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CARO PUNCING MACHINE 
Clair D. Lake, Binghamton, and Francis E. 

Hamilton, Endicott, N. Y., assignors to Inter 
national Business Machines Corporation, New 
York, N.Y., a corporation of New York 
Application March 26, 1941, serial No. 385,274 

23 Claims. (CI. 164-113) 
This invention relates to a combination typing 

and punching machine for punching record cards 
with information being typed on a work sheet, 
or to a combination calculating, typing and 
punching machine. 
The invention, in its main aspects, resides in 

novel intercontrols which may be provided, be-, 
tween record punching means and any suitable 
typewriter in which information is typed within 
spaced, predetermined fields on successive lines 
of a work sheet, as, for example, in the prepa 
ration of a bill. However, for purposes of the 
disclosure, the invention is preferably applied to 
apparatus which includes the typewriter-con 
puting machine of our application, Serial No. 
305,792, filed November 24, 1939. In this ma 
chine, each item of a bill is typed on a different 
line of a work sheet. Such an item may involve 
multiplication of two factors, as quantity and 
price. These factors are manually typed in as 
signed quantity and price fields of the bill sheet 
and entered, as a result of their being typed, in 
a value retaining means. After the factors have 
been typed, multiplying means receives the fac 
tors from the value retaining means and obtains 
their produce. If the item is a debit, the product 
is automatically typed in a debit extension field, 
and entered additively into a totalizer. If the 
item is a credit, the operator depresses a credit 
key and, as a result, the product is automatically 
typed in a credit extension field and entered sub 
tractively, by complement addition, in the total 
izer. For a simple credit amount-One not in 
volving multiplication-the operator depresses 
the credit key, then manually types the credit 
amount in the credit extension field and, as a 
result, the amount is subtractively entered in the 
totalizer. When a plurality of lines of items 
have been typed on a bill and the balance is re 
quired, the operator depresses a total key and 
brings the total extension field of the bill to typ 

provided to coordinately eject a record card and 
line space the work sheet. w 

It is desired to punch the information typed 
in a particular field of a line of the work sheet 
in a predetermined, assigned field of the record 
card. Another object is to provide means for 
coordinating the spacing of a field of the work 
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ing position. The balance is then automatically 
... typed in the total field. 

It is desired to punch tabulating or record 
cards with the information typed on the bill. 
Preferably, the information on each line of the 
bill is to be punched on a separate record card. 
One of the objects of the present invention is to 
provide means for insuring the punching of a 
separate card for each line of information typed 
on a work sheet. Stated differently, this object 
is to provide means for coordinating each line 
spacing operation of the work sheet with the feed 
of a new record card into punching position. It 
may also be stated as an object that means are 

sheet to typing position with the positioning of 
a predetermined card field in punching position. 
Stated in another way, the object is to provide 
means for delaying the punching of information 
in a predetermined field of the record card until 
this record field and the field of the work sheet 
intended for receiving the typed information are 
both in their respective recording positions. 
Again, it is also an object to delay typing of the 
information in a field of the Work sheet until the 
record field intended to be punched with this in 
formation is in punching position. 
Another object of the invention is to provide 

novel classification controls to cause punching of 
a special designation in the record card to de 
note a special classification for an item, being 
typed. Thus, the total item may be distin 
guished by punching a special designation in a 
certain column of the record card while a credit 
item may be distinguished by punching of a spe 
cial designation in a different column of the 
record card. It is an object, further, to control 
Such special classification punching by classify 
ing means including therein the credit and total 
keys and credit total detecting means. 
Each bill field for receiving a value has a pre 

determined number of columns. When the , 
amount to be typed in the field has a less num 
ber of columns, the typewriter space bar is oper 
ated to effect intraline spacing to skip the col 
unns of the bill field preceding the column for 
receiving the first significant figure. The record 
card field assigned for receiving the amount 
which is typed in the bill field has a correspond 
ing number of columns. However, it is not de 
sired to leave blank those columns of the record 
field preceding the column to be punched with 
the first significant figure. Hence, an object of 
the invention is to provide means controlled by 
the aforesaid skipping operation of the space bar 
for punching Zero designations in the columns of 
the record field preceding the column to contain 
the first significant figure designation. Since 
the Zero punching is also to be effected as a result 
of the operation of the zero digit key of the type 
writer, the invention contemplates the alterna 
tive control of the zero punching by the zero 
digit key and the space bar. 
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Another object is to provide means for eject 

ing a card and feeding in a new one as a result of 
operation of an error key which also clears in 
advertent errors out of the computer. 
Other objects of the invention will be pointed 

out in the following description and claims and 
illustrated in the accompanying drawings, which 
disclose, by way of example, the principle of the 
invention and the best mode, which has been 
contemplated, of applying that principle. 

In the drawings: 
Fig. 1 is a plan view, showing the calculator 

and typewriter units, and the circuit cable to 
the punching device. - 

Fig. 1a is a chart giving the full names of 
certain control keys shown in Fig. 1. 

Fig. 2 is a side view of a selector Switch used 
in the machine. 

Fig. 3 is a section along lines 3-3 of Fig. 1, 
through the product bank of the calculator. 

Fig. 3a is a diagrammatic view of a readout 
commutator order of the total bank. 

Fig. 4 is a Section view showing the elusive 
One means of the total bank, 

Fig. 5 is a section along lines 5-5 of Fig. 1, 
showing the drive clutch means of the calculator. 

Figs. 6 and 7 are sections along lines 6-6 and 
7-7, respectively, of Fig. 1. 

Fig. 8 is a Sectional view of the reset means 
of an accumulator bank. 

Fig. 9 is a section through the typewriter. 
Fig. 10 is a plan view of carriage-operated con 

tacts in the typewriter. . . . 
Fig. 11 is a plan view of the punch unit. 
Fig. 12 shows a fragment of a record card 

punched with a line of typed information. 
Fig. 13 is a fragment of a bill prepared by the 

machine. 
Fig. 14 is a partly sectional elevational view 

of the punching unit. 
Fig. 15 is a sectional view through the punch 

ing unit taken behind the section plane of Fig. 
14. 

Fig. 16 is an elevational view of eject means 
in the punching unit. 

Fig. 17 is a view of release key means in th 
punching unit. - 

Fig. 18 is a detail Section along lines 8-8 
of Fig. 16. 

Fig. 19 is a detail view of the escapement 
means and related parts. 

Fig. 190 is a broken, detail view of the skip 
bar. 

Figs. 20a, and 20th are timing charts, and 
Figs. 21a to 21g are views showing the cir 

cuit diagram. 
THE BL, 

Fig. 13 shows a fragment of an illustrative 
bill which may be prepared by the machine. The 
bill sheet has the usual heading area to receive 
the heading and, below the heading area, has the 
item area to receive lines of items. The item 
area is divided into vertical fields, which, from 
left to right, are the code number field (Lot No.), 
the quantity field (QU), the dollars Orders field 
of the Price section, the tens and units cents 
orders field of the Price section, the Description 
field, the dollars field of the Debit section, the 
cents ordersfield of the Debit section, the dollars 
field of the Credit section, the cents field of the 
Credit section, the dollars field of the Total Sec 
tion, and the cents field of the total section. The 
heading is typed within a portion of the heading 
area, which is a vertically upward extension of 
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the description field. The heading area may 
thus be considered as part of the description 
field. 
The bill items may be debit or credit items, 

only a few of which are shown in Fig. 13. The 
first item of the illustrative bill is a computed 
debit. The item on lin. 4 is a computed credit 
While the item on line 5 is a simple credit. The 
net balance or total is typed below the last item. 

RECoRD CARDs 
(Fig. 12) 

The machine is to punch record cards with the 
information typed in the body of the bill. One 
record card is to be punched for each item and 
total typed on the bill. The code used in the 
present case is the Well-known Hollerith code in 
which a single perforation in a card column in 
One of the index position 9 to 0 designates the 
COrresponding Value. The card is divided into 
Several fields of which the three left hand fields 
Correspond to the Similarly designated fields of 
the bill (Fig. 13). Columns 5 to 32 are adapted 
to be punched with pattern card information, 
Columns 33 to 40 constitute the amount field 
which may be punched with the amount typed 
in the debit, credit, or total sections of the bill. 
To differentiate a total card from item cards, 
the total card will be punched in column With 
an X or 11 perforation. To differentiate a credit 
from a debit card, the credit card will be punched 
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in column 35 with the X perforation. Fig. 12 
shows the card corresponding to line of the bill. 

The TYPEWRITER UNIT 
Referring to Figs. 1 and 9, the typewriter unit 

TU is of a well known kind, the general princi 
ples of which may be found in Patents Nos. 
1,777,055 and 1,873,512. Depression of a key O 
releases a latch from a cam 2, permitting the 
cam to be forced by a lever 3 against a friction 
roller 4 constantly rotated by the typewriter 
motor. As cam 2 engages the roller 4, it is 
rocked together With its carrier 5 in a direction 
to depress the connected link 6. This link, 
through linkage f, propels the type bar 8 
against the sheet on platen 9, thereby typing 
the character corresponding to the operated key. 
Towards the end of the stroke of the type bar, 
it strikes a universal member 20 which, through 
a link 2, actuates the escapement control 22 to 
cause an intraline or character Spacing operation 
of typewriter carriage 23. Operation of the space 
bar SP also causes a similar intraline spacing. 
The carriage return means including a key CR 

depression of which initiates automatic action 
of the carriage return mechanism, which may be 
of the kind disclosed in Patent No. 1,955,614. 
The tab spacing means is of the automatic 

type, such as disclosed in Patent No. 1,935,436, 
and includes the tab key TAB, depression of 
which initiates automatic action of the tabular 
spacing mechanism to effect tab Spacing in ac 
cordance with the setting of the tab stops (not 
shown). The tab stops are set in accordance 
with the required lateral spacing of the lists 
or vertical fields of the bill (Fig. 13) to be pre 
pared. 
Mounted on the frame behind typewriter car 

riage 23 is a normally open switch 24 (see Fig. 
10). An extension 25 of the left margin stop 
25 closes the switch when the carriage is re 
turned to the beginning of the line. 
The carrier 5 of each of the digit keys has 

an insulating roller 26 for engaging the adjacent 



spring blades 27, upon operation of the digit 
key, to close inner and outer calculator control 
contacts 28 and 28' in succession. Punch con 
trol contacts 28p are arranged to close substan 
tially simultaneously with contacts 28. Simi 
larly, depression of the Space bar closes asso 

2,285,289 

ciated contacts 28 and 28p. The carriage return 
key, when depressed, closes associated contacts 
28, and the depression of the tab key similarly 
closes a pair of related contacts 28. 
A solenoid 30 is ascociated with each digit key, 

the carriage return key, the tab key, and the 

O 

space bar. Energization of a solenoid 30 acts 
through linkage 3 to depress the associated ele 
ment automatically. 
The typewriter unit also is provided with sev 

feral control keys including an error key EK, a 
credit key CK, a total key TK, and a total and 
reset key TRK, each closing contacts which are 
shown in the circuit diagram, Fig. 2 a. 

Also included in the typewriter unit, in addi 
tion to the usual typewriter motor Switch SW-T, 
are a three-pole Switch SW-L, a product bank 
reset switch SW-PR, and a summary punch 
gang switch SW-SP (see Figs, 1 and 21a). 
The functions of the switches, the special keys, 

the key contacts, and the key solenoids will be 
explained hereinafter in detail in connection with 
the circuits. 

THE CALCULATOR. UNIT 
Drive-Referring to Figs, 1 and 5, the motor 

M-C rotates a shaft 32 to which is fixed a 
toothed driving clutch disk 33 adapted to be 
engaged by a clutch dog 34 carried by a clutch 
arm 35 fixed to the calculator cycle shaft 36. 
The clutch dog and arm are normally latched by 
a lever 37 and associated rebound latch 37. The 
latch lever is provided with an armature por 
tion 38 associated with a clutch magnet 40. En 
ergization of the clutch magnet releases lever 37 
from the clutch dog and arm, causing the 
clutch dog to engage a notch of the driving disk 
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33 and thus couple shaft 36 to shaft 32 for at 
least one revolution. 
Accumulator banks.-The calculator unit has 

two accumulator banks ACC-P and ACC-T, 
respectively the Product and Total banks. The 
general construction of these accumulator banks 
is similar to that disclosed in Patent No. 
1976,617. Briefly, shaft. 36, through gears 4 
(see Fig. 3) rotates a shaft 42 acting, through 
gears 43, to rotate a shaft 44. The latter shaft, 
through individual clutch connectionis selectively 
rendered effective by double coil entry magnets 
CM, one for each order, drives gears 45, each 
meshed with a gear 46 on an indicator wheel 
47, rotatably mounted on a shaft 48. Gear 45 
is meshed also with a gear 49 of the rotor 50 
associated with the same denominational order 
or column of the readout commutator PRO (see 
Fig. 21b) of the product bank as the indicator 
wheel. This product bank commutator is simi 
lar to the readout commutator of Patent No. 
1,976,617. The gear ratio between shaft 44 and 
the rotor 50 is such as to cause the rotor to make 
one revolution for two of the indicator wheels. 
The rotor 50 of each Column has two diametri 
cally opposite brushes or feelers 5, alternating 
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during successive cycles, in engaging the col- . 
lector ring 52 of the column and the segments 
53-0 to 9 common to two adjacent columns. 
The product bank is used to obtain the prod 

uct of two factors, which, for the illustrative bill 
(Fig. 13), are the numbers under the headings 
"quantity' and "price.' 

70 

3. 
A total bank ACC-T is used to obtain a bal 

ance of the items on one or more bills. The 
items may be either debit or credit items. The 
debit may be considered as the plus item, while 
the credit item may be considered as the minus 
item. The debit amounts are entered additively 
or as plus numbers into the total bank, while 
the credit amounts are entered substractively, 
as complements. The readout commutator TRO 
(Fig. 21b) of the total bank is similar in prin 
ciple to those disclosed in Patents Nos. 2007,375, 
and 2,045,437. One order of this commutator is 
shown diagrammatically in Fig. 3a and com 
prises axially spaced plus and minus collector 
rings respectively wiped by plus and minus 
brushes carried by rotors, insulated from each 
other but which are commonly operated by one 
gear 49 in step with the operation of the indi 
cator wheel 47 of the same Order. There are 
two diametrically opposite minus brushes and . 
two similarly disposed plus brushes, and while 
one plus brush is wiping the plus collector ring, 
the opposite plus brush is traversing the Commu 
tator segments 0 to 9. The minus brushes are 
One step behind the plus brushes, so that with 
the plus brush on the '0' segment, one minus 
brush is on the '9' segment and the opposite 
minus brush on the minus collector ring. Simi 
larly, with the plus brush on the , 2, 3, . . . or 
9 segment, the minus brush is on the O, , 
2, . . . or 8 segment. 
In entering the complement of a credit item 

into the total bank, the elusive '1' must be added 
to the units order. The elusive “1” means is such 
as disclosed in Patent No. 1,976,617. Referring to 
Fig. 4, the elusive '1' magnet ELM, upon ener 
gization, releases armature latch 55 from the 
rockably mounted arm 56 which supports the 
carry over pawl 57 (also see Fig. 3) engaged with 
the carry arm 58 of the units order wheel 47. 
The release of arm 56 permits a spring 59 to rock 
the arm rearwardly against the carry bail 60. 
After the digit entry portion of an accumulator 
cycle (see Fig. 20a), a cam 6 (Fig. 4) on shaft 
42 acts, through a lever 62 linked to bail 60, to 
rock the bail forwardly, thereby returning the 
carry arm 56 into latching engagement with the 
armature latch 55 of the meanwhile deemergized 
magnet ELM. As the arm 56 is restored, the 
pawl 57 engages a tooth of cam 58 to move the 
units order wheel 47 one step, adding the elusive 
'1' to the units column of the total bank. 
The carry over mechanism between adjacent 

orders of the accumulator banks is Such as dis 
closed in Patent No. 976,617 and includes carry 
cams 58 and pawls 57 for each of different or 
ders, their carriers 56, latches 55, bail 60, link 
62, and cam 6. When an indicator wheel, dur 
ing the entry period, moves from 9 to 0, a high 
tooth of the associated carry can 58 rocks the 
follower pawl 57 to an extent sufficient to cause 
a laterally extending ear 57 thereof to rock the 
latch 57 of the next higher order downwardly so 
as to release the arm 56 of the latter order. The 
operation of bail 60, after the entry period, rocks 
the released arm 56 to cause the pawl 57 carried 
thereby to advance the latter order one step. 

Referring to Figs. 1 and 8, the reset means for 
the accumulator banks is of the type disclosed 
in Patent No. 2,049,690. There is a reset magnet 
RM for each bank, energization of which causes 
rotation of the shaft 48 of the indicator wheels 
of the related bank to effect resetting of the 
indicator wheels and the other, connected ele 
ments of the bank. The means for effecting ro 
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tation of the shaft 48 comprises a gear 63 fixed 
to one end of the shaft and meshed with a gear 
64 freely mounted on a shaft 65. Rigid with 
gear 64 is a clutch collar 66 having a single notch 
66" adapted to receive the nose of a clutch dog 6 
carried by an arm 68 fixed to shaft 65. During 
rotation of shaft 65, the tail of the clutch dog 
engages the roller 69 provided on One end of a 
lever 70 which is normally latched up by arma 
ture 7 of the reset magnet. R.M. During each 
revolution of shaft 65, the engagement of the tail 
of the clutch dog with roller 69 cams the nose 
of the dog outwardly as it traverses the notch 66 
of the stationary clutch collar 66. When the 
magnet RM is energized, lever 70 is unlatched 
and moves clockwise (Fig. 8) so that roller 69 is 
no longer in the path of the tail of clutch dog 
67. As a result, when the nose of the clutch dog 
next reaches notch 66, it is free to move into 
the notch and, in so doing, it couples the gear 64 
to the shaft 65 for a single revolution, Gear 64, 
during its revolution, acts through gear 63 to ro 
tate shaft 48 to reset the bank associated With 
the energized reset magnet. 

Rigid with driven gear 64 is a cam 7' (Fig. 1) 
which, during the revolution of this gear, cams 
a bail 72 (also see Fig. 8) counterclockwise, caus 
ing an insulating lug 72" thereof to depress the 
lower spring blade 73 carrying one of the points 
of the normally closed contacts RMa. Thus, 
during reset of a bank, the associated contacts 
RMIa are momentarily opened. 
The reset magnet of the total bank may be 

characterized as RM-T, and that of the product 
bank as RM-P. It should also be noted that 
similar elements of both banks may be distin 
guished by appending the letter P to the common 
reference character to denote association with 
the product bank and by the letter T to denote 
association with the total bank. Further, de 
nominational orders of similar elements may be 
distinguished by appending to the common ref 
erence character, the letter u to denote the units 
order, the letter it to designate the tens Order, 
the letter h to indicate the hundreds order, the 
letters th to designate the thousands order, the 
symbol 10thd to designate the tens of thousands 
order, and so on. Further, in the description of 
relays, the relay contacts may be characterized 
by the reference number or character of the relay 
magnet followed by a letter a, b, c, etc. 
Cam contacts, impulse emitters, make and break 

Contacts 
Referring to Figs. 1 and 6, the accumulator 

s 
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E-T and E-P. Driven one-to-one by shaft 79 
is a shaft 8 on which are two make and break 
cams 82 for operating the make and break con 
tacts 83. The shafts 9 and 8 carry the cams R.' 
for Operating the R can contacts. The latter 
cam contacts, emitters E-P and E-T, and make 
and break contacts 83 all operate on a "14' point 
cycle basis, and this cycle may be referred to as 
the readout cycle (Fig. 20b). As indicated by 
Figs. 20a and 20b, each read out cycle is coex 
tensive with a series of three accumulator cycles, 
The readout cycle thus takes three times as long 
as an accumulator cycle, and the speed of the 
readout cycle means is such as to suit the re 
quirements for accurate operation of the type 
Writer mechanism. 
As will be brought out further in connection 

with the description of the circuit, the points of . 
the readout cycle marked '1', '2' . . . '8' corre 
Spond to columns of the accumulator banks and 
designate the points of the readout cycle at which 
corresponding columns of the banks are read out. 
The points '9' to '1' of the accumulator cycle 
represent the points at which energization of a 
control magnet CMI causes entry of values '9' to 
'1' into the associated order of the accumulator 
bank, and the cycle interval '9' to '1' may be 
referred to as the entry portion of the cycle. 

Selector Supitches.--Also included in the calcu 
lator unit are three selector switches SW-#1, 
SW-#2, and SW-#3. The switch SW -#1 is 
used during the Setting up of values under con 
trol of the typewriter keys, the switch SW-#2 

35 
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55 
cycle shaft 36 extends past the total bank. 
ACC-T, and near its right-hand end carries two 
make and break contact cams 74 for operating 
make and break contacts 75. Shaft 36 drives, 
in one-to-one ratio, gears 76 carrying the feelers 
77 (see Fig. 21d) of two impulse emitters E-- 60 
and E-, respectively, the plus or debit and the 
minus or credit emitters. 
in one-to-one ratio, through gearing 78 (also see 
Fig. 7), the shaft 65, previously referred to in the 
description of the reset means. Shaft 65 car 
ries a plurality of cams A' for operating the sev 
eral A cam contacts (see Fig. 20a). The make 
and break contacts 75, the emitters E-- and E-, 
and the A cam contacts all operate on a "6' 
point cycle basis, and this “16’ point cycle may 
be referred to as an accumulator cycle (Fig. 20a). 
Geared one-to-three to shaft 36 is a shaft 9 

which drives, in one-to-one ratio, the feelers 80 
(see Figs. 1, 6 and 21b) of autotype emitters 

Shaft 36 also drives, 
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is used during the multiplying operation, and the 
switch SW-#3 is used to correlate controlling 
Operations of the calculator unit to the tab spac 
ing Operation of the typewriter. The construc 
tion of each selector switch is similar and shown 
in Fig. 2. The Selector switch comprises a com 
mon contact segment 84 and contact segments 
85 wiped by a feeler 86 fixed to a shaft 87. On 
this shaft is a ratchet wheel 88 engaged by a 
holding pawl 89 which prevents the shaft from 
being restored, in a counterclockwise direction, 
by a spring 90, to the home position, which is one 
step behind the "1' segment. While the feeler 
is in home position, an insulating roller 9 on its 
rear end holds a pair of contacts SWa and SWb 
Open. AS SOOn as the feeler departs from home 
position, these contacts close. The holding pawl 
89 of the switch is released from the ratchet 88, 
to permit restoration of the feeler, upon ener 
gization of a release magnet SWR. The ratchet 
88 is also engaged by an actuating pawl 92 car 
ried by the armature lever 93 of the stepping 
magnet SWM. Each time magnet SWM is ener 
gized, it causes pawl 92 to advance the feeler 86 
one step. The construction of the ratchet 88 is 
Such as to prevent its advance and advance of the 
feeler 86 from segment 85- 0 or from its “0” 
position should an impulse be received by the 
stepping magnet SWM while the feeler is in the “10’ position. 

