing the main clutch to disengage and 
the motor M to stop at the end of the cycle. Near 
the end of the first card feed cycle, the first card 
closes upper card lever contacts UCL' (Fig. 39a, 
right) to energize coil UCL, which closes contacts 
UCLa to form a stick circuit through cam con 
tacts L5. Coil UCL closes UCLh contacts to form 
a circuit through main shutter operating solenoid 
80S (right center of Fig. 39a) and extending 
through the still closed contacts LCLh. Solenoid 
80S (also see Fig. 26) now opens the main shut 
ter of the camera unit explained hereinbefore. 
The first card cycle has been completed, the 

first card is just in advance of upper brushes UB 
and the machine is at rest. With coil. UCL, now 
energized through its stick circuit, contacts UCLb 
in the circuit of coil R43 are now shifted and a 
shunt circuit is maintained through came con 
tacts F3. The start key is again depressed and, 
in the manner described before, a second card 
cycle is initiated. During this cycle, contacts 
F3 open and coil R43 is de-energized, contacts 
R43c open, breaking the circuit of coil R39 which 
in turn causes contacts R39b to open and de 
energize card feed clutch magnet 8. Also, with 
coil R43 de-energized, its contacts R43d are 
closed and upon closure of contacts L9, coil 
R40 again is energized. Contacts R0a close 
and when can contacts L2 close, the circuit of 
reset magnet 8 is formed and as a result a reset 
cycle will follow directly after the second card 
cycle. During this second card cycle the first 
card feeds through the upper brushes UB while 
the next card moves to the position just in ad 
vance of brushes UB. Toward the end of the 

11 
second card cycle, the first card closes lower card 
lever contacts LCL' (right center of Fig. 39a) to 
energize coil LCL, which is held through stick 
contacts LCLs and cam contacts Lt. Coil LCL. 
now opens contacts LCL to de-energize main 
shutter solenoid 80S. Contacts LCLo close and 

10 

complete a circuit through a relay coil RY (Fig. 
39a), the function of which will be described 
later. The upper card lever relay coil UCL and 
the lower card lever relay coil LCL are now ener 
gized; their 'a' contacts (upper right of Fig. 
39a) are closed and maintain a circuit through 
the main clutch magnet 7 and motor control 
coil R closed until cards are exhausted. 
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The reset magnet 8 was energized, as ex 
plained above, during the second card cycle and 
a reset cycle automatically follows the second 
card cycle. It will be recalled that card cycle 
clutch magnet 8 is now de-energized so that 
a card cycle and card feed do not occur during 
the reset cycle. Coil LCL is now energized and 
contacts LCId are closed and upon closure of 
can contacts P3, the relay coil ROO (lower left 
of Fig. 39a) is, energized and held through stick 
contacts R00a and cam contacts P. f. Previ 
Ously, during the reset cycle, the contacts P were 
closed and coll R3 was energized through con 
tacts F2 and F3. Contacts R43d open and relay 
coil R40 remains de-energized, having previously 
been de-energized by opening of contacts P9. 
Contacts R0a, therefore, are open and reset 
magnet 8 is de-energized to stop the reset means 
at the end of the reset cycle. Also contacts 
R40b are closed and coil R32 is energized when 
contacts L3 close. With R32 energized, contacts 
R32a close and a pickup circuit is established 
through coil R39 which circuit also extends 
through the can contacts P9 and R43c contacts. 
With R39 energized, contacts R39b close and 
upon closure of Contacts L2, Card feed clutch 
magnet f8 is energized. Thus, after the second 
reset cycle, card cycles automatically ensue and 
the cards feed during successive card cycles past 
upper brushes UB and lower brushes LB. It 
should be noted that when relay coil R100 was 
energized during the last mentioned reset cycle, 
contacts R100d closed to provide an auxiliary 
holding circuit for coil RY (Fig. 39a). 

Before describing further details of the cir 
cuit and of the machine Operation in connection 
therewith, it may be pointed out that the zoning 
cycle with respect to a card is a cycle in which 
the card traverses the upper brushes UB, while 
the recording cycle with respect to the same card 
is the next following cycle during which the card 
traverses the lower brushes L.B. During the zon 
ing cycle the upper brushes sense the zone posi 
tions 0, . , 2, of a column and set up zoning 
controls for the shutters determined by the zone 
designations of the corresponding card columns. 
Such controls are determined for all columns 
from which data is to be listed on the film. For 
each such card column, a different column of 
shutter tapes is to be controlled. To simplify 
the description, the circuits for only three such 
columns of card and shutters are shown in the 
circuit diagram in Fig. 39b. These columns are 
designated for convenience as the units, tens, 
and hundreds orders. Each different zone desig 
nation causes a different zoning control to be 
set up. Each Zoning control determines the steps 
of Zoning advance which the shutters are to be 
given before the recording cycle starts. In ad 
dition certain of the zoning controls effect a 
Selection of the lower case drum shutters' for 
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operation during the recording cycle. In gen 
eral it may be stated that if no zone designations 
whatsoever are sensed during the zoning cycle, 
the shutters of the upper drum will be effective 
to afford recording of digit characters during the 
subsequent recording cycle. There is a special 
control effective for a 0 digit as will be subse quently explained. 
AS between upper case drum operation and 

lower case drum operation, generally it may be 
stated that if a single Zoning representation is 
sensed in a column during the zoning cycle, the 
character represented in this column will Subse 
quently be photographed from the upper case 
drum. However, if more than one ZOne repre 
sentation is sensed in the column during the 
zoning cycle, the lower case drum will be effec 
tive for this column. 
The 0, if and 22One designations Set up con 

trols for effecting preliminary Zoning advance of 
the upper case drum shutters. The -f , 0-2, 
f f-f 2 and - f-f 22Oning designations set up 
Zoning controls for the lower case drum shutters. 
Each of the zoning operations controlled by the 
stated Zoning designations will now be explained 
in detail. 

In the previous mechanical description, the 
shutter control magnets have been generally des 
ignated 37 and 380. In the subsequent descrip 
tion, in order to distinguish the upper case shut 
ter magnets from the lower case magnets, those 
pertaining to the upper case drum, viz. 26A, will 
be designated with an A suffix, i. e. 37A and 
380A. Those pertaining to the lower case drum, 
i. e. 26B, will be designated with a B suffix, i. e. 
37B and 380B. Similar suffixes will be used with 
other elements where there is a duplication of 
structure for the upper and lower case drums. 

