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This invention relates to record controlled rec 
Ord distributing machines. 
The primary object of the present invention is 

to provide a record distributing machine which 
is more flexible in its operation than machines 
now commercially available, 
An object is to provide a record distributing 

machine which is particularly well adapted for 
census and related statistical purposes. 
An object is to provide a record distributing 

machine which is capable of distributing records 
and segregating then in accordance with various 
combinations of data or data relationships which 
may have a particular statistical significance. 
An object is to provide a record distributing ma 

chine in which the distribution of the records may 
be effected in accordance with arbitrary reclassi 
fications or predetermined relationships of the 
data on the records. 
An object is to provide a record distributing 

machine in which various facilities for certain 
kinds of special record distributing operations, 
such as serial number sorting and length of name 
sorting, are greatly simplified and arranged for 
more flexible and convenient operation, thereby 
avoiding the use of the various special devices 
with which commercial sorting and record dis 
tributing machines have in the past been 
equipped, the installation of certain of which 
often interferes with or prevents the installation 
of other special devices. 
An object is to provide a record controlled dis 

tributing machine with means for detecting pos 
sible errors in punching the data in the records 
in order that records having data which appears 
to be inconsistent with Well known facts may be 
segregated for the purpose of visually checking 
the data to ascertain if the records have been in 
correctly designated. 
An object is to provide a record distributing 

mechanism having various special controls for 
selecting and distributing cards in accordance 
with certain arbitrary designations such, for ex 
ample, if the records are punched odd or even in 
a particular column or field. 
An object is to provide a record distributing 

machine with means for recoding or reclassify 
ing the data on the records for the purpose of 
controlling an arbitrary distribution of the data 
or an arbitrary distribution of the record in ac 
cordance with the recoded data. 
An object is to provide a record distributing 

machine with means for counting and tabulating 
the number of records having particular kinds of 
data, data relationships, or reclassified data. 
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An object is to provide a record distributing 

machine which is capable of simultaneously dis 
tributing the records in accordance with prese 
lected original data designated on the records or 
recoded data and counting the number of records 
having either the original data or recoded data. 
An object is to provide a record distributing 

machine which has a very large capacity for 
counting data, either original or reclassified, des 
ignated in the records. 
An object is to provide a record distributing 

machine having provisions for arbitrarily reclassi 
fying the data on the control records and/or sort 
ing and counting the records in accordance with 
the reclassified data. 
An object is to provide a record distributing 

machine having provisions for checking the op 
eration of the record distributing mechanism 
against the original data or reclassifled data to 
insure that the record Will be actually distributed 
or segregated in accordance with the original data 
designations or recoded data. 
An object is to provide a means for checking 

the distribution of the record in accordance with 
original data or recoded data which is controlled 
by the actual position of the record in the record 
distributing mechanism. 
An object is to provide a record distributing 

machine of the type described having provisions 
for counting records in accordance with original 
data or reclassified data and checking the count 
against the total number of records. 
An object is to provide a record distributing 

and counting machine with means for proving 
the totals obtained by the Counting means. 
An object is to provide a record distributing 

machine of the class described in the foregoing 
objects with means for printing the accumulated 
totals of the counting devices. 
An object is to provide a record distributing 

machine having flexible controls for counting, ac 
cumulating, classifying, reclassifying, checking, 
Comparing, Cross-checking, editing, and printing 
of the accumulated totals under control of origi 
nal data recorded on the records. 
An object is to provide a record distributing 

machine with means for effecting a flexible de 
talled analysis of the data on the records and 
carrying out checking, sorting, counting, totaling, 
and record distributing operations in accordance 
with the analysis of the data designated on the 
records. 
Summarizing the foregoing objects, the princi 

pal object of the present invention is to provide 
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an extremely flexible record distributing machine 
in which there are unlimited possibilities for the 
tabulation and distribution of records in accord 
ance with data designated on the records by any 
suitable means such as perforations, conductive 
marks, or any of the other well known means 
for recording data, 

In the present instance, the machine will be 
illustrated with reference to perforated records 
of the type used in the well known Hollerith or 
"IBM' System of recording accounting and sta 
tistical data. It will be understood, however, that 
Such novel inventions as may be disclosed herein 
are not limited to records having perforations 
but they may be used with other means of desig 
nating records such as the well known conductive 
marks which are the means of controlling certain 
well known types of machines, 
The inventions disclosed herein will be de 

Scribed with reference to an electronic means of 
sensing the data in the records and translating 
such data into electrical impulses which are uti 
lized to control the functions of the machine, and 
for this purpose, the invention is disclosed as 
having electrical sensing brushes which may be 
connected to the control electrodes of electronic 
tubes. It is clear, however, that the brushes might 
be replaced by photocells or similar devices which 
do not necessarily have any direct contact with 
the record for the purpose of analyzing the data, 
or by a frictional sensing device. 
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 con 
templated, of applying that principle. 

In the drawings: 
Fig. 1 is a perspective view of the machine as 

viewed from its right-hand end. 
Figs. 2A and 2B together form a plan view of 

the machine with part of the cabinet removed. 
Fig. 3 is a view showing the main driving con 

nections which are located at the left-hand end 
of the machine in Fig. 1. 

Fig. 4 is a large Scale plan view of the card 
hopper and the card feeding mechanism. 

Fig. 5 is a vertical section on the line 5-5 in 
Fig. 4. 

Fig. 5A is a detail view of the card lifter latch. 
Fig. 6 is a large scale vertical section showing 

the sort checking contact strip. 
Fig. 7 is a view similar to Fig. 6, but showing the 

sorting control magnet energized under control 
of a '1' impulse. 

Fig. 8 is a vertical section on the line 8-8 in 
Fig. 6. 

Fig. 9 is a plan view partly in section showing 
the sort checking contact strip. 

Fig. 10 is a plan view of the commutator strip 
for one of the carriages. 

Fig. 11 is a large Scale vertical section of the 
sort checking contact strip taken on the line 
f-f in Fig. 10. 
Fig. 12 is a vertical section on the line 2-2 

in Fig. 2A. 
Fig. 13 is a vertical section on the line 3-3 

in Fig. 2A. 
Fig. 14 is a large scale view of the type bar 

controlling mechanism and checking contact 
mechanism on a larger scale than in Fig. 13. 

Fig. 15 is a front view of the lower part of the 
printing mechanism shown in Fig. 2B. 

Fig. 16 is a large scale view of the escapement 
mechanism and its operating magnet. 
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4. 
Fig. 17 is a detail view showing the escapement 

pawls and rack. 
Fig. 18 is a large scale vertical section of the 

carriage return clutch mechanism. 
Fig. 19 is a view showing the line spacing mech 

anism for one of the carriages. 
Fig. 20 is a rear elevation of the printing mech 

anism shown in Fig. 2A. 
Fig. 21 is a detail view of the carriage return 

clutch tripping mechanism and the marginal 
stops for the carriage shown in Fig. 2A. 

Fig. 22 is a view similar to Fig. 21 of the car 
riage return tripping mechanism and marginal 
stops for the carriage shown in Fig. 2B. 

Fig. 23 is a vertical section on the line 23-23 
of Fig. 15 and shows the print clutch. 

Fig. 24 is a vertical section on the line 24-24 
in Fig. 2A and shows the drive gearing for the 
high speed emitter and circuit breakers. 

Fig. 25 is a vertical section on the lilne 25-25 
in Fig. 2A showing the high speed circuit breakers. 

Fig. 26 is a vertical section on the line 26-26 
in Fig. 2B and shows the print emitter. 

Fig. 27 is a vertical section on the line 27-2T 
in Fig. 2B and shows the low speed circuit break 
ers and their driving connections. 

Fig. 28 is a vertical elevation of one of the ac 
cumulator units. 

Fig. 29 is a horizontal section on the line 29-29 
in Fig. 28. 

Fig. 30 is an end view of the accumulator unit. 
Fig. 31 is a vertical section on the line 3-3 

in Fig. 28. 
Fig. 32 is a vertical section on the line 32-32 

in Fig. 29. 
Fig. 33 is a vertical section on the line 33-33 

in Fig. 29. 
Fig. 34 is a vertical section on the line 3,434 

in Fig. 29. 
Fig. 35 is a vertical section on the line 35-35 

in Fig. 31. 
Fig. 36 is a vertical elevation of one of the unit 

Counters. 
Fig. 37 is a plan view of the counter shown in 

Fig. 36. 
Fig. 38 is a vertical section on the line 38-3a 

of Fig. 36. 
Fig. 39 is a vertical section on the line 39-39 

in Fig. 37. 
Fig. 40 is a vertical section on the line 40 

in Fig. 37. 
Fig. 41 is a view of the face of the plugboard. 
Fig. 42 shows a specimen of the form sheet. 
Fig. 43 is a large scale detail perspective view 

showing the first card lever contacts. 
Fig. 44 is a view showing the card hopper con 

tacts. 
Fig. 45 is a view similar to Fig. 35, but showing 

one of the readout commutators for certain unit 
counters. 

Fig. 46 is a view of the marking device. 
Figs. 47A and 47B taken together comprise an 

electrical timing chart. 
Figs. 48A to 48X comprise a wiring diagram of 

the machine. 
Figs. 49A to 49R are plugboard charts showing 

the plugging of the machine for various kinds 
of Operation, 

Figs. 50A to 50E are partial wiring diagrams 
showing the effect of the plugging arrangements 
disclosed in Figs. 49K to 49N, 49Q, and 49P, in the 
Order named. 