CARD PUNCHING UNIT 
The punching unit is of the kind disclosed in 

Patent No. 1,976,618 and comprises rigidly united 
pattern card frame 30 and work card frame 3 
(Fig. 11). Between the adjacent sides of these 
frames is a rack 3f2 (also see Figs. 14, 15 and 19) 
carrying oppositely extending brackets 33 and 
3f4 respectively, mounting a rear pusher 35 for 
the pattern card Presting on a surface of frame 
310 and a rear pusher 3 f6 (Figs. 11 and 15) for 
the work card Wresting on a surface of the frame 



nected to the bail. 
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3. A front bracket 3 is secured to the rack 
and carries a hold-down clip 38 for the leading 
edge of the pattern card and an abutment 39 for 
the leading edge of the work card. Rack 32 is 
part of card carriage and is actuated, in a manner 
which will be brought Out later, through for 
ward and return strokes. Pusher 35 and grip 
per 3 f6 force the pattern card to reciprocate with 
the rack. The work card is forced by pusher 36 
and abutment 39 to move with the rack through 0. 
its forward stroke, at the end of which it is auto 
matically ejected, as will be described later. 
Within the pattern card Section is an analyzer 
comprising a common contact roll 320 and a 
column of sensing brushes 32, one for each in 
dex position of the card. These brushes are in 
operative position during the forward stroke of 
the card carriage and when a perforation is 
Sensed by a brush in an index position of the pat 
tern card, a duplicating circuit, which will be 
traced later, is established to energize a magnet 
322 (FigS. 11, 14, and 15). There is one magnet 
322 for each index position and the energization 
of each magnet results in the punching of a cor 
responding index position in the work card. In 
the present case, the pattern card is perforated 
with the common information to be duplicated 
in columns 5 to 32 of each work card pertain 
ing to the same account. According to the pres 
ent invention, the lot number, quantity, price 
and amount fields of the Work card are punched 
under control of the means for selecting the typ 
ing elements for typing the values on a line of 
the bill. This automatic control of the punch 
ing means is effected, as Will be described later, 
through means including the magnetS 322 and 
results in punching each Work card with the 
values typed on a line of the bill. 
The armature lever 323 of each magnet 322 is 

Swiveled to the stem of one of the keys 324, and 
energization of a magnet causes depression of 
the related key. Within the work card section 
is a column of punches 325 and coacting die block 
326 for punching one column of the work card 
at a time. When a key 324 is depressed, through 
a lever 32 it advances an interposer 328 which 
rests on the head of a punch 325. The advance 
of the interposer places its upper edge below the 
tip 329 of the hammer 330 (Figs. 14 and 15), so 
that depression of the hammer will serve, 
through the advanced interposer, to depress the 
punch for perforating the Selected index position 
of a card column. The hammer is connected by 
a linkage 33 to the armature 332 of a punch 
operating magnet 333. Energization of this mag 
net results in depression of the hammer to Oper 
ate the selected punch or punches. Magnet 333 
is energized as a result of advance of any of the 
interposers 328. When any interposer is ad 
vanced, it rocks a bail. 334 counterclockwise (Fig. 
14) to elevate the hook end of an arm. 336 con 

The hook end of the arm 
thereupon acts, through insulation, to close a 
switch 337. This completes a circuit, traced 
later, through magnet 333. Magnet 333 operates 
linkage 33 to depress hammer 330 and cause 
punching of the Selected designation or designa 
tions. As an incident to this operation, a lug 338 
on the lower link 33 releases hook 336 from 
switch 33 which thereupon openS and denergizes 
magnet 333. 
Escapement mechanism such as in Patent No. 
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1,426,223 is used to advance the card carriage 
one column width after each punching opera 

S 
a bail 339 pivoted on a pivot shaft 340 is rocked 
downwardly upon depression of any interposer 
during punching operation. Bail 339, through a 
screw 34 rocks a lever 342 about pivot 340, in 
the same direction; clockwise, as viewed in Fig. 
19. The rocking of bail 339 and lever 342 is 
resisted by a compression spring 343. Lever 342 
has a screw 344 bearing on a projection of a 
two-armed lever 345. A spring 346 between a 
Stud 34 of lever 345 and an ear of lever 342 
urges lever 345 to follow 342 in a clockwise direc 
tion. The lever 342 has a pin 348 in a slot 349 of 
escapement pawl 350, which is connected by a 
spring 35 to stud 347 of lever 345. The spring 
35 tends to rock the escapement pawl counter 
clockwise, as viewed in Fig. 19. Pawl 350 is 
mounted on shaft 340 with horizontal play. Lever 
345 has a stud. 352 engaged in a notch of holding 
pawl 35. Fig. 19 shows the pawls in normal posi 
tion with respect to escapement teeth of rack 
32. During the punching operation, bail 339 and 
lever .342 are positively rocked clockwise (Fig. 
19) by engagement with an interposer. Spring 
346 causes lever 345 to follow lever 342. Pin 348 
on lever 342 lifts escapement pawl 350, while pin 
352 of lever 345 depresses holding pawl 353. The 
nose of pawl 353 engages a notch of rack 32 
before the nose of escapement pawl 350 fully 
releases the rack. Thus, the rack and, hence, 
the card carriage remain at rest during punching 
Operation. When the punch operating hammer 
330 and the interposers are restored after punch 
ing has been completed, the spring 343 returns 
bail 339 and lever 342 counterclockwise (Fig. 19). 
Screw 344 rocks lever 345 in the same direction. 
Pawl 350 has, meanwhile been moved towards 
the left (Fig. 19), above the next escapement 
tooth of rack 32, by spring 35f. As levers 342 
and 345 now rock counterclockwise, holding pawl 
353 is raised, releasing pawl 353 while pawl 350 
is lowered. The rack 32 then moves to the 
right (Fig. 19) through its usual motor spring 
(not shown) until pawl 350 returns to the same 
position with respect to pivot shaft 340 as in 
Fig. 19. This movement of the rack is an escape 
through one tooth distance equal to movement 
of the carriage through one column width. 
AS stated before, the total card is distinguished 

by an X hole in column . The punching of the 
X hole in column f causes skipping of the lot 
number, quantity, and price fields. The last 
column of any card to be punched is column 40. 
The remaining columns 4 to 80 may be skipped. 
Both the skipping as a result of the punching of 
an X hole in column f and the skipping of col 
umns 4 to 80 is controlled by a skip bar 360 
attached to one side of the escapement rack 32 
(see Figs. 19 and 19a). The upper edge of the 
skip bar has low, intermediate, and high levels 
Spaced according to the requirements of the skip 
feed for a particular job. In the present case, 
the skip bar has an intermediate level extending 
from column positions f through 14, followed by 
a low level extending from columns 5 through 
40, followed, in turn, by a high level extending 
from column 4 through 80. Resting on the up 
per edge of the skip bar is the inclined end of 
the well-known skip lifter 36f which also under 
lies the escapement pawl 350. When the lifter 
is shifted transversely while lying on the inter 
mediate level of the skip bar, it is elevated sufi 
ciently to release pawl 350 from escapement rack 
32, permitting continuous advance of the latter. 
The operation of the X key, in a well known 

tion is performed. Referring to Figs. 15 and 19, 75 manner, described in detail in Patent No. 
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1,426,223, causes punching of an X hole in the 
card column and, also, shifts the skip lifter trans 
versely. With the intermediate level of the skip 
bar under the transversely shifted skip lifter, 
the lifter is raised sufficiently to maintain the 
escapement pawl 350 clear of rack 32. Thus, if 
column be punched with an X hole, then upon 
return of holding pawl 353 to normal release po 
sition and with pawl 350 being held by the skip 
lifter from reengaging the rack 32, the carriage 
escapes to column 5 position, in which the low 
level of the skip bar is under the skip lifter. 
The skip lifter drops, permitting pawl 350 to 
reengage the rack and arrest the carriage in 
column 5 position. The next operation of a key 
324 restores the skip lifter to normal, retracted 
position as described in detail in Patent No. 
1426,223. When the carriage reaches column 
4 position, the high level of the skip bar moves 
under the skip lifter and, although the latter is 
then in retracted position, it is sufficiently ele 
watel to release pawl 350 from rack 32. The 
carriage then escapes past its last column posi 
tion at which point it is automatically eiected. 
The card carriage may be released at any 

time by energization of a release magnet 322R, 
(Fig. 11) which, through its armature lever 323, 
depresses the usual release key R. (See also Fig. 
17). The key R. rocks a lever 363 to shift a bar 
364 to the rear. Bar 364 is inclined at its left 
end (Fig. 17) to cause the bar to be cammed, 
upwardly by its supporting plate 365. The bar 
364 lies under skip lifter 36 and When the bar 
rises, it elevates the lifter to cause release of 
the escapement pawl 350 from the rack 32. As 
a result, the card carriage moves to its card 
eject position. Just as the carriage moves into 
this position, a pin 366 fastened to the carriage 
strikes the left end of the bar 354 and restores it 
to inactive position. - 
The usual floating cam contacts 370 (Fig. 19) 

are provided. The structure and operation of 
the contacts are fully disclosed in Patent No. 
2,063,475. Briefly, the cam contacts are normal 
ly closed, with the upper blade engaging, 
through insulation, with a stud on the end of a 
pivoted arm 37. A portion of this arm rests 
on top of pawl 350, so that when the pawl is 
raised, it rocks the arm to open contacts 370. 
This occurs as an incident to each punching 
operation since, as explained before, the pawl 
345 is raised above rack 32 during the first part 
of each punching operation. The Opening Of the 
contacts 370 breaks the duplicating circuit, 
which will be traced later. The contacts reclose 
after the card carriage has moved to its next 
column position. When pawl 350 is raised by 
the skip lifter 36 during either of the skipping 
and release key operations, the contacts 370 re 
main open to eliminate the possibility of the 
duplicator circuits being formed until the skip 
or release feed of the card carriage is terminated. 
When a card carriage moves past the last col 

umn position, a lug 372 fixed to the escapement 
rack 32 strikes the upper arm of a lever 373 
causing the lower end of the lever to close last 
column contacts 374. In a manner which will 
be explained later, the eventual effect of closure 
of contacts 34 is to cause energization of stacker 
magnet 376 (Fig. 16). The magnet 376 causes 
ejection of the card in last column position and 
the depositing of the card in a receiving hopper 
389. The eject means is Such as described in de 
tail in Patent No. 1,916,965. Stated generally, 
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379 normally closed by a flat spring 380, with 
the upper jaw 379 abutting a fixed stop 38 and 
Spaced thereby from the lower jaw. As the 
punched card moves to last column position, its 
leading edge moves between the gripper jaws. 
The gripper unit is at this time latched in nor 
mal position by a latch lever 382 engaged with a 
shoulder 383 of the rear arm of the lower jaw 
39. The latch lever is in front of a projection 
384 of a link 385 connected to the armature of 
stacker magnet 376. When the magnet is en 
ergized, it acts through link 385 to release latch 
lever 382 from the gripper unit, permitting the 
shaft of the gripper unit to be turned counter 
clockwise, as viewed in Fig. 16, by the movement 
of gear train 386 now actuated by a rack 387 
under the influence of a spring 388. As the 
gripper unit starts to turn counterclockwise, its 
jaws close to grip the card. The gripper unit 
then ejects the card to the receiving hopper 389. 
The jaws of the gripper are opened to release 
the card as it reaches a position above the hopper 
by means of the stop pin 39 striking a part of 
the lower jaw. When the card has been com 
pletely ejected, rack 387 (see also Fig. 18) reaches 
a position in which its forward end acts through 
an insulation piece on a blade of a switch 392 
to close this Switch. Consequently, a circuit 
is established in a manner which will be traced 
later through a clutch trip magnet 393 (Fig. 4). 
This magnet attracts its pivoted armature struc 
ture 394. The armature structure includes an 
arm 395 which engages a pin 396 of clutch dog 
397 to force the tooth of the clutch dog into 
engagement with the ratchet clutch 398 on the 
motor driven shaft 399. The clutch dog remains 
engaged With the clutch 398 by the action of a 
toggle linkage 400 connected to the clutch dog. 
Shaft 399 is driven by a motor 40 which is not 
Set in operation until the clutch dog has first 
been engaged with the ratchet 398 by energiza 
tion of trip magnet 393. When the armature 
structure of the magnet is attracted, an arm 
402 thereof (see Fig, 15) opens contacts 403 and 
closes contacts 404. The contacts are latched 
in this condition by a latch lever 405 which is 
released in a known manner at the end of a 
cycle of shaft 399. The closing of the lower con 
tacts 404 forms a circuit through motor 40 in 
a manner which Will be traced later. The ratchet 
clutch is now in operation and through the 
clutch dog actuates the gear 406 which is meshed 
with a lower toothed edge of a rack 407. Gear 
406 is rotated counterclockwise and moves the 
rack 40 to the left (Fig. 14). Attached to the 
right hand end of the rack is a bracket 408 (Fig. 
11) carrying the picker knife 409 which, when 
the rack is moved to the left, feeds the bottom 

60 
card of the stack of blank cards in supply hopper 
40 out of the mouth of the hopper and onto 
the card carriage. In order to receive the card, 
the card carriage must be in its rearmost posi 
tion or in its first column position. For this pur 
pose the upper edge of rack 407 is meshed with 
a gear 4 (Fig. 14) which through a one-way 
driving connection actuates an arm 42 fixed 
to a shaft 43. The shaft carries at the opposite 
end a gear 45 (Fig. 15) meshed with the lower 
edge of escapement rack 3.2. When rack 407 
is moving to the left, as viewed in Fig. 14, it ro 
tates the gear 45 clockwise causing the rack 
3f2 and, hence, the card carriage to move to the 
right into its first column, new. card-receiving 
position. 

the eject means comprises a pair of jaws 378 and 75 . When rack 407 moves to the left, it also acts 



on ejector rack 387 to move the latter in the 
same direction. Through gearing 386, the eject 
gripper is restored to normal, and card receiving 
position in which it is relatched by lever 382. 
Spring 388 also is compressed to store energy for 
subsequently operating the eject means. 
When there are no cards in the Supply hopper, 
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hopper contacts 48 (Fig. 15) spring open. Also 
shown in Fig. 15 are card lever contacts 420 
which are closed by card lever 42 when a card 
is in position on the card carriage. The card 
is then under the left, bent end of lever 42 and 
holds it in clockwise position, closing con 
tacts 420. 
Connected to the card carriage are the usual 

commutator brushes 422 and 423 (Fig. 11) which 
respectively wipe the column commutator con 
tacts 424 and the common return strip A25 of a 
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commutator block. For each column position of . 
the carriage, a brush 422 is engaged with a cor 
responding column contact 424. 

CIRCUITs AND OPERATION 

The machine is connected to a current service 
line through a common plug 00 (left of Fig. 
21a). Binding posts b are provided, as indicated 
in Figs, 21a and g, and the circuit connections to 
and from the binding posts may be referred to 
as connections b-, b-2, b-3, etc. The cir 
cuit Wire connections from the typewriter unit 
and the calculator to the punch unit extend 
through cable 9 and cable 9a (a portion of which 
is indicated in Fig. 1) and lead to the p binding 
posts of the punch unit (see Fig. 21g). The 
wire connections between the calculator unit and 
the typewriter are in cable 9. 

If it is desired to run the typewriter by itself, 
typewriter switch SW-T is closed (Fig. 21a), 
closing the circuit of typewriter motor M-T 
from plug 100 through connection b-, switch 
SW-T, motor M-T, connection b-2, back to 
the plug. 

It will be assumed that the typewriter is not 
to be run by itself but together with the calcu 
lator and punch; hence, switch SW-T is open. 
Power is placed in opposite sides of and 102 

of the calculator by closing switch SW-L (Fig. 
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explained before, causes the card carriage to 
eScape to its last column position in which it 
closes contacts 374 (see also Fig. 19). Closure 
of contacts 374 energizes last column relay coil 
455 (Fig. 21g). Coil 455 closes contacts 455a, 
energizing stacker magnet 376 (also see Fig. 16). 
Energization of magnet 376, in the manner ex 
plained before, causes operation of card eject 
device 38-379, during which rack 387 moves 
to the right, closing contacts 392 (Fig. 8). Clo 
Sure of contacts 392 completes the following cir 
cuit (Fig. 21g): 
Clutch magnet 393 circuit.-Line side 453, con 

tacts 392, last column relay contacts 455b, con 
nected posts p-6 and p-5, clutch trip magnet 
393, safety contacts 456a, to line side 452. 

Energization of magnet 393, as previously de 
Scribed, clutches the pawl 397 to drive ratchet 
398 (see Fig. 14) and also opens contacts 403 
While closing contacts 404 (also see Fig. 15). 
Closure of contacts 404 establishes the punch 

unit motor circuit as follows (Fig. 21g): 
Punch motor 401.-Line side 453, contacts 404, 

motor 40, safety contacts 456a, to opposite line 
side 452. 
With the motor 45 set in operation, the card 

picker rack 407 (Fig. 14) is moved to the left, 
causing the carriage to move to the right. The 
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21a), connecting binding parts b-3 and b-4 
to binding parts b- and b-2 which lead to the 
plug OO. 
As soon as power is on opposite sides et and 

02, calculator motor M-C (Fig. 21a) starts run 
ning. 
When the punch unit is to be operated with 

the typewriter and calculator, main punch switch 
MS (Fig. 21g) is closed, connecting punch cur 
rent sides 452 and 453 to calculator current sides 
f Oil and 02. 
Having placed the bill sheet in the typewriter 

and the corresponding pattern card P in the 
punch unit and having made required plug con 
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nections in the punch which will be explained . 
later, the operator depresses key EK (Fig. 21a). 
Closure of the right side of contacts EKa estab 
lishes the following circuit: 

Coil 143 circuit.-Line Of, post b-34, the right 65 
side of contacts EKa, post b-35 (turn to Fig. 
21b), coil 143, line 02. - 

Coil 43 closes contacts 43b (Fig. 21g) com 
pleting the following circuit: 

Release magnet 322R-Line side 453, post 
p-8, contacts 43b, post p-9, release mag 
net 322R (also see Fig. 11), and through resist 
ance to line side 452. 
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picked 409 feeds the bottom card from supply 
hopper 40 to the card carriage. Also, the card 
eject means is brought to normal condition, as 
explained before. At the end of a cycle of the 
shaft 399, the contacts 403 and 404 are restored 
to normal condition by releasing latch lever 405, 
and the clutch pawl 397 is restored to ineffective 
position, as explained in detail in Patent No. 
1,976,618. Opening of contacts 404 stops motor 
40. As the ejector rack 387 returned to the 
left to normal position, contacts 392 opened, 
breaking the circuit of clutch magnet 393. As a 
result of the above operations, a card W is in 
column f punching position on the card car 
riage. 

It may be noted that key EK is depressed pre 
paratory to typing the first item line of the 
bill, so as to feed a card, into punching posi 
tion. Key EK, as will be brought out later, is 
also the error key, and when an error is found 
in the typing of an item, this key is depressed, 
causing eject of the card then on the card car 
riage and feeding in of a new card. . 
As the card is fed to column position, it 

closes card lever contacts 420 (Fig. 15), estab 
lishing the circuit of card lever relay coil 457. 
Coil 457 closed stick contacts 457 a to hold this 
coil energized until the next eject and feed cycle. 
With card lever relay contacts 457 b and maga 
zine contacts 4 f8 (also see Fig. 15) closed, the 
following circuit makes: 
Magnet 458 circuit-Line foll, post p-3, con 

tacts 48 and 4.57b, post p-4, magnet 458, to 
line (2. 
Magnet 458 closes contacts 458a (Fig. 21a) 

establishing the circuit of typewriter motor M-T, 
aS follows: - 

Motor M-T-Plug. 100, post b-?, contacts 
458a, the left hand blade of switch SW-L, mo 
tor M-T, post b-2, back to plug 100. 
The typewriter is now ready for operation. It 

may be noted that until the first card was placed 
in punching position as a consequence of de 
pression of key EK, card lever contacts 420 were 
Open, card lever relay 457 was unenergized and 
the circuit of coil 458 could not make. Hence, 

Energization of magnet 322R, in the manner 75 the typewriter operation could not start until 



S 
the first card was fed to punching position. It 
may be noted further, that when cards are not 
in hopper 4 to or when a card fails to feed prop 
erly to the card carriage, the circuit of mag 
net 458 will not be made and the typewriter mo 
tor circuit will be opened by the breaking of 
contacts 458a. The typewriter operation Will 
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tion, one step behind the '1' segment of the 
Switch SW-3. 
The first operation on the bill sheet is to type 

in the heading. Since the description field, along 
a vertical extension of which the heading lies, 
corresponds to socket (3-5, which is not con 
nected to any of socket fo5, the typing in the 

thuis be interrupted when cards are exhausted 
or fail to feed properly. 
When it is desired to operate the typeWriter 

and calculator without the punch unit, the punch 
control gang switch SW-SP is left in 'off' posi 
tion (see Fig. 21a). In this 'off' condition, the 
switch blades # , #2, #3, #4, and #5 are in 
full line positions. With switch blade it 3 in 
“off’ position, a circuit is closed from line to 
(Fig. 21a), to post b-73, through this Switch 
blade, connection B-74 (turn to Fig. 21g), and 
magnet 458 to line 02. Contacts 458a close to 
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permit the typewriter motor to be set running 20 
upon closure of switch SW-L (Fig. 2ia), in 
dependently of the punch unit. w 
When the typewriter, calculator, and punch 

are to operate together, the gang Switch SW-SP 
is set in “on' position and switch blades F, F2, 
#3, #4 and 5 are in dotted positions (Fig. 21a). 

Operation of suitch SW-F3 
Fig. 21f shows the circuit connections through 

switch SW-FE3 (Fig. 2 shows the mechanical 
construction), which is used to correlate the ver 
tical fields of the bill with the operation of the 
punch in correlated fields of the card W and with 
the operation of the calculator. To each of the 
ten segments of switch SW i3 is connected a 
plug socket 03 which may be wired by a plug 
connection 04 to any of the five plug sockets 05. 
Each segment of the switch, as Well as the Con 
nected plug socket f O3, corresponds to one of the 
fields of the bill, as indicated in Fig. 2if. For 
the present case, the lot number Socket f is con 
nected to socket O5-, the quantity field Socket 
O3-2 is connected to socket 05-2, the dollars 

debit socket f O3-6 is connected to Socket 05-3, 
the dollars credit socket 03-8 is connected to 
socket 05-4, and the total socket 3-0 is 
connected to Socket 05-5. 
The sockets f O3 are successively connected to 

common line Of by stepping the feeler 86 of the 
selector Switch along segments 85 in accordance 
With the tabular spacing of the bill and, there 
fore, in accordance with the fields of the bill 
brought to typing position. In order that the 
selection of sockets 03 by switch SW-F3 be 
repeated for each line of the bill, the feeler of this 
switch is restored to home position as an inci 
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heading Will not affect the operation of the cal 
culator unit. After typing the heading, the oper 
ator manually initiates a carriage return opera 
tion and Spaces the bill sheet to position the first 
item line of the bill at the typing line. As a 
result of the carriage return operation, the feeler 
of switch SW-3 is restored to home position. 
The tab key is then depressed to tabulate the 
carriage to the first Column of the lot number 
field. The depression of the tab key closes key 
contacts 28-TAB to form the following circuit 
(Fig. 21a) through the stepping magnet SWM-3 
of SWitch SW-3: 

Switch SW-F3 stepping magnet-Line 02, 
through magnet SWM-3, connection b-38, key 
contacts 28-TAB, connection b-37, line O. 

Energization of magnet SWM-3 steps the 
feeler 86 to segment '1' of switch SW-t3, con 
necting the Socket O3- to common line Of 
(see Fig. 21f). As socket fo3-1, corresponding 
to the code number field, is connected to socket 
05-, a circuit is closed through a coil. 460. . 
Coil 460 closes its contacts 469a (Fig. 21g) 

establishing a circuit through multi-contact re 
lay magnet PM, as follows (begin with Fig. 21g): 
Magnet PM circuit-Line O2, magnet PM, con 

tacts 460a, connection b-72 (turn to Fig. 21a), 
SWitch blade #4, connection b-7, to line O. 
Magnet PM closes the group of contacts PMd. 

individually in Series with the key contacts 28p 
(Fig. 21g). 
The Operator now proceeds to type the lot 

number. As a digit key is depressed to type a 
number, it causes closure of related key contacts 
28p (see also Fig. 9). Assuming the “2” digit key 
0-2 has been depressed, the following circuit is 

established (Fig. 21g): 
Pinch Selection circuit.-Line of, post b-66, 

the common of contacts 28p, contacts 28p-2, the 
- Connected contacts PMia, key magnet 322-2 (see 
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dent to each carriage return operation. When 
the carriage return key CR is operated, key Con 
tacts 28-CR close, forming the following cir 
cuit (Fig. 21a) : 60 Spitch SW-#3 release magnet.-Common line. 
02, through release magnet SWR-3, connection 
b-36, key contacts 28-CR, connection b-37, 
common line 0. 
When the carriage reaches the beginning-of 

the-line position, contacts 24 (Fig. 10) close, as 
explained before. These contacts are in parallel 
with the key contacts 28-CR, and closure thereof 
forms a parallel circuit through the release mag 
net. Thus, even if the carriage return operation 
were effected manually instead of as a result of 
depression of the carriage return key, the closure 
of contacts 24 would result in energization of 
magnet SWR-3. Energization of this magnet 

also Fig. 11), through resistance to line side 452. 
Energization of magnet 322-2 causes punching 

of a '2'' perforation in the card column which is 
in punching positions. w 

Similarly, all the other digits of the lot number 
are typed in the lot number field of the bill and 
their designations punched in columns to 6 of 
the card W. (Fig. 12). When the recording of 
the lot number is completed, the operator-de 
preSSes the tab key to bring the first column of 
the quantity field to typing position. This tabu 
lar Spacing Operation again forms the circuit of 
magnet SWM-3, causing the feeler of switch 
SW-3 to move to segment “2.' Thereupon, 
the following circuit is established (Fig. 21f): 

5 
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Coil 110 circuit.-Line foil, through position “2' 
of Switch SW-F3, socket O3-2, a plugwire 04 
to Socket 05-2, coil 0, line O2. 