2Oning controls 

Consider for example, the units order, and as 
Sume first that in the related card column, a 
Zone perforation is sensed. At the O time during 
the zoning cycle, a circuit will be completed from 
line i5 (Fig. 39a), through cam contacts 2 
and upper brush UB in the column containing. 
the 0 perforation, socket 4, via plug socket to 
Socket 40 (Fig. 39b), through one of the UCLy 
contacts, through the 0 position of emitter EM2, 
through relay coil 420 and back to line 4. Re 
lay 420 is maintained energized by the stick con 
tacts 420a and by a cam contact L2. For a 
ZOne control, the shutter is to be moved from its 
home position by one step of advance to position 
2 (see Figs. 27 and 33). With coil 42 energized, 
a circuit is completed when cam contacts L. 
close, from line 46, through relay contacts UCLAr, 
cam contacts LO, through relay contacts 420b, 
now closed, through normally closed contacts 
22b, relay contacts Sb in the position shown, 

through units order advance magnet 37A, and 
back to the other side of line through cam 
Contacts L4 now closed. 
The foregoing zoning control circuit for the 

shutter advance magnet 37A is established when 
contacts L3 close at the time shown in the tim 
ing diagram (Fig. 36). Energization of the shut 
ter advance magnet A initiates advance of the 
shutter corresponding to the column in which the 

perforation is sensed. When the shutter has 
advanced one zoning step, can contacts close, 
completing the following circuit for energizing 
stop magnet A: From line 4, through UCLA, 
can contacts L3, contacts Sc in the position 
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shown, through stopping magnet 380A, back to 
the other side of line 4 S. 
Owing to the relation of the timing of cam 

contacts L30 and L3, and the previously de 
Scribed ratios of the various drive gears, the gear 
347 will rotate is of a revolution and move the 
shutter tape A of the distance between two con 
secutive sprocket teeth on sprocket 338. This 
provides one step of zoning advance for the shut ter tape. 

If an if zone perforation alone is sensed in 
a column, two preliminary steps of shutter move 
ment are required. The perforation when 
sensed will cause energization of relay coil 2 
(Fig. 39b) through a similar circuit to that previ 
ously traced with the exception that it will ex 
tend through the position of emitter EM2. 
With 42 energized, relay contacts 42e are closed. 
When cam contacts L29 close at the time indi 
cated in Fig. 36, a circuit is established through 
the shutter advance magnet 37A as follows: 
from line 46, through the UCL contacts, Cam 
contacts L29, relay contacts 422c, the left side 
of transfer, contacts 420c, now closed, contacts 
42 ?e, contacts 422d, the Sb contacts in the posi 
tion shown, magnet 377A and back to line through 
can contacts L34. The energization of magnet 
377A will clutch the shutter to the drive mecha 
nism for advance movement. When can contacts 
L3 close at about 4 of the cycle, the stop mag 
net 380A is energized through the circuit previ 
ously traced, arresting the advance movement of 
the shutter tape. It will be noted by reference 
to the time chart that the interval between the 
closure point of cam contacts L2 and L3 is twice 
as long as the interval between cam contacts Le 
and L3, therefore the advance of the shutter 
tape under control of the Zone perforation is 
twice as far as the advance of the shutter tape 
under control of the O zone perforation. Thus 
for the zone perforation, the shutter tape will 
have advanced two zone steps, i. e. from home or 
position to position 3 (see Figs. 27 and 34). 
If the card column is punched with a 2 Zone 

hole, three steps of shutter movement are neces 
sary. The 2 perforation will cause energization 
of relay coil 422 (Fig. 39b), it being noted that 
relay coil 422 is connected to the f2 segment of 
the emitter EM2. With relay coil 422 energized 
and with cam contacts L2 closing at the time 
shown in the timing diagram (Fig. 36), a circuit 
is completed as follows: From line if, through 
cam contacts UCLr, (Fig. 39b), through can Con 
tacts L28, through relay contacts 20d, through 
contacts 422e now closed, through contacts Sb 
in the position shown, through the advance mag 
net 37A and through contacts L4 to line is. 
The energization of the shutter advance magnet 
will initiate advance of the shutter and termina 
tion of shutter advance will be effected when the 
stop magnet BOA is energized under control of 
cam contacts L3 . The time relations of the 
various cam contacts will afford three ZOne steps 
of advance to the related shutter (see Figs. 27 
and 35). In the event that no perforations are 
present in the sensing zone, none of the relays 
420, 42 and 22 will be energized and there will 
be no preliminary stepping operation. 
Consider now conditions with zone perfora 

tions representative of "-)." Relay coils 42 
and 42 will now be energized, through their in 
dividual circuits described before. Upon the 
closure of cam contacts L2 at the time shown 
in the tinning diagram, the following circuit is 
completed. From line 4 (Fig. 39b), through   
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can contacts L82, contacts 42 g now closed, con 
tacts 420g now closed, switch 407 in the posi 
tion shown, relay coil S and back to line 46. 
Relay coil S is maintained energized through 
stick contacts Sa and cam contacts I-33 which 
remain closed into the O time of the recording 
cycle; that is, until after the intra-zone perfora 
tions are sensed during the recording cycle. 

It will be further noted that cam contacts L33 
are shunted by relay contacts R43e. These con 
tacts are opened by auto-control coil R43 dur 
ing card cycles and close during total and reset 
cycles to hold Over an energization of coil S 
should a reset cycle intervene between zoning 
and recording cycles on a record card, as upon 
a group change. When coil S is energized, con 
tacts Sb and Sc shift and upon closure of can 
contacts L30, the following circuit is completed. 
From line 46, through relay contacts UCLr, 
cam contacts L30, relay contacts 420b, now 
closed, contacts 422b in the position shown, 
through the shifted Sb contacts, through shut 
ter advance magnet 37B and cam contacts L34 
to line 45. Energization of shutter advance 
magnet 3TTB clutches in the drive unit for the 
related shutter of drum 26B causing one zon 

, ing step of advance of this shutter. Advance is 
terminated by energization of the stop magnet 
380B. The energizing circuit is as follows: Line 
46, through relay contacts UCEr now closed, 
through cam contacts L3, through relay con 
tacts Sc now shifted, through magnet 380B and 
back to line 45. It will be noted that the shifted 
Sb and Sc contacts shift the shutter advance 
and stop magnet circuits from the magnets of 

- the upper case shutters to the magnets of the 
lower case shutters. 