I. FRAMEWORK AND CABINET 

The bulk of the mechanism of the machine is 



8,658,882 
5 

founted on the top face of a large rectangular 
base casting 100 (Figs. 2A and 2B) which is suit 
ably supported on a framework which includes 
the legs fol (Fig. 3) and various cross braces 
and sub-frames (not shown) which support the 
non-mechanical components such as the elec 
tronic and electric control devices, power supply, 
the accumulators, the relays, and the item 
counters. 
The machine is enclosed by a suitable cabinet 
2 (Fig. 1) provided with a series of panels O2a. 

which may be removed for access to the relay 
racks, the units counter, the electronic tubes, 
and the power supply of the machine. Similar 
panels are provided in the rear of the machine 
for access to the electric components mounted in 
the base. At the right-hand end of the machine, 
the cabinet 02 is provided with two articulated 
panels 02b which are movable to expose the plug 
board for effecting changes in the plugging, or 
substitution of a different prewired plugboard, if 
necessary. 
Mounted on top of the base casting to are 

the card feeding and analyzing mechanism and 
the card distributing mechanism which herein 
after may be collectively referred to as the sort 
ing mechanism. This group of mechanisms takes 
up approximately one-half of the top surface of 
the base casting and, with certain modifications, 
is constructed very similarly to the well known 
"International' card sorting machine. Since 
this machine is now well known in the art, it 
will be described only very briefly herein with 
such modifications as are necessary for the spe 
cial functioning of the machine as described in 
detail hereinafter. 

I. SORTING MECHANISM 
The sorting machine section of the machine 

comprises a hopper H (Figs. 1, 2A, 4, and 5) which 
receives the perforated cards C and includes the 
usual follower weight W which keeps the cards 
flat in the hopper against any tendency to curl. 
The hopper H is provided with the usual card 
pickers 03 (Figs. 2A, 4, and 5) mounted on the 
picker slides 04 which have pin and slot con 
nections to the arms 05 on the shaft O6. The 
arms 05 and shaft 06 are oscillated by means 
of links 07 connecting said arms to suitable 
cranks (not shown) formed in the crank shaft 
O8 journalled in the framework. 
With each single revolution of the crank shaft 
08, a card is ejected to the left (Figs. 4 and 5) 

from the hopper H and is gripped by the first 
feed rollers 09 which are suitably journalled : 
in the framework. The feed rollers 09 carry 
the ejected card to the left past the contact roller 
CR and the card sensing brushes B of which 
there is one provided for every column in the 
record card. 
The machine disclosed in the drawings was 

designed for use with standard 80-column 
"IBM' cards; consequently, the machine is pro 
vided with 80 brushes B which are mounted in 
a block of insulating material to removably 
mounted in the framework. 
To the left of the contact roller CR (Figs. 2A, 

4, and 5) the ejected card is tripped by the feed 
roller and the idle roller 2, and by then is 
carried to the left to a third set of feed rollers 

3. The latter feed rollers advance the card to 
the left past the ends of the sorting blades 4, 
of which there are twelve, to the first of a series 
of pairs of feed rollers 5 at regular intervals 
from right to left (Figs. 2A and 2B) to carry 
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the cards to the sorting pockets. These pockets 
are designated RP and OP to 9P, respectively, 
there being a pair of feed rollers 5 for each of 
these pockets. 
The sorting pockets are provided with the 

usual card platforms 6 (Fig. 5) upon which 
the cards fall when they reach the pocket and 
Which platforms descend under the Weight of 
the cards until the pocket is full. In accordance 
With the usual practice, the card platforms ac 
tuate mechanism which operates the full pocket 
contacts FPC which are opened whenever any 
pocket becomes overfull of cards and controls 
the motor circuites to stop the machine. These 
contacts are well known in the machines of this 
type and for that reason will not be described 
in detail herein. 
The picker knife shaft to and the shafts for 

the feed rolls 09, , 2, 4, and 15 are 
driven by a high speed shaft (Figs. 2A, 2B, 
and 4) through suitable Worms Ta formed on 
the shaft it and worm wheels 8 secured to 
the various feed roller shafts and the cross shaft 
O8. The shaft T is provided with a pulley 9 

at its left-hand end (Figs. 2B and 3) connected 
by a belt 20 to a pulley (9a on the shaft 20 
of the driving motor (not shown) whereby the 
shaft T is driven continually while the machine 
is in operation. 
Meals are provided for preventing the ejection 

of cards from the hopper H under certain con 
ditions. This means includes a Series of four 
card lifter levers 22 (Figs. 1, 2A, 4, and 5) which 
are shaped to extend underneath the cards in 
the hopper on each side of the picker knives (3. 
The vertical arms of levers 22 are joined to 
gether by a cross rod 23 which passes through 
all of the levers and is secured thereto. Short 
shafts 24, each passing through only two of the 
levers 22 and secured thereto, have one end of 
each journalled in a suitable fixed bearing so that 
all of the levers 22 and the cross shaft 23 pivot 
as a unit about the short shafts 24 which act 
as trunnions for the rigid frame including the two 
shafts 23, 24, and the levers 22. The vertical 
arms of the two central levers 22 are longer 
than the others and are provided with a fixed 
cross rod 25 on which is pivoted a latch 26 
(Fig. 5) urged in a clockwise direction by a tor 
sion spring 27 partly wound around the shaft 
25. Normally the latch 26 is clear of a pin 
28a carried by a cam follower lever 28 jour 
nalled on a fixed pivot 29 carried by the frame 
work. The shaft 08 carries a cam 30 cooperat 
ing with a roller on the can follower lever 28. 
The latch 26 is connected by a link 3 to the 
armature 32 cf the card feed magnet CFM. 
When the magnet CFMI is energized, the latch 
26 will be drawn downwardly by the link 2 
and hook over pin 28a. The latch 26 will then 
be drawn to the left by the lever 28 and rock 
the card lifter assembly including the levers 22 
in a clockwise direction and raise the rear edges 
of the cards C in the hopper H high enough so 
that the picker 03 will be cleared and therefore 
unable to eject a card from the magazine. When 
the card lifter frame has been actuated in this 
fashion a latch 33 (Fig. 5A) snaps over a rec 
tangular latch lug 25a formed in the rear end 
of the cross rod 25 and holds the card lifter 
frame in shifted position. The latch 33 is con 
nected by a link 38 (Fig. 5) with the armature. 
35 of the card feed magnet CFM2. This arma 

ture is normally urged in a counterclockwise 
direction by a spring 36. Normally, when the 



machine is feeding cards, the latch f is pressed 
upwardly by the spring 36 into engagement 
with the lower side of the rectangular lug a 
and the spring 36 causes the latch to Snap be 
hind the lug .25a whenever the card lifter frame 
is operated as described. Energization of the 
card feed magnet CFM2 pulls down the link 
and releases the latch 33 from the lug 25a and 
allows the card lifters to restore to the position 
of Fig. 5, assisted by the weight of the cards C 
and the follower weight W. 
The mechanism for controlling the distribu 

tion of the cards to the different sorting pockets 
is shown in Figs. 5 to 9. This includes the sort 
controlling magnet SCM, commonly called the 
sorting magnet, which is fixedly mounted in the 
framework between the shafts for the feed rollers 

3, and the first pair of feed rollers is approxi 
mately midway between the ends of a card fed 
thereby. Cooperating with the magnet SCM is 
an armature plate 40 which is pivotally mounted 
on two fixed studs fall which have reduced pivot 
portions loosely received in holes in the plates 
40. The plate is arranged with its vertical axis 

of symmetry, with reference to Fig. 9, disposed 
crosswise of the line of feed of the cards and is 
formed with a stop portion 4.0a held in engage 
ment with a stop screw 42 carried by the frame 
work by a spring 43 anchored to the plate 40 
by means of a cotter pin 44. When the magnet 
SCM is energized, the plate 40 will be rocked 
downwardly or counterclockwise (Fig. 8). 
The sorting blades 4 are reduced in size ad 

jacent the plate 40 and will be allowed to drop 
when the plate 80 is actuated by the magnet 
SCM according to the position of a card passing 
the ends of the blades at the time of energization 
of the magnet SCM. Fig. 7 shows the position 
taken by the blades 4 when a '1' impulse is 
transmitted to the magnet SCM. This impulse 
will occur at a time when the card C (Fig. 7) has 
passed underneath the ends of the first eight 
blades and will allow that card to pass between 
the blade leading to the 1 pocket and the blade 
leading to the 2 pocket whereby the card will fall 
into the 1 pocket. In Figs. 6 and 7, the small 
numbers 0 to 12 and the letter R. designate the 
spaces between the blades into which the card 
must pass to be conveyed to the correspondingly 
numbered sorting pockets, the letter R, referring 
to the reject pocket. If no impulse is transmitted 
to the magnet SCM by the time the card has been 
advanced as far as shown in Fig. 6, the card will 
be conveyed to the reject pocket RP (Fig. 5). 
The small numbers 0 to 12 and the letters RP in 
Figs. 2A and 2B indicate the positions of the sort 
ing pockets. 