Energization of coil to closes contacts Oa to 
E. the following circuit (lower part of Fig. 

e) : 
Coil 111 circuit #1-Line of, contacts Oa, 

coil , line 02. 
Coil closes contacts fla (Fig. 21a). Clo 

Sure of these contacts is a condition precedent 
to the completion of circuits, traced later, for 
entering Values typed into the quantity, price, 

causes the return of the feeler 86 to home posi- 75 amount and credit fields of the bill (Fig.13 
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into value retaining means provided in the 
calculator unit. Thus, energization of coil 
conditions the calculator unit to receive values 
typed on the bill. In addition, coll ff closes 
contacts fifd (Fig. 21g). These contacts are 
in shunt with contacts 460a and similarly es 
tablish the circuit of relay magnet PM. Hence 
typing of the quantity and price will cause punch 
ing of the equivalent perforations in columns 
to 4 of card W. 

THE WALUE RETAINING McANs . 
The value retaining means comprises a bank 

of relays including eight columns of value re 
taining coils 4 (Fig. 21c) and associated re 
lay contacts f4a and b. For. convenience, the 
bank of f 4b contacts is shown separately in 
Fig. 21d. During the typing and punching of 
the quantity, the hundreds, tens, and units or 
ders of quantity digits are entered, respectively, 
into the first or left-hand column of the value 
retaining bank, the second, and third columns. 
During typing of the price factor, the successive 
orders of price digits are entered into the fourth, 
fifth, sixth, seventh, and eighth. or right-hand 
column of the value, retaining bank. During 
typing in the debit or credit section of the bill, 

9 
stioning of switch SW-1 and closure of Sa 
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contacts, an initiating circuit is formed through 
a coil if in the left hand column of the re 
taining relay bank. The switch Sw-f selects 
the column of the value bank of which a coil 

is to be energized, while the contacts fisa 
select, in this column, the particular coil corre 
Sponding to the digit which is being typed by 
the active digit key. The energized coil 4 
closes its 4a contacts to form a stick circuit, 
operative after opening of the momentarily closed 

a contacts. 
When the second digit is typed, the switch 

SW-F is stepped to position."2”. to select the 
second column of the value retainer bank, and 
Soon for the third, fourth, and to the eighth 
column of the retainer bank. If, instead of op 
erating a digit key, the space bar SP is oper 
ated, the switch SW- will be similarly stepped 
along, thereby maintaining the columns of the 
retaining relay bank coordinated with the intra 
line spacing of the corresponding orders of the . 
bill columns in which the value to be entered is 

, being typed. . 
25 

the eight columns of the value retaining bank 
correspond to the eight columns of the amount 
or the credit section, and will be successively set 
up, from left to right, in the same order as the 
digits are typed in the corresponding columns 
of the debit or credit section. Each column of 
the value retainer bank includes ten value coils 
4 and related f4a and b contacts, correspond 

ing to digits 0 to 9, as indicated for the left hand 
column in Figs, 21c and d. 
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Entry of quantity and price factors.--To sim 
plify the explanation, assume that the quantity 
or multiplier factor is 123 and the price or mul 
tiplicand factor is 45678. It will be recalled that 
the bill has been tabulated to the first quantity 
column and that coil it is energized to close 
contacts lifa (Fig. 21a). When key O-I is 
now operated to type the digit 1 into the hun 
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JRELATING To ENTRY INTo THE WALUE RETAINFE 
BANK 

The entry means includes a pair of relay coils 
f5 (upper right of Fig. 21a) for each digit key. 
The energization of the pair of coils f 5, cor 
responding to a digit, closes a row of eight 5a 
contacts (Fig.2c) which are in series with the 
eight value coils 4 of the corresponding digit 
row of the value retaining bank. The closure 
of the 5a contacts partially closes the circuits 
of the related value coils, but only One of these 
circuits at a time may be completed, depending 
on the operation of the selector switch SW-#f. 
This switch functions to correlate the columns 
of the retaining relay coils successively with the 
corresponding columns of the bill into which 
the digits to be entered are being typed. In ef 
fect, the switch SW-#f successively places the 
columns of the value retaining bank under con 
trol of the digit keys just as the intraline spac 
ing of the corresponding columns of the bill suc 
cessively places them in condition to be typed 
under control of the digit keys. 
Concerning switch SW-#1.-Initially, the 

feeler 86 of switch SW-# is in home position, 
one step behind the “1” segment 85 (see Fig. 2). 
When a digit key is operated to type the digit 
in the first column of the quantity, amount, or 
credit section of the bill, the stepping magnet. 
SWM- of switch SW-it is energized to step 
the feeler 86 to the “1” segment which is in the 
circuit of the first or left hand column of coils 

4 (see Fig. 21c). The switch reaches this po 
sition immediately before the operation of the 
key results in the energization of the related 
key coils 5 and the consequent closure of the 
row of contacts 5a. As a result of the po 
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dreds. Or first column of the quantity field, the 
key contacts 28 close, followed by closure of key 
contacts 28' and 28p. The closure of contacts 
28 thus precedes the closure of contacts 28. Re 
ferring now to Fig. 21a, the closure of contacts 
28 of key foll-, with contacts fla in closed 
condition, establishes the following circuit: 

Coil 120 circuit.-Line Ol, normally closed 
contacts fla, contacts fffa, connection b-46, 
common 8 of the key contacts, inner key con 
tacts 28-, common f 9 of the key contacts, 
Connection b-5, coil 20, line 02. 

Coil 20 closes contacts 20a to form the fol 
lowing circuit (Fig. 21a) : 
SDitch SW-#1 stepping circuit. Line f of, 

contacts 20a, in parallel through magnet 
SWM- and a coil 12, line 02. 

Energization of magnet SWM-f steps the 
feeler of switch SW - to the '1' column seg 
ment 85, preparing the first or left hand col 
umn of the coils 4 for receiving the first quan 
tity digit. The selection of a coil in this column 
is controlled by closure of outer key contacts 
28' which occurs immediately after closure of 
contacts 28. Thus, it is made certain that the 
selection of the column of coils 4 by Switch 
SW-1 to receive an entry takes place before 

60 
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the selection of a coil 4 in the selected cols 
umn. It should be noted that even were con 
tacts 28, and 28' to be closed simultaneously, 
the column selecting action of switch SW-El 
would precede the digit coil selecting action of 
the key contacts because of the stepping action 
of the switch being effected rapidly and being 
completed before the key coils 5 succeed in 
closing the 5a contacts. 
As a result of the closing of key contacts 

28'--, the following circuit forms (Fig. 21a): 
Key coil circuit-Line of, contacts a, fl-fa, 

connection b-6, common wire 8, contacts 
28'-f, connection b-23, key coils 5-, con 
mon wire 22, line 02. 

Referring to Fig. 21c, coils - close the row 
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of eight contacts 5a-, but with switch 
SW if now in first column selecting position, 
the closure of contacts if a- only in this first 
column is effective to form a main circuit 
through the coil f 4- of this column, as foll 
lows. (Fig. 21c) : 
Value coil main circuit.-Line 2, coil 4-f 

of the first column, contacts 5a- in series 
, therewith, common wire 23, the connected, nor 
mally closed space relay contacts 24a, contacts 
25a, column reduction relay contacts (26a, po 

sition "1" of switch SW-#, line 0 . . 
A stick circuit for the energized coil 4 

of the left hand column is formed by closure of 
contacts 4a- as follows (Fig. 21c): 
Value coil stick circuit.-Line 02, coil 4-, 

contacts 4a-, common wire 27, coil 25, in 
parallel through cam contacts A3 and column 
shift relay contacts 28a-h, common wire 29, 
in parallel through cam contacts Af O and total 
entry relay contacts 30a, normally closed con 
tacts 3 fa, 32d, conneuition b-33 (continue with 
Fig. 2.1a), the left, normally closed side of error 
key contacts EKa, connection b-34, line 0. 

Coil 25, energized by the above circuit, opens : 
contacts 25a, common to the main circuits of 
the left hand column of coils 4, to make cer 
tain that not more than one coil f4 will be en 
ergized in this column. 
The successive typing and punching of the re 

maining digits of the quantity and price repeat 
edly closes the SWM-f' circuit to step the switch 
SW-i to the successive switch positions cor 
related with the different value retaining relay 
columns. The main circuit of a coil 4 in the 

- second column differs from the previously traced 
main circuit of the first column in extending 
through contacts 33a and position '2' of switch 
SW-iff. The stick circuit of the second column 
is similar to the stick circuit traced above but 
extends through a coil 33 and in parallel 
through can contacts A2 and column shift con 
tacts 28a-t. The coil 33 opens contacts f33a 
to prevent energization of more than one coil 
4 in the second column. The main circuit of 

the units quantity column extends through con 
tacts 34a and position "3" of switch SW-#f, 
while its stick circuit extends through coil 34, 
functioning to the same effect as coil 25 in pre 
venting energization of more than one relay coil : 
in the same column, and through can contacts 
A and parallel column shift contacts 28a-u. 
The main circuits of coils 4 of the fourth to 
eighth columns, inclusive, of the retaining relay 
bank are established by the typing of the price 5; 
digits and respectively include contacts 35a, 
36a, 37a, 38a, and RHa, and positions '4,' 
“5,” “6,' '7,' and '8' of the switch SW-f. The 
last three columns do not include Column reduc 
tion contacts 26a. All of the last five columns 
do not include any A cam contacts and column 
shift contacts as these are unnecessary for the 
price columns, the price being entered into the 
product bank during one accumulator cycle, as 
will be explained later. The stick circuits of the 
fourth to seventh column coils 4 also include 
coils 35, 36, 37, and 38, functioning to the 
same effect as coil 25 of the first column stick 
circuit in opening the main circuits to prevent. 
more than one coil in a column being energized 
during the typing of the item. The stick circuit 
of the right hand or eighth column of coils 4 
includes a multi-contact relay magnet RH and a 
relay coil 39, energization of both of which de 
termines that the last digit of the price or mul 

() 

s 

s 5 

() 

60 

75 

2,285,289 
tiplicand factor has been set up and that multi 
plication may begin. Magnet R.H. opens contacts 
RHa in the main circuit of the last column to 
prevent energization of more than one value re 
taining coil in this column. 

Energization of the coils 4 closes associated 
4b contacts (see Fig. 21d). In the assumed 

example, the contacts f4b-1, 2, 3, 4, 5, 6, 7, 
and 8 of the first to eight columns are now 
closed, representing the quantity factor 123 and 
the price factor 45678. The closed & b con 
tacts control entry of these factors into the prod- . 
luct bank ACC-P to be multiplied, in a manner 
which will be explained hereinafter. 
The control by the space bar. It is not de 

sired to type a '0' in any of the dollars order 
columns of the bill, unless preceded by a signifi 
cant digit, but to leave such columns blank and 
to space to the next column. This is done by 
Operation of space bar SP of the typewriter. The 
operation of the space bar causes switch SW--if 
to step along so as to maintain the switch po 
sitions in proper correlation to the columns of 
value coils 4 and the corresponding bill col 
lumns. The operation of the space bar also causes 
the contacts 24a in the main circuits of each 
column of coils f4 to open in order to make 
certain that a coil f of any column corre 
sponding to a bill column being left blank is not 
picked up or energized. 
When the space bar SP is operated, its associ 

ated contacts 28-SP close, completing the fol 
lowing circuit (Fig. 21a) : . 

Coil 140 circuit-Line of, contacts fila, 
fa, connection b-8, contacts 28-SP, connec 

tion b-7, coil f40, line O2. 
Coil 40 closes contacts 40a to form a circuit 

through multicontact space magnet 24, as foll 
lows (Fig. 21a) : r 
Magnet 124 circuit.-Line 0 , contacts 40a, 

magnet 24, line O2. 
To maintain magnet 24 energized after con 

tacts f4.0a open, the magnet closes contacts 
24b to form the following circuit (Fig. 21a) : 
Magnet 124. Stick circuit.--Line O, in parallel 

through normally closed contacts f2Ob and 2 fa, 
contacts 24b, magnet 24, line f O2. 
Magnet 24 opens contacts f24a (Fig. 21c) of 

the main circuit lines of the columns of the value 
retainer relay bank to prevent energization of 
any of coils 4 during the spacing operation. 

Energization of coil f40 by the coil 40 circuit 
also closes contacts 40b (Fig. 21a), which shunt 
contacts 20a of the switch SW.if f stepping 
circuit, to cause energization of magnet SWM 

... as a result of which switch SW-it is 
stepped to the next position, just as when a digit 
key is operated. When magnet SWM- is en 
ergized, the coil f2, in parallel therewith, also 
is energized and opens contacts 2 a. in the 
magnet 24 stick circuit, but the parallel con 
tacts 20b continue to hold this stick circuit 
closed until a digit key is operated for Setting up 
the first significant digit. When a digit key is 
Operated, the coil 20 circuit forms, and coil 20 
closes contacts 20a to establish the magnet 
SWM- circuit for advancing the switch SW 
if and also opens contacts 20th of the Imag 
net 24 stick circuit. When the magnet 
SWM - circuit forms, parallel coil 2 is also 
energized, opening contacts 2 a to cause a com. 
plete break in the stick circuit of Imagnet - f24. 
Thus, contacts f2 a time the deenergization of 
the Space relay magnet 24 to prevent reclosing 
of contacts 24a of the main circuit lines Of the 
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value coils 4 (Fig. 21c) until the switch SW 
has been stepped to the position for selecting the 
value retaining column corresponding to the bill 
column in which the first digit is being typed. 
It is desired to punch zeros in the card columns 

for spacing operations of corresponding columns 
of the bill sheet. For this reason, the space key 
contacts 28p (Fig. 21g) close whenever the space 
key is operated. The space key contacts 28p are 
in parallel with the zero key contacts 28p and, 
with the contacts PMia closed, cause operation of 
the zero punch key magnet 322-0 to cause 
punching of a zero. 
Maintaining action of coil 111 during typing 

of price.--When the third or units order quan 
tity column is typed, a coll f4 in the corre 
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second circuit of coil f, resulting in deemer 
gization of the coil and opening of contacts a. 
The magnet RH also closes the right side of con 
tacts RHc (bottom of Fig. 21b) to cause the 
switch SW it to be restored to initial condition. 
This switch, having performed the function of 
correlating the columns of the value retaining 
bank to the corresponding columns of the quan 
tity and price sections, may be restored to home 
position after the right hand price digit has been 
entered. As will be explained hereinafter, the 

sponding third column from the left of the value 
retaining bank is energized and held by its stick 
circuit. Common to the stick circuits of the 
column is the coil 34 (Fig. 21c) which, in addi 
tion to opening contacts 34a in the main circuit 
to prevent more than one coil 4 of the column 
being picked up, also closes contacts 34b in 
series with contacts fib of coil (see Fig. 
21e). At this time, switch SW-#3 is still in 
quantity field position ''2'' (Fig. 21f), so that coil 

O is energized to hold contacts a closed, 

product of the quantity and price is typed auto 
matically into either the amount or credit sec 
tions of the bill, and this typing is required to 

S enter the product into the value retaining bank. 
The restoration of the switch SW-E to home 
position prepares the Switch for COrrelating the 
columns of the value retaining bank to the 

20 
columns of the debit or credit Section during the 
typing of the product in either one of these sec 
tions. The restoration of the switch SW-El oc 
curs as a result of energization of magnet RH, 

- which closes the right side of contacts Ric to 

with the result that the coil circuit # is still 
in effect, and coil it is now holding Contacts 
if b closed. Now, when contacts 34b close, the 
following circuit forms (Fig. 21e) : 

Coil 111 circuit #2-Line 02, coil f, con 
tacts fib, 34b, 42a, 3a, RHb, line O. 

After the units order quantity digit is punched 
and typed, the operator actuates the tab key to 
tabulate the first column of the price Section of 
the bill to typing position. The operation of the 
tab key forms the switch SW-E3 stepping mag 
net circuit, bringing the switch SW-E3 to posis 
tion '3' (Fig. 21f) which is not connected to any 
of sockets O5. When the switch left position '2', 
coil O was deenergized and contacts fa. 
opened to break the coil circuit #. The en 
ergization of coil f is maintained, however, 
through the coil f circuit #2 formed as a re 
sult of the previous entry of the units Order quan 
tity digit. Consequently, contacts fla remain 
closed during the typing in the price columns of 
the bill, so as to cause punching of the price 
designations and to enable the last five columns : 
of the value retaining bank to be set up in ac 
cordance with the price factor. 
As a result of the typing of the cents units 

order or right hand digit of the price, the stick 
circuit of a corresponding digit value coil 4 in. 
the right hand column of the value retaining 
bank is established. As stated before, this stick 
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circuit includes coil 39 and the multi-contact 
relay magnet R.H. (see Fig. 21c). 
Magnet RH opens contacts RHb in the coil 

circuit if 2, and coil it is now deemergized. When 
the operator, after typing the right hand price 
digit, tabulates the description field to typingpo 
sition, switch SW-3 is stepped to position '5' 
(see Fig. 21f), the connected socket O3-5 of 
which is not plugged to any of sockets 05. Now, 
with coil f f i deemergized and contacts fla open, 
the typing of any digits in the description field 
will not cause entry of the digits into the calcu 
lator unit. 

Restoration of suitch SW-il.-The entry of 
the units order digit into the right hand column 
of the value retaining bank causes energization 
of magnet RH and coil 139. As explained above, 
magnet RH opens contacts RHb to break the 
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establish the following circuit (Fig. 21b) : 
Switch SW-#1 release magnet-Line foll, the 

right side of contacts RHC, selector Switch Con- . 
tacts SWa- (closed as Soon as the feeler leaves 
home position), magnet SWR-, line O2. 

Energization of magnet SWR-1 restores the 
feeler of switch SW-# to home position. 
Concomitantly with typing of the last digit of 

the price, the corresponding digit perforation is 
punched in column 4 of the card W. As ex 
plained before, pattern card P (Fig. 11) is 
punched with account data in columns 5 through 
32 and operation of the punch now takes place 
under control of card P to duplicate the account 
data in columns 5 through 32 of the work card. 
Thus, upon sensing of a perforation in the pat 
tern card by a brush 32, the following circuit is 
established (Fig. 21g): 

Duplicator circuit-Line side 453, now-closed 
card lever relay contacts 45a, floating cam con 
tacts 370, contact roll 320, a brush 32, a key 
magnet 322, and through resistance to line side 
452. 
Magnet 322 operates its related key 324 to 

cause punching of a duplicate perforation in the 
work card. In this manner, the card W is 
punched in columns 5 through 32 with the pat 
tern Card account data. 

MULTIPLICATION 
Magnet RH, energized as a result of entry 

of the last price digit, initiates multiplying op 
eration, the quantity entry being treated as the 
multiplier and the price entry as the multi 
plicand. The multiplication is by the repeated 
addition method and requires performance of 
accumulator cycles by the product bank; hence 
the clutch magnet 40 (Figs. 1 and 5) must first 
be energized. When magnet RH was energized, 
it closed contacts RHd, forming the following 
circuit (Fig. 21f): 
Clutch circuit #1-Line 02, clutch magnet 

49, wire 45, contacts RHad, line Of. 
Energization of clutch magnet 40 initiates ro 

tation of calculator shaft 36. (Figs. 1, 6, and 7) 
to perform accumulator and readout cycles 
(Figs 20a and 20b). As previously explained, a 
Series of three successive accumulator cycles ac 
companies each readout cycle. Hereinafter, the 
time of operation of R can contacts may not only 
be referred to the portion of the readout cycle 
When the Operation occurs but also to the accu 
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mulator cycle which accompanies this portion 
of the readout cycle. Similarly the time of Op 
eration of A cam contacts may be referred to 
the accompanying portion of the readout cycle. 
During the first accumulator cycle, can con 

tacts R-9 (Fig. 20b) close, and when A9 cam con 
tacts (Fig. 20a) also close at the '15' point, 
the following clutch circuit forms (Fig. 21f) : 

Clutch shunt circuit.-Line 02, magnet 40, 
contacts R9, contacts A9, line 0. 
Cam contacts R.9 remain closed during the 

second accumulator cycle, so that the clutch 
shunt circuit repeats, maintaining the clutch 
engaged for the third cycle, independently of 
clutch circuit it. During the third accumulator 
cycle, the contacts R9 are open when cam con 
tacts A9 close at the “15” point, and the con 
tinuation of the clutch engagement for the next 
accumulator cycle then depends on clutch cir 
cuit #1, requiring the contactS RHad to be closed. 
Assuming the multiplication is completed during 
the third cycle, the magnet RH is deemergized 
when cam contacts A5 make, as will be brought 
out later and, therefore, contacts RHd open and 
the clutch is disengaged at the D point of the 
third accumulator cycle. If multiplication is 
not completed during the third accumulator 
cycle of the first series, then clutch circuit Fl 
continues in effect and a fourth accumulator 
cycle or the first of a second series starts. Dur 
ing the latter cycle, cam contacts R.9 make again 
and the clutch shunt circuit takes effect to cause 
the second and third accumulator cycles of the 
second series to be performed. Thus, if multi 
plication is not completed during a series of three 
accumulator cycles coextensive with a readout 
cycle, the calculator unit performs a complete 
new series of accumulator cycles. When multi 
plication is completed during any series, the 
clutch shunt circuit continues calculator shaft 
36 in operation to the end of the Series. Thus, 
the disengagement of the clutch can occur only 
at the end of a series of three accumulator 
cycles or the coextensive readout cycle. 

Entry of multiplier into product bank.- The 
multiplication by the product bank is by the 
over and over addition method, involving entry. 
of the units, tens, and hundreds orders of the 
multiplier (quantity) in Succession. This suc 
cessive entry of the orders of the multiplier. 
is controlled by Successive energization of col 
umn shift magnets 28-i, 28-t, and 28-h. 
(Fig. 2ie), of which the respective contacts 
28a-u, t, and h are in the stick circuits of the 

third, second, and first columns of the value 
retaining coils 4 (Fig. 21c), which have re 
ceived the quantity factor or multiplier. The 
energization of magnets 28t, t, and h in suc 
cession is controlled by the selector switch 
SW-E2, the feeler of which is advanced one 
position upon each agreement between the read 
ing of the cycling counter, comprising column 
0 (the left hand or highest order) of the prod 

tlict bank, with the reading of column 9 which 
receives the units, tens, and hundreds multiplier 
digits in successions. Initially, the columns of 
the product bank are at zero and, consequently, 
the brushes 5 of the ninth and tenth orders, or 
Columns 9 and O of the product bank readout 
commutator PRO, are on common zero segment 
53-0, as indicated in Fig. 21.e. 

It will be recalled that magnet RH and coil 
39 were energized as a result of the entry into 
the right hand column of the value retaining 
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RH closed contacts RHid to establish clutch 
magnet circuit i?, traced above, to initiate ac 
cumulator cycles. Magnet RH also closed con 
tacts RHe, and when cam contacts A5 close at 
the "4' point of the first accumulator cycle 
(see Fig. 20a), the following circuit forms (Fig. 
21e) : 

Switch SW-#2 stepping circuit.--Line O2, 
stepping magnet SWM -2, collector ring 52 of 
Column O of the product readout commutator 
PRO, the column O brush 5, segment 53-O, 
brush 5 of the ninth column, column 9 col 
lector ring 52, contacts RHe, normally closed 
relay contacts 48a, 49a, 50a, cam contacts A5, 
line O. 
Magnet SWM-2 now advances the feeler of 

Switch SW-#2 from home position to position 
-"1'. When this happens, the following circuit 

20 

25 

30 

35 

40 

45 

50 

'80. 