Consider now Zoning conditions for “2-0' 
perforations. Under these conditions relay coils 
420 and 422 will be energized. With closure of 
cam contacts L32 at the time shown in the tim 
ing diagram, a circuit will be completed from 
line 45 through relay contacts 422f and 420f, 
both now closed, switch. 407 in the position 
shown, relay coil'S back to line 46. 
Upon closure of cam contacts L29, a circuit 

will be completed from line 46 through con 
tacts UCL, through L29, the normally closed 
contacts 42d, through the right, now closed 
side of contacts 420c, relay contacts 422e now 
closed, contacts Sb now in shifted position, 
through advance magnet 377B and contacts L34 
back to line 45. Energization of magnet 377B 
initiates advance of the related lower case shut 
ter. When this shutter has been displaced 
through two steps of the zoning movement, cam 
contacts L3 close, and the stopping magnet 
380B is energized through a previously described 
circuit. Consider now zoning perforations “12-i,' 
Sensing of which is to cause three steps of pre 
liminary shutter advance. Relay coils 42 and 
22 will be energized, and during closure of cam 
contacts L32 at the time shown in the timing 
diagram, a circuit will be completed as follows: 
from line 45, through contacts L32, 422f and 
2h now closed, a switch 407 in the position 
shown, coil S, to line 4f 6. Closure of cam con 
tacts L28 at the time shown in the timing dia 
gram will complete a circuit from line 46 
through UCLr, L28, 420d, 422e now closed, 
through relay contacts Sb now shifted, through 
advance magnet 377B, contacts L34, and back to 
line 4 f5. The related shutter of the 26B drum 
will then move under control of the advance 
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magnet STB for three steps of zoning advance. 
Stopping of shutter advance is affected upon 
energization of stop magnet 380B, through the 
now familiar circuit, through contacts L3 and 
Sc. When the zoning designations are “2-1-0, 
relay coils 20, 42 and 422 will be energized. 
Under this zoning condition, relay coil S will be 
energized in the previously described manner. It 
should be noted that a circuit through magnet S 
is completed when any two or more of relay coils 

5 

20 

25 

30 

35 

40 

420, 42 and 422 have been energized by a com 
bination of zone perforations. 
With all three coils 420, 421 and 422 ener 

gized and held through their stick circuits, nor 
mally closed contacts of these relay coils will 
be opened in the shutter stepping circuits which 
may be completed through cam contacts 28, 
L29 and L30. Thus, the 0, f, 2 zone combina 
tion merely selects the magnet S for operation 
which, in turn, causes a selection of a shutter 
for the lower case drum. However, this shut 
ter remains in its normal position. 
The foregoing description has explained the 

manner in which the various zoning controls are 
set up and the manner in which shutters are 
Selected for operation and stepped ahead for 
various degrees of zoning advance. The card 
which has been sensed at the upper brush station 
during a ZOne cycle is moved during the next 
card cycle past the lower brushes. This is the 
recording cycle for the card. 
At the beginning of the card cycle, with relay 

coil ROO energized and its ROOb contacts 
(middle of Fig. 39a) closed, a circuit is formed 
as follows: from line 46 through R? 00b, switch 
406 in list position, a coil J, can contacts L23, 
closed contacts PO, film feed magnet 80, cam 
contacts 2G, back to line 45. This circuit re 
mains energized until shortly after Sensing of 
positions 9 to of a card is completed. The mag 
net 80 is then de-energized and as previously 
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described the film advances one line space in the 
camera unit. During the sensing of the intra-Zone portion 
of the card by the lower brushes, relay coil J is 
energized, as just described, holding a group of 
contacts Ja (Fig. 39b) closed and thereby con 
necting the shutter advance magnets to the plug 
connections extending to the lower brushes. 
Hence, during the recording cycle as the card is 
passing through the lower brushes, the sensing 
of intra-zone positions 9 to f will control the time 
of energization of the shutter advance magnets. 
Further, either the shutter advance magnets for 
the lower case or the upper case drum will be 
energized under control of the lower brushes, de 
pending upon the previously determined position 
of the Sb contacts. Y 

Still considering the units order, assume now 
that the intra-zone portion of the coded charact. 
ter is the digit 8. When the 8 perforation is 
sensed by the lower brush LB, a listing circuit 
is completed from line 4 f6 (Fig. 39a), through 
the lower card lever contacts LCL', the usual cir 
cuit breaker contacts L26, cam contacts F, to 
the contact roll of the lower brushes, through the 
brush sensing the 8 perforation to plug sockets 
402, a plug connection to the 403 socket (Fig. 
39b) and the related pair of relay contacts JA 
now closed. From there, the circuit proceeds 
through the upper side of the Sb contacts (as 
Sunning magnet S is de-energized), through shut 
ter advance magnet 37A, and back to line 45 

75 through the cam contacts L34. The related shut 
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ter of the upper case drum 26A will then move 
downwardly, as viewed in Fig. 15, and cause a 
shutter aperture 337 to pass the fixed opening 343 
for exposing the character represented in the 
units order card column. 

It may be mentioned that if the magnet S was 
energized during the preceding zone cycle, the 
circuit instead of going through advance magnet 
377A would go through shutter advance magnet 
3B. The related Shutter of lower case drum 
2f 6B would then start its exposure advance at 
the 8 cycle point and expose a character from 
the lower case drum. For example, codal repre 
sentation f-0-8 will have caused the shutter 
of the lower case drum to advance, preliminarily, 
one zone step under control of Zone points -0 
and will cause the shutter at the 8 time of the 
recording cycle to effect exposure advance. This 
shutter advance will expose character y (see Fig. 
27) from the lower case drum, 

If the coil S has not been energized, then mag 
net 37A will have been energized at the 8 cycle 
point and will cause the related shutter of the 
upper case drum to expose one of four different 
upper case characters depending upon the pre 
vious zoning operation. If the coil S has previ 
Ously been energized, then the advance magnet 
37B will be energized at the 8 cycle point and 
Will cause a related shutter for the lower case 
drum to be advanced and expose for recording 
one of four different characters from the lower 
case drum, depending upon the previous zoning 
Operations with respect to the lower case char 
acters. In all, a total of eight different char 
acters are provided from which a selection may 
be made depending upon intra-zone sensing and 
upon Zoning control. - 
As Soon as the aperture 33 of a shutter 335 has 

passed the fixed exposure opening 348, contacts 
39 (see Fig. 12) close in the manner previously 
described and establish a circuit to the shutter 
stop magnet in the following manner. 
Assuming relay coil. S de-energized and that 

exposure advance of an upper case shutter oc 
curred, then thereafter when its sprocket 33 
closes its related contacts 39A (Fig. 39b), a cir 
cuit is completed from line 4f6 through contacts 
39A, relay contacts Sc in the position shown, 
stop magnet 380A and back to line 4S. Assum 
ing, instead, that magnet S is energized and that 
exposure advance of a lower case shutter Oc 
curred, when related contacts 39 B close, a cir 
cuit will extend from line 46, through contacts 
39B, through stop magnet 380B and back to 
line 4f 5. 
When a 0 digit is sensed during the zoning 

cycle, a shutter of upper case drum 2 BA is ad 
vanced one zone step. During the recording cycle, 
when the 0 perforation is sensed again, exposure 
advance of the shutter exposes digit 0 (see Fig. 3). 
After the intra-zone and digit period 9 to past 