... SORT COMPARING 
Provision is made for comparing the Sorting 

controlling impulses with the actual position of 
the card as it passes the sorting blades in order 
to make sure that a card which should go in a 
particular pocket is properly positioned to pass 
into the space between the blades leading to that 
pocket. This is known as "sort checking.' This 
checking means includes a contact strip consist 
ing of a sheet of insulating material 49 fixed to 
plate 80 (Figs. 5 to 9 and 11) and having a series 
of twelve conductive inserts 45a disposed in a 
row transversely of the plate 40, parallel with 
the line of feed of the cards. There is an insert 
45a located opposite each of the reduced por 

tions of the sorting blades 4 and the reduced 
portions normally rest on the conductive inserts 
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8 
when there is no card passing the blades as illus 
trated at the left in Fig. 7 by those blades which 
are not supported by the card C. The blades it 
are insulatably mounted in the machine and form 
a common electrical connection to such of the 
inserts dia, as are not held up by the card. The 
inserts 45a are electrically connected by means 
of strips of conductive material 45b (Figs, 9 and 
11) to the terminal rivets 45c to which are 
suitably fastened, as by soldering or Welding, the 
wires 5d of a cable which connects the indi 
vidual inserts 45a to the control circuits of which 
they are part. The manner in which the cir 
cuits closed by the blades 4 by contact with the 
conductive inserts 45a control the machine will 
be made clearer hereinafter in describing the 
operation of the machine with reference to the 
circuit diagram. 

W. PRNING MECHANISM 

The printing mechanism is designed for print 
ing in columnar form on large multicolumn re 
port sheets. Sixty units counters are provided 
and it is desired to print all of the totals in these 
counters on one line. Since the counters are of 
four digit capacity, this would require a work 
sheet wide enough to handle at least 240 digits 
and the printing of this large number of totals 
requires a great deal of time unless a type bar 
is provided for each digit position. This is not 
economically feasible and the problem is solved 
by dividing the work sheet into two two-part sec 
tions and providing two carriages, one for each 
two-part section of the work sheet. The printing 
mechanism is divided into four banks each con 
taining four type bars and all of these banks are 
operated in a single printing cycle to print four 
totals in four columns of the work sheet. By 
dividing the Sixty unitS counters into groups of 
fifteen, it is possible to print the sixty totals in 
only fifteen printing cycles, the totals corre 
sponding to a group of fifteen of the counters 
being printed by a succession of fifteen printing 
cycles after each of which the carriage carrying 
the form for the reception of such totals is spaced 
to the next column. 

Figs. 1, 2A, and 2B show the two carriages for 
the two two-part sections of the work sheet in 
which the left-hand carriage is designated LHC 
and the right-hand carriage RHC. These car 
riages are standard 20' typewriter carriages, 
each comprising the end plates 50 (see Figs. 12, 
13, 19, and 20 also) which are joined by a chan 
nel shaped member 5 formed as a track for 
the bearings 52 slidably mounting the carriage 
on the front rail S3 and the rear rail 54. The 
carriage includes the usual rotatably mounted 
platen 55, the paper bail 56, and the paper 
table 57. Suitable pressure rollers 55a and 
paper deflector 55b (Fig. 13) of usual form co 
operate with the platen 55 to press the two-part 
work sheet section against the platen and enable 
the latter to feed the work sheet Section. The 
platen 55 in each case is provided with the usual 
platen rotating knobs 55c. 
On account of the great length of the platen, 

the rails 53, 5 must be of considerable length 
and extend out from the supporting framework 
for the rails a considerable distance. In order 
to maintain rigid Separation and accurate paral 
lelism of the rails 53, 54, they are intercon 
nected at their outer ends by yokes 58 (Figs. 12 
and 19). The rails 58, 54 are secured to yokes 
59 (Fig. 13), of which there are two for each 
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carriage, and these yokes 59 are mounted on the 
support plates 60 for the printing banks. There 
are two printing banks for each of the carriages 
and consequently two plates 60, or four in all, 
each of which supports the mechanism for a 
printing bank comprising four type bars 6 for 
printing four-digit amounts. 

Fig. 42 shows the layout of one two-part sec 
tion of the form sheet and has a capacity as 
shown by the numbers 1 to 30 at the top for re 
cording thirty unit counter totals. This two-part 
sheet may be inserted in the left-hand carriage 
LHC disclosed in Fig. 2B while an identical sheet 
may be inserted in the right-hand carriage and 
will be similar except that the columns will be 
numbered 31 to 60. Additional columns headed 
"Amount' and "Sort' and two columns headed 
with an asterisk are provided for a purpose which 
Will be made clear hereinafter. 
The plates 60 are spaced apart a distance such 

that tho totals in counters , 6, 3, and 46, for 
example, will be printed simultaneously in a sin 
gle print cycle in the correspondingly numbered 
columns Of the two sections of the Work sheet. 
The four print banks are substantially identical 

in construction, therefore a description of one 
will Suffice for all. The mechanism associated 
with each print bank is carried by the plates 60 
corresponding to such banks. Figs. 12 to 15 and 
20 serve to illustrate the mechanism associated 
with a single printing bank. 
The two plates 60 associated with each car 

riage are joined together by a top plate 62, the 
two carriage rails 53, 54, a cross frame f63, and . 
cross bars 64, and are secured to the base 00 
by means of suitable brackets 65. The type 
bars f6 are of conventional form and each group 
is slidably mounted at their upper ends in spaced 
slots in a guide bracket 66 (Fig. 13) secured to 
the right-hand face of the associated plate 60. 
The type bars are provided with the usual zero 
pawls 67 pivoted on a block 68 carried by 
bracket (66. These pawls 67, in a well known 
way, cause automatic printing of zeros to the 
right of each significant figure. 
A, their lower ends each group of type bars 

6 is slidably mounted in a frame f69 (Figs, 13, 
14, and 15) which is vertically slidably mounted 
on two guide rods T0. 
supported on the plates 60 by means of the blocks 
7. Pivotally mounted on an extension of the 

frame 69 are the arms T2 of which there is one 
for each type bar 6. These arms have rounded 
ends and shroud plates engaging the lower ends : 
of the type bars and are spring urged in a coun 
terclockwise direction (Fig. 13) by the springs 
T2a anchored to a bracket 73 carried by the 
frame 69. If the frame 69 is raised, the type 
bars 6 will be carried along with the frame by 
virtue of the fact that the arms T2 hold stop 
lugs 6d formed in the type bars up against a 
part of the frame 69. If any of the type bars 
are stopped in positions indicating numerical 
values, the springs 72a for the stopped type bars 
are stretched, but the frame continues its up 
ward travel. 
The Selective stopping of the type bars to rep 

resent different digits is effected by the print 
magnets PM, the armatures 74 (Figs. 13 and 14) 
of which have a latching relation with the stop 
pawls 5, each magnet PM having associated 
with it an armature f and a stop pawl 75. 
These stop pawls are pivoted on a stud is and 
urged in a clockwise direction by springs Tia. 

The guide rods 70 are 
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The pawls are normally latched in the position 
shown in Figs. 13 and 14 by the armatures of the 
associated magnets PM. Provision is made for 
initiating impulses at timed points in a cycle of 
operation of the machine to represent the various 
digits. If, for example, a '1' impulse is initiated, 
the magnet PM for the type bar which is to be 
operative will be energized at the '1' point in 
the cycle and release the associated pawl 75. 
The upward movement of the frame 69 is ef 
fected in a definite time relation to the emission 
of the digital pulses so that the type bar will be 
positioned at the time the '1' impulse occurs 
with its "1' type about to move to the printing 
line. Each type bar is provided with rack teeth 
6 fib corresponding in number to the digital posi 

tions 0 to 9 and the release of the pawl TS at '1' 
in the cycle will cause it to engage the proper 
tooth in the type bar to arrest it with the "1" 
type presented at the printing line. 

After the printing has been effected, the tripped 
pawls 5 are restored to latching relation with 
their armatures 74, by means of a bail (Figs. 
13 and 14) which is pivoted on the stud 6 carry 
ing the pawls 5. This bail is rocked in a coun 
terclockwise direction by an arm pivoted at 

9 and engages one of the artins of the beil T. 
The arm TT is held in the position shown in Figs. 
13 and 14, in engagement with a stop pin 80, by 
means of a spring 8. When the arm T B is 
rocked clockwise, the bail TT is rocked counter 
clockwise and engages those pawls 5 which 
have been tripped and restores them to latching 
relation with their armatures 4. 
The frames 69 for a pair of printing banks 

are operated by means of cams 82 (Figs. 12 and 
15). The cans B2 for two printing banks are 
fixed to a single shaft 83 which is journalled in 
a pair of the pletes 60 associated with one of 
the carriages. Each frame 69 has an extension 
69a (Figs. 12 and 15) carrying roller 69b co 

operating with a cam slot 82a in the can 82. 
The cam is so shaped that the frame 69 is raised 
at a uniform rate during the period in which the 
digital impulses are emitted to the print magnets 
PM then dwells for a period to permit operation 
of the printing hammers and finally provides for 
withdrawal downwardly of frame 69. 
The pivot 79 for arm T S comprises a short 

shaft which is journalled in the plate 60 and 
has secured to it an arm 85 (Figs. 2A, 2B, 3, 12, 
15, and 20) cooperating with a pin 86a carried 
by a gear 86 journalled on a stud BT carried by 
the plate 60. The gear 86 meshes with a gear 
88 fixed to the shaft f3. It is apparent that, 
near the end of each operating cycle, the pins 
186a will strike the ends of the arms 85 and rock 
them counterclockwise (Fig. 12) thereby rocking 
the arms f clockwise (Figs. 13 and 14) to ac 
tuate the pawl restoring bails TT and restore the 
tripped pawls to latching relation with their 
armatures . 