O 

means of the cents units price digit. Magnet 75 

forms (Fig. 21e): 
Magnet 128-u circuit-Line 02, magnet 

28-u, a relay coil 5 -u, contacts 53a-u, 
contacts 34b (closed by energized coil 36 of the 
stick circuit of the third or units quantity order 
column of the value retaining bank), the '1' 
position of Switch SW-#2, contacts 53a, line 

. . 
Coil f5-all closes stick contacts 5 a-i to 

form a holding circuit for magnet 28-u and 
coil 5 -u, maintained until the switch SW-#2 
is advanced to position “2”. 

Magnet 128-u Stick circuit.-Line O2, magnet 
28-u, coil 5 -u, contacts (5a-u, the “1” 

position of Switch SW-#2, contacts 53a, line 
O. 
Magnet 28-7 opens contacts 28a-lt in the 

stick circuit of the energized value coil of the 
units order quantity column of the value retain 
ing bank, but this stick circuit remains closed 
through cam contacts Al, in parallel with con 
tacts 28a -u, until after the entry period '9' 
through '1' of the second accumulator cycle. 
Thus, during the first accumulator cycle, initi 

ated by closure of contacts R.Hd to form clutch 
magnet circuit it, magnet 28-u and coil 
5-lit have been energized. The energization 

of magnet 28-u and coil 5-lu was timed by 
closure of can contacts A5 to occur at the “14' 
point of the first accumulator cycle. Magnet 
28-it closes the group of five contacts f28b-u 
(Fig. 21d) each connected to one of the entry 
magnets CMI of columns to 5 (units to tens of 
thousands orders) of the product bank, thereby 
preparing these columns to receive the five digits 
of the multiplicand. Magnet 28-u also closes 
contacts 28c-u connected to magnet CM of 
Column 9 of the product bank, preparing this 
column to receive the units order digit of the 
multiplier. Coil 5-u closes contacts 5tb-u. 
connected to magnet CM of column O of the 
product bank, preparing this column to receive a 
cycle counting impulse. The above operations 
all take place during the first accumulator cycle 
following the closure of cam contacts. A5 at "14". 
The entry of debit values into the product bank 
is timed by the plus emitter E-- (Figs. 1:and 21d), 
the brush 7 of which is now on an insulating 
segment of the emitter ring. Thus, entry of the 
values into the product bank does not occur dur 
ing the first accumulator cycle, but is deferred 
until the second accumulator cycle. 
In series with the feeler of the plus emitter E-- 

is a pair of contacts 54a, closed except when a 
Credit entry is being made. Contacts 54a are 
closed by energization of coil 54 which occurs 
aS Soon as Switch SW-L (Fig. 21a) is closed to 
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place current on the opposite lines of and 02. 
The circuit for coll 4 follows (Fig. 21f) : 

Coil 15 circuit-Line 02, Coil 5, credit re 
lay contacts a, line . 
Coil 154 remains energized to hold contacts 
So closed except when a credit entry is being 
made, during which time contacts 55 open, 
as will be brought out further on. r 

Entry of factors-The multiplier and multi 
plicand are now represented by the closed 4b 
contacts (Fig. 2d) of the value retainer bank. 
Since the positions of the contacts b along 
their columns correspond tin different values, the 
representation thereby of values may be consid 
ered as a positional value setting or representa 
tion. This positional representation is converted 
by the emitters E+ or E- into differentially. 
timed equivalents for entry into the Columns of 
the product bank, During the Second accumu 
lator cycle, which may be considered as the first 
multiplying cycle, the units order value of the 
multiplier is entered into column 9 of the prod 
uct bank, the multiplicandis entered into columns 

to 5, and column O is advanced one unit step 
as an indication of the performance of one 
multiplying cycle. 

In the assumed example of a multiplier of 123, 
the units order value is '3' and contacts b-3 
of the third column from the left of the bank of 

b contacts are closed. When the feeler of 
emitter E-- reaches position "3' during the first 
multiplying cycle, the following circuit is estab 
lished (Fig. 21d) : 

Multiplier entry circuit-Line foll, make and 
break contacts 75 (see also Fig. 200), contacts 
54a (now closed), the feeler of emitter E-, 

the '3' segment of the emitter, common wire 56 
of the row of b-3 contacts, the now closed 

b-3 contacts of the third column from the 
left, the common 5 of the latter column, the 
right, normally closed, side of a pair of contacts 
30b of the total entry multi-contact relay mag 
net 30, the now closed 28c-lt contacts, mag 
net CMI of column 9 of the product bank, the 
common 58 of magnets CM, line 92. 4. 

Energization of this magnet C.M. at the '3' 
point of the cycle causes entry of the value '3' 
into column 9 of the product bank, as a result of 
which its readout brush 5 is advanced to con 
mutator segment 53-3 (see Fig. 21e). 
The entry circuits of the multiplicand are. 

similar to the above entry circuit, except that 
they are routed through the 28b-u contacts, 
now closed by energized column shift magnet 
28-u, into columns to 5 of the product bank. 55 
Thus, by the end of the entry period of the sec- . 
ond accumulator cycle, the multiplicand factor is 
standing in the five lowest order Columns, or 
Columns to 5 of the product bank. 

O 
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Thus, at the end of the entry period of the 

first multiplying cycle, columns, to 5 of the 
product bank contain the multiplicand, column 
9 contains the units order digit of the multiplier, 
and column O reads '1'. 
The units order digit of the multiplier, having 

been entered into column of the product bank, 
the set up of the units order or third value re 
tainer column from the left must be cleared. 
When magnet 128-u was energized at the "14" 
point of the first accumulator cycle, it opened 
contacts 28a-lu in the stick circuit of the latter 
column, but the stick circuit was maintained 
through cam contacts. A which were then closed 
and which do not open till the end of the entry 
period of the first multiplying cycle (Fig. 20a). 
Upon the opening of cam contacts A, the stick 
circuit of the units order multiplier column of 
coils breaks and the closed lb contacts of 
the column open. Thus, after the units order 
multiplier digit has been entered once in column 
9 of the product bank, further entry of this units 
digit is prevented, and column 9 remains set at 
the reading of the units order value of the null 

is tiplier, which, in the assumed example, is "3". 
The number of multiplying cycles performed to 

multiply the multiplicand by the units order 
digit of the multiplier depends on the number of 
cycles which are required to bring cycle counting 

so column O of the product bank into agreement 
with column 9. In the present example, three 
multiplying cycles occur before column fo is ad 
vanced to "3", which matches the reading "3' 
in column 9. During each of the three multi 

35 plying cycles, the multiplicand is entered into 
columns to 5 of the product bank, and column 
to is advanced one step. At the end of the en 
itry period of the three multiplying cycles, the 
multiplicand has been multiplied by '3' (the 
units order multiplier digit), and column f 
stands at '3'. . . " 

During the first multiplying cycle, when cam 
contacts A opened, the stick circuit of the units 
Order multiplier column of the value retaining 

is bank was broken, as explained before. As a 
result, coil 34 was deemergized, causing contacts 
34b of the magnet 128-u main circuit to open. 
The magnet 28-u remains energized, however, 
through the magnet 28-2 stick circuit which 
does not break until Switch SW-E2 leaves po 
sition '1'. 
At the end of the entry period of the third mul 

tiplying cycle, the column O brush 5 of the com 
mutator PRO is on segment "3" which is also en 
gaged by the brush 5 of column 9. When cam con 
tacts A5 close at “14' of the third multiplying 
cycle, the Switch SW-F2 stepping circuit is again 
formed, the circuit extending this time through 
common segment '3' of columns 9 and 9. This 

At the '1' point of the first multiplying cycle, 60 circuit advances the switch SW-#2 to position 
an entry circuit is formed through magnet CM 
of column O of the product bank to advance the 
latter column One step as a count of the cycle 
of multiplication which has taken place. The . 
entry circuit of column fo is as follows (Fig. 
2d) : 

Cycle counting entry circuit-Line of, con 
tacts 75, 54a, position “1” of emitter E-, the . 
common side of the “1” row of 4b contacts, line 
59, contacts 15 lb-u (closed by now-energized 

coil 5-u), magnet CM of column 10, common 
f58, line O2. . 
The energization of this magnet CMI causes 

the readout brush of column 10 to advance to 
segment 53- (see Fig. 21e). 

O 

''2''. As a result of the switch leaving position 
'l', the stick circuit of magnet 28- and coil 
51-u (Fig.21e) is broken, and contacts 28b-u, 
28C-2, and 5 lb-u (Fig. 21d) open. 
When switch SW-#2 reaches position "2", 

the circuit of column shift magnet 28-t is es 
tablished (Fig.21e): 
Magnet 128-t cireuit.-Line 02, magnet 
20-t, coil 15-t, contacts 52a-t, contacts 
33b, position "2" of switch SW-#2, contacts 
f58a, line Of. 
Contacts 33b in the above circuit have been 

closed by energization of coil 3 in the stick cir 
75 cult of the second value retainer column from 

Y 
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the left, which contains the tens order digit of 
the multiplier. 
The closure of contacts f5a-t forms the 

stick circuit of magnet 28-t and coil 5-t, 
which remains in effect until Switch SW-#2 
leaves position ''2''. 

Coil 5-t closes contacts 5b-t (Fig. 21d) 
which shunt contacts 5b-u and replace the 
latter in forming the cycle counting entry cir 
cuit. 
Magnet 28-t opens contacts 28a-i (Fig. 

21c), in the stick circuit of the Second value coil 
column from the left. The stick circuit of the 
energized coil 4-2 in the latter column re 
mains made through camera contacts A2. Mag 
net 28-t closes contacts 28C-t to connect the 
tens order multiplier column of contacts 4b 
(the second from the left, Fig. 2id) to column 9 
of the product bank. Magnet 28-t also closes 
the groups of five 28-t contacts to connect the 
five multiplicand columns of contacts 4b to 
columns 2 to 6 of the product bank, thus shifting 
the entry circuit of each order of the multipli 
cand to the next higher order of the product 
bank, equivalent to multiplying the multiplicand 
by ten. Thus, as a consequence of Switch 
SW-#2 advancing to position '2', the control 
of the column fo of the product bank is shifted 
to contacts 5 b-t (Fig. 21d) the entry circuit. 
of column 9 is shifted, through contacts 28C-t 
to the tens order multiplier column of contacts 

4b, and the entry circuits of the multiplicand 
are shifted, through the group of contacts 
28b-t to columns 2 to 6 of the product bank. 

All of this occurred as a result of the matching 
of the readings of columns 9 and 0 of the prod 
uct bank during the third multiplying cycle, 
which is the fourth accumulator cycle of the 
series initiated by completion of the entry of the 
last multiplicand digit in the right hand column 
of the value retaining bank. During the next 
cycle or the fourth multiplying cycle, the cycle 
counting entry circuit adds '1' to the previous 
'3' reading of column O of the product bank, 
the multiplier entry circuit adds '2' (the tens 
order digit of the multiplier), represented by the 
second column 4b contacts from the left, to 
the column 9 reading of '3', and the multipli 
cand is entered in columns 2 to 6 of the product 
bank. At the end of the entry period of the 
fourth multiplying cycle, cam contacts A2 (Fig. 
20a) open, breaking the stick circuit of the tens 
order multiplier column of coils 4 (Fig. 21C), 
causing contacts 4b-2 (Fig. 21d) to open, to 
prevent more than one cycle of entry of the tens 
order multiplier digit into column 9 of the prod 
uct bank. When the stick circuit of the tens 
order multiplier column of coils 4 is broken, 
the common coil 33 is deemergized, opening con 
tacts 33b in the main circuit of magnet 28-t. 
The stick circuit of rhagnet 28-t and connected 
coil 5-it maintains these tWO energized until 
switch SW-2 leaves position '2'. 

During the fifth multiplying cycle, the multi 
plicand is again entered into columns 2 to 6. of 
the product bank and column O is advanced one 
step, bringing its reading to '5' which matches 
the reading '5' Of column 9. When cam con 
tacts A5 make during this cycle, the Switch 
SW-#2 stepping circuit is again formed, ad 
vancing switch SW-#2 to position '3' (Fig. 
21e). As a result, magnet 28-t and coil 5-t 
are deemergized, and the main circuit of magnet 
28-hi and coil 5-h made through contacts 
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SW-#2. The closure of contacts f5 a-h form 
the stick circuit of magnet f 28-h and coil 
i5-h, which remains in effect till switch 
SW-#2 leaves position '3'. Coil 5 -h closes 
contacts 5 b-h which are in parallel with con 
tacts 5fb-u and 5 lb-t and replace the latter 
in forming the cycle counting entry circuit. Coil 
28-h opens contacts 128a-h in the stick circuit 
of the left hand or units order multiplier column 
of value retaining coils 4, leaving the stick cir 
cuit made through cam contacts A3. Magnet 
28-h also closes contacts 28c-h (Fig. 21d) to 
Connect the left hand column of f4b contacts to 

- column 9 of the product bank. Magnet 28-h 
also closes the group of five 28b-h contacts to 
connect the five right hand columns of contacts 

4b, set up in accordance, with the multiplicand, 
to columns 3 to 7 of the product bank, thus shift 
ing the entry circuit of each order of the multi 
plicand to the next higher order of the product 
bank. 

During the next accumulator cycle, which is 
the sixth multiplier cycle, '1' is added to column 
0 of the product bank, '1' (the hundreds order 

multiplier digit in the assumed example) is add 
ed to column 9, and the multiplicand is entered 
into columns 3 to 7 of the product bank. When 
cam contacts A3 open during the sixth multiplier 
Cycle, the stick circuit of the left hand column 
of coils 4 is broken and coil 25 therein is de 
energized, breaking the main circuit of magnet 
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28-h and coil 5 f-h. During this same cycle, 
the reading of columns 9 and ?o of the product 
bank match and when cam contacts A5 close, the 
circuit of Switch SW-#2 is again made and the 
Switch advances to position '4', causing deener 
gization of magnet 28-h and coil f 5f-h. 

It is to be noted that the multiplication of the 
tWO factors is by the over and over addition 
method, with the multiplicand entry shifted to 
the next high orders of the product bank for each 
shift to the next higher order of the multiplier. 
In the present case, when the hundreds order of 
the multiplier has multiplied the multiplicand, 
the multiplication operation is complete and the 
product bank contains the product of the two 
factors. Columns f to 7 of this bank directly 
receive the product, and if the product exceeds 
Seven digits, the usual carry-over operations en 
ter the eighth digit into column 8. Since, for 
the purposes of the disclosure, the number of 
digits in both factors is limited to a total of eight, 
the product cannot exceed eight digits, which is 
within the capacity of columns to 8 of the 
product bank. Thus, at the end of the multipli 
cation, columns f to 8 of the product bank and 
the corresponding columns of the readout com 
mutator PRO represent the product. 

It should be noted that the main circuits of col 
umn shift magnets 28-u, t, and h include, re 
Spectively, normally closed contacts 52a-u, t, 
and h. The contacts remain closed only if the 
coils 52-u, t, and h are not energized. Refer 
ence to Fig. 21c shows that these coils are in 
series with the Zero coils (4-0 of the three left 
hand columns or the multiplier columns. If the 
Setup of any of these columns is zero, then the 
coil 52 of the column is energized, Opening the 
related 52a contacts of the column shift magnet 
circuit, preventing energization of the magnet 28 
and coil fif corresponding to the column in 
which the Zero setup is made. Thus, if the units 
order multiplier quantity were "0", then coil 
52-u would be energized, contacts 52a 

52a-h, contacts (25b, and position "3" of switch 75 would be open, and the magnet 28- circuit 



would not form to energize magnet 128-u and 
coll Sl-u. Consequently, contacts sib-ts 
would not close and the cycle counting entry 
circuit to enter '1' into column O of the prod 
uct bank would not be established during the 
first multiplying cycle. Column 9 would also re 
main at zero. Nor would the group of contacts 
28b- close, so that the multiplicand would not 
be entered into columns to 5 of the product 
bank. When cam contacts. As closed t 
this first multiplying cycle, switch SW-#2 woul 
be advanced to position ''2''. 

If, instead of entering '0' into any multiplier 
column of the value retaining bank, the Operator 
had depressed the space bar to space to the next 
column, the main and stick circuits for coils 44 
of the column for which the space bar had been 
operated would not form. Consequently, the coil 
25, if the hundreds order multiplier column had 
been skipped; or the coil 33, if the tens Order 
multiplier column had been skipped; or the coil 
34, if the units order multiplier column had 
been skipped, would not be energized and their 
corresponding 25b, 
would not be closed. With contacts (25b open, 
the main circuit of magnet 28-h and coil 15-h 
cannot form through position '3' of switch 
SW-i2; with contacts 33b open, the main cir 
cuit of magnet 28-t and coil 5-it cannot form - K. 

30 multiplication; two, the arrival of the amount through position '2' of the switch; and with con 
tacts 34b open, the circuits of magnet 28 
and coil 5-u cannot be made through position 
'1' of the switch. Thus, if a space bar operation 
has been effected for any of the multiplier col 
umns of the value retainer bank, the entry of 
the multiplicand and the advance of column to 
of the product bank cannot take place, and the 
switch SW-#2 is stepped along to the next posi 
tion. 
Thus, when either a zero set up in a multiplier 

column of the value retaining bank has been 
made or the column has been skipped by a space 
bar operation, the column shift magnet 28 and 
coil Sf corresponding to the multiplier column 
are not energized, and switch SW-#2 advances 
to the next position. 

Restoration of Switch SW-#2.-During the 
last multiplying cycle, when columns 9 and 
of the product bank matched, switch SW-#2. 
was advanced to position '4'. When this occurs, 
the following circuit forms (Fig. 21e) : 

Release magnet SWR-2-Line 02, in par 
allel through magnet SWR-2 and coils S3 and 
3, segment 85-4 of switch SW-EF2, feeler 86, 
the common 84, contacts 53a, line Oi. 

Coil 153 immediately opens contacts 5.3a to 
eliminate any possibility of the formation of a 
magnet 28 (and coil 5) circuit upon the wip 
ing of the Switch segment by feeler 86 as it re 
turns to home position. Simultaneously with 
the opening of contacts 53a, contacts 53b are 
closed. With the feeler of switch SW-#2 still 
away from home position, contacts SWa-2 (Fig. 
2) of this switch are closed and with contacts 
53b also closed, the following stick circuit for 
magnet SWR-2 and coils 3 and 53 is formed 
(Fig. 21e): 
SWR-2 stick circuit-Line 02, in parallel 

through magnet SWR-2 and coils 3 and 53, 
contacts 53b, contacts SWa-2, line Ol. 
When the switch feeler reaches home position, 

contacts SWa-2 open, breaking the above stick 
circuit. . . . . 
When coil. 3 is energized, it opens contacts 
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33b, and 84b contacts 

40 punching position. 
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cuts of the value coils 4 (see Fig. 21c). As a 
result, the setting of the five right-hand or mull 
tiplicand columns of the value retainer bank is 
cleared. The three left-hand or multiplier col 

s umns already were cleared during the multiply 
ing cycles, due to successive opening of the 28a. 
contacts and their companion A, A2 and A3 cam 
contacts, . . n 

When multiplication is completed, coil 3 is 
10 energized, as explained above, and contacts 3 a. 

open to break the stick circuits of value coils 4, 
causing deemergization of magnet R.H. Contacts 
RHe in the switch SW-F2 stepping circuit 
open, preventing advance of switch SW-#2 from 

ls its home position to which it has been restored. 
Also, contacts RHdi (Fig. 21f) open, breaking 

clutch circuit F. If this occurs during the first 
Or second accumulator cycle of a series, the cal 
culator shaft continues in operation, because of 

go the clutch shunt circuit, to the end of the third 
accumulator cycle of the series, as explained 
before. If the multiplication is completed during 
the third accumulator cycle of the series, the 
breaking of clutch circuit # causes the calcula 
tor unit to stop at the end of the series. 

- AUTOTYPING OF PRODUCT 

The auto typing of the debit product requires 
three precedent conditions; one, completion of 

Section of the bill at typing position as a result 
of a tab key operation following typing of the 
description, and three, the arrival of the first 
column 33 of the amount field of the card W at 

35 punching position. Similarly, auto typing of a 
Computed Credit or Credit product requires com 
pletion of multiplication, the tabular spacing of 
the credit section of the bill to typing position, 
and the arrival of column 33 of the card at 

For the present, the auto 
typing of a debit product only will be considered. 
The satisfying of the three conditions for read 

out of a debit product causes a circuit to form 
through coils 49 and 6 (Fig. 21e). In order 
to make clear the requirements for completing 
the circuit of cois 49 and 6, their pickup cir 
cuit is traced below (see Fig. 21e): 

Coils 149 and 161 circuit.-Line 02, coils 49 
and 6, contacts 60a, contacts 63a, contacts 
162a, relay contacts 465a, cam contacts R2, line O. 
Contacts 60a are closed only when multipli 

cation is completed, in a manner which will be 
explained later. Contacts 63a do not open ex 
cept when dealing with a credit product. Con 
tacts G2a close when the debit section of the 
bill is tabulated to typing position and in ac 
cordance with the timing imposed by cam con 
tacts R2 (Fig. 20b). Contacts 465a close only 
when column 33 of card W reaches punching 
position. Cam contacts R2 close briefly near 
the end of the first accumulator cycle of a series 
of three coextensive with a readout cycle. Thus, 
if multiplication is completed, and the debit sec 
tion of the bill and the amount field of the 
card brought to their respective recording posi 
tions during the second or third accumulator 
cycle of a series coextensive with a readout cycle, 
the open condition of 'cam contacts R2 prevents 

70 the completion of the coils 49 and 6 circuit, 
and read out cannot begin till the next read out 
cycle. x 

The closing of contacts 62d. is dependent on 
the closure of can contacts R.2 (Fig. 20b) and 

13 la in the common return line of the stick cir- 75 on the switch SW-#3 being brought to position 
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'6'' (see Fig. 21f) by a tabular spacing operation 
after the description has been typed. Cam Con 
tacts R2 open shortly after the "5" point of 
the first accumulator cycle of a Series coexten 
sive with a readout cycle begins. Thus, if the 
switch SW i3 is brought to Switch position "6' 
before the “5' point of the first accmulator cycle 
and contacts 465a, also have closed, and if con 
tacts 60a; also close during the Same accumula 
torcycle as a result of completion of multiplica 
tion, then the coils 49 and 6 circuit is estab 
lished, causing read out of the product to begin 
at column '8' point of the readout cycle. If, 
however, the switch SW-EF3 is brought to posi 
tion “6” after cam contacts R2 open, during the 
first accumulator cycle of a series coextensive 
with a readout cycle, then the reclosing of con 
tacts R2 does not occur till the next accumula 
torcycle and after cam contacts R2 open. Thus, 
although contacts 162a will be closed during the 
latter readout cycle, the cam contacts R2 will 
be open and the coils 49 and 6 circuit will not 
be completed, so that read out will not occur 
during this read out cycle but will be deferred 
until the next readout cycle occurs and at a 
time controlled by closure of cam contacts R2 in 
the latter cycle. 
In above manner, the cam contacts R2 pre 

vent read out of a debit from beginning at the 
'8' column point of a readout cycle if the mul 
tiplication has been completed during the first 
accumulator cycle and the tab key has not been 
depressed before the '5' point of the latter ac 
cumulator cycle, and read out is deferred to the 
next readout cycle. 
33 is in punching position, contacts 465a are open 
and read out is deferred. In this manner, read 
out will not begin before sufficient time has 
elapsed for the debit section of the bill and the 
amount field of the card to reach their respec 
tive recording positions. 
The closing of contacts f60a in the coils 49 

and 6 circuit as a result of completion of 
multiplication is effected when coil 3 is ener 
gized by the release magnet SWR-2 circuit. 
Coil 3 closes contacts 3b to form the follow 
ing circuit (Fig. 21e) : 

Coil 160. circuit-Line fo2, coil 160, contacts 
13b, line O-l. - 
Coil 60 closes contacts f60b to form a stick 

circuit extending through product bank reset 
contacts RMa-P (also see Fig. 1) which do not 
open until resetting of the product bank occurs 
after the read Out Of the product value. 
The closing of contacts 62d. in the coils 49 

and 6 circuit is effected by energization of coil 
62. During typing of the description, Switch 
SW-E3 is in position "5' and operation of the 
tab key after the description is conpleted brings 
the Switch to position “6.' The circuit for coil 
62 is then completed during the closed period 

of cam contacts R2, as follows (Fig. 21f) : 
Coil 162 circuit.-Line O, position '6' of 

switch SW-#3, socket O3-6, connection f 94 to 
socket 05-3, contacts R2, coil f 62, line 02. 