O of the recording cycle, contacts 23 and L25 
open, deemergizing magnet 80 (Fig. 39a), and the 
film is advanced one line space in the manner 
previously described. During the passage of the 
next following card past the lower brushes, a new 
recording cycle will take place and a further row 
of characters will be recorded on the film. It 
may be mentioned that Zoning for a following card 
occurs during the latter part of a cycle in which 
characters have been recorded under the control 
of a previous card. 
Concurrently with recording, entry of amounts 

from selected card columns into the accumulator 
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is effected. Entry circuits are completed via the 
path previously traced to lower brush plug Sockets 
402 (Fig. 39a), thence through a plug connection 
to a socket 4f , an accumulator magnet 58 and 
back to the other side of the line 45. Accord 
ingly, while characters and values are being re 
corded from the record card, values may be accu 
mulated from the same card. 
Similar card cycles follow for the successive 

record cards of a group. In each card cycle there 
is an exposure on the film of characters derived 
from One or both drums. These characters are 
selected according to the digit or ZOne and intra 
zone impulses differentially transmitted from the 
card. The codal combinations of differentially 
timed zone and intrazone inpulses crrespond to 
different characters and constitute combinational 
code signals which call or select characters from 
the drums for exposure. These operations con 
tinue until a change in card group occurs. 
When a change in card group occurs, the usual 

shunt circuit through auto-control coil R43 (Fig. 
39a) afforded by the group control unit around 
contacts F3 is broken. This, in a known man 
ner, brings about the de-energization of relay R4 
when contacts F3 open and causes operation of 
the card feed mechanism to be interrupted at the 
end of this cycle. With relay R43 de-energized, 
contacts R3d reassume the position shown and 
a circuit is established through P9 and L9 to 
energize relay R40. With relay R40 energized, 
contacts R0a close and reset magnet 8 is ener 
gized to cause a reset cycle to follow the last card 
cycle on a card group. Also, with relay R43 de 
energized, contacts R43e (Fig. 39b, right) reclose, 
thereby maintaining a holding circuit through 
any of coils S which may have been energized 
during the Zoning cycle when the group change 
occurred. The energized coil or coil S, therefore, 
will remain in effect for the recording cycle which 
will follow the reset cycle. 

During the first half of the reset cycle, the 
total standing in the accumulators is read out 
and recorded on the film, while during the second 
half the accumulators are reset in the manner 
explained previously. In the reset cycle, upon 
closure of contacts P2, a circuit is made through 
coil JT (Fig. 39a) and the film feed magnet f80. 
Since contacts PO are now open, coil J is de 
energized and the contacts Ja are open to isolate 
the lower brushes from the shutter advance mag 
nets. With coil JT active, a group of contacts 
JTa individually connected to the orders of the 
readout commutator (Fig. 39a top) are closed 
to prepare circuits for differentially operating the 
shutter advance magnets according to the total. 
For example, if digit 4 is in an order of the 
commutator, a circuit is made at the 4 cycle time 
as follows: through the 4 spot of the emitter 
EM, the 4 segment of the commutator order, 
its brushes 66, its common 68, a pair of contacts 
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JTa, connected plug socket 404, a plug connec 
tion to a selected socket 405 (Fig. 39b), through 
contacts Sb in the position shown, magnet 377 a 
and back to line through cam contacts L34. This 
will result in photographically recording the char 
acter 4 on the film. It will be recalled that the 
Spacing between significant digits on drum 26A 
(Fig. 30) correspond to a cycle point. Reference 
to this figure indicates that “O'” is spaced, for 
Selection under card control, three-fourths the 
cycle point Spacing. As is customary in ma 
chines of this general class, the accumulator read 
out emitter has its segments spaced to correspond   
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to the spacing of the numerals on a recording 
element. Hence, spot 'D' of emitter EMI is here 
spaced three-fourths as far from the "f" spot 
as the spacing between the significant digit emit 
ter spots. Such spacing of the EMIt spots corre 
sponds to the spacing of the characters O to 9 on 
the drum 26A. Accordingly, an accumulator 
order in zero position will be read out by a circuit 
routed via the 'O' spot of EM, and Such circuit 
will be completed at such time (shown in Fig. 
36) as to cause the shutter to expose the '0'" char 
acter on the drum as this character crosses the 
exposure position at about 8 of a cycle point 
interval following the 'O' time (see Fig. 3). 

After the digit readout period of the reset 
cycle, contacts P2 open, and coil JT and mag 
net fo are de-energized. The de-energization 
of 8 results in line spacing of the film fol 
lowing recording of the total. To distinctly 
mark the presence of a total a supplemen 
tary line spacing of the film is effected due to 
energization of coil 80 within the second half 
of the reset cycle upon the closure of contacts 
P 5 followed subsequently by its de-energization 
when contacts P S reopen. This provides a blank 
space on the film between the total and the first 
line of items derived from the first card of the 
next group. The blank Space signifies that the 
preceding line bears a total. 