For the purpose of printing from the types on 
the type bars 6 each printing block is provided 
with four printing hammers 89 (Figs. 2A, 2B, 
and 13) which are pivoted on a shaft 90 which 
is journalled in the plate 60 and in a bracket 
9 (Fig. 13) also mounted on the plate 60. Se 
cured to the shaft 90 is a hammer Operating 
frame 92 formed with a guide comb 92a to 
space the printing hammers 9 apart and the 
ends of the slots act as stops for the printing 
hammers to limit counterclockwise rotation 
thereof under the influence of springs 3 an 
chored to arms forming part of the hammer and 
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to the frame 92. Secured to the shaft 90, on 
the opposite side of plate 10 (Fig.12), is a can 
follower arm 94 which is urged in a counter 
clockwise direction by a spring 9 against the 
periphery of the hammer operating cen 96. 
This cam has a drop which, at the time in the 
cycle when the type bar operating cams are 
dwelling, releases the arm 94 suddenly and al 
lows the spring 95 to rock the shaft 90 and 
the frame 92 in a clockwise direction (Fig. 13). 
Each arm 94 is suddenly arrested by engagement 
with an adjustable stop 94a (Fig. 12) Carried by 
plate 60 before the type bar operating projec 
tions 89a of the hammers 89 strike the heads 
of the type elements sc, but the inertla of the 
printing hammers causes them to continue and 
drive the selected types against the paper through 
the inking ribbon 9T. The cems 9 are secured 
to gears 96a journalled at 196b on the plates 80 
and meshing with gears 6. 
separate ribbon feeding and reversing mecha 

nisms are provided for each carriage which is 
common to the pair of printing banks associated 
with thet carriage. The mechanism for the 
right-hand carriage RHC includes the ribbon 
spools 98 (Fig. 2A) which are suitably rotatably 
mounted on the top plate 62. The ribbon 9 
passes from the right-hand spool (Fig. 2A) up 
wardly around a suitable rear guide roller 99 to 
the right, along the printing line for the right 
hand bank, around a similar rear guide roller 
99, thence forwardly to a guide roller 200 at the 

front right-hand corner of the plate 62, then 
to the left around a second front guide roller 99, 
across the printing line for the left-hand bank, 
and then to the left-hand spool 9. 
The ribbon feeding and guiding mechanism 

for the left-hand carriage is similarly con 
structed. Any suitable ribbon feeding and revers 
ing mechanism may be used and, since its specific 
construction forms no part of the present inven 
tion, the ribbon feeding mechanism will not be 
described in further detail. 
The printing mechanism is driven at a slower 

speed than the card feeding and distributing 
mechanism through driving connections which 
include a pulley 20 (Fig. 3) secured to the motor 
shaft 20, the belt 21 (see Figs. 2B and 15, also) 
and the pulley 22 secured to the shaft. The 
shaft 23 has secured to it a pinion 24 latching 
with a large gear 25 fixed to the shaft 26. 
The left-hand end of shaft 26 is journalled in 
a frame 27 at its left-hand end (Figs. 2A, 3, 
and 15) and at its right-hand end (Fig. 15) is 
journalled in the hub of a clutch arm 29 (Figs. 
15 and 23) secured to a shaft 220 journalled in 
three bearing frames 22 (see Figs. 2B and 20, 
also). Secured to the left-hand end of shaft 
26 (Fig. 15) is a clutch collar 222 having the 
notch 222a (Fig. 23). The clutch arm 29 has 
pivoted at 223a a clutch dog 223 provided with 
a tooth 223b shaped to enter the notch 222a. 
The dog 223 is urged in a clockwise direction so 
as to tend to engage the collar 222 by a spring 
224 anchored to the dog and to a pin carried 
by the hub of the clutch arm. Normally the 
clutch dog 223 is held clear of the collar 222 by 
a latch arm 225 pivoted at 226 to a magnet sup 
port plate 22T secured to the frame 22. The 
latch 225 is formed with an armature 225a, which 
cooperates with the coils of the print clutch 
magnet PCM carried by the plate 22. 
When the magnet PCM is energized, the clutch 

dog 223 is released and ultimately the tooth 22b 
will engage in the notch 222a and couple the 
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shafts 2 and 22). The mechanism shown in 
Fig. 23 is a conventional form of one-revolution 
clutch which is automatically relatched at the 
end of each single revolution and requires either 
a second impulse to the magnet PCM or that the 
magnet be maintained deemergized if more than 
One revolution of the shaft 220 is to be effected. 
The shaft 220 has secured to it two gears 228 

(Figs, 2A, 2B, 15, 20, and 23) which mesh with 
gears 229 fixed to the shafts 83 whereby the 
shafts 83 are driven by the shaft 220 whenever 
the shafts 2 and 220 are clutched together. 

W. CHECKING CONTACTS 
Associated with the printing banks are groups 

of checking contacts which are designed to close 
circuits representative of the actual stopping po 
sitions of the type bars. As will be made clear 
hereinafter, these circuits are utilized to check 
the accuracy of the printing of totals. 
The contact mechanism is best shown in Figs. 

13 and 14. Pivotally mounted at 69c, on a block 
f69d which guides the type bars 6 on frame 
69, is a series of contact operating interposers 

300 corresponding in number to the type bars. 
Each type bar has a shallow pin f6d coacting 
with a can surface 300a formed in the adja 
cent interposer 00. Each interposer 800 also 
has a pin 300b engaging the vertical straight 
Surface of a T-shaped contact operating plate 
30. The T-shaped contact operating plates 30 
are supported by pairs of parallel notion links 
302 pivoted at 304 to a relatively fixed part of 
the machine so that, for the relatively short 
stroke of the contact operating plates 30, the 
latter move substantially linearly. Spring 305 
anchored to the right-hand ends of the contact 
operating plates 30 urge the latter to the left 
to engage the vertical straight portions 30a of 
plate 30 with the pins 800b and press the in 
terposers 300 to the left into engagement with 
the pin 6d on the type bars, 
The contact operating members 80 are aligned 

with the type bars by means of a comb bracket 
306 (Fig. 14) mounted in the framework sup 
porting the links O2. A fixed comb 306a, guides 
the longer, horizontal shanks of plates 30. 
Secured to the rear end of each contact oper 

atting member 80 is an insulating block 30 lb 
having a vertical slot through which passes a 
contact wire O. The contact wires 30 are 
supported vertically in a contact block 308 of 
insulating material secured to the framework 
supporting the links 2 and the combs 30, 306d. 
Coacting With each contact wire 30 is a fixed 
contact element 309. The contact elements 307, 
309 comprise the checking contacts CKC. 
When the type bars rise during the course of 

the printing operation, the interposers 300 re 
main in the coactive relationship with the pins 
Sld shown in Figs. 13 and 14 until a type bar 

is arrested by one of the pawls 5. This causes 
the pin 6d to come to rest but the coacting 
interposer 00 will continue movement vertically 
and will be canned in a clockwise direction by 
the pin did thereby urging the contact oper 
atting plate of to the left and cause the contact 
wire 30 to engage the contact 809 and close con 
tacts CKC. These contacts close a circuit which, 
with reference to the point in the cycle at which 
it occurs, will represent the value at which the 
type bar is stopped. 

WI. CARRAGEE FEEDING MECHANISM 
Two carriage feed mechanisms are provided 

for effecting the column by column shift of the 
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carriages necessary to print in succession the 
totals on the work sheet. This mechanism for 
the right-hand carriage RHC consists of a con 
ventional carriage feeding spring motor 350 (Fig. 
20) which is connected to the carriage by means 
of a tape 35. These spring motors tend to feed 
the two carriages to the left in Figs. 1, 2A, and 
2B, or to the right in Fig. 20. Each carriage s 
provided with an escapement rack 352 (Figs. 12, 
13, 16, 17, and 20) with which cooperates a pair 
of conventional escapement pawls 85 (Fig. 17) 
which are pivotally slidably mounted at on 
a bracket ass carried by the rear rail 5 in each 
case. The rack is provided with teeth at inter 
vals of 1 whereas the pawls 353 are capable of 
sliding movement a small fraction of this distance 
and differ in length by one-half of a tooth space 
or one-half inch. 
coacting with the tails of the pawls is a 

pawl operating member 356 pivotally mounted on 
the same pivot 354 as the pawls 353. The paws 
353 are urged to the left and clockwise (Fig. 1) 
by separate springs 357 and normally one of the 
pawls always engages one of the teeth in te 
rack 352 while the other is approximately half 
way between such tooth and the next adjacent 
tooth on the right or left. In this position of the 
parts, the tail of the pawl which is engaging a 
tooth (illustrated by the bottom or back pawl 
in Fig. 17) will be pushed to the left against the 
pivota S4 by the tension of the carriage feeding 
spring motor 350, which is greatly superior in 
tension to the springs 357, thereby holding the 
tail of the pawl which is engaging a tooth in the 
path of the operating lug 356a on the member 3SS. 
Coacting with the lug Sa is an operating arm 

358 (Figs. 16 and 17) pivoted at 59 on a bracket 
360 carried by the rear rail B. Mounted on 
a bracket 163a carried by cross frame 3 is a 
bell crank 36 having a pin 86a engaging the 
lower end of the operating arm 35. This bell 
crank is actuated by a solenoid ES, which will 
hereinafter be termed the "escapement solenoid,' 
through a link 36 lb. 
When the solenoid ES is energized, it rocks . 