Coil 62 closes contacts 62b, shunting cam 
contacts R2, and closes contacts 62a in the 
cois 49 and 6 circit. 

Contacts 455a, are closed when the first col 
33 of the amount Section of the card W is 

in punching position. For this purpose, a plug 
connection is made between column 33 commu 

Further, unless card column : 
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tator contact 424 (see Figs. 11 and 21g) and a 
plug hub 466. Contact 424 of column 33 is also 
plugged to a plug hub 467 for a purpose which 75 
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will be made clear hereinafter. When card col 
umn 33 reaches punching position, a commuta 
tor brush 422 engages column 33, contact 424, closing the following circuit (Fig. 21g): 

Coils. 465 and 462 circuit.-Line 02, in parallel 
through coils 465 and 468, plug hubs 466 and 
467, the plug wires to contact 424 of column 33, 
brush 422, brush 423, common 25, post p8, post 
p, floating calm contacts 370, card lever relay 
contacts 457a, latch contacts 403, to punch line 
side 453. 

Coil 465 closes contacts 65a (Fig. 21e) in the 
coils 49 and 6 circuit. 
Upon formation of the coils 49 and 6 circuit 

by completion of multiplication, tabulating of 
the debit section of the bill to typing position, 
and arrival of column 33 of the card at punching 
position, coil fill closes contacts 6 a to provide 
a stick circuit through cam contacts R. It may 
be noted that when the punch unit is not to be 
operated together With the typewriter and cal 
culator, contacts 465a are shunted out by switch 
blade F2 (Fig. 2d), which in 'off' position 
bridges connections b-75 and b-76. 
Readout cycles.-Coil 62 also closes contacts 

62c to form the following clutch magnet circuit 
(Fig. 21f): 
Clutch circuit #2.-Line 02, magnet 40, wire 

45, contacts 63b, contacts 62c, contacts f GOc 
(closed by energization of coil 60 at the end of 
the multiplication operation), can contacts A9, 
line of. n 

If multiplication is completed during any of the 
three accumulator cycles of a series and coil 62 
is energized meanwhile, the above clutch circuit 
Will continue the Calculator Shaft in operation 
for the next series of three accumulator cycles. 
If the coil 62 is not energized during a series 
of three cycles in which multiplication is com 
pleted, the above clutch circuit does not form, 
and continuation of the clutch operation awaits 
tabular spacing of the debit section to typing 
position. With Consequent energization of coil 62. 
Thus, if the multiplication is completed during 
any of the three accumulator cycles of a series 
and magnet f62 has not been energized, the mag 
net RH, deemergized by completion of multipli 
cation, permits contacts RHod to open and break 
-clutch circuit # , but the clutch shunt circuit 
causes the accumulator cycles to continue until 
the Series is completed. The calculator shaft 
36 then stops. Subsequently, upon energization 
of magnet 62 and closure of contacts 162c, clutch 
circuit F2 is formed, and the shaft 36 resumes 
Operation. 

Independently of contacts 62c, the clutch 
magnet will be energized if multiplication has 
been completed and coils 62 and 465 energized 
during the first accumulator cycle of a series. 
In that event, the coils f49 and 6 circuit forms 
and coil f49 closes contacts 49c to form the 
following circuit (Fig. 21f): 

Coil 148 circuit.-Line 02, coil 48, contacts 
(49c, line Ol. 
Coil 48 closes contacts 48b to provide a stick 

circuit timed by can contacts A. 
Coil 48 also closes contacts f48c in parallel 

With contacts 62c to form the circuit of clutch 
magnet 40. 

If the multiplication is completed during the 
Second or third accumulator cycle of a series, 
can contacts R2 Will not be closed and the coils 
49 and 6 circuit not yet completed. The con 
tinuation of the operation of the calculator shaft 
then is effected by the closure of contacts 62c 
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to form clutch circuit #2. . During the first ac 
cumulator cycle of the next series, with all the 
precedent conditions satisfied, when contacts R2 
close, and coils 49 and 6 circuit will be estab 
lished, in turn forming the coil 48 circuit, con 
tacts 48c of which provide a clutch magnet cir 
cuit parallel to clutch circuit #2. 

Clutch circuit #2 through contacts 62c re 
mains effective while switch SW-#3 is in posi 
tion '6''. At the Tab point of the first readout 
cycle, an automatic tabular spacing operation, 
explained fully later, occurs to bring switch 
SW-#3 to position "7' and the cents field of the 
amount section to typing position. At this point, 
the clutch circuit through contacts 62c opens, 
but the clutch circuit through contacts 48c re 
mains made to carry the calculator unit into a 
second readout cycle. During the first accumula 
tor cycle occurring within the second readout 
cycle, the clutch shunt circuit takes effect to 
continue the clutch in operation, regardless of 
opening of contacts 48c near the end of the 
latter accumulator cycle, to the end of the Sec 
ond readout cycle. 

In above manner, the calculator unit is caused 
to perform two successive readout cycles during 
which read out of the debit product occurs. It 
may be stated at this point that two readout cy 
cles are also provided for reading out a credit 
product, with contacts 77c (Fig. 21f) replacing 
contacts 62c in the formation of clutch circuit 
#2, and contacts (48c performing in the same 
manner as described above. Also, during the 
reading out of a total, the shaft 36 performs two 
successive readout cycles, with contacts 8b 
(Fig. 21f) shunting contacts 63b, 48c, 62c, and 
60c, to form the clutch circuit through cam 

contacts A9, and contacts 86b shunting contacts 
87b to function to the same effect as contacts 
48c in causing operation of the shaft 36 to con 
tinue for two readout cycles. 

Debit read out.-Coil 6 closes contacts 6b 
in the common side of the product auto type 
emitter circuits (see Fig. 21b). 

Coil 149 opens contacts 49a in the switch 
SW-it-2 stepping circuit (Fig. 21e). Contacts 
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so that typing of the digits of the product in the 
debit section of the bill will cause concomitant 
punching of the digit designations in amount 
columns 3 to 40 of the work card W. - 
To recapitulate, the value retaining bank has 

been cleared, the product bank is carrying the 
debit product obtained by multiplying the value 
in the quantity columns of the bill by the value 
in the price columns, the calculator cycle shaft 
36 is in operation, coil 160 (Fig. 21e) is ener 
gized, the first column of the debit section of the 
bill is in typing position, the first column (33) of 
the amount field of the card W is in punching 
position, coils 49 and 6 (Fig. 21e) are en 
ergized, contacts 6 lb in series with the feeler 
80 of the product auto type emitter E-P (Fig. 
21b) are closed, coil (Fig. 21e) is energized 
and its contacts fia and fid closed (Fig. 21a), 
punch connecting relay magnet PM (Fig. 21g), 

20 and coils 8 and 62 (Fig. 21f) are all energized. 
The auto read out of the product requires the 

closure of contacts 6b in series with the feeler 
of product emitter El-P (Fig. 21b). The closure 
of contacts f6 b is effected by energization of 

25 coil f6 in the coils 49 and 6 circuit, the 
formation of which has been explained above. 
The coils and 6 circuit may be established dur 

30 
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48a in the latter circuit are opened by coil 8. 
As will be brought out later, the auto typing of 
the product results in the reclosure of contacts 
RHe in the latter circuit at the '1' point of the 
second readout cycle. But with the contacts 
48a open, the switch SW-#2 stepping cir 
cuit does not form. Coil 48 is deemergized 
when cam contacts A open during the first ac 
cumulator cycle of the second readout cycle. 
This occurs after cam contacts A5 in the Switch 
SW-#2 stepping circuit have opened, so that 
during this first accumulator cycle, the latter 
circuit cannot form. During the Second, follow 
ing accumulator cycle, contacts RHe reopen be 
fore cam contacts A5 make, as will be explained 
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further hereinafter, and the circuit through 
magnet SWM-F2 cannot then form even though 
contacts 48a and 49a, have since closed. The 
switch SW-E2 is thus prevented from advanc 
ing from home position during the readout cycles 
in which the product is auto typed. m 

Coil. 49 also closed contacts 49b which are 
in parallel with contacts ?toa (Fig. 21e) and re 
place the latter in forming the circuit of coil f. 
Coil closes contacts la (Fig. 21a) to condi 
tion the calculator unit for entering the product, 
as it is auto typed, into the value retaining 
means. Coil i? also closes contacts id (Fig. 
21g) to establish the circuit of relay magnet PM. 

65 

70 
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ing the first accumulator cycle of a series pro 
vided the switch SW-#3 is advanced to switch 
position '6', before the “5” of the latter cycle 
and provided, further that multiplication is com 
pleted during this cycle. The auto read out will 
then begin at point '8' of the readout cycle in 
Which the first accumulator cycle lies. If the 
coils f49 and 6 circuit is not completed during 
the first accumulator cycle of a series, the auto 

out begins at point '8' of the next readout 
Cycle. 
The fra', art, f6? O ft2”, fe1 Segments of 

emitter El-P correspond to columns or orders 
of the product bank. Assuming that there is the 
significant value '3' in column 8 of the product 
bank, when the feeler of emitter EP reaches 
spot '8', the following circuit forms (Fig. 21b) : 

Product auto readout circuit.-Line Of, make 
and break contacts 83, contacts 6 b, feeler 80 
of emitter El-P, spot '8' thereof, a pair of nor 
mally closed relay contacts f4a, the normally 
closed right side of a pair of relay points 65a-8, 
the collector ring of column 8 of the readout 
commutator PRO, the brush 5 engaged there 
with, the segment 53-3 on which the brush is 
resting, wire 66-3, connection b-4 (continue 
with Fig. 21a) key Solenoid 30-3 (also see Fig. 
9), connection b-9, pickup relay coil 67, line 

2. 
Energization of solenoid 30-3 operates type 

Writer key 0-3 to print a '3' in the first or 
highest order column of the debit Section of the 
bill. 
Operation of digit key O-3 closes its contacts 

28p (Fig. 21g), which, in the manner described 
before, establishes a circuit through magnet 
323-3 to cause punching of a 3 designation in 
column 33 of the card W. 

Coil 67 is the pickup coil of a duo-wound 
magnet and its energization by the product auto 
readout circuit closes contacts (67a to form the following circuit through the companion hold 
ing coil 6 (Fig. 21a) : 

Holding coil 167 circuit.-Line 02, coil 67, 
contacts 67a, contacts 6 c (coil 16 is now en 
ergized by the coils 49 and 6 circuit), line Ol. 

Coil 67 when energized, closes the normally 
open side of contacts 6b, wired through con 
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nection b-fi to the zero solenoid 30-0 (Fig. 
21a), and opens the normally closed side, wired 
through connection b-32 to the Space bar sole 
noid 30-SP. Thus, the typing of a significant 
figure has connected one side of contacts 67b to 
the zero key solenoid and disconnected the other 
side from the space bar solenoid. The position 
of contacts 6b determines whether a Zero read 
out of a dollars order column of the readout 
commutator should be routed to the Zero key 
solenoid or to the space bar Solenoid. If, for ex 
ample, the highest order in column 8 of the 
product commutator PRO had been in zero posi 
tion, the product readout circuit would be as 
follows (Fig. 21b) : 

Dollars order 2ero product readout.-Beginning 
as in the previous readout circuit and continuing 
from brush 5 of column 8 to the segment 53-0, 
line 66-0, wire f 68 (continue with Fig. 21a), 
the center blade of contacts 67b, the normally 
closed right side of these contacts, connection 
b-32, solenoid 30-SP, common wire 69, con 
nection b-0, line 02. 
The energization of solenoid 30-SP operates 

the space bar to space, the next column of the 
debit section of the bill to typing position. In 
this manner, the presence of zeros, in the dol 
lars orders of the commutator PRO, which pre 
cede the first significant figure does not result in 
the typing of zeros but in space bar operations to 
space the corresponding columns of the dollars 
field of the debit section past the typing position. 
However, the operation of the space key closes 
its contacts 28p (Fig. 21g) which being in parallel 
with 9 key contacts 28p, causes a zero designation 
to be punched in the card column. The presence 
of the first significant dollars digit in the Com 
mutator PRO causes energization of coils 67 and 
67 and shifting of contacts 67b to disconnect 

these contacts from the space bar solenoid and 
to connect them, instead, to the '0' key Sole 
noid. Thus, if column 8 has a significant figure, 
the left side of contacts 67b will be closed and 
a zero readout circuit from column of the prod 
uct bank will be routed through connection b-f 
to the Zero Solenoid 30-0. Thus, a Zero Will be 
typed in the second column of the amount Sec 
tion when a significant digit has been typed in 
the preceding or first column. 

It is desired to print zeros in the cents columns 
of the amount section, whether or not preceded 
by a significant digit. Accordingly, the Common 
Zero segment 53-0 of the cents order columns, 
or columns f and 2 of the product bank, is not 
connected to the other Zero segments, but is con 
nected through a wire flo (see Figs. 21b and 21a. 
in order) directly to connection b-i which 
leads to zero solenoid 30-0. The condition of 
contacts 6 to thus has no influence on the Zero 
read out of the cents columns of the product 
bank, and if a zero occurs in a centS order of the 
product, even if not preceded by a significant 
digit, a zero will be typed in the corresponding 
cents order column of the amount Section of the 
bill. 
Automatic tabular spacing.-Between the units 

dollars order column of the amount Section and 
the next or tens of cents column, it is usually 
desired to provide extra spacing, and this is done 
in the present case by an automatic tabular key 
operation controlled by the auto type emitter 
E.-P. Of course, if the extra spacing between 
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ing operation is initiated by engagement of the 
feeler 80 of emitter E-P with a TAB spot which 
follows the '3' or units dollars order spot. The 
TAB spot is spaced from the following spot '2' 
twice the normal amount between successive 
spots in order to provide ample time for this 
tabular spacing operation to be completed before 
the read out of the tens of cents Order of the 
product begins. The auto tab circuit is as fol 
lows (Fig. 21b) : 
Auto tab circuit.-Line 0, make and break 

contacts 83, contacts 6tb, the feeler 80 of 
emitter El-P, the TAB spot, connection b-2 
(continue with Fig. 21a), solenoid 30-TAB, wire 
f69, line 02. 
Energization of Solenoid 30-TAB effects oper 

ation of the tab key to tabular space the first 
cents column of the amount field of the bill to 
typing position. 
The tens and units of cents values are then 

read out in Succession. 
Resetting of the product bank.-After passing 

the '1' spot of emitter El-P, corresponding to 
the units cents order, the feeler 80 engages a re 
set spot, causing the following circuit to form 
(Fig. 21b): 
Product bank reset circuit-Beginning as in 

the preceding readout circuits and proceeding 
from the feeler 80 through the reset Spot, con 
nection b-5 (continue with Fig. 21a), the full 
line position of product bank reset Switch 
SW-PR, connection b-50 (return to Fig. 21b), 
reset magnet RM-P, line 02. 

Energization of magnet RM-P causes zeroiz 
ing of the product bank. During the resetting 
operation, reset contacts RMid-P (see Fig. 1) are 
opened. The opening of these contacts breaks' 
the stick circuit of coil f 60 (Fig.21e). 
Automatic carriage return-After the prod 

uct has been typed on a line of the bill, the car 
riage return key solenoid 30-CR may be ener 
gized automatically to bring the beginning of the 
next line to typing position. If the punch is not 
being operated in conjunction with the typewrit 
er and calculator, the gang Switch S-SP is then 
in "off" position. A switch blade #5 of this gang 
Switch is then in "off' position (see Fig. 21a, bot 
tom right) and directly connecting the binding 
posts b-68 and b-6. Under this condition, the 
automatic carriage return occurs as the brush 
of emitter E-P wipes the reset Spot, and results 
from the following circuit (Fig. 21b) : 
Automatic carriage return circuit-Beginning 

as in the product bank reset circuit and contin 
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the dollars and cents fields should not be desired, 
then the automatic tabular spacing operation 
would be omitted. The automatic tabular spac 75 

uing from connection b-5 (turn to Fig. 21a) 
through contacts fa (normally closed) to con 
nection b-68, switch blade #5 in "off' position, 
connection b-6, carriage return Solenoid 
30-CR, connection b-60, to line 02. 

Energization of solenoid 30-CR effects car 
riage return and accompanying line Spacing of 
the bill sheet. 
Assuming, instead, that the punch unit is being 

operated conjointly with the typewriter and cal 
culator, gang switch SW-SP is in “on' position. 
With switch blade #5 (Fig. 21a) in "on' posi 
tion, the carriage return solenoid is disconnect 
ed from the reset spot of the emitter. The car 
riage return then occurs upon closure of relay 
contacts 480a which connect the Switch blade 
#5 in “on' position to line 0 . The auto car 
riage return circuit is then from line of through 
contacts 480a, binding post b-67, switch blade 
#5 in “on' position, connection b-6, solenoid 
30-CR, connection b-60, to line 02. 
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Contacts 480a close upon energization of a 

relay coil 480 (Fig. 21 g). This occurs upon 
escape of the card carriage to the last column . 
position. It will be recalled that skip bar 360 
(Figs. 19 and 19d) has a high portion spanning 
columns 4 to 80. Thus, upon punching of Col 
umn 40 with the last product digit, the skip bar 
raises skip lifter 36 to disengage pawl 350 from 
escapement rack 32. In the manner explained 
before, the card carriage therupon escapes to its 
last column eject position. As the carriage 
reaches eject position, its lug 372 acts through 
lever 373 to close last column contacts 374 (Fig. 
19). Closure of contacts 374 caused energiza 
tion of last column relay 455. Contacts 455a 
close to energize stacker or eject magnet 376. 
At the end of the eject operation, contacts 392 
close, initiating a feed cycle, all as explained be 
fore. Closure of contacts 392 also establishes 
a circuit from line side 453 through contacts 392, 
relay coil 480, to line 02. Coil 480 closes con 
tacts 480a (Fig. 21a) as a result of which the 
auto carriage return circuit through switch 
blade #5, in "on' position, is completed, as ex 
plained previously. In this manner, it is made 
certain that a new line of the bill will not be 
brought into position to be typed until a cycle 
of operations has been initiated in the punch 
unit for ejecting the card punched with the pre 
vious line of information for feeding in a new 
card. 

ENTRY OF PRODUCT INTo TOTAL BANK 
The product is entered into the total bank 

which accumulates the debits and credits. All 
values, typed into the debit or credit section of 
the bill are entered as a result of the typing 
thereof into the total bank. 

Before autotyping of the product began, the 
coil circuit was established through Con 
tacts 49b (Fig. 21e). Thus, contacts lifa (Fig. 
21a) are closed during auto typing operation and 
the depression of the digit keys will result in 
the setting up of the value retainer bank (Figs. 
21c and d) to represent the typed values, in the 
same manner as when the quantity and price 
values were typed. The entry of the right-hand 
or units of cents digit of the product into the 
right-hand column of the retainer bank causes 
energization of magnet R.H. This occurs at the 
'1' point of the second effective readout cycle. 
At the following reset point, the product bank 
is reset, automatic carriage return takes place, 
and as a result of the opening of reset contacts 
R.Ma-P, the coil 60 circuit (Fig. 21e) is broken, 
all as explained before. When cam contacts R. 
open during the second effective readout cycle, 
the stick circuit of coils 49 and 6 is broken. 
Consequently, contacts 49b in the coil cir 
cuit (Fig. 21e) reopen to deemergize the latter 
coil; contacts 49a in the switch SW-F2 step 
ping circuit reclose, and contacts 6 b in the 
common side of the product auto type circuits 
open. When cam contacts Aff Open during the 
first accumulator cycle lying within the Second 
effective readout cycle, the stick circuit of coil 
48 (Fig. 21f) breaks, and contacts 48a in the 
switch SW-#2 stepping circuit reclose. At this 
point, contacts RHe (Fig. 21e) in the latter cir 
cuit are closed because magnet RH is energized. 
But cam contacts A5 open before cam contacts 
A break so that contacts 48a are still open 
while cam contacts A5 are closed and, conse 
quently, the switch SW-#2 stepping circuit does 
not form. During the next accumulator cycle, 
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the contacts RHe will Open, as will be brought 
out further on, so that the latter circuit also does 
not form during the remainder of the second 
effective readout cycle. 
Magnet RH is energized at the '1' column 

point of the second effective readout cycle, clos 
ing contacts RHf (top of Fig. 21f). After the 
entry period of the accompanying accumulator 
cycle, can contacts AT (Fig. 20a) close. At this 
point, coil 48 is still energized and contacts 48d 
are closed. With cam contacts A, contacts RHf, 
and contacts 48d closed, a circuit is formed 
through total entry relay magnet 30 as follows 
(Fig. 21f, at top): 
Total entry relay magnet.-Line O2, magnet 

30, contacts RHf, f48d, cam contacts AT, line 
. - . 

Magnet 30 closes contacts 30c to form a stick 
circuit for the magnet, extending through cam 
contacts A6 which do not open until after the 
entry period of the following accumulator cycle. 

Energization of magnet 30 closes the left, 
normally open sides of the 30b group of contacts 
(see Fig. 21d) and opens the normally closed 
sides. The opening of the latter sides discon 
nects the columns of contacts f4b of the value 
retainer bank from the product bank columns, 
while the closing of the left sides of contacts 
30b connects the columns of 4b contacts to 
the columns of the total bank, ACC-T. All this 
occurs during the first accumulator cycle of the 
series coextensive with the second effective read 
out cycle. During the next accumulator cycle, 
the setting of the bank of 4b contacts, repre 
senting the automatically typed debit product, is 
converted into entries of the product into the 
total bank. Assuming, for instance, that the 
highest order, or the first column from the left, 
of the value retainer bank is set to represent 
“5,” then the debit total entry circuit is as foll 
lows (Fig. 2d) : 

Debit total entry circuit.-Line 0 , make and 
break contacts 75, contacts 54a (closed except 
when a credit item is involved), the feeler 77 
of emitter E--, spot "5,' the common wire 56 
of the row of 4b-5 contacts, the closed 4b-5 
contacts of the left-hand column, 'the common 
wire 57 of the left-hand column of contacts, 
the left, now closed side of the pair of total 
entry contacts 30b in series with this common 
wire 57, magnet CM of column 8 of the total 
bank, line O2. 

In a similar manner, total entry circuits will 
be formed through the other columns of the 
total bank, and at the end of the entry period 
of the Second accumulator cycle within the sec 
ond effective readout cycle, the product will have 
been read out from the bank of f4b contacts 
into the total bank. 
When cam contacts AO open during the latter . 

accumulator cycle, the common side of the stick 
circuits of the columns of value coils 4 is 
opened, parallel contacts 30a having previously 
been opened by energization of total entry relay 
magnet 30. The value retaining bank is thus 
cleared after the product has been entered into 
the total bank. 

CREDIT ITEMs 
The credit items are either a simple credit, 

which includes a payment by cash or check (see 
line 5 of the bill, Fig. 13), or a computed credit, 
which is the product of factors typed in the quan 
tity and price columns. The computed credit 
may be the product of returned articles by the 

  



individual price of the article (see item 4 of Fig. 
13). 
The typing, punching, and entry of a computed 

credit item, such as item 4 of the illustrative bill 
(Fig. 13) will be explained first. 
The operator proceeds, in exactly the same 

manner as explained for a debit item, in the 
typing of the lot number, quantity, price, and 
description. The typing of the lot number, quare 
tity and price causes concomitant operation of 
the punching means in the same manner as for 
a debit item. The typing also causes setting of 
the value retainer bank, and multiplication be 
gins after entry of the last price digit and con 
tinues during the typing of the description. Be 
fore depressing the tab key following typing of 
the description, the operator depresses the credit 
key CK (see Fig.1). Depression of key CK closes 
key contacts CKa and CKb (bottom of Fig. 21a). 
It will be recalled that the multiplication opera 
tion involves the multiplication of the price fac 
tor or multiplicand by successive orders of the 
quantity factor or multiplier and that at the end 
of the multiplication by the last order of the 
multiplier, the switch SW-#2 is advanced to 
position '4' causing formation of the release 
magnet SWR-2 circuit. In this circuit are also 
coils 3 and 53 (see Fig. 21e). Coil 3 opens 
contacts 3a in the common side of the stick cir 
cuits of the value coils 4 (Fig. 21c), as a result 
of which, coil 39 in the stick circuit of the right 
hand column of value coils is deemergized. AS 
suming now that multiplication has been con 
pleted, coil 39 will be deenergized and relay con 
tacts (39a (middle, left of Fig. 21f) will be in 
normal condition, with the left side closed and 
the right side open. The condition of the relay 
contacts 39a determines whether credit relay 
coils 55, 50, and T2 are ready to be energized 
upon depression of the credit key CK. With con 
tacts 39a in normal condition, the closure of 
credit key contacts CKa establishes the following 
circuit (Fig. 21f) : 

Credit coils circuit #1-Line 02, coils 55, 
50, 72, the left side of contacts 39a, connec 

tion b-45 (continue with Fig. 21a), contacts 
CKa, connection b-46 (return to Fig. 21f), wire 
173, normally closed 32b relay contacts, connec 
tion b-55 (return to Fig. 21a), normally closed 
error key contacts EKb, connection b-56, line 
f0. 