Last card conditions 
As usual, in tabulating machines, special con 

trols are provided for the operations pertaining 
to the last card of a run. Briefly, these may be 
summarized as follows: When the last card passes 
the upper brushes, relay UCL is de-energized. 
This does not occur until can contacts F3 (Fig. 
39a) have opened and reclosed. Upon the next 
card feed cycle, when the last card passes the 
lower brushes, auto-control coil R43 (Fig. 39a) 
is de-energized upon the opening of cam contacts 
F2 and F, since the shunt through the upper 
side of contacts UCLb is now open as well as the 
shunt through still open contacts LCL.f. Coil ICL ultimately de-energizes, and its con 
tacts LCIa (Fig. 39a) open and interrupt the 
circuit of clutch magnet f 7 and motor relay coil 
R. The contacts Ria open, breaking the cir 
cuit of the motor M. The machine now stops 
and the last total has to be recorded during a 
hand initiated reset cycle such as explained be 
fore. Coil Rf 00 is still energized and contacts 
Rob are closed, so that the circuit of coil JT 
and magnet 80 is made and causes recording of 
a total and film feed in the manner previously 
stated. The supplementary film feed is also ef 
fected. After printing of the last total and re 
setting of the accumulators have occurred, con 
tacts P open and de-energize coil R.O.O. Coil 
RY (Fig. 39a) is maintained energized slightly 
longer than ROO under control of contacts Pf. 
Accordingly, when contacts R00e of de-ener 
gized coil ROO close, a circuit is provided as foll 
lows: From line 46, contacts RYb now closed, 
contacts Roe, LCLk and UCLh, through shutter 
trip magnet 80S and back to the other side of 
line 4. Energization of magnet 80S will close 
the shutter in the camera unit. 

Modified drum arrangement 
Fig. 40 diagrammatically shows a modification 

in which the two drums 28A and 2? 6B. are re 
placed by a single drum. This single drum may 
be considered as equivalent to two laterally spaced 
drum sections 2 EAA and 26BB provided respec 
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tively with upper and lower case characters. As 
in the main embodiment, a single shutter tape 
and its actuating means are provided for each 
C r column of each drum section. Further, 
the drum 2 AA-2 fBB makes one revolution 
each cycle and may be constructed the same as 
One of the drums 2A and 26B of the main em 
bodiment and similarly mounted for rotation. 
The illuminating means will be suitably length 
ened and fixed exposure apertures provided for 
each character column. The camera unit re 
mains the same. A modified optical system is pro 
vided for this modification. This optical system : 
comprises a mirror 440 for reflecting character 
images projected from drum section 26AA to a 
mirror 44. Mirror 44 reflects the images 
through a partially silvered mirror 442 to the 
Camera. Character images projected from drum 
2f GBB strike mirror 443 which reflect the images 
to the front face of partially silvered mirror 442 
which, in turn, directs the images to the camera. 

It will be understood that the optical system 
is such as to project characters from non-corre 
sponding columns of the drum sections to later 
ally spaced portions of the film line in exposure 
position. Further, it will be clear that the optical 
system directs a character image from one column 
of drum section 26AA or from the corresponding 
column of drum section 26BB to the same single 
character area of the film. Thus, as in the main 
embodiment, during a recording cycle, a film line 
may record interspersed characters projected 
from non-corresponding columns of the two drum 
sections. During successive recording cycles, 
characters from corresponding columns of the 
drum sections may be photographed along verti 
cally spaced portions of the same column of the 
film. y v, 

The circuit controls for the modification shown 
in Fig. 40 are the same as described for the main 
embodiment. ; 

Modified lower case shutter selecting device 
With the previously described construction, the 

' selection of the lower case drum shutters for oper 
ation was effected by means of multiple Zone per 
forations, forming part of a lower case character 
code. In certain instances it may be desirable to 
provide for alternative selection of the lower case 
drum by means of a designation in a special card 
column other than a character representing 
column. As an illustration, it may be desired that all 
cards which lack a special perforation in a par 
ticular column should have their represented 
characters recorded in upper case. On the other 
hand, should a special perforation be detected 
in a particular column of any card, its represent 
ed characters would be recorded in lower case. 
The special perforation for this control is either 
an or 2 perforation. 

If such control is desired, a plug connection 
is made from an upper brush plug socket 400 (Fig. 
39a) which, connects with the brush for sensing 
the particular column on the card, which mayor 
may not contain the extra special perforation, to 
one of the plug sockets 433 (Fig. 39b). The plug 
sockets 433 for all columns in which it is desired 
to record from the 26B drums may be plugged to 
one another. The several 49 switches related to 
these columns are shifted to dotted line position. 
When a card during a zoning cycle traverses 
brushes UB and has a special perforation in the 
particular column, parallel circuits will be com 
pleted as follows: From line 45 (Fig. 39a), 
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through cam contacts Ll2, the upper brush Con 
tact roll, through the upper brush UB sensing the 
special perforation, to plug socket 400, through 
the plug wire to the connected plug sockets 43, 
through switches 407, through all of the plugged 
in S relay coils and back to line 46. Coils S 
when energized are held energized through stick 
contacts Sa and can contacts L3 and shift the 
zoning control circuits to the magnets 37B and 
380B. Also, when such card during its recording 
cycle traverses the lower brushes, it will control 
the shutter advance magnets 377B of the lower 
case drum, and the stop magnets 80B will con 
trol shutter stopping. 
Summarized description of 20ne control, intra 

2One control and shift to loader case control 
For each order there are three zone relay coils 

420, 42 f, and 422. If in any order a 0 index point 
is sensed, relay coil 420 will be energized. If an 
11 index point is sensed, relay coil 42 will be en 
ergized and if a 12 index point is sensed, relay coil 
422 will be energized. 
It will also be apparent that combinations of 

these relay coils will be energized if there are 
combinations of index points present in any area 
in the Zone area. These zoning relay coils when 
energized set up through their contacts Zone step 
selector circuits extending selectively through can 
contacts L28, L29 and L30 to the shutter advance 
magnets. The net result is that the shutters in 
the different orders are advanced during the Zon 
ing cycle, either not at all or by a number of 
steps which is dependent upon the particular ZOne 
designation which is sensed. The preliminary 
advance of the shutters under the influence of the 
zoning relay coils takes place in the zoning cycle 
and after the advances occur these zoning coils 
can be and are de-energized. 
There is a further relay control which may be 

termed the intra-zone control. This intra-zone 
control includes relay coil J. Such relay coil J 
is energized each card cycle during the time the 
intra-zone and digit portion of the record is 
sensed. The purpose of the J relay coil is to 
close its relay contacts Ja to connect the lower 
brush circuits to the shutter advance magnets 
during each recording cycle. Termination of 
shutter advance during the Zoning cycle is pro 
vided for by energizing all of the stop magnets. 
This, during the Zoning cycle, is effected at a 
fixed cycle time in the operation of the machine 
by can contacts LS for all orders of stop mag 
nets. The further control which is provided is 
the shift to lower case control. In the main 
embodiment, if the combination of the zoning 
relays determines that a shift to lower case is 
to be effected, a shift relay S is energized and 
this shift relay upon energization, shifts its Sb 
contacts and diverts the circuits from the upper 
and lower brushes away from the related Order 
37A magnets to the 377B magnets for this order. 
The same shift magnet S also shifts its con 

tacts Sc to divert the circuits of the stop mag 
nets so that they go to the 380B magnets in 
stead of the 380A magnets. On recording cycles, 
energization of the stop magnetS is controlled 
by the 39 contacts; that is, the 39A contacts, 
for example, will energize the 380A stop magnet 
while the 39 fB contacts when closed will ener 
gize the 380B contacts. 