the bell crank 36 clockwise (Fig. 16) thereby 
actuating the operating arm 358 counterclock 
wise. This rocks the operating member 35 coun 
terclockwise (Fig. 17) and disengages the pawl 
353 which happens to be engaging the tooth in 
the rack 352 (the rear pawl 353 in Fig. 17) from 
such tooth and allows the carriage to move one 
half a tooth space. Before this movement is 
completed, the same tooth on the rack will en 
gage the second, or front pawl in Fig. 17, pawl 
353 and push it to the left as far as it will go 
against the tension of its spring 35 until stopped 
by the pivot 354. This moves the tall of the 
rear pawl 353 in front of lug 356a. As soon as 
the rear pawl 53 is released, it will be drawn 
to the right to a position a little more than 
half way between two teeth on the rack 852, 
clear of lug 356a in readiness for the next Spac 
ing operation. Thus, the pawls are alternately 
effective to space the carriage half the distance 
between the teeth or one column on the work 
sheets, 
The carriages are always Operated in unison 

by energizing both magnets ES together so that 
theoretically the carriages should always move 
in step in spacing the two sections of the work 
sheet so that the four totals which are sinul 
taneously printed in a single cycle will be spaced 
by fifteen columns from each other on the work 
sheet. However, it is possible that one carriage 
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night be incompletely returned and thus get out 
of step with the remaining carriage. For that 
reason, the two carriages may be intercoupled 
(Figs. 2A and 2B) by a tie rod 362. 
W. CARRAC RETURN MECHANISM 
Each carriage is provided with a carriage re 

turn mechanism which is mounted on a sub 
frame 40 secured to the right-hand frame plates 

0 in Figs. 2A and 2B, respectively. The two 
carriage return mechanisms are operated by 
power from the high speed shaft and each 
includes a worm drive housing 80 (Figs. 2A, 2B, 
18, and 20) secured to the frame 400 in which 
housing is mounted the worn drive shaft 402. 
The shafts 402 are provided with bevel gears 
403 meshing with bevel gears led secured to the 
shaft . The worms 402 mesh with worm 
wheels 40 secured to the short shafts 40 jour 
nalled in the worm housing 40. Secured to the 
left-hand end (Fig. 18) of each shaft is is a 
stub power roller having a resilient tread 
40 a preferably made of rubber. 
The right-hand end of each shaft 06 has 

loosely rotatably mounted thereon a carriage re 
turn pulley 08 (Figs. 2A, 2B, 18, and 20) on 
which is wound the carriage return tape 09. 
This tape, for each carriage, extends upwardly 
(Fig. 20) around a pulley 40 carried by a suit 
able bracket mounted on the main framework 
and thence along the rear rail 54 to the left 
hand end (Figs. 2A and 2B) or right-hand end 
(Fig. 20) of the carriage. 
The right-hand ends of the shafts des are pro 

vided with a disk friction clutch 4 (Fig, 18) of 
well known form which is actuated by a two part 
lever 2 pivoted at 3 to a bracket i? secured 
to the side of the frane O. Each ever 2 
is connected by a short toggle link 5 to a lever 
46 pivoted at T to a bracket secured to 
the frame 400 by the same screws as secure the 
bracket thereto. The left-hand arm (Fig. 
18) of each lever if G is connected by a link 49 
(see Fig. 13, also) to a power unit 420 of well 
known form pivotally mounted at 2 in the 
frame 400. Each power unit 20 includes a sin 
gle lobe spiral Cam 22 rotatably mounted at 
20a in the frame of the power unit. 
Normally a spring operated arm 23 (Fig. 13), 

pivoted at 2Gb in the power unit 20 and en 
gaging a pin 422a on the cam 422, tends to rotate 
the can to engage the serrated tread thereof 
with the tread Ola of the stub power roller 07. 
Rotation of each can 22, however, is normally 
prevented by a third lever 42 pivoted at 420b 
in the power unit 20. 
Each ever 24 has a pin-and-slot connection 

4.25a (Fig. 13) with a lever 425 pivoted at 26 
in the frame 400 and urged in a clockwise direc 
tion against a suitable stop by Ineans of a spring 
42T. Each lever 25 is connected by a link 428 
with its own carriage return Solenoid CRS 
mounted on the frame plate 69. When each 
solenoid CRS is energized, the link 28 is drawn 
downwardly thereby rocking the lever 25 coun 
terclockwise and actuating the release lever 26 
in a clockwise direction. 
The release lever 24 has a lug (not shown) 

normally engaging a lug in the rim of the can 
(22 to prevent it fron rotating on its pivot (2 Oct. 
When the lever 24 is rocked as aforesaid the lug 
therein is freed from the lug on the can 22 
allowing the spring operated arm 2 to rotate 
the cam 422 counterclockwise far enough to cause 
the tread Oa to grip the tread on the can 422 
and rotate the latter. Owing to the spiral nature 
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of the tread on the cam 422, this will cause the 
power unit 420 to be rocked clockwise, drawing 
down the link 49 and straightening the toggle 
comprising the right-hand arm of lever 46 (Fig. 
18 and the toggle link 44. This toggle is de 
signed to move a little beyond dead center and 
lock, this being effected by means of the pivot 
pin 42a for the lever 42 and link 45 engag 
ing an extension 46a on the lever 46 which 
permits the toggle to go a little beyond dead 
center. Owing to the reaction of the spring 
which is an incidental part of the clutch l, the 
parts will be held in this position, with the 
clutch engaged, thereby clutching the carriage 
return pulley 408 to the shaft 06. As a result, 
the pulley 408 will wind the tape 499 and exert 
a pull on the carriage tending to draw it to the 
right in Fig. 2A or 2B or to the left in Fig. 20. 
Means are provided for automatically releas 

ing the clutches 4 after the carriages have 
reached the proper positions as determined by 
the marginal stops. The marginal stop mech 
anisms for the two carriages are substantially 
identical but the marginal stop mechanism for 
the right-hand carriage RHC shown in Figs. 2A 
and 20 has certain circuit closing functions which 
require modifications, although the operation of 
the marginal stop in-so-far-as the tripping of 
the clutch is concerned, are identical. The car 
riages are provided with conventional marginal 
stop racks like 450 (Figs. 20, 21, and 22) which 
are secured to the side plates 50 and extend 
parallel with and slightly above the rear rails 
54. The simpler marginal stop mechanism for 

the left-hand carriage LHC includes a pair of 
conventional marginal stops 45 (Fig. 22) which 
are adjustably mounted in a well known Way on 
the marginal stop rack 450. These stops have 
lugs 45 a which, by coaction with a lug 52a on 
a fixed plate 452 carried by the rear rail 54, lim 
its carriage movement in both directions. 

Pivotally mounted on each rear rail at 453 
(Figs. 16, 20, 21, and 22) is a trip lever 454 hav 
ing a cam surface 454a. The trip levers 45 are 
connected by links 455 to levers 56 pivoted to 
one of the frames 59. A second link 458 (Figs. 
13 and 18) connects the lever 456 to a lever 459 
pivoted at 460 to the frame 400. The lever 459 
has an arm which extends horizontally under 
neath the left-hand end of lever 46 (Fig. 18) so 
as to be actuated by said lever when it is drawn 
downwardly as described above through the Oper 
ation of the power unit 420. Normally the can 
surfaces 454a on the trip levers 45 are at too 
low a level to be affected by the right-hand Inar 
ginal stops (Figs. 21 and 22). However, when 
the lever 46 is actuated by the power unit 420, 
lever 459 will be rocked counterclockwise (Fig. 
13) drawing the link 458 to the left and through 
the lever 456, drawing the link 455 to the left 
(Figs. 20, 21, and 22) thereby rocking the trip 
levers 454 clockwise to raise the can surfaces 
454a and hold them in the paths of the lugs 5 a. 
on the right-hand marginal stops. When the 
carriages almost reach the position determined 
by each right-hand marginal stop, the lug there 
of engages the cam surface 45a and restores the 
lever 454. This exerts a restoring movement 
through the links 455, 458 and causes the hori 
zontal arm of the lever 59 (Figs. 13 and 18) to 
rise and forcibly break the toggle 45, 46 there 
by permitting the clutch 4 to release. The 
cam surfaces 54a are so proportioned and the 
parts are so adjusted that the clutches are dis 
engaged before the carriages are actually stopped 
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by the engagement of the marginal stops 
with the lugs 52a so that the final movements 
of the carriages are effected by momentum. 
The marginal stop mechanism for the right 

hand carriage shown in Figs. 2A, 20, and 21 is 
substantially identical with the ones just de 
scribed, but each marginal stop 45 has attached 
to it a can plate or finger 46 having a cam lug 
l6a. The can lugs operate two sensitive 
switches designated MS, MS2 which are mount 
ed on the rear rail 54, each switch having an 
operating lever 462 provided with a roller 462a. 
in the path of movement of the lugs 46. The 
switch MS is actuated by the left-hand mar 
ginal stop with reference to Fig. 2A, that is, the 
right-hand one in Fig. 20, while the switch MS2 
is actuated by the right-hand marginal stop 
(Fig. 2A) or the left-hand one in Fig. 20. A third 
sensitive Switch MS3 is mounted on the rear ra 
54 and actuated by a member 46 lb secured to 