If multiplication had not been completed at 
the time the credit key was depressed, the above 
circuit would not form because the left side of 
contacts 39a still would be open. Instead, the 
following circuit would be completed (Fig. 21f) : 

Credit coil 174 circuit.-Line O2, coil 18, the 
right, still closed side of contacts 39a, and from 
there on as in the preceding circuit. 

Coil 74 closes stick contacts 74a to maintain 
the coil energized, after release of the credit key 
and opening of its contacts CKa, through the 
following circuit (Fig. 21f) : 

Credit coil 174 stick circuit.-Line 02, coil 14, 
contacts T4a, wire 73, contacts 32b, and from 
there on as in the credit coils circuit #. 

Coil 4 closes contacts f4b to prepare the 
credit coils 50, 55, and 72 for energization as 
soon as multiplication is completed and obviates 
the necessity for the operator to continue hold 
ing the credit key down. When multiplication is 
subsequently completed, the left side of contacts 
39a closes and the following circuit forms (Fig. 

21f) : 
Credit coils circuit #2-Line 
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55, 2, the left side of contacts 39a, contacts 

f fab, line 3, contacts 32b, and from there on 
as in the credit coils circuit it. 

Coil 72, when energized by either credit coils 
circuit, closes contacts 72a to directly connect 
the credit coils 50, 55, and 70 to contacts 32b, 
and these coils then remain energized until con 
tacts 32b open or unless the error key EK (see 
Fig. 1) is depressed to open normally closed er 
ror key contacts EKb (Fig. 21a). 
When the credit key CK was opera'ed, it also 

closed credit key contacts CKb (Fig. 21a) to es 
tablish the following circuit (Fig. 21f): 

Credit coil 163-Line 92, coil 63, connection 
b-47 (turn to Fig. 21a), contacts CKb, connec 
tion b-48, connection b-55, error key contacts 
EKb, connection b-56, line foi. 

Coil 63 closes contacts. f63c to provide a stick 
circuit as follows (Fig. 21f): 

Credit coil 163 stick circuit.-Line 02, coil 63, 
contacts 63c, normally closed relay contacts 
TTa, connection b-55 (turn to Fig. 21a), error 
key contacts EKb, connection b-56, line of. 

Coil f63, while energized, holds contacts 63b 
in clutch circuit #2 (Fig. 21f) open to prevent 
formation of this circuit until the credit section 
of the bill is brought to typing position. Coil 
63 also opens contacts 63a in the coils 49 and 
6f circuit (Fig. 21e) to prevent energization of 

these coils before the credit section of the bill 
is reached. It will be recalled that when the 
debit section of the bill is tabulated to typing 
position, coil f62 is energized and closes contacts 
62a in the coils 49 and 6f circuit. When deal 

ing with the credit item, the credit key is de 
pressed and coil 163 energized to open contacts 
63a in the coils 49 and 6 circuit. Conse 

quently, after typing the description, when the 
operator tabulates to the debit section, the closure 
of contacts 62b will not complete the coils 49 
and 6 circuit even though contacts 465a may 
have been closed as a result of column 33 of the 
card having reached punching position. Hence, 
the credit product will not be read out into the 
debit section. The operator must then depress 
the tab key twice to tabulate the first column of . 
the credit section to typing position. This ad 
vances switch SW-#3 (Fig. 21f) from position 
'6'' to position '8' causing the following circuit 
to form (Fig. 21f): s 

Coil 177 circuit-Line 0 , position '8' of 
Switch SW-#3, socket 03-8, plug wire 04 to 
Socket 05-4, coil , line 02. 

Coil 7 opens contacts 77a in the credit coil 
63 circuit, deemergizing coil f63 to permit con 

tacts 63a and 63b, respectively in the coils 49 
and 6 circuit and clutch circuit #2, to reclose. 
The formation of the coils 69 and 6 main 

circuit (Fig. 21e) through contacts 62a cannot 
occur because the coil 62 is not now energized. 
Coil 77, instead, is now energized and closes con 
tacts 77b, in parallel with contacts 62a, to re 
place the latter in the coils f49 and 6 circuit. 
When multiplication is completed, coil 3 is en 
ergized by the release magnet SWR-2 circuit, 
coil 3 closes contacts 3 lb to complete the coil 
60 circuit, and energization of coil 60 is then 
maintained through the stick circuit extending 
through reset contacts RMa-P. Coil 60 closes 
contacts 60a in the main circuit of coils 49 and 
f6. Contacts 465a close when coil. 465 (Fig. 21g) 
is energized as a result of column 33 of card W. 
arriving at punching position. With contacts 
A60a, 63a, b, and 465a all closed, when cam 
contacts R2 also close (see Fig. 20b), the circuit 
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of coils 49 and 6 is completed. Coil 6 closes 
contacts 6 la to form the stick circuit of the 
coils through cam contacts R. 
To recapitulate, the formation of the coils i49 

and 6 main circuit, after depression of the 
credit key, requires completion of multiplication 
with resultant closure of contacts 60a, the tab 
ular spacing of the credit section of the bill to 
typing position, and the arrival of the first col 
sumn of the amount field of the card W in punch 
ng position. The completion of multiplication, 
together with operation of the credit key, causes 
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the formation of a circuit through credit coils 
50, 55, and T2 (Fig. 21f). Thus, at this point, 

coils 60, 49 and 6, TT, 50, 55, 72, and 465 
(also 468) are energized. 
When coil 63 was deenergized, contacts 63b 

in the circuit of clutch magnet 40 (Fig. 21f) re 
closed. Coil 7, now energized, closes contacts 
Tc in series with contacts 63b, and energized 

coil 60 closes contacts 60c. With all these con 
tacts closed, a circuit through clutch magnet 40 
is completed, similar to clutch magnet circuit 
#2. Coil 49, now energized, closes contacts 49c. 
to form the coil 48 circuit (Fig. 21f). Coil 48 
closes stick contacts 48b to provide a stick cir 
cuit for the coil through cam contacts A. Coil 
48 closes contacts f48c to continue the clutch 
magnet energized after contacts lic open as a 
result of deenergization of coil 7, occurring 
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21. 
Coil. 485 circuit.-Line side 453, contacts 403, 

contacts 457a and 370, connections P and P8, 
commutator common 425, brushes 423 and 422, 
column 35, contact 424, plug connection to coil 
485, and through the coil to line side 452. 

Coll 485 closes its contacts 485a (Fig. 21g). 
Credit Coll 50 (Fig. 21f) remains energized 

during credit typing and punching. Accordingly, 
Contacts 50c (Fig. 21g) are now shifted. Also, as 
explained before, magnet PM is energized; hence, 
contacts PMa and PMb are now closed. As de 
scribed before, when a digit key is operated, the 
coil 20 circuit is established through the key 
contacts 28 (Fig. 21a). On the other hand, when . 
the Space bar is operated, the coil 4G circuit is 
made through contacts 28-SP (Fig. 21a). Ac 
cordingly, with either coil 40 or 20 energized 
while column 35 of the card is in punching posi 
tion and contacts PMb, the left side of contacts 
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when the tabular spacing from the dollars field 
of the credit Section to the cents field advances 
switch SW #3 to position '9.’ Accordingly, 
two read out cycles for the credit product will be 
performed, just as when a debit product was read 
out. 

Coil 6 closes contacts 6b in the common 
line of the product auto type emitter El-P (see 
Fig. 21b). The credit product is then read out 
through emitter E-P from the product bank 
by formation of the product auto type circuits, 
which are the same for debit or credit products, 
and the credit product is typed in the credit Sec 
tion of the bill. 
When coil f49 was energized, it closed contacts 

50c, and contacts 485a all closed, the following 
circuit is established (Fig. 21g): 
X punching (column 35).-Line side 453, con 

tacts 45a contacts 370, connection pil, contacts 
PMb, either contacts 20c or 40c, the left side 
of contacts 50c, the switch 486 in dotted posi 
tion, contacts 485a, the X key magnet 323 and 
through resistance to line side 452. 

It may be pointed out that if an x hole were 
to be punched to classify debit instead of credit 
data, the switch 486 would be set in full line 
position. When a debit is being typed and 
punched, the credit coil 50...is not energized. 
Hence, contacts 50c will remain in normal posi 
tion. The X punching circuit would then form 
through the right side of contacts 50c and the 
with 486 in plus positions to classify a debit 
CaO. 

However, it is assumed that a credit card is to 
be punched with the xhole in column 35 so that 
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49b to form the circuit of coil (Fig. 21e). 
Consequently, contacts fid (Fig. 21g) are closed 
and multi-contact relay magnet PM is energized. 
Accordingly, typing of the credit product will 
cause punching of the corresponding digit desig 
nations in the amount field of card W. The 
amount field consists of columns 33 through 40. 
For item 4 of the illustrative bill, the credit prod 
uct is 41.70 hence the first four columns of the 
credit field of the bill will be spaced past the typ 
ing point by operation of space key Solenoid 
30-SP while the first four columns 33 through 
36 of the card will be punched with Zero desig 
nations. 
To classify the card W as a credit item card 

when it is punched in the amount field with a 
credit amount, it is desired to punch column 35 
in the X position. The punching of the X perfo 

under the stated credit condition, the X key 
magnet 322 has been energized. At the same 
time, through closure of key contacts 28p, the 
punch magnet selection circuit is established to 
energize one of the key magnets 322-0 to 9. 

5 Accordingly, the selected digit designation 9 to 9 
and the X designation will be simultaneously 
punched in column 35. 
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ration in column 35 results in the feed of col 
umn 36 to punching position. However, it is 
necessary to punch column 35 not only with the 
X credit classification but also with a digit desig 
nation which may be 0 or to 9. Accordingly, 
means are provided to punch column 35 simul 
taneously with the selected digit designation and 
with the X designation. Reference to Fig. 21g 
shows that for this illustrative case, column 35 
commutator, contact 424 is plugged to a re 
lay coil. 485. When column 35 reaches punch 
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When coil 149 was energized, it closes contacts 
49b to form the circuit of coil (Fig. 21e). 
Credit coil 72 has also closed contacts 72b, in 
shunt with contacts 49b, but the former con 
tacts are necessary only for the entry of a simple 
or cash Credit, which, will be explained later, 
during which entry the coil f49 is not energized 
and contacts f49b are not closed. , Coil A closes 
contacts fla (Fig. 21a) to enable the credit 
product, while being typed into the credit sec 
tion, to be entered in the value retainer bank, 
just as when a debit product was typed into the 
amount Section. The purpose of setting up the 
value retainer bank with the typed product is to 
control entry of the product into the total bank. 
The debit product was entered into the total 

bank additively. The credit product must be 
entered subtractively through credit emitter E 
(Fig. 21d), into the total bank, and entry through 
the debit emitter E-- must be prevented. The 
Common side of the entry paths through emitter 
E-- includes contacts 54a closed by normally 
energized coil 54, as explained before. When a 
credit item is being dealt with, the credit coils 
50, 55, and 72 are energized in the manner 

explained above. Coil 55 opens contacts 55 
in the coil 54 circuit (Fig. 21f), deemergizing 

ing position, the following circuit is completed: 15 coil 54 and causing contacts 154a to open, thus 
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breaking the connection of emitter E-- to line 
of. Coil 55 also closes contacts 55b, connect 

ing the feeler of credit emitter E-, through 
make and break contacts 75, to common line 0. 

Energized coil 48 has closed contacts 48d 
(top of Fig. 21f) and entry into the right-hard 
column of the value retainer bank of the units 
of cents product digit has energized magnet RH 
to close contacts RHf in series with contacts 
48d. The cam contacts A, then close and the 
main circuit of total entry magnet 30 is formed, 
followed by the stick circuit extending through 
contacts 30c and cam contacts A6. Energiza 
tion of magnet 30 shifts the center blades of 
the group of 30b contacts (Fig. 21d) to con 
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nect the columns of 4b contacts to the total : 
bank. As shown in Fig. 21d, the credit emitter 
E- has its spots '8' to "1" respectively con 
nected by wires 0 to complementary spots "1" 
to “8” of the plus emitter E--. Thus, when the 
plus emitter is operative to cause entry through 
the retainer relay bank of b contacts into the 
total bank, the plus value of the amount repre 
sented by the position of the closed 8b contacts 
is entered. When the credit emitter is opera 
tive, the entry through the same closed 8b. 
contacts is in complementarily timed relation to 
the amount represented by the closed 84b con 
tacts, so as to enter the '9' complements of the 
amount into the total bank. Assume, for ex 
ample, that the highest or eighth order of the 
Credit amount contains digit. '5', now repre 
sented by closed contacts Gb-5 of the left 
hand column. The credit entry circuit then is 
formed at the '4' point of the accumulator cycle. 
as follows (Fig. 21d). 

Credit entry circuit.-Line , contacts 5, 
contacts 55b, the feeler of the credit emitter 
E-, spot '4' thereof, connection 79 to common 
Wire 56 of the row of Ab-5 contacts, closed, 
contacts déb-5 of the left-hand column, the left 
side of the connected pair of 30b contacts, mag 
net CMI of column 8 of the total blank, line (2. 
Thus, the “nine' complement '4' of the credit 

digit '5' is entered into the total bank. 
Through similar circuits, the complements of 

the other digits '1' to '8' of the credit amount 
are entered into the total bank. When a credit 
digit '0' has been set up in the value retainer 
bank, the credit entry circuit enters the comple 
ment '9', as follows: 
Complement of '0' credit entry-Line , 

contacts 75, contacts 55b, the feeler of emitter 
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E-, the '9' spot thereof, contacts 55c, the closed 
i4b-0 contacts, the left side of the connected : 
contacts f30b, the related magnet CMI of the 
total bank, line 02. 

If a space bar operation is effected to skip entry 

55 

into a column of the value retained bank, then 
a value coil stick circuit for this column will not 
be formed. In the stick circuits of the several 
columns are coils f25, 33, 34, f35, 36, 37, 38, 
and magnet R.H. (see Fig. 21c). Failure of any of 
these coils or of magnet RH to be energized 
causes associated contacts f25c, 33c, 34c, 35b, 
36b, f37b, 38b, or RHg (top of Fig. 21d) to re 
main closed. When dealing with a credit setup, 
the value '9' is entered into the total bank 
column connected to that value retainer column 
in which one of the latter contacts remain closed 
because of the space bar operation which skipped 
entry into this value retainer column. For ex 
ample, if the left-hand value retainer column has 
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not been set up, contacts 25c remain closed, 
and '9' will be entered in Column 8 of the total 75 
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bank through a circuit which begins the same as 
the preceding circuit, but branches off from COn 
tacts f s5c to a wire 80 contacts 25c, the COm 
mon wire 57 of the left-hand column, the left 
side of connected contacts 30b, magnet CM of 
column 8 of the total bank, line 02. , 
In above manner, when a column of the value 

retainer bank has not been set up because the 
corresponding credit column of the credit Section 
has been left blank, the value '9' is entered in 
the corresponding total bank column just as 
though a zero had been typed in the credit 
Column. 

If the credit digit in a denominational Orde) is 
'9", the complement “0” need not be entered as 
it would not affect the result. 
The elusive one is entered into the units order 

by energization of the elusive one magnet ELM 
(see Fig. 4) through the following circuit (Fig. 
21f): 

Elusive '1' magnet circuit.-Line Oi, cam 
contacts A8 (see Fig. 200), credit relay contacts 
$50b, total entry relay contacts 30d, magnet 
ELM, line 62. 
Magnet ELM unlatches element 55 (Fig. 4) 

from the arm 56 of the units order of the total 
bank, and the arm moves to the left to be subse 
quently returned by carry bail 60 during the 
carry over period of the cycle for adding the 
elusive one to the units order of the total bank, 
as explained hereinbefore. 
The typing of the units of cents credit digit 

causes energization of coil 39 of the stick cir 
cuit of the right-hand column of value coils 6 
(Fig. 21c). Coil 39 closes contacts 39t) to cause 
entry of a '9' into column 9 of the total bank as 
a manifestation of a credit entry. When the 
feeler of the credit emitter Wipes the '9' Spot, a 
circuit is established which begins as in the other 
credit entry circuits and proceeds from the '9' 
spot of emitter E- through contacts 39b, mag 
net CMI of column 9 of the total bank, and to 
line 02. This results in entry of '9' into 
column 9 of the total bank. 
When the feeler of the credit emitter wipes the 

'0' spot, the following circuit forms (Fig. 21d): 
Coils 132 and 142 circuit.-Line of, contacts 

5, contacts 55b, feeler of emitter E-, spot 
'0', wire 8 (continue with Fig. 21e), total entry 
relay contacts 30e (now closed), coils 32 and 
32, line (2. 
Coil 32 closes contacts 32c to provide a stick 

circuit extending through cam contacts A4 (Fig. 
20d). 

Coil 32 opens contacts 32a common to the 
stick circuits of value coils (Fig. 21c). 

Coil 32 also opens contacts 32b common to 
the circuits of credit coils 50, 55, t2, and 74 
(Fig. 21f), causing deenergization of these credit 
Coils. 

Coil 62 opens contacts 42d in the coil cir 
cuit #2 (Fig. 21e), which was formed as a result 
of closure of contacts 34b when coil 34, in the 
third value retainer Column from the left (Fig. 
21c), was energized. 

SIMPLE CREDIT ITEM 
Line 5 of the illustrative bill (Fig. 13) shows a 

simple credit item, which does not involve entry 
into the quantity and price sections. As a result 
of the previous carriage return operation, the be 
ginning of line 5 is in typing condition. Also, 
column of a card W is in punching position. 
The operator's first step in making the simple 
credit entry is to depress either the total key TK 
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(Fig. 21a) or the Tab key. Assume the Tab key 
is depressed first. This brings the lot number 
field to typing position and places switch SW-#3 
in position (Fig. 21f). Consequently, coil 460 
is energized, contacts 460a (Fig. 21g) are closed, 
and punch relay magnet PM is energized. 
The next operation is to depress total key TK 

(Fig. 21a) establishing the following circuit: 
Coil 171 circuit.-Line Oi, connection b-44, 

key contacts TK, connection b-42 (turn to Fig. 
21f), coil 7, line 02. A 

Coil' T closes stick contacts b to provide 
the following holding circuit: 

Coil 171 holding circuit-Line 02, coil 7, 
contacts 7b, normally closed contacts 43c, 
55d, and 86a, to line 0. 
A card W is at this time in column position. 

Column f commutatc. contact 424 (Fig. 21g) 
is plugged to a relay coil 487, establishing the fol 
lowing circuit: 

Coil 487 circuit.-Line side 453, contacts 43, 
457a and 370, connections p and p8, commutator 
common 425, brushes 423 and 422, contact 426-, 
plug connection to coil 487 and through the coil 
to line side 852. 

Coil 48 closes its contacts 487a. These con 
tacts are connected to hand Switch 488. When 
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connecting the '9' spot of this emitter to the '0' 
row of contacts 4b and to line 80 for reading 
out a complement '9' from a column of con 
tacts 4b which has either been set to repre 
sent '0' or has not received any entry. 

Coil f2 closes contacts T2b (Fig. 21e), par 
allel with contacts if Oa and f49b, to form the 
circuit of coil fit. Coll closes contacts if a 
(Fig. 21a) to enable the operation of the digit 
keys, in typing the simple credit, to enter the 
Credit value into the value retainer bank, Con 
tacts did (Fig. 2g) also close to energize punch 
relay magnet PM. Coil f5 also opens contacts 
55d (Fig. 21f) in the holding circuit of coil 7. 

Consequently, contacts fid (Fig. 21g) open. Coil 
T2 also closes contacts 2c, in shunt with con 
tacts 48d, to prepare the total entry magnet 
30 (top of Fig. 21f) for subsequent energiza 

tion. 
The Operator, after depressing the credit key 

and tabulating the credit section of the bill to 
typing position, types the simple credit value. 
During typing of this value, punching of the 
amount field of the card takes place in the man 
ner explained before. Also, since credit relay 
contacts 50c are in shifted condition, the pre 
viously traced X punching column 35) circuit 

the total key is operated and the coil - circuit 
established and held, contacts lid in series with 
switch 488 are closed. Also, as magnet PM is 
energized, contacts PMb are closed. The follow 
ing circuit is established (Fig. 21g) : 
X punching (column. 1)-Line side 453, con 

tacts 403, 457a and 370, connection p, contacts 
PMb and 7d, post p3 switch 488, contacts 487a, 
X key magnet 322, and through resistance to 
line side 452. 
As described before, the skip bar 36 (Fig. 19) 

is contoured to cause skipping, after X punch 
ing of column i, to column 5. Thus, the card 
W to be punched with the simple credit item is 
punched in column f with a classifying perfora 
tion X and skipping of the card effected to bring 
column 5 to punching position. At this point, 
the pattern card control comes into play, as ex 
plained before, and causes punching of the ac 
count data in columns 15 through 32 of the card. 

After having depressed the total key to cause 
the X punching and skipping of the card, the op. 
erator tabulates the description field of the bill 
to typing position and types the description. It 
may be noted that the typing of the description 
does not cause punching operation since switch 
SW-3 (Fig. 21f) is then in unplugged position 
5 and punch relay magnet PM is not energized. 
After typing the description, the operator, by re 
peated depressions of the tab key, brings the 
credit section of the bill to typing position. The 
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will be established to characterize the card as a 
credit card. During typing and punching of the 
simple credit, the coils flá of the value retaining 
means are energized to store the simple credit 
amount. Entry of the last digit into the last 
column of the value retainer means causes en 
ergization of magnet R.H. The contacts RHol. 
thereupon close to form clutch magnet circuit 
it. Contacts RHf close, credit coil contacts 72c 
have been closed before, and when can con 
tacts A close, the circuit of total entry magnet 
30 (Fig. 21f) is formed. Accordingly, the sim 
ple credit, just as the computed credit, will be 
entered during an accumulator cycle into the 
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credit key is depressed after the description is 
typed and before or after tabulating the credit 
section to typing position but prior to typing of 
the simple credit. When the credit key is de 
pressed, the credit coils 50, 55, and T2 (Fig. 
21f) are energized by credit coils circuit it. 

Coil 150 opens contacts 50a in the switch 
SW #2 to prevent operation of this switch when 
contacts RHe subsequently close as a result of 
the typing of the units cents order digit of the 
simple credit. Coil f 55 opens contacts 55a in 
the circuit of coil 154 (Fig. 21f) to cause the 
opening of contacts 54a (Fig. 2d) connecting 
the debit emitter E-- to line O. Coil 55 also 
closed contacts 55b, connecting the credit emit 
ter E- to line 0 , and closes contacts 55c 
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total bank. The auto carriage return operation 
occurs under, control of the punch unit upon 
eject of the card.as explained before. 

It should be noted that the purpose of con 
tacts 43c in the holding circuit of coil is to 
enable this circuit to be opened upon operation 
of error key EK. As explained before, operation 
of this key energizes coil 43 (Fig. 21b). Con 
tacts 43b established the circuit of release key 
magnet 322-R (Fig. 21g), the result of which 
is initiation of an eject and card feed cycle. Also, 
contacts 43c open, breaking the holding circuit 
of coil 7, so that X punching in column of the 
new card will not occur unless the total key is 
again depressed. 