In the modification described before, the shift 
magnet S is energized under control of the 
Special perforation in a particular column when 
Sensed during a Zoning cycle. 
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Three-drum modification. 

The invention may be utilized with more than 
two drums. As an example, Fig. 38 shows, in 
skeleton view, an arrangement of three drums 
designated A, B, and C and an optical System 
for directing character images from all three 
drums to a common film area. It will be under 
stood that there is a set of shutter tapes for each 
of drums A, B, and C and advance and stop 
magnets for controlling clutching of each tape 
drive unit to a drive gear. It will also be under 
stood that there is a fixed aperture for each 
column of each drum through which a character 
from the column will be exposed when the shut 
ter for this column is given an exposure ad 
vance. The shutter tapes, their actuating 
means and the fixed apertured bar are not shown 
in Fig. 38 since their constructions are the same 
as for the main embodiment of the invention. 
It will be understood further, that each of drums 
A, B, and C makes one revolution each machine 
cycle and is driven from cycle shaft 9 in a 
manner clear from the description and showing 
of the main embodiment of the invention. The 
camera unit including film Supporting and feed 
ing means and the main Shutter are the same 
as previously described. 
The optical system shown in Fig. 38 includes 

a mirror 325' for reflecting a character image 
projected from drum A to a partially silvered 
mirror 326’ which, in turn, reflects the image 
through another partially silvered mirror 2' 
to the film line in exposing position. From 
drum B, a projected character image passes 
through partially silvered mirrors. 326’ and 2''. 
to the exposed film portion. From drum C a 
projected character image is reflected from a 
mirror 328 to the partially silvered mirror 326' 
which, in turn, directs the character image to 
the exposed film portion. 
Drums A, B, and C may each have characters 

differing from each other. For example, drum 
A may have upper case letters as well as the 
digits; drum B may have lower case characters 
including various symbols, while drum C may 
have characters in italic form. According to 
this modification of the invention, a character 
may be selected from any of the three drums 
during a cycle and projected on the common 
film line. In the manner described before, the 
characters from only one of the three corre 
sponding columns of the three drums may be 
projected during a recording cycle upon a single 
character space of the film line, whereas charac 
ters from non-corresponding columns of the 
three drums may be photographed in inter 
spersed relation along the film line. It will be 
understood that the corresponding columns of 
the drums are those from which exposure is un 
der control of a Selected card column. 
The cards used for this modification represent 

characters by designations in a special column 
combined with designations in the character col 
umns. As before, digits 9 to 0 are represented 
simply by singly perforating character columns 
in the 9 to O positions. Nine other characters 
are represented by combining the different in 
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tra-zone perforations 9 to of the character 
columns with an if perforation in the special 
column, another nine characters by the same 
intra-zone perforations plus a 2 perforation in 
the special column. Likewise, the O zone desig 
nation combined with an intra-zone perforation 
may represent any of twenty-seven different 
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characters depending on whether the special 
column is blank in the and 2 positions, or is 
perforated in the position, or perforated in 
the 2 position. The zone designation com 
bined with an intra-zone perforation will simi 
larly represent any of twenty-seven different 
characters depending On the condition of the 
special column. In the same manner, the 2 
Zone designation and intra-zone designations 
represent one set of nine characters if the special 
column is not perforated in the or 2 posi 
tions, another set of nine characters if the . 
Special column has an perforation, and still 
another set of nine characters if the special col 
umn has a 2 perforation. 

Fig. 39bb is a circuit diagram illustrating the 
controls for the exposure means of the three 
corresponding columns of drums A, B, and C. 

It will be understood, however, that there are 
aS many Such COrresponding columns or orders 
as desired. Fig. 39bb may be considered as a 
substitution for Fig. 39b and an extension of Fig. 
39a. The plug copnection between an upper 
brush Socket 400 (Fig. 39a) and the socket 40 
(Fig. 39bb) is made as before to control energiza 
tion during a Zone cycle of either magnet 420, 
42 or 422 or none, depending on whether a 
0, f, or 2 or no zone perforation is sensed in 
the character column of a card. The corre 
Sponding lower brush socket 402 is plugged to 
the socket 403 to place the exposure advance 
of a shutter during a recording cycle under con 
trol of the Sensing of the intrazone perforation 
in the card column. It should be understood 
that all the other adjustments described with 
relation to the main embodiment are also made 
as before. In addition, for this modification, a 
plug connection is made from a plug socket 450 
(bottom of Fig. 39bb) to the upper brush socket 
400 of the brush UB for sensing the special card 
column which is adapted to be perforated in 
the or 2 position as a part of the character 
Code. 
Assume a record card is traversing the upper 

brushes during its zoning cycle and that the char 
acter column has a Ozone perforation, while the 
related special column is not perforated in the 

or 2 position. When the O zone perforation 
is sensed by an upper brush, a circuit is estab 
lished through magnet 420 in the same manner as 
described for the main embodiment. Magnet 420 
closes its stick contact 420a to provide a holding 
circuit through cam contacts L27. The energized 
magnet 420 also closes its contacts 420m and 
when can contacts L30 close, a circuit is COm 
pleted as follows: from line 46, through contacts 
UCLF, L30, 420m, the upper side of transfer con 
tacts SNb, the upper side of transfer contacts 
SMb, and through advance magnet 3TTA and cam 
contacts L34 to line 45. 

Energization of magnet 37A initiates zoning 
advance of the related shutter tape for drum A. 

O 

s 

20 

17 
circuit is established: Line 45 (Fig. 39a), cam 
contacts Ll2, the upper brush contact roll, the 
upper brush UB sensing the perforation in the 
Special column, its socket 400, the plug connection 
to the socket 450 (Fig. 39bb), cam contacts L35 
(closed at the time), the magnet SM, and back 
to line 6. Magnet SM is held through its stick 
points SMa and cam contacts L33. 