the right-hand carriage RHC. The contacts of 
this Switch are closed only when the carriage 
is in columns 1, 2, and 3. 
The carriage return mechanisms, besides re 

turning the carriage, also automatically operates 
the line spacing mechanism for the platens 55. 
The platens are provided with the usual line spac 
ing ratchets 475 (Figs. 2A, 2B, and 19) with each 
of which cooperates a pawl 476 carried by a slide 
47. The slides are vertically movable on studs 
48 on the left-hand plates S6 (Figs. 2A and 
2B) and each has a lug 48a engaged in a slot 
in the horizontal arm of a bell crank 49 which 
is pivoted on a bracket 80 carried by the chan 
nel-shaped member 5 forming part of the car 
riage framework. A spring (not shown) nor 
mally holds each slide upwardly in the position 
of Fig. 1 in which the tail of the pawl 4T 6 en 
gages the left-hand end of a line spacing con 
trol stop arm 48 pivoted at 482 in the carriage 
plate 50. In this position, a spring 483 at 
tached to the tail of pawl T6 tends to rock the 
pawl into engagement with the line space ratchet 
475 but such action is prevented by the arm 48. 
The arm 8 is capable of assuming any one 

of three positions as determined by the line space 
control lever 84 (Fig. 19) pivoted on the upper 
stud T8 and having a pin 484a engaging one of 
three notches formed in the arm 48 at differ 
ent levels. When the lever 84 is set in the posi 
tion shown in Fig. 19, with the pin 484a in the 
highest notch, the slide 4TT will be permitted 
to restore only one increment which, stated in 
terms of line Spaces, permits a single line space. 
The carriage return tape 409 is anchored to the 
downwardly depending arm of the lever 479 so 
that initially, when tension is first applied to 
the tape 09 in beginning a carriage return cycle, 
the horizontal arm of lever 479 will be rocked 
downwardly to a fixed stopping position after 
which further movement of the lever 479 is pre 
vented and thereafter the carriage is returned 
to the starting position. As soon as the ten 
Sion on the tape relaxes, the spring operating 
the lever 79, restores the slide to the position 
ShOWn. 
On the down stroke of the slide 477, the tail 

of the pawl 46 moves away from the end of the 
arm 48, allowing the spring 483 to swing the 
pawl into engagement with the teeth of the 
ratchet 475, and advance said ratchet one tooth 
Space until it is stopped by a fixed stop 4Bs, this 
stop also being effective to force the pawl deeper 
into the teeth of the ratchet and thereby prevent 
overthrow of the platen S5. By Setting the 
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lever 484 in a clockwise direction to position the 
pin 484 in the middle or lower notch, the slide 
4T will be allowed to restore far enough to 
enable the pawl 476 to move the ratchet two or 
three teeth, respectively. The arm 48 is held 
in engagement with the pin 484a by a suitable 
torsion spring 486 coiled around the pivot 482. 

It will be seen from the foregoing that a car 
riage return operation is always automatically 
preceded by a line spacing operation. 

VII. CARRIAGE EMITTER 
For the purpose of controlling the printing of 

totals from the counters in accordance with the 
position of the carriages, the right-hand carriage 
RHC is provided with an emitter strip which 
closes circuits to select the counters and accumu 
lators for total printing operations. This con 
sists of a strip of insulating material 500 which 
is supported in the rear of the right-hand car 
riage RHC (Fig. 20), so as to extend parallel 
with the rear rail, by means of brackets 50 
fixed to the two plates f60 associated with this 
carriage. The emitter strip has a series of con 
ductive inserts 502 (Fig. 10) and a common con- ; 
tact strip 503 which extends the length of that 
part of the strip which has the contact elements 
so2. Secured to the carriage is a bracket 50 
(see Fig. 20, also) on which is mounted a block 
sos carrying a pair of electrically connected : 
spring-pressed contact elements 56 one of which 
bears on the top surface of the common contact 
strip 503 and the other of which wipes over the 
conductive inserts 502. Each of the inserts 502 
coincides to one of the columns of the work sheet ; 
whereby the movement of the carriage from 
column to column effects the selection of circuits 
which control the printing of totals from the 
accumulator sections and groups of unit counters 
corresponding to these carriage positions, it being 
remembered that four counters are associated 
with each carriage position, as determined by 
the teeth of rack 852, to enable sixty totals to 
be printed by movement of the carriage through 
only fifteen positions. 

IX. ACCUMULATING MECHANISM 
The machine is equipped with accumulating 

mechanism capable of receiving entries under 
control of the record cards and for cross footing 
purposes as a check on the accuracy of tabula 
tion of items. This accumulating mechanism is 
similar to the One disclosed in application Serial 
No. 9,498, fled February 19, 1948, by C. D. Lake 
et al. 
The accumulator mechanism in the present 

case comprises sixteen units or orders which may 
be divided into groups of four, each constituting 
a separate accumulator, for cross footing pur 
poses. A self contained accumulator unit for a 
single order is shown in Figs. 28 to 35. 
The parts and mechanism forming each of the 

accumulator units are carried by a support plate 
600 which is mounted in a vertical plane in the 
machine. Carried by the plate 600 (Fig. 28) 
are two magnets consisting of a return magnet 
RM and an add magnet AM and interposed 
midway between the cores of these magnets is 
an armature 60 which is pivoted on a stud 602. 
In the normal position of the armat are 60, the 
latter is against the core of the magnet AM, as 
in Fig. 28. The right-hand end of the armature 
so has a fork connection. 603 a with a lever 603 
which is pivoted on a stud 604. Pivoted on a 
stud 605 carried by the lever 603 is an operating 

O 

5 

O 

5 

60 

70 

75 

18 
pawl 606 urged clockwise, into engagement with 
a tooth of a ratchet wheel 609, by a spring 607 
which is anchored to the tail of the pawl 606 and 
to a pin carried by the lever 28. 

It is evident that when the armature 60 is 
attracted by the core of the magnet RM the lever 
603 will rock clockwise about its pivot 604 and 
pawl 606 will be moved to the right over the 
ratchet wheel 609 and move behind the next 
tooth to the right (Fig. 28). In such position, 
the pawl 606 is in a position to rotate the ratchet 
wheel 609 clockwise One tooth when the magnet 
RM is deemergized and the add magnet AM is 
energized. When the "add' magnet AM is ener 
gized after magnet RM is deemergized, the arma 
ture 60 will positively rock the lever 603 coun 
terclockwise to effect a one-tooth revolution of 
ratchet wheel 609. In this manner a unit is 
entered for each Oscillation of lever 603. 
The accumulator wheel assembly for each 

order consists of the add ratchet wheel 609 (Fig. 
31), a ratchet wheel 60 which is associated with 
the overthrow preventing mechanism, a ratchet 
wheel 6 used to latch a contact in closed posi 
tion when the first unit is entered, and two con 
trol cams 62, 63 associated with the units carry 
mechanism. The three ratchet wheels 609, 60, 
6 and the two cams 62, 63 are fastened to 
gether and to a shaft 64, one end of which is 
journalled in a bracket 65 which is carried by 
the plate 600. The plate 600 also carries a bush 
ing 66 in which is journalled an enlarged por 
tion 64a of shaft 64. 
The overthrow preventing mechanism consists 

of a detent lever 67 (Figs. 28 and 29) which is 
pivoted upon a stud 6f B, this lever having a lug 
6a engageable with a projection 60.3b of the 
lever 603. Pivoted on a stud 619 is a pawl 620 
which cooperates with the ratchet wheel 6 (see 
Fig. 32, also). A spring 62Oa is interconnected 
between the tails of the pawls 6T, 620 to engage 

ls with the associated ratchet wheels 
, 6. 
When the lever 603 is initially rocked clock 

wise (Fig. 28), extension 608b will engage the 
lug 6 a. and withdraw the overthrow preventing 
pawl 6 out of engagement with the ratchet 
wheel 60, this occurring at the same time that 
the pawl 606 moves to engage the next tooth of 
the ratchet wheel 609. The attraction of arma 
ture 69 by the add magnet AM, assisted by the 
spring 629a, rocks the lever 603 counterclockwise 
and thus the overthrow preventing pawl 67 is 
rocked to engage the next adjacent tooth of the 
ratchet wheel 60. Extension 60.3b moves away 
slightly from the overthrow preventing pawl 67 
when the latter engages the ratchet wheel 60. 
This insures that the overthrow preventing pawl 

f will be in the path of the next tooth of 
ratchet wheel 60 just before the pawl 606 has 
reached the limit of its travel in rotating the 
ratchet wheel 609 clockwise one tooth space. 
Transmission of a succession of pairs of alter 

nating impulses to magnets RM and AM will 
cause a repetition of the above described opera 
tions to either add or enter complements of num 
bers to effect subtraction and thus the accumu 
lator unit will be advanced a number of steps 
commensurate with the number of effective pairs 
of impulses transmitted to the magnets. To 
enter the digit "1' only one pair of impulses is 
transmitted to said magnet RM and magnet AM, 
respectively, whereas, to enter the digit "3," for 
example, three pair of impulses will be trans 
Initted to the magnets RM and AM. 
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Pivoted upon a stud 62 carried by plate 600 
(Figs. 28 to 32) is a lever 622 having a tooth 622a 
coacting with the teeth of ratchet wheel 6 f. 
The left-hand end of the lever 622 (Fig. 32) car 
ries a block of insulating material which actu 
ates the spring blade of contacts AC. Upon the 
first clockwise step of rotation of the ratchet 
wheel 6 (Fig. 32), a tooth of the latter will act 
as a cam to rock the lever 622 counterclockwise 
to close contacts AC. Lever 622 will be latched in 
this position by a latch lever 623 which is loosely 
pivoted upon a fixed stud 624 and urged clock 
wise by a spring 623a. The contacts AC remain 
closed until the termination of the Successive 
steps of operation of the associated accumulator 
wheel in adding or substracting a digit. 