ToTALOPERATIONs 
: The total bank carries the accumulation O 
balance of the debit and credit items entered 
on the bill. This total may be read out and au 
tOmatically typed in the total Section of the bill 
and punched in the amount field of the card W. 
The total readout operation requires the depres 
sion of either total key TK and TRK (Fig. 1) 
and the tabular spacing of the carriage to bring 
the total section to typing position. The key 
TK is used if the total is to be read out without 
accompanying reset of the total bank, while the 
key TRK is used when it is desired to take the 
total and also to effect reset. For example, the 
key TK is used when two bills are to be sent to 
the same customer, With the total of the first bill 
to be carried forward to the second bill. 
The total line of the bill is now in typing po 
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sition and column of a cord W is in punching 
position. The first operation is to tabulate the 
bill sheet to the lot number field. Through 
switch SW--if3, coil 460 is energized. Contacts 
460a (Fig. 21g) close, and magnet PM is ener 
gized. 

Total taking without resetting.-Assuming that 
it is desired to take a total without resetting, 
the operator depleSSes the total key TK, closing 
contacts TK" to form the previously traced coil 
ill circuit which is followed by the holding cir 
cuit of this coil. Contacts. 7d. (Fig. 21g) close 
and, consequently, X punching of column of 
the card and skipping to column 5 occur, as de 
scribed before. The pattern card data is then 
duplicated in columns 5 through 32 of the card. 
Unlike the case of punching of the simple credit 
item, the credit key is not depressed. Hence, the 
holding circuit of coil remains effective until 
contacts 86a open. The latter contacts do 
not open until after the total relay coils circuit 
is established, as Will be explained below. Coil 
A also closes contacts lic (Fig. 21f) in the line 
leading to plug socket 5-5, which is connect 
ed to plug socket (3-0, corresponding to the 
total Section. Nothing further happens until the 
operator tabulates the total Section to typing 
position. When this is done, Switch SWiF3 ad 
vances to position "10', and with contacts ic 
closed, the following circuit forms (Fig. 2) : 

Coil 187 circuit.-Line 0 , position '10' of 
Switch SWiF3, Socket 3-0, the plug Wire to 
socket 05-5, contacts c, coil 8, line 62. 
As a result of operation of the key TK, the 

total key circuit, energizing coil , has been 
established, and when the total section is tab 
ulated to typing position, the coil 8 circuit also 
forms. 

Coil 8, upon energization, closes contacts 
8a to by-pass contacts c and maintain the 

coil energized while the Switch SW-#3 remains 
in position '10', which it does throughout total 
recording. Coil 8 also closes contacts 8b to 
establish a circuit for clutch magnet & C (Fig. 
21f) extending through contacts A9 to initiate 
two readout cycles of calculator shaft 36. Dur 
ing the first readout cycle, cam contacts Rá 
(see Fig. 20b) close and, with contacts 8c also 
closed by the energized coil i8, the following 
circuit will form if the punch control SWitch 
SW-SP is in “off” position (start with Fig. 
21e): 

Total relay coils circuit.-Line of, cam con 
tacts R4, connection b-7 (turn to Fig. 21a), 
switch blade it f, conection b-78 (return to Fig. 
21e), contacts 87c, total relay coils 7, 86, 
and f 88, line 02. 
Assuming, however, that Switch SW-SP is in 

“on' position and the punch unit is being oper 
ated together with the typewriter and calculator, 
the above circuit will not be established. An 
alternative circuit will be made upon closure of 
relay contacts 468a, shunting switch blade it . 
In the description of the debit entry, it was ex 
plained that the coils 465 and 468 circuit (Fig. 
21g) is completed when the card carriage, after 
the pattern data has been punched, reaches the 
column 33 position. In this position, the first 
column of the amount section of the card is in 
punching position, coil 468 is energized, and its 
contacts 468a (Fig. 21e) close to complete the 
circuit of the total relay coils. 
Total coil 7 closes stick contacts fib to hold 

the total relay coils energized through can Con 
tacts R3. In the foregoing manner, the initia 
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tion of the total readout, which as will be clear 
later, requires energization of the total coils, is 
delayed until both the bill and the card have 
been brought to required recording positions, 

Coil i86 closes contacts 86b (Fig. 21f) in par 
allel with contacts 8b in the clutch magnet 
circuit. Contacts 86a in the stick circuit of coil 

(Fig. 21f) open, deenergizing this coil. Coil 
86 also closes contacts f&6c which are in shunt 

with contacts 6 c (Fig. 21a) to replace the lat 
ter in the holding coil 67 circuit, which will 
form as a result of the read out of the first sig 
nification figure, prior to which contacts Gib 
Will divert the '0' dollars readout circuit to the 
Space Solenoid 30-SP, as explained hereinbe 
fore. 
Coil 86 closes contacts 86d and when can 

contacts R close, the following circuit forms 
20 
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(Fig. 21b): 
Credit balance control magnet 189.-Line Of, 

contacts R, contacts 86d, plural coil magnet 
89, line 2. 
When the total bank carries a net debit or 

positive balance, magnet 89 performs no func 
tion. Assuming there is a debit balance, it will 
suffice, for the present, to state that magnet 89 
is deemergized when contacts RF oper1 before the 
beginning of the readout period at '8' of the 
readout cycle (Fig. 20b). 
After cam contacts R open, can contacts R8 

close, and with contacts c closed by total re 
lay coil , the following circuit forms (Fig. 
21f): 

Total control magnet 190.--Line (), cam Con 
tacts R8, contacts 7c, magnet 93, line 02. 
Magnet 90 closes the group of contacts 90a, 

at the right of the commutator TRO (Fig. 21b). 
Coil also opens contacts a (Fig. 21a) 

common to the coil 20, coil 86, and the key 
coil circuit to prevent possibility of the value re 
taining means being set up as a result of the 
automatic typing of the total which is to take 
place. 

s 
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Coil 88 closes contacts 88b (Fig. 21g) to form 
the circuit of punch relay magnet PM. Accord 
ingly, during read out and typing of the total, 
the punch unit will be operated to punch the 
total in the amount Section. 

Coil also closes contacts did between the 
feeler of the auto type total emitter E-T (Fig. 
21b) and line . 

Debit balance readout.-Assuming that the bill 
total is a plus Or debit total, and that the read 
ing in column 8 of the total bank is “5', then the 
total readout circuit is as follows (Fig. 21b) : 

Debit total readout circuit.-Line O, contacts 
83, contacts fid, 'normally closed contacts 9a, 
the feeler of emitter E-T, emitter spot '8', a 
normally closed pair of contacts 64b, the Seri 
ally connected, normally closed side of relay con 
tacts 20a, the -- collector ring of column 8 of 
total bank commutator TRO, the -- brush 5 of 
column 8, segment 53-5 now engaged by the -- 
brush, the serially connected, now-closed con 
tacts 90a, the serially connected, normally 
closed side of inversion relay contacts 93a-5, 
connection b-6 (turn to Fig. 21a), key solenoid 
30-5, connection b-9, pickup coil 67, line 02. 
The solenoid 30-5 operates the key 0-5 to 

type '5' in the first column of the total section 
of the bill. The function of coil 67 is the same 
as described in connection with the read out of 
the product. The closure of key contacts 28p-5 
(Fig. 21g) completes the circuit of punch key 



magnet 322-5, causing column 33 to be punched 
with a designation. . 
Through similar total circuits, digits to 8 

are read out of the other total bank columns 
and automatically typed and punched. The read 
out of zeros in columns 8 to 3 of the total bank 
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tacts fla (Fig. 21b) closed, so that when the 
feeler of emitter E-T reaches the "reset' spot 

is also effected through a similar auto type cir 
cuit, but which includes closed '0' test contacts 
for a reason which will be made clear later. The 
readout of zeros from columns and 2 is through 
a slightly different circuit, which will be traced 
later. Likewise, the readout of '9' from the 
total bank Columns is through circuits which de 
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part somewhat from the above-traced total read 
out circuit. Thus, the readout circuit for a '9' 
from dollars columns 8 to 3 proceeds from the 
'9' segments 53 of these columns through the 
left, normally closed side of contacts 94a to the 
"9" segments of columns and 2, through the 
closed side of contacts 94b, a pair of total con 
trol relay contacts 90b, contacts 93a-9 con 
nection b-20 (turn to Fig. 21a), solenoid 30-9, 
connection b-9, coil 6, line O2. The '9' read 
out circuit for columns f and 2 differs from the 
above-traced circuit in omitting contacts 94a. 
Between the units of dollars Column and the 

dimes column of the total field of the bill, a tab. 
space is preferably provided. The tabular spac 
ing operation between these columns is auto 
matically effected under control of the auto 
type total emitter E-T when the feeler thereof 
engages the "tab' spot of the emitter, in the 
same manner as explained in connection with 
the read out of the product through the product 
emitter E-F, the "tab' spots of the two auto 
type emitters being connected to each other (see 
Fig. 21b). 
When the last digit of the total has been typed 

and punched, the card carriage escapes to the 
last Column position and the card is ejected. Dur 
ing eject, contacts 392 complete the circuit of 
coil 480. Coil 480 closes contacts 480a (Fig. 21a) 
to complete the previously traced circuit of car. 
riage return solenoid 30-CR. 

Total taking and resetting-Between the “re 
set Spot' of total, emitter E-T and the reset 
magnet RM-T of the total bank is a pair of relay 
contacts 95d, which remain open when the key 
TK is operated to cause total taking operation 
without accompanying resetting. When total 
taking and resetting are both required, the total 
Operation is initiated, by depressing the total andr 
reset key TRK to close contacts TRK, forming 
the following circuit (begin with Fig. 21a): 

Total and reset key circuit-Line of, connec 
tion b-44, contacts TRK', connection b-43 
(continue with Fig. 21f), pick-up coil 95, coil 
7, line 02. 
The above circuit energizes coil 7 just as 

when the total key circuit was formed as a re 
Sult of operation of the total key TK. All the 
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during readout of the total bank, the reset mag 
net RM-T is energized to cause resetting of 
the total bank, . 

Credit balance readout.-It has been assumed 
that the net balance standing in the total bank 
is a plus of debit balance. If the credits exceed 
the debits, then the net balance will be a credit: 
or minus balance. The grand total, debit or 
credit, to be accumulated in the present case, is 
not to exceed eight denominational orders and is 
within the capacity of columns to 8 of the total 
bank. It will be recalled that when a credit 
Was entered in the total bank, a "9" was entered 
in column 9 of the bank. If the net balance is 
a debit total, then carry-over will have been 

20 Column will read '9'. 

effected to column 9 to bring its reading to "0". 
If the net balance is a credit total, then the 9th 

When this is the case, 
the remaining columns of the total bank carry 
the complement of the credit or minus balance. 
This complement must be converted into the 
corresponding true number and typed as such 
in the total section of the bill. 

In the same manner as explained for the debit 
total taking operations, the total relay coils cir 
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total taking operations, described above as initi- . 
ated by operation of the key TK, now take place 
as a result of the operation of key TRK to ener 
gize coil ?lf. In addition, however, the total 
and reset key circuit has energized pick-up coil 
95. The latter thereupon closes contacts 95b 
to establish the circuit of hôlding coil 95 as 
follows (Fig. 21e): 

Holding coil 195' circuit.-Line O, total bank 
reset contacts RMa-T, contacts 95b, coil 95, 
line 02. 

Coil 195, now remains energized until con 
tacts RMa-T open during resetting of the total 
bank, Energization of coil 195 maintains con 
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cuit is formed, followed by the closing, through 
can contacts R and 86d, of the credit balance 
control magnet 89 circuit (Fig. 21f). Magnet 
89 closes the group of 89a contacts and also 
the pair of contacts 89b (Fig. 21b). Now, with 
ninth column of the total bank reading "9", in 
dicating a credit balance, the following circuit 
forms (Fig. 21b): 

Credit balance pick-up coil 196-Line ?o, 
the common side of the 89a contacts, the left 
hand pair of these contacts, a pick-up coil 96, 
the -- collector ring of column 9 of the readout 
commutator TRO, the -- brush 5 thereof, the '9" 
digit segment 53 of the 9th column, through the 
connected row of '9' digit segments of the col 
umns 8 to 3, the left side of contacts 94a, the 
"9" segments of columns and 2, a wire 97, con 
tacts fB9b, a coil 98, line O2. 

Coil f$6 closes contacts 96a to energize the 
holding coil 196', as follows (Fig. 21e): 

Coil 196' circuit-Line 0 , cam contacts R6, 
contacts 96a, coil 196', line O2. 
The credit balance control magnet 89 is de 

energized, and the credit balance pick-up coil 
(96 circuit broken, when cam contacts RT (Figs. 
20b and 21f) open, but coil 96 remains ener 
gized and holds contacts 96a closed until con- , 
tacts R6 open after the first or lowest order 
column of the total bank has been read out. . 
When the credit balance pick-up coil 96 cir 

cuit breaks, coil 98 is deenergized and its con 
tacts 98a close. Since contacts 196a also are 
closed, the following circuit forms (Fig. 21e): 

Inversion magnet-Line O, cam contacts 
R6, contacts 96a, 198a, in parallel through coil 
$94 and inversion relay magnet 93, line 02. 
Magnet 93 shifts the center blades of the 

group of contacts 93a-0 to 9 (Fig. 21b), open 
ing the normally closed side of these contacts 
which are in the debit total readout circuits. 
The closing of the normally open sides of con 
tacts 93a connects segments 53 of the readout 
commutator TRO to the complementarily related 
key Solenoids 30, causing the complement of the 
credit balance in the total bank to be read out 
and typed and punched as a true credit balance. 
Contacts 93a are shifted as a result of the en 
ergization of magnet. 93 when contacts 98a. 
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close, which is timed by opening of cam contacts 
R7 to occur before cam contactS R8 close. 
When the latter cam contacts, close the total con 
trol magnet 90 circuit (Fig. 21f) is established 
to energize magnet 90 which closes the group of 
f soa contacts (Fig. 21b). ASSuming for exam 
ple, that column 8 of the total bank reads "6', 
the following circuit forms (Fig. 21b) : 

Credit total readot circuit.-Line of, con 
tacts 83, contacts did, 9a, the feeler of emit 
ter ET, the '8' spot thereof, the connected 
64b contacts, the normally closed side of con 

tacts 207a, the -- collector ring of column 8, the 
-- feeler thereof, the “6” segment, the contacts 
90a, in series with the connected '6' Segments, 

the lower, now-closed side of inversion contacts 
93a–3, connection b-f4 (continue with Flg. 

21a), solenoid 30-3, connection b-9, coil 6, 
line 02. - 

This circuit causes typing of '3' as a result 
of the credit reading of '6' in column 8 of the 
total bank. The operation of the 3 typing key 
also causes punching of a 3 designation. In a 

20 

similar manner, the '9' complements of values in 
all the other columns of the total bank, except 
the units order column, are read out and typed. 
The '9' credit value readout circuit of columns 
8 to 3 proceeds from the '9' segment of col 
umn 3 through the lower, now-closed side of 
contacts 94b (coil 94 has been energized by 
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the inversion magnet circuit), through Con- . 
tacts 90b, the lower, now-closed side of inversion 
contacts 93a-0, line 68 (turn to Fig. 21a), 
the center blade of contacts 67b, and from there 
either to the “0” or the space bar solenoid 30, 
depending on the condition of contacts Gib 
which, in turn, depends on whether a significant 
digit has been read out from a higher order col umn. Thus, the nine complement “0” of a "9" 
in columns 8 to 3 is normally read out by the 
above circuit. For a credit reading of '9' in Col 
umn 2 (the tens of cents order), it is desired 
normally to type a '0', regardless of whether 
a significant dollars digit has or has not been 
printed. The '9' credit readout circuit of col 
umn 2 proceeds from the '9' segment of this 
column to the right, now-closed side of contacts 
94a, through a wire 99, the wire 70 (turn to 

Fig. 21a), and the connection b-i to Solenoid 
38-9. In column , the units Order column, 
the '10' complement of the credit value must 
be read out and typed. Thus, if the - feeler of 
column i is on segment 53-0, then '0' must be 
read out. When inversion magnet 93 was en 
ergized, it also closed the left side of contacts 
93b and opened the right side, connecting the 
'1' spot of emitter E-T to the minus collector 
ring of column and disconnecting the '1' Spot 
from the -- collector ring of this column. The 
- brush, as explained hereinbefore, is one step 
behind the -- brush. Thus, if the -- brush is on 
“0', then the - brush is in the '9' segment (see 
Fig. 3a). The circuit for the units order com 
plement of credit reading '0' is then as follows 
(Fig. 21b): 
'0' units order credit readout.-Line , 

contacts 83, d. 9a, the feeler of emitter 
ET, the “1” spot, the left side of contacts 93b, 
the - collector ring of column , the - brush 
thereof, the '9' segments 53 of columns and 2, 
the right side of contacts 94a, wire 99, Wire 

9, connection b-, Solenoid 30-0, connection 
b-?0, line 02. 

Similarly, any other credit value in column 
is read out through the - brush of this column 
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in order to provide the '10' complement there 
of. For example, if the units order column. -- 
feeler is on the "6' segment, the - feeler is 
on the '5' segment. With the left side of con 
tacts 93b closed, the readout circuit for the 
first column proceeds from spot “1” of emitter 
E-T through the left side of contacts 93b, to 
the - collector ring, the - brush, the Segment 
"5’, the connected points 90a, the now-closed, 
lower side of contacts 93a-3, connection b-5 
(continue with Fig. 21a), Solenoid 30-4, connec 
tion b-9, coil 67, line 02. As a result, the 
'0' complement, '4', of the units order credit 
reading of '6' is typed. 
In reading out the “10' complement of the 

credit reading in column , the elusive one for 
this column has been taken care of. The read 
ing out of '9' complements of the credit values 
in other columns has also been explained. Howa 
ever, if the units order reads “0”, then the elusive 
one must also be added to the tens order, and if 
the tens order also reads “0”, then the elusive 
one must be added to the hundreds order, and 
so on. Thus, under the above conditions, the 
elusive one must be added not only to the units 
Order but to all the Orders to the left thereof 
and including the first one containing a signifi 
cant figure, just as though the latter were really 
the units order. In other words, the first sig 
nificant digit from the right and the '0' digits 
in all the orders to the right of this first signifi 
cant figure must be read out as '10' comple 
ments, while the digits in the orders to the left 
of the first significant figure must be read out 
as '9' complements. For example, the real num 
ber corresponding to the complement of 99,082,- 
000 is 00,918,000. When the complementary fig 
ure 99,082,000 is standing in the first eight col 
lumns of the total bank, then the ninth column 
also reads '9', manifesting a credit balance. 
With this complementary reading in the total 
bank, the ninth column commutator - brush 
5 is on the segment '9'; in the eighth and 
Seventh columns, the -- brushes are on the seg 
inentS '9' and the - brushes on the '8' Seg 
ments. In the Sixth column, the -- brush is on 
Segment '0' and the minus brush on seg 
ment '9'; in the fifth column, the -- brush is 
On Segment '8' and the minus brush on segment 
"'; in the fourth column, the -- brush is on 
Segment '2' and the minus brush on segment 
'1'; and in the third, second, and first columns, 
the -- brushes are on segments '0' and the - 
brushes on the '9' Segments. 
When the credit balance control magnet 89 

was energized, as previously described, it closed 
the group of f3a contacts (located above the 
total emitter E-T, Fig. 21). Between these 
Several contacts and the minus collector rings of 
columns to are elusive one pick-up coils 20, 
202, 203, 206, 205, 206, and 20. Simultaneous 
ly with formation of the circuit of coil 96, traced 
before, through the left-hand pair of contacts 
f89a, the following parallel circuit is completed 
as a result of the - brush of the column en 
gaging the '9' segment (Fig. 21b): 

70 

Elusive one pick-up coil 201-Line O, the 
common of the 89a contacts, the first pair of 
i89a contacts from the right, pick-up coil 20, 
the minus collector ring of column , the “9' 
segment thereof, wire f 97, contacts 89b, coil 
98, line 02. 
Similarly, elusive one pick-up coils 202, 203, 

and 206, respectively associated with the second, 
third, and sixth columns. are energized as a re 
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sult of their - brushes engaging '9' segments. 
The elusive one pick-up coils 204, 205, and 207 
are not energized because the - brushes of 
columns 4, 5, and 7 are not engaged with '9' 
segments. It may be noted that an elusive One 
relay coil is not provided for the eighth column 
because if this column reads '0' and the other 
columns to the right also read "0', then the net 
balance is zero, and means are provided, in that 
case, to prevent any auto total readout opera 
tions, as will be explained later. 
At this time, for the assumed example, the 

pick-up coils 96, 20, 202, 203, and 206 are 
energized and respectively close contacts 96a, 
20 b, 202b, 203b, and 206b (bottom of Fig. 21e). 
A circuit thereupon is established from line Ol, 
through cam contacts R6, contacts 96a, wire 
208, contacts 20 lb, holding coil 20, to line 102. 
The circuit of holding coil 202' is formed simi 
larly through serially connected contacts 20 lb 
and 202b, and for holding coil 203 through serial 
ly connected contacts 20 lb, 202b, and 203b. The 
circuit of holding coil 206' cannot form because 
the contacts 204b and 205b are open, breaking 
the connection between closed contacts 203b and 
206b. Thus, energization is effected only of the 
elusive one holding coils which are related to the 
columns of the total bank which read "0' to the 
right of the first right hand significant figure. 
When cam contacts R7 open, the magnet 89 is 
deenergized, its contacts 89a and b open, and 
the elusive one pick-up coils are deemergized. 
Coils 20, 202', and 203 open the normally 

closed, right sides of their respective contacts 
20 fa, 202a, 203a, and close the left sides, thereby 
disconnecting the -- collector rings of columns 
2, 3, and 4 from spots "2,' "3," and "4" of emit 
ter E-T and connecting the - collector rings of 
these columns to these emitter spots. The read 
out circuit for the column 4 proceeds, then, from 
spot '4' of the emitter E-T, through the left, 
now closed side of contacts 203a, the - collector 
ring of column 4, the - brush thereof, the seg 
ment 53- engaged therewith, the associated 
pair of contacts 90a, the now-closed, lower side 
of inversion contacts 93d-8, connection b-9 
(continue with Fig. 21a), solenoid 30-8, connec 
tion b-9, coil 67, line 02. 
Thus, with the credit value '0' in each of col 

umns , 2, and 3, the credit digit "2' in column 4 
of the card is read out as its "ten' complement 
"8.' The '0' in each of columns , 2, and 3 is 
read out through circuits such as traced previ 
ously through the '9' segments of these columns, 
with the difference for columns 2 and 3 being in 
the routing of the circuits through their - col 
lector rings and - brushes. 
The punching of a credit or negative balance 

on the card must be identified as such on the 
card. This is done by punching the X hole in 
column 35 as was done in the case of the credit 
card. As explained for the latter case, when the 
carriage is in column 35, a circuit is formed 
through column 35 commutator contact 424 (Fig. 
21g) for energizing relay coil 485. It will be 
recalled that when a simple or computed credit 
card was prepared, either contacts 20c or 40c 
(Fig. 21g) were closed while column 35 was in 
punching position and the circuit of the X mag 
net 322 was completed through one or the other 
of these contacts and relay contacts 485a. How 
ever, during readout of a total, neither contacts 
20c nor 40c are closed and a different circuit 
must be provided for the X magnet 322 when the 
balance is a credit. As explained above, the con 
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version magnet 93 has been energized owing to 
detection of a negative or credit balance in the 
total bank ACC-T. With magnet 93 energized, 
its contacts 93ac (Fig. 21g) are shifted. Magnet 
PM is also energized through contacts 88b at 
this time, and its contacts PMb are closed. The 
column 35 commutator contact is plugged not 
only to coil 485 but also to a coil 490. Thus, with 
the card in column 35 position, contacts 4900 
are closed. The latter contacts are in series with 
the hand switch 49 which is set in minus posi 
tion when it is desired to identify credit balance 
cards by an X hole in column 35. If it were de 
sired, instead, to punch an x hole in column 35 
of debit total cards, switch 49 would be set in 
plus position. With switch 49 in minus posi 
tion, and card column 35 in punching position, 
the following circuit forms: 

Negative balance card X. punching (column 
35).-Line side 453, contacts 403, 457a and 370, 
connection p, contacts PMb, the left side of 
now-shifted contact 193ac, switch 49, contacts 
490a, the X key magnet 322, and through re 
sistance to line side 452. 
The energization of the X magnet 322 results 

in punching an X hole in column 35. At the 
same time, the digit selected by the total readout 
circuit for card column 35 is punched in this 
column through the regular punch selecting cir 
cuit extending through selected key contacts 28p 
and contacts PMd. 