Energization of magnet SM shifts its relay con 
tacts SMb, SMc. Assuming magnet 420 has been 
energized by a 0 zone perforation and its con 
tact 420m is closed, the following circuit is estab 
lished when cam contacts L30 close; Line 4 f6, 
contact UCLor, L30, 420m, the upper side of con 
tact SNb, the lower side of shifted contacts SMb, 
advance magnet 37B, and through can contacts 
L34 to line 4 f5. . . . . 

Energization of magnet 377B initiates advance 
of the shutter tape for drum B (Fig. 38). When 
can contacts Il close, a circuit is completed 
through the stop magnet 380B which extends 
through cam contacts L3, the normally closed 
side of contact SNc, the lower side of shifted con 
tacts SMc, and through the stop magnet 380B 
to the line 45. Magnet 380B stops the advance 
of the shutter tape for drum B after one zone. 
Step. 
Assume now that the perforation in the special column is a 2 perforation while the character 

80 column again has a O zone perforation. In that 
case when the upper brush senses the special f2 
perforation, it completes a circuit which starts 
in the same manner as the circuit of magnet SM, 
previously traced, and continues from the socket 
450 (Fig. 39bb), through cam contacts L36 (closed 
at the 2 time) and magnet SN, to line 4f6. Mag 
net SN shifts its contacts SNb and SNc. Accord 
ingly, when cam contacts L30 close, a circuit ex 
tends from line 46, through contact UCLr, L30, 
420m, the lower side of shifted contact SNb, ad 
vance magnet 3TC, and through cam contacts 
L34 to line 45. Energization of magnet 3TTC 
initiates advance of a shutter tape of drum C. 
(Fig. 38). The cam contacts L3 close when the 
latter shutter tape has moved one zone step and 
cause energization of stop magnet 380C, the cir 
cuit of which extends through the lower side of, 

When the shutter has advanced one step, Cam 
contacts L3 close, completing the following cir 
cuit: line 46, contacts UCL, L3, the upper 
sides of transfer contacts SNc and SMc and 
through stop magnet 380A to line 45. Energiza 
tion of magnet 380A stops the shutter tape of 
drum A after an advance of one Zone step. 
Assume now that instead of the special column 

being blank in the and 2 positions, it is per 
forated in the position, while the character 
column is perforated, as before, in the O zone 
position. When the perforation in the special 
column is sensed by an upper brush, the following 

O 

now shifted contacts SNc. 
If the character column has an perforatio 

then, in the manner already clear, magnet 42 is 
energized and closes its contact 42m to cause 
energization of either magnet 377A, 377B, or 
3TTC depending on the presence or lack of a per 
foration in the for 2 perforation of the special 
column. . The energization of the advance mag 
net through contact 42 m is effected when cam 
contact 29 closes, so that the shutter of the Se 
lected drum will advance two steps. Similarly 
if the character, column has a 2 Zone perfora 
tion, magnet 422 will be energized, close its con 
tacts 422m, and place the energization of a Se 
lected advance magnet under Control of cam con 
tact L28. Thus, either magnet 377A, 377B or 
3TTC, depending upon whether magnet SMI or 
SN or neither has been energized is operative to 
cause an advance of three zone steps of the se 
lected shutter tape. In the above manner, during the Zoning cycle, 
a selection is made between the shutters of the 
three drums so that one of the shutters will be prepared for operation during the next following 
recording cycle, and in addition the selected 
shutter will have been zoned in accordance with 
the zone designations. It should be noted that the lack of a perforation in the or 2 position of 
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the special column determines that a shutter of 
drum. A should be selected; the presence of an 

perforation in the special column determines 
that the shutter of drum B should be selected; 
and the presence of a 2 perforation in the special 
column determines that the shutter of drum C 
should be selected. 

During the recording cycle, the intra-zone or 
digit perforations are read out in the same man 
ner as explained before, except that the circuit 
of the advance magnet 37A will extend from 
contacts Ja (Fig. 39bb), through the normally 
closed sides of contacts SNb and SMb, while the 
circuit of magnet 3 B will extend from contacts 
Ja, through the upper side of contacts SNb and 
the lower side of contact SMb, and the intra 
2One circuit of magnet 3 C will extend from 
the Ja contacts through the lower side of the 
SNb contacts. 
What is claimed is: 
1. In combination, photographing means in 

cluding a shutter for photographing character 
patterns upon a film, carrier means for a column 
of character patterns adapted to be selectively 
exposed by said shutter upon exposing opera 
tions thereof, mechanism for moving the carrier. 
means relatively to the photographing means to 
register the character patterns successively with 
a photographing position, character pattern se 
lecting means including component control 
means corresponding to component character 
istics representative of the character patterns, 
and means controlled by a component part of 
the control means for preliminarily adjusting the 
shutter with respect to the photographing posi 
tion and thereafter controlled by another com 
ponent part of the control means for operating 
the shutter to expose a selected character pat 
tern as it registers with the photographing position. 

2. In combination, rotatably mounted carrier. 
means for a column of character patterns, cyclic 
mechanism for continuously rotating the carrier 
means to move successive groups of character 
patterns across an exposure position within suc 
cessive differential periods of a cycle, with each 
Successive character pattern of a group crossing 
the exposure position during one of successive 
differential fractional intervals of the differen 
tial period related to the group, photographing 
means including exposure effecting means for 
photographing selected character patterns upon 
a film, and character pattern selecting means 
including control means for conditioning the 
exposure effecting means for exposure operation 
at selected corresponding fractional intervals of 
the differential periods and other control means 
for rendering the exposure effecting means effec 
tive at a desired one of the selected fractional 
intervals to expose and cause photographing 
upon the film of the character pattern crossing 
the exposure position during the latter fractional 
interval. 

3. A photographic recording machine includ 
ing in combination a rotatable character bearing 
drum bearing characters adapted to be photo 
graphed, an optical system including illuminat 
ing means for projecting characters from the 
drum to a film, a member providing a fixed ex 
posing aperture past which the characters on the 
drum successively move, a movable shutter hav 
ing an aperture adapted to move past the fixed 
aperture, and means to cause exposure of the 
characters selectively and including means for 
effecting shutter opening movement at a par 
ticular time in a period of rotative movement of 
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the drun to expose one or another of the char 
acters and differential advancing means for pre 
liminarily advancing the shutter to differential 
extents to determine which of the characters is 

5 to be exposed by the subsequent shutter opening 
movement at said particular time. 