Pivotally mounted on the stud 62 is a three 
armed contact operating lever 625 (Figs. 28 to 
31) having a block of insulating material actu 
ating the contacts SC which are similar in con 
struction to the contacts AC but are normally 
closed. The lever 625 has one of its arms formed 
as an armature 625a coacting with the pole piece 
of a substract magnet SM which has its axis at 
right angles to the plate 600 and Secured thereto 
by means of a suitable screw 626. A spring 62T, 
received in a hole in the pole piece of the mag 
net SMI, urges the lever 625 in a counterclock 
wise direction to maintain the contacts SC closed. 
The third arm of the lever 625 engages a shoul 
der formed in the end of a latch lever 628 urged 
clockwise by a spring 628a and pivoted on the 
stud 624. 
When the magnet SM is energized, the lever 

625 will be rocked clockwise (Fig. 28), thereby 
Opening the contacts SC and permitting the end 
of the latch lever 628 to be drawn over the third 
arm of the lever 625 and hold it in the actuated 
position. As will be made clear hereinafter, the 
Subtract magnet SM is energized under control 
of timed impulses representing digits, as for ex 
ample, from a card sensing brush, to effect the 
subtraction of the digit represented by the im 
pulse. The manner in which the magnet SM is 
effective to cause subtraction will be explained 
more fully hereinafter with reference to the Wir 
ing diagram. 
Contact mechanism is provided for closing the 

units transfer circuit to effect carries from lower 
Order accumulator wheels to higher order wheels. 
The ratchet wheel 609 has 20 teeth so that the ac 
cumulator wheel assembly makes one-half revo 
lution for each ten units accumulated. The tens 
carry contact mechanism is shown in Fig. 34 and 
Consists of a contact operating lever 630 similar 
to the lever 622 which operates the adding con 
tacts AC in Fig. 32 and is provided with a similar 
projection 630a coacting with the cam 63. This 
cam has two sharp pointed lobes 63a located on 
diametrically opposite sides of the studs 64. The 
lobes 63a are so disposed that, when the ac 
cumulator wheel assembly is passing from a nine 
digital position to the zero digital position, the 
contacts TC, hereinafter termed the tens con 
tacts, are closed, and the lever is latched by a 
latch lever 63 similar to the latch lever 628 and 
actuated by a spring 63 a whereby the contacts 
TC remain closed. 
The nines carry contacts are designated NC 

in Fig. 33 and are operated by a lever 633 similar 
to the lever 622, except that it has no latch and 
it is operated by the cam 62 which has two lobes 
So placed that, whenever the accumulator wheel 
assembly stands at '9,' the contacts NC will be 
maintained closed, 
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Each accumulator order is also provided with 

total readout mechanism constructed in accord 
ance with conventional principles. This readout 
mechanism is shown in Figs. 31 and 35 and is 
located in a moulding 634 of insulating material 
Secured to the opposite face of the plate 600, to 
that carrying the accumulator mechanism. The 
moulding 634 is provided with a series of ten con 
ducting segments 635, the inner ends of which 
are disposed along the edges of a circular open 
ing in the moulding 634 and spaced 18 apart, 
The moulding is also provided with a semi-cir 
cular common contact segment 636 which extends 
around the remaining portion of the circular 
Opening. 
Secured to and insulated from the left-hand 

end of the shaft 6f , to the enlargement 64a, is 
a Conductive contact Supporting member 63T haw 
ing pivoted at 63Ta two contact fingers 638, the 
free ends of which are arranged to ride along 
the inside surface of the circular opening 634a 
in the moulding 634 and are so disposed that, 
when the member 637 rotates counterclockwise 
(Fig. 35), one of the fingers wipes over the com 
mon segment 636 while the other finger wipes in 
Succession over the segments 635 so as to progres 
sively make connection thereto. Bearing in mind 
that the accumulator wheel assembly makes one 
half revolution for every ten units added thereon, 
it is evident that a circuit will be closed by the 
fingers ti38 to One Of the segmentS 635 Which rep 
resents the actual digital vaiue at which the ac 
cumulator wheel is standing. These values are 
indicated by the small numbers 0 to 9 in Fig. 35. 
This mechanism is utilized to read out totals 
standing on the accumulator mechanism under 
various conditions which will be explained more 
fully hereinafter in conjunction with the wiring 
diagram. 

Provision is made for resetting the contacts 
AC, TC, and SC and is shown in Figs. 28, 32, and 
34. It consists of a contact release magnet CRM 
secured to the face of the plate 600 and actu 
ating an armature 639 pivoted on a stud 640. A 
Spring 64, received in a bore in the pole piece 
of the magnet CRM, urges the arnature in a 
counterclockwise direction against a stop pin 642 
on the plate 690. The free end of the arnature 
639 is somewhat bulbous in shape and is wide 
enough to Overlie the tails of all of the latches 
623, 628, and 63 (Fig. 31). After the period of 
adding or substracting has been completed, cer 
tain contacts close a circuit to energize the mag 
net CRM and releases the latches 623, 628, 63 
to restore all of the contacts AC, SC, and TC to 
the positions shown in the drawings. 

X. UNITS COUNTERS 

The machine is equipped with 60 unit or item 
counters, each comprising four denominational 
orders. In general, these item counters, up to a 
certain point, are constructed very similarly to 
the accumulator orders but are considerably 
Simpler in construction and some of the features 
which are necessary in an accumulator are not 
necessary in an item counter. 
A single denominational order unit of an item 

counter is shown in Figs. 38 to 40. This includes 
a base plate 650 similar to the plate 600 on which 
is mounted a counter magnet CM similar in 
function to the magnet RM of the accumulator 
mechanism. The magnet CM has associated 
with it a series of parts designated 65 to 67, 
including the ones designated with the suffix let 
ters a, which are similar in shape, function, and 
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operation to the parts designated 60 to 62 in 
Fig. 28. Since the magnet AM is omitted, the 
unit counter is provided with a stop 6T2 against 
which the armature 65 f is held by a spring 673 
received in a bore formed in the pole piece of the 
magnet CM, the spring urging the arnature 65 
in a clockwise direction. 
When the magnet CM is energized, the Spring 

6T3 is compressed and the lever 653 rocked clock 
wise (Fig. 36) to draw the pawl 656 to the right 
as in the case of the accumulator unit (Fig. 28). 
This movement also operates an over-throw pre 
venting element 667 in exactly the same manner 
as the element 67. Retrograde movement of 
the counter wheel assembly comprising the 
ratchet wheels 659, 660, 66 and the cams 662, 
663 is prevented at this time by a pawl 6T0 simi 
lar to the pawl 620 and actuated by a spring 60a 
to engage it with the teeth of the ratchet 66. 
When the magnet CM is deenergized, the spring 
673 assisted by the spring 670a, restores the parts 
to the position of Fig. 36, and the member 67 
functions to prevent over-throw in exactly the 
same fashion as in the case of the parts shown 
in Fig. 28. 
The mechanism is provided with nines carry 

contacts designated CNC (Fig. 39) hereinafter 
termed the counter nines contacts, which are 
actuated by the cam 663 through a lever 674 
pivoted on stud 67. 
675, operates two sets of contacts, one designated 
CRC, termed the counter reset contacts, and the 
other CPC, hereinafter known as the counter 
print contacts. 
The cam 663 is arranged to hold the contacts : 

CNC closed when the counter wheel assembly 
Stands at the digital position 9 while the cam 663 
is arranged to hold both the contacts CPC, CERC 
closed except when the counter wheel stands in 
the 0 position. As will be made clear herein 
after, the contacts CRC terminate the resetting 
impulses delivered to magnet CM during the 
operation of resetting counters to 0, while the 
contacts CPC cause impulses to be emitted to 
print the totals. With the exception of counters 
numbered and 60, none of the unit counters 
are provided with readout commutators like the 
One disclosed in Fig. 35. Counter No. , has all 
four orders, and counter 60 has the units, tens, 
and hundreds orders provided with readout com 
mutators similar to those shown in Fig. 35. 
These readout commutators include moulding 
684 (Fig. 45); the readout segments 685, 686; 
Support 687, and the contact fingers 688, which 
correspond to the parts designated 635 to 638 in 
Fig. 35. 
XI. CARD LEVERS AND HOPPER, CONTACTS 
The machine is provided with two card lever 

mechanisms which actuate the first card lever 
contacts CLC and Second card lever contacts 
CLC2, respectively, during the passage of the first 
card from the hopper H, to the sorting control 
mechanism. The two card lever mechanisms 
are quite similar in mode of operation by the 
card although differing specifically in the shape 
of the individual parts, for this reason only the 
mechanical construction of the first will be de 
Scribed in detail. This mechanism is shown in 
Fig. 43 and includes card lever 690 having a run 
ner 690a designed to be engaged by the under 
side of a card passing from the hopper H to the 
contact roller CR. This rocks the card lever on 
its pivot 69 carried by suitable blocks fixed to 
the main framework and, through the agency of 
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an insulating pin 892, closes the contacts CLC 
which are mounted on the outside of the frame 
work carrying the pivot 69, the pin 692, project 
ing through a suitable hole in the frame and 
engaging one of the spring members carrying the 
contacts CLC?. The second card lever contacts 
CLC2 are similarly operated by a lever 693 (Fig. 
5) having the shoe 693a riding on the card. This 
shoe is depressed by the passage of the first card 
and rocks the lever 693 thereby closing the con 
tacts CLC2. The shoes 690a and 693a are long 
enough. So that the card lever contacts CLC and 
CLC2 remain closed after the initial closure as 
long as cards continue to feed from the hopper H. 
Hopper contacts designated HC are provided. 