ZERo BALANCE OPERATIONS 
When the balance in the total bank is zero 

and the operator, nevertheless, initiates total 
taking operation, means are provided to prevent 
formation of any circuits through total emitter 
E-T. Thus, the first column of the total sec 
tion will remain set at the typing position, indi 
cating to the operator that the balance is zero. 
It will be recalled that the read Out of a Zero, 
when not preceded by a significant digit, from 
columns 8 to 3 of the total bank is routed through 
the normally closed side of contacts 67b to the 
space solenoid 30-SP to effect intraline or char 
acter spacing of the bill. When the balance is 1 
to 9 cents, the '0' in column 2 is nevertheless 
read out into solenoid 30-0, as explained previ 
ously, to type '0' in the tens of cents column of 
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the total section. However, when the balance 
is zero in all the columns, then the read out of 
zeros from any column, including cents columns. 
and 2 is prevented. Therefore, space bar op 

erations will not occur and the first column of 
the total section will remain at typing position. 
Since neither space bar nor digit key operations 
occur, the card will stay in column 33 position 
and will not be punched further. The error key 
EK will then be operated to cause eject of the 
card and insertion of a new card. 
To determine whether the balance is zero, a 

so-called zero test shot is made before the total 
read out begins at point '8' of a readout Cycle 
(Fig. 20b). It will be recalled that when the 
typewriter carriage was tabulated to the total 
field and the total key depressed, the coil 8 cir 
cuit (Fig. 21f) was completed. Coil 87 closes 
contacts 87d and, when cam contacts R close, 
a circuit is formed through the '0' test multi 
contact magnet 20 as follows (bottom of Fig. 
21f): 
'0' balance test magnet circuit.-Line 0, 

contacts Riff, contacts 8d, plural coil magnet 
2 O, line 102. Magnet 20 operates its several relay contacts, 
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and if columns f to 8 of the total bank all read 
“0”, then the following circuit forms (start 
with Fig. 21a): 

'0' balance detecting circuit.-Line 0 , relay 
contacts 2 Oa, wire 2 (turn to Fig. 21b), the 
first column '0' segment, the -- brush engaged 
therewith, the -- collector ring, contacts 20b, 
the -- collector ring of the Column 2, its -- brush, 
the '0' segment of the column 2, contacts 2 Oc, 
the '0' segment of the column 3, the -- brush of 
column 3, its -- ring, contacts 2 Od, the -- ring 
of the column 4, its -- feeler, its “0” segment, 
the '0' segment of the column 5, its -- feeler, 
its -- ring, contacts 20e, the -- ring of the col1 
umn 6, its + feeler, its "0" segment, the "0" seg 
ment of the column , its -- feeler, its -- ring, 
contacts 20f, the -- ring of the column 8, its 
-- feeler, its '0' segment, contacts 20g, wire 
22 (turn to Fig. 21e), coil 9, line O2. 
As may be noted from Fig. 21b, contacts 2 Oh, 

i, d, and k are, respectively, inserted between the 
'0' segments of the first and second columns, 
between the '0' segments of the third and fourth 
columns, between the '0' segments of the fifth 
and sixth columns, and between the '0' Seg 
ments of the seventh and eighth columns of the 
total bank. When magnet 20 is energized, it 
opens these contacts 20h, i, d, and k, insuring 
the '0' balance detecting circuit being routed, 
seriatim, through the -- collector rings of all 
the columns. If, for exafhple, the '0' segments 
of the first and second columns were not discon 
nected by the opening of contacts2fOh, then the 
circuit would go from the '0' segment of the first 
column directly to the '0' segment of the Sec 
ond column, and through contacts 20c to the 
“0” segment of the third column, thus skipping 
the '0' test for the second column. 
When the '0' balance detecting circuit is 

formed, coil 9 f is energized, closing contacts 
9 lb (Fig. 21e) to form a stick circuit for the coil 
through cam contacts R? 0, which remains in ef 
fect for the rest of the first readout cycle. Dur 
ing the succeeding readout cycles, the circuits 
of magnet 20 and of coil 9 are repeated. 

Coil 9, upon energization, opens contacts 
9a, in the common side of the total readout 

circuits (see Fig. 21b). As a result, the Space bar 

5 

2,285,289 
that there is a significant figure in the units of 
cents column. Thus, with all the dollars col 
lumns standing at '0' and the units of cents col 
lumn having a significant figure, the contacts 
67b (Fig. 21a) will be in normal condition with 

its right-hand side closed, routing the '0' read 
==Out circuits of the dollal's columns to the space 
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bar solenoid 30-SP. However, if the second col 
lumn also reads '0' the following readout circuit 
will be established (Fig. 21b): 

'0' debit readout of second column of total 
bank-As in the other total readout circts to 
spot '2' of the emitter E-T, the normally ulosed 
side of the connected 20 la contacts, the -- ring 
of the column 2, the -- brush thereof, the '0' 
Segment thereof, normally closed contacts 2 Oh, 
the '0' segment of the units column, wire 2 
(turn to Fig. 21a), contacts 90c of the now-en 
ergized total control magnet 90, the normally 
closed side of inversion relay contacts f93c, con 
nection b-f, solenoid 30-0, connection b-9, 
coil 67, line fo2. 
Thus, the lack of a significant figure in the 

dollars columns of the total bank does not pre 
went the read out and typing of a '0' in the 
dimes column preceding a significant figure in 
the units of cents column. 
The '0' debit readout circuit of column of 

the total bank is through a similar circuit, ex 
tending from total emitter spot “1”, through the 
normally closed side of inversion relay contacts 
93b to the -- collector ring of column f, the 
-- brush and '0' segment thereof, wire 2, and 
from there on as in the preceding circuit. . . 
When the total bank carries a credit or minus 

balance, then the inversion relay magnet 93 is 
energized during total read out, and contacts 
93b and c are in shifted condition, preventing 

formation of the above '0' debit readout cir 
cuits through columns and 2. The '0' credit 
readout circuit of column f has been traced pre 
viously. If column has a credit value '0', 
then the tens complement of the credit value in 
column 2 also is read out, and if column 2 reads 
'0', then typing and punching of a zero result, 
as previously explained. However, if column 
has a significant digit, then the '9' complement 

solenoid circuits, normally provided when the 
column preceding a significant figure reads '0', 
do not form, the card is not punched in the 
amount section, and the bill remains stationary, 
with the left-hand column of the total Section 
resting at typing position. As the carriage has 
not been tabulated, switch SW-#3 remains in 
position “10’, coil 87 remains energized, and the 
clutch circuit is maintained through its contacts 
87b, causing continuous running of the calcul 
lator unit. All these are indications that the 
balance reading is zero. This is of particular 
value when the indicator wheels 47 of the total 
bank are not visible to the operator. 

It may be noted that the purpose of normally 
open contacts 2fOc between the '0' segments 
of columns 2 and 3 of the total bank is to dis 
connect the '0' segments of columns 8 to 3 from 
the '0' segments of columns f and 2, except 
when all the columns read '0' and the '0' bal 
ance detecting circuit forms. The purpose of the 
normal break between the '0' segments of the 
Second and third columns is to cause a '0' in 
the tens of cents order or second column of the 
total bank to be read out and typed even if all 
the dollars Columns read "0', provided, however, 
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of the column 2 value is read out, and if column 
2 ads “0”, the following circuit forms (Fig. 
21b) : 
"0" credit read out of column 2 of total 

bank.-As in the previous total readout circuits 
to emitter spot "2", then through the normally 
closed side of contacts 20 fa, the -- collector ring 
of column 2, the -- brush thereof, the '0' seg 
ment engaged thereby, contacts 2 Oh, the '0' 
segment of column f, wire 2 (turn to Fig. 21a), 
total relay contacts 90c, the right now-closed 
side of inversion relay contacts 93c, a wire 23 
(return to Fig. 21b), the jumper to the lower, 
now-closed side of inversion relay contacts 
93a-9, connection b-20 (continue with Fig. 

21a), the key solenoid 30-9, connection b-9, 
coil 67, line 02. 
Thus, when column has a significant credit 

digit and column 2 reads 'O', then the '9' com 
plement of the column 2 digit is read out. 

PRODUCT RESET SWITCH 
The product bank ACC-P may be reset at 

any time, at the will of the operator, by throw 
ing the switch SW-PR (Figs. 1 and 21a) to 
dotted line position (Fig. 21a). 
When switch SW-PR is closed, the following 

circuit forms (begin with Fig. 21b): 

N 
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Alternative reset of product bank-Line 02, 

product bank reset magnet RM-P, connection 
b-50 (turn to Fig. 2ia), the dotted line position 
of switch SW-PR, connection b-52 (continue 
with Fig. 21e), coil 25, cam contact A2, line O. 

Coil 25 closes contacts 25a, in parallel with 
contacts RHoi, to form a circuit, similar to clutch 
circuit it, through the clutch magnet 40 (Fig. 
21f), setting the calculator shaft 36 in operation. 
The energization of magnet RM-P then causes 
resetting of the product bank. l 

If the Switch SW-PR is thrown to alternative 
position while the calculator unit is effecting 
multiplication, the multiplication operation will 
be stopped immediately and the product bank 
reset. For this purpose, coil 25 closes contacts 
25ts (Fig. 2ie), connecting the common of 
Switch SW-#2 to the '4' spot thereof, as a re 
sult of which the release magnet SWR-2 circuit, 
in which coils 3 and 53 are included, is 
formed, causing restoration of the switch 
SW-#2 to home position, while the coil 3 
opens contacts 3 a common to the stick circuits 
of the retainer relay coils 4 (Fig. 21c). Thus, 
the value retaining means is cleared, and the 
multiplying operation, which requires energiza 
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tion of column shift magnets 28 (Fig. 21e) is 
interrupted. The resetting of the product bank 
is effected by the energized magnet R.M.-P. 
The purpose of throwing switch SW-PR dur 
ing multiplying operation is to reset the product 
bank and clear the value retainer means upon 
discovering an error after multiplication has be 
gun. If the error is discovered after multipli 
cation has been completed but before the auto 
typing of the product has begun, then the coil 
60 stick circuit will have been closed but the 

coils 69 and 6 circuit still will be open. Then, 
by operation of switch SW-PR, the product 
bank will be reset and, during the resetting oper 
ation, reset Switch RMa-P will open to break 
the coil 60 stick circuit (Fig. 21e), preventing 
the initiation of the auto read out of the prod 
uct. 

ERROR KEY CONTROL 
Operation of the error key EK (Fig. 1) initi 

ates a card eject and feed cycle in the punch 
unit. The key is operated also to clear the value 
retainer bank if an error is discovered in the 
manual typing within the lot number, quantity, 
price, or credit sections. The error in the man 
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of contacts EKa, connection b-35 (turn to the 
bottom of Fig. 21b), the normally closed side of 
contacts RHC, switch contacts SWa-- (closed 
when the feeler of switch SW-EF advanced 
from home position), release magnet SWR-, 
line 2. 
A circuit is formed, coincidentally with the 

above circuit, through coil 43', as previously 
traced. ' 

Energization of magnet SWR - restores 
Switch SW-# to home position. '.. 

Coil 43 energized by the parallel circuit opens 
contacts 43a (Fig. 21e) in coil if f circuit #2 
causing opening of contacts fla (Fig. 21a) in 
the key coils circuit, coil 40 circuit, and coll 26 
circuit, preventing further entry of price values 
into the value retainer bank. 

Coil 43 also closes contacts 43b (Fig. 21g) 
to energize the release key solenoid 322-R, the 
result of which is the initiation of a card eject 
and feed cycle, as described before. 
When the operator has already typed the price 

and quantity values and multiplication has be 
gun but is not completed, the operation of the 
error key opens the stick circuits of the value 
coils, as explained above, causing contacts &b 
(Fig. 21d) to open. Further, since magnet RH 
is deemergized, contacts RHe in the circuit of 
magnet SWM-2 (Fig. 21e) reopen, prevent fur 
ther advance of the switch SW-#2, and multi 
plication ceases. Contacts RHd (Fig. 21f) open, 
breaking clutch circuit #8, and the cycles of 
shaft 36 stop when the clutch shunt circuit 
breaks. The product bank is then reset by oper 
ation of Switch SW-PR. 
While there has been shown and described and 

pointed out the fundamental novel features of 
the invention as applied to a single modification, 
it will be understood that various omissions and 
Substitutions and changes in the form and de 
tails of the device illustrated and in its operation 
may be made by those skilled in the art, Without 
departing from the spirit of the invention. It 
is the intention therefore to be limited only as 
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ual typing of a simple credit item in the credit - 
Section must be discovered before the last digit is 
typed, as otherwise, magnet RH will be energized 
and will close contacts RHod (Fig. 21f) to initiate 
entry of the credit value into the total bank, as 
may be understood from the description of the 
simple credit entry given hereinbefore. The op 
eration of the error key causes deenergization of 
any value coils 4 which may have been ener 
gized before the error key was depressed. The 
error key operation also causes the switch 
SW-# to be restored to home position. When 
the error key is depressed, it opens the normally 
closed left side of contacts EKa and closes the 
normally open side thereof (Fig. 21a). The 
opening of the normally closed side of contacts 
EKa breaks the value coil stick circuits which 
may have previously been formed, deemergizing 
all the value coils 4. The closing of the nor 
mally open side of contacts EKa forms the fol 
lowing circuit (Fig. 21a) : 

Release magnet SWMR-1 circuit #2.-Line 
Of, connection b-34, the right, now closed side 
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indicated by the Scope of the following claims. 
What is claimed is: 
1. The combination with a recording unit 

having means to record data, on a sheet and 
data selecting means therefor, of a separate 
card punch unit having punches to punch co 
umns of a record card with data, designations, 
column-by-column punch selecting means con 
trolled by said data selecting means concomi 
tantly with and according to selection of data, 
for recording, and means for delaying effectivity 
of the data selecting means in selecting data for 
recording on said sheet until a predetermined 
card column and the punch selecting means are 
in correlation with one another. 

2. The combination with a recording unit 
having means to record data on a sheet and 
data selecting means therefor, of a separate card 
punch unit having punches to punch columns 
of a record card with data designations, punch 
Selecting means, mechanism for effecting relative 
movement between the punch selecting means 
and the card to effect column-by-column corre 
lation between the card and punch selecting 
means, means controlled by the data selecting 
means for controlling operation of the punch 
Selecting means according to the data selected 
for recording, and means rendered effective 
under control of said mechanism for enabling 
the data selecting means to select data for re 
COrding on the sheet only when a predetermined 



card column and the punch selecting means at 
tain correlation with one another. 

3. The combination with a typewriter or the 
like to type characters successively on a sheet 
and character selecting means therefor, of a 
separate card punch unit having punches to 
punch columns of a record card with character 
representations, column-by-column punch Se 
lecting means controlled by said character Se 
lecting means concomitantly with and according 
to the Successive typing of characters, and means 
for delaying effectivity of the character select 
ing means in selecting characters and causing 
typing thereof until a predetermined card col 
umn and the punch selecting means are in cor 
relation with one another. 

4. The combination with a typewriter or the 
like to type characters successively on a sheet 
and character selecting means therefor, Of a 
separate card punch unit having punches to 
punch columns of a record card with character 
designations, column-by-column punch Select 
ing means, mechanism for effecting relative 
movement between the punch selecting means 
and the card to effect column-by-column cor 
relation between the punch selecting means and 
the card, means controlled by the character Se 
lecting means concomitantly with and according 
to the typing of characters for operating the 
punch selecting means, and means under control 
of said mechanism for delaying effectivity of 
the character selecting means in causing typing 
of characters until a predetermined card col 
umn and the punch selecting means are in cor 
relation with one another. 

5. The combination. With recording means, Op 
erating means therefor, and character selecting 
means for causing the operating means to op 
erate the recording means to record Selected 
characters, of a card punch unit including 
punches for punching columns of a record card 
With character representations, punch selecting 
means controlled by the character Selecting 
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punch selecting means controlled by the char 
acter selecting means concomitantly with se 
lection of characters for recording, and means 
in the punch unit for causing operation of said 
devices to effect he spacing of the sheet with 
respect to the recording means. 

8. The combination with recording means to 
record characters on lines of a sheet, character 
Selecting means for the recording means, and 
devices operable to cause line spacing of the 
sheet, of a separate card punch unit having 
punches to punch a record card with char 
acter representations, panch selecting means 
Controlled by the character selecting means con 
comitantly with the selection of characters for 
recording, mechanism for moving the card with 
respect to the punches, and means controlled by 
said mechanism for causing operations of said 
devices to effect line spacing of the sheet with 
respect to the recording means. 

9. The combination with recording means to 
record characters on lines of a sheet, character. 
Selecting. means for the recording means, and 
devices operable to cause line spacing of the 
sheet, of a separate card punch unit having 
punches to punch a record card with character 
representations, punch selecting means controlled 
by the character selecting means concomitantly 
With selection of characters for recording, mech 
anism for ejecting a card from punching posi 
tion, and means controlled by said mechanism 
for effecting operation of said devices to cause 
line spacing of the sheet. 
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means concomitantly with the recording of the 
selected characters, a card Supply, mechanism 
for feeding cards from the supply to the punches, 
and means controlled by depletion of the cards 
for rendering said operating means for the re 
cording means ineffective. 

6. The combination with recording means, Op 
erating means therefor, and character Selecting 
means for causing the operating means to op 
erate the recording means to record selected 
characters, of a card punch unit including 
punches for punching columns of a record card 
with character representations, punch selecting 
means controlled by the character selecting 
means concomitantly with selection of chara,c- 
ters for recording for effecting selection of 
punches for punching of the correspondnig chair 
acter representations, mechanism for locating 
a card in punching position, means detecting 
failure of a card to be located properly in punch 
ing position, and means controlled by the detect 
ing means, upon detecting failure of a card to 
be located properly in punching position, for 
rendering the operating means of the recording 
means ineffective. 

7. The combination with a recording unit hav 
ing means to record characters on Successive 
lines of a sheet, character selecting means for 
the recording means, and devices operable to 
cause line spacing of the sheet, of a separate 
card punch unit having punches to punch a 
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10. The combination with recording means to 
record data, on lines of a sheet and devices op 
erable to cause line spacing of the sheet, of a 
card punch unit having punching means to 
punch data representations into a record card, 
mechanism for causing a card to be fed to the 
punching means, and means for causing Con 
joint operation of the said mechanism to feed 
a card to the punching means and of said devices 
to cause line spacing of the sheet so as to place 
a new line of the sheet in recording position co 
ordinately with the placing of a new card in 
punching position. 

11. The combination with typing means to type 
items on successive lines of a sheet and devices 
operable to cause line spacing of the sheet, of 
a card punch unit having means to punch rec 
ords with data representations, means for pre 
senting records, one at a time and in succes 
sion, to the punching means, and means to con 
jointly initiate Cperation of the record present 
ing means and operation of said devices so as to 
cause a new record to be presented to the punch 
ing means for each new line of the sheet line 
spaced to typing position. 

12. The combination with recording means to 
record data in different Sections of a sheet de 
pending on the classification of the data, data 
selecting means for selecting the data to be re 
corded, and section-selecting means for selecting 
a section of the sheet to receive the data, of a 
card punch unit having punches and punch se 
lecting means to control the punches for punch 
ing data and classification designations in col 
umns of a record card, means controlled by the 
data selecting means for causing concomitant op 
eration of the recording means and the punch 
selecting means according to selected data, and 
means controlled by the section-selecting means 
for causing operation of the punch selecting 
means to select a classification designation to be record card with character representations, 75 punched, 
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13. The combination as defined in claim 12, 

wherein mechanism is provided to effect column 
by-column correlation between the punch se 

- lecting means and the card and wherein means 
under control of said mechanism selects the card 
column to be punched with the classification 
designation. 

i4. The combination as defined in claim 12, 
wherein mechanism is provided to effect column 
by-column correlation between the punch select 
ing means and the card, wherein a plurality of 
section-selecting means are provided, each to 
select a different section of the sheet to receive 
the data recording, and wherein means under 
control of said mechanism and each section se 
lecting means selects a different column of the 
card to be punched with a classification designa 
tion depending on which section-selecting means 
is effective. 

15. The combination with a recording unit hav 
ing means to record data which may be of dif 
ferent classifications, data selecting means, and 
classification determining means, of a separate 
card punch unit having punching means to punch 
a record card with data and classification des 
ignations, punch selecting means, means con 
trolled by the data selecting means for con 
comitantly selecting data to be recorded and op 
erating the punch selecting means to select 
punches for the punching of corresponding data 
representations, electrical means selectively con 
ditioned under control of the classification deter 
mining means, and means under control of Said 
electrical means when conditioned according to 
a particular data classification for causing the 
punch selecting means to select a classification 
designation to be punched in a card column. 

16. The combination with a typewriter or the 
like having means to type the digits of an amount 
in columns of a sheet and column Spacing means 
to effect column spacing between the sheet and 
the typing means, of amount selecting means and 
a card punch unit having means to punch Zero 
and significant digit designations in columns of 
a record card, and means controlled by the 
amount selecting means for concomitantly con 
trolling selection of the punching means for 
punching of designations of the digits of an 
amount and operation of the typing means to 
type said digits and including means for caus 
ing selection of the punching means for punch 
ing of zero designations preceding the first signi 
ficant digit designation and concomitantly caus 
ing operation of the column spacing means with 
out accompanying typing operation. 

17. In combination, a recording unit having 
means to support a sheet and means to print 
data on said sheet, data selecting means there 
for, a separate punching device having punches 
to punch data designations into a record me 
dium, means to locate the record medium and 
punches with respect to one another in punch 
ing position. for the punching of data designa 
tions related to the data to be printed, punch 
selecting means controlled by the data select 
ing means according to the data selected for 
printing, and means to delay operation of the 
data selecting means in selecting data for print 
ing until the record medium and punches have 
been located with respect to one another in said 
punching position. 

18. In a combination calculating, recording 
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31. 
and punching machine wherein a derived amount 
is obtained by calculation, recording means to 
record said amount on a sheet, punching means 
to punch a record medium with designations re 
lated to said amount, amount manifesting means 
automatically settable according to the derived 
amount, devices controlled thereby for concomi 
tantly selecting the amount to be recorded and 
the related designations to be punched, and 
means for delaying operation of said devices, 
after the amount manifesting means have been 
Set, until the record medium and punching 
means are in proper correlation with one an 
other. 

19. In combination, recording means to record 
data on a sheet, punching means to punch a 
record medium with related data designations, 
Settable multidenominational order amount 
manifesting means, automatic means controlled 
by the amount manifesting means, after the set 
ting thereof has been completed, for causing the 
recording means to record the manifested amount 
and the punching means to punch the related 
designations, and means to delay operation of 
Said automatic means pending proper position 
ing of said sheet with respect to the recording 
leaS. 

20. The combination as defined in claim. 19, 
and means for further delaying operation of 
Said automatic means until the record medium 
also is in proper punching position. 

2i. In combination, a punching unit having 
punches to punch data and classification des 
ignations into a field of columns of a record me 
dium, a plurality of data manifesting means, 
means to select the punches for punching data, 
designations into the same field of columns of 
the record medium under control of one or an 
other of the data manifesting means, means to 
Select which data manifesting means is to con 
trol the punch selection, and means to punch a 
classification designation in the record medium 
when One of Said data manifesting means is in 
punch-Selection control. 

22. In combination, a punching unit having 
punches to punch columns of a record medium 
with classification and data designations, col 
lumn-by-column punch selecting devices, mech 
anism for effecting relative movement between 
the record medium and the punch selecting de-- 
vices to effect column-by-column correlation 
therebetween, data selecting instrumentalities to 
Select data of a particular classification and to 
control the punch selecting devices according to 
the data, means to cause the punch selecting 
devices when in correlation with a predetermined 
column of the record medium to effect punch 
Selection for a classifying designation, and man 
ual control means optionally and preliminarily 
Operable, before the predetermined column and 
punch selecting devices are in correlation, for 
determining that the first-named means is to 
be effective. 

23. The combination as set forth in claim 22, 
Said first-mentioned means including means con 
trolled by the aforementioned mechanism when 
said predetermined column and the punch se 
lecting means are in correlation with one an 
Other. 

CAR. D. LAKE. 
FRANCIS E. BAMLTON, 
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