4. A photographic recording machine, includ 
ing a continuously rotatable character-bearing 
means having characters disposed in Columns 

10 and with different characters differentially dis 
posed in each column, photo-transferring means 
to transfer images from the character bearing 
means to a film, said photo-transferring means 
including independent endless shutter tapes one 

15 for each character column, each tape having a 
plurality of apertures therein adapted to be suc 
cessivly registered with a fixed exposure aper 
ture, means to cause a selectively timed advance 
of a selected endless tape to effect exposure 

20 through one of the apertures of the selected tape 
of any one of the different characters in the 
related column in accordance with the selective 
timing of the tape advance and means to stop ad 
vance of each advanced tape in a position in 

25 which the next following tape aperture is posi 
tioned preparatory to exposing a selected char 
acter therethrough upon the next exposure 
advance of the tape. 

5. A photographic recording machine compris 
30 ing in combination a character carrying drum 

affording both digits and one style of alphabetical 
characters, another drun affording alphabetical 
characters in a different style, an optical system 
to direct images of characters exposed from either 

35 drum to a film, cyclic mechanism for moving the 
drums to register different significant characters 
upon the drums with exposure positions during 
differential intervals of a cycle, shutter means for 
One drum and independent shutter means for the 

40 other drum, each shutter means having actuating 
means therefor, selecting means to select which 
actuating means and which of the two shutter 
means are to be operative whereby characters may 
be exposed from one drum or the other and con 

45 trol means to control operation, by their actuat 
ing means, of the selected shutter means so that 
desired characters may be exposed therethrough. 

6. In combination, movable carrier means for 
multiple sets of columns of characters, mechan 

50 ism for continually driving the carrier means to 
move the characters, of each column, successively 
past a related column exposure position, photo 
graphing means including exposure effecting 
means, one for each column, for exposing 

55 characters from the columns and also in 
cluding an optical system for projecting exposed 
characters from corresponding columns of the 
different sets upon a common column of a film 
and adapted for projecting characters from non 

60 corresponding columns of the different sets con 
& currently in interspersed positions upon a line of 
the film, character selecting means for the differ 
ent sets of columns, and means controlled by the 
character selecting means for causing the expos 
ure effecting means to expose selected characters 
successively from corresponding columns of the 
different sets to be projected upon successive posi- . 
tions of a common column of the film and to ex 
pose selected characters concurrently from non 
Corresponding columns of the different sets to be 
projected by the optical system in interspersed 
relation upon the film line. 

. In combination, rotatably mounted carrier 
75 means for multiple sets of columns of character 

Patterns, cyclic mechanism for continuously   
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rotating the carrier means to move the character 
patterns of each column successively across an 
exposure position, exposure effecting means for 
each column adapted to cause exposure of a 
selected character pattern from the related col 
unn as the character pattern crosses the exposure 
position, means for Selecting the exposure effect 
ing means of one or another of corresponding col 
lumns of the different sets for operation, means 
for selecting the character pattern to be exposed 
from the column associated with the Selected ex 
posure effecting means, means controlled by the 
character pattern selecting means for causing the 
selected exposure effecting means to expose the 
Selected character pattern, and an optical system 
for projecting a selected and exposed character 
pattern from any of the corresponding columns 
of the different sets upon a common single char 
acter pattern space of a film. 

8. In combination, carrier means for a set of 
duplicate columns of character patterns, carrier 
means for another set of duplicate columns of 
character patterns, mechanism for actuating the 
aforementioned carrier means to move the char 
acter patterns of each column successively across 
an exposure position, photographing means for 
photographing the character patterns upon a film 
and including exposure effecting means for each 
column for exposing the character patterms and 
also including an optical system for projecting 
character patterns from corresponding columns 
of the different sets upon a common area of a line 
of the film and for projecting character patterns 
from non-corresponding columns of the different 
sets upon laterally disposed areas of the film line, 
a single set of ordered selecting means with each 
order being adapted to select a character pattern 
from one or another of the corresponding columns 
of the sets to be photographed upon the area com 
mon to the corresponding columns, and means 
controlled by the selecting means for operating 
the exposure effecting means to expose concur 
rently character patterns from non-correspond 
ing columns of the sets and cause such character 
patterns to be projected by the optical system and 
concurrently photographed upon the film line 
with character patterns selected from one of the 
sets interspersed with character patterns selected 
from another set. 

9. In combination with a rotatable character 
bearing drum and mechanism for rotating the 
drum to register different characters therein suc 
cessively with an exposure position during a cycle 
of rotative movement of the drum, of a novable 
shutter having an aperture through which any 
said character maybe exposed as it registers with 
the exposure position, and means for causing 
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the characters to be exposed selectively and in 
cluding means for differentially timing shutter 
opening movement with respect to the cycle of 
rotative movement of the drum and means for ad 
vancing the shutter differential extents prelim 
inarily to the shutter opening movement, so that 
characters are selectively exposed depending upon 
both the differential extent of preliminary ad 
vance of the shutter and the differential time at 
which the shutter opening movement occurs. 

10. In a record controlled machine for handling 
record material bearing designations combina 
tionally representing characters, the combination 
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4) 

with means to sense the record material for des 
ignations, of a plurality of cyclically operable con 
tinuously movable character carrying devices, 
photographing means for photographically re 
cording characters from said carrying devices 
upon a film and including exposure effecting 
means for exposing the characters to be photo 
graphed, means selectively controlled by the sens 
ing means, according to certain of the designa 
tions combinationally representing a character on 
a record, for preparing the exposure effecting 
means to expose any character of a set from one 
carrying device or any character of a set from , 
another of the carrying devices, and means con 
trolled by the sensing means, according to a 
remaining one of the designations combinationally 
representing the character on the record, for 
causing the exposure effecting means to operate 
for exposing a particular character from the set 
for which exposure has been prepared, said char 
acter being represented by the combination of 
designations sensed on the record. 

11. In combination, movably mounted carrier 
means for a column of character patterns, cyclic 
mechanism continuously moving said carrier 
means so as to move successive groups of the 
character patterns across a photographing posi 
tion within successive differential periods of a 
cycle, each successive pattern of a group moving 
across the photographing position during one of 
successive differential fractional intervals of the 
differential period related to the group, photo 
graphing means to photographically record se 
lected character patterns upon a film, and char 
acter pattern selecting means including control 
means for preparing the photographing means for 
operation at selected corresponding fractional 
intervals of the successive differential periods of 
a cycle and other control means for rendering the 
photographing means effective at a desired one 
of the aellected fractional intervals to photograph 

is the character pattern then moving across the 
photographins position. 

JAes W.BRYOE. 

  