These contacts are operated by a lever 694 (Fig. 
44) pivoted at 695 underneath the hopper H. 
One arm of lever 694 extends through a slot in 
the bottom of the hopper and the weight of the 
cards C in the hopper rocks the lever 694 clock 
Wise thereby closing the contacts HC. When the 
last card is ejected from the hopper, the contacts 
HC open. 

XII. EMTTTERS AND CIRCUIT TIMING 
DEWCES 

The machine is equipped with circuit closing 
devices which are operative in timed relation to 
control the operation of the machine. There are 
two general groups of these devices, one of which 
is operated at high speed from the shaft IIT and 
is always operative when the machine is in oper 
ation, while the other group is driven by the shaft 
220 and is operative only during printing cycles 
of the machine. The circuit closing devices 
Operated by the shaft 220 are operated at a lower 
Speed because of the fact that printing is effected 
at a lower speed than sorting, counting, and accu 
mulating operations. 
The high speed circuit closing devices are 

located in the rear right-hand corner of the 
machine on top of the base 00 and are disclosed 
in Figs. 2A, 24, and 25. The shaft los which 
Operates the card picker mechanism and the card 
lifter mechanism (Fig. 5) extends to the rear 
of the machine, as best shown in Figs. 2A and 24, 
into a gear box 750 within which it is provided 
with the gear 75 meshing with a gear T52 se 
cured to a short shaft 753 journalled in the gear 
box 750. Secured to the shaft 753 is a gear T54 
which meshes with a gear 755 on a shaft T 56 
journalled in the plates 757 which are mounted 
on the base OO by means of suitable angle 
brackets 758. Mounted on the shaft T 56 are a 
Series of fourteen cams 759 (Figs. 2A and 25) 
with each of which coacts a contact operating 
plunger 760 slidably mounted in a relatively thin 
block 76 carried by a cross bar 762 supported by 
the plates 757. Insulatably mounted on each 
block 76 are two terminal blocks 763 having ter 
minal Screws for connecting circuit wires thereto. 
One of the terminal blocks 763 contacts a spring 
contact member 764 which is spring biased into 
engagement with the plunger T60 so as to tend 
to hold the latter in engagement with the cam 
59. The other terminal block carries a contact 

element coacting with a similar contact element 
on the member 64. 
These contacts are designated in the wiring 

diagram (Figs. 47A to 47X) and the timing chart 
(Fig. 46A) by the letters LC to LC6 and CT to 
C5, respectively, and the cams 759 have their 
high portions proportioned to cause the associ 
ated contact elements to close for the periods 
denoten in the timing chart by the thick black 
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lines, some of the cams being designed to cause 
intermittent closure of the contacts at regular 
intervals while others are designed to maintain a 
continuous closure of the contacts for varying 
periods of time. 
The shaft 765 has a second gear 7.55a (Figs. 

2A and 24) secured to it which meshes with an 
idler gear 766. The latter meshes with a gear 
767 secured to a shaft T 68 journalled in the plate 
757. This shaft T68 drives a group of circuit 
closing devices C6 to C27 and CS3, CS4 simil 
lar to the devices LC to LC6, etc. 
The shaft T 68 has a second gear T67a (Figs. 

24 and 25) which meshes with a gear 69 on a 
shaft TTC journalled in the bearings 77 (see 
Figs. 2A and 12, also) mounted on the base 00. 
The shaft 70 drives a series of high speed emit 
ters, certain of which are designated E to E8 
and E25 to E33 in the timing chart and wiring 
diagram. 
Each emitter (Fig. 12) consists of a pair of 

fixed plates of insulating material 772 within 
which are molded a series of contact segments 
773, the ends of which are disposed in a semi 
circle about the edges of the plates 772 which 
are placed edge to edge and shaped so as to pro 
wide a large circular opening 72a. Each of the 
plates also has a common contact strip T3a. 
which extends alongside the row of contact seg 
ments 773 for such plate and the shaft 770 is 
provided with pairs of electrically connected 
emitter brushes T4 nounted on blocks Toa car 
ried by shaft 70, one pair for each emitter. One 
brush of each pair wipes Over the two common 
contact strips 73a, which are externally electri 
cally connected, while the other brush wipes over 
the segments T3 in succession so that the 
brushes 774 progressively close circuits through 
the segments of the emitters as shown in Fig. 46A. 
The circuit closing devices which are driven 

by the print shaft 220 are shown in Figs. 2B, 26, 
and 27. Secured to the shaft 220 is a gear 775 
neshing with a gear TT6 secured to a shaft 777 
journalled in the plates 778 mounted on the base 
00. A Second shaft T9 is journalled in the 

plates 8 and is driven by the shaft 777 through 
the train of gears 780, 78f, and 82, and the shafts 
TTT, 779, through cams 83 drive two groups of 
circuit closing devices similar to those shown 
in Fig. 25. These circuit closing devices are des 
ignated C2, C29 to C49, and C5 to C56 in Fig. 
46B and thc wiring diagram. 
Secured to the left-hand plate 778 (Figs. 2B 

and 26) is a print emitter PE which consists of 
a semi-circular flat moulding 784 having a series 
of nine segments 786 which extend inwardly to 
a circular opening 84a in plate 784. A con 
mon contact ring 787 (Fig. 47H) is also disposed 
about the circular opening alongside of the seg 
ments 85 and the shaft TT has secured to it a 
brush holder 788 carrying a pair of brushes 786 
which wipe over the row of segments 785 and 
the common contact ring 788 so as to progres 
sively close circuits as indicated at the top in 
Fig. 46B after the designation PE. 
The shaft 26 (Figs. 2B, 3 and 15) is provided 

with two, circuit breaking devices one of which 
is designated C and constructed similarly to the 
ones disclosed in Figs, 25 and 27 and actuated 
by the cam 39, the contacts being mounted on 
the bearing bracket 27 (Fig. 15). The other, 
designated C2, is mounted midway between plates 
60 (Fig. 15) on a bracket 790. These circuit 

breakers operate continually as long as the ma 
chine is in operation; however, they operate at a 
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slower speed than those driven by the shaft 7 
On account of the speed reduction in the drive to 
shafts 26 and 220. 

XIII. MAREKING DEVICE 
The machine is provided with a marking de 

vice designed to make a mark on cards to visual 
ly differentiate them from others in course of 
passage through the machine. This device is 
controlled by a marking magnet MM (Figs. 4, 46, 
and 48) mounted, with its yoke 800, on a card 
guide plate 80 suitably supported in the main 
framework. Pivoted at 800a (Fig. 46) on yoke 
800 is a lever 802 to which is fixed the armature 
803 of magnet MM. A spring 804 urges the lever 
802 clockwise into engagement with a part of 
yoke 800 which acts as a stop. A marking pencil 
805 is clamped to the lever 802 and adjusted so 
that its point will engage a card passing under 
neath whenever the mainet is energized. 
XIV. WIRING DIAGRAMAND PLUGBOARD 
The operation of the machine and the flexible 

pluggable controls will now be described with 
reference to the plugboard (Fig. 41), the timing 
chart (Figs. 47A and 47B), the wiring diagram 
(Figs. 48A to 48X) and the plugboard charts 
Figs, 49A to 49R). 
The separate sheets containing Figs. 48A, 48C, 

48E, 48G, 48I, 48K, 48M, 48O, 48Q, 48s, 48U, and 
48W, when arranged in a row, from left to right, 
in the order named, over Figs. 48B, 4.8D, 48F, 
48H, 48J, 48L, 48N, 48P, 48R, 48T, 48V, and 48x 
in a similar row, with Fig. 48A over Fig. 48B, Fig. 
48C over Fig. 48D, and so on, constitute a single 
wiring diagram of the machine. 
The plugboard (Fig. 41) is provided with eighty 

plug Sockets PS1, one for each card sensing brush 
B (Fig. 48Q) in the wiring diagram. When the 
machine is in operation, the plug sockets Ps 
are outputs for timed impulses representing the 
different values punched in corresponding card 
columns. Once the machine is started in op 
eration in a manner to be hereinafter described, 
the card lever relay contacts CLR2B close and the 
timing contacts LC5, LC6 (Fig. 47A) act as circuit 
breakers to emit short impulses to the contact 
roller CR through the common brush CB. These 
card brush impulses are traced from the posi 
tive side of the line P (Fig. 48Q), through the 
contacts LC5, LC6, and CLR2B, to the common 
brush CB, the contact roller CR, and the card 
brushes B to the plug sockets Ps. In order to 
simplify the tracing of the circuits and make 
the description as concise as possible, plug sockets 
PS will be considered as impulse sources or out 
puts controlled by the card and the tracing of 
circuits will begin with these plug sockets and be 
carried to or through the various pluggable de 
vices and other controls. 

XV. RECODE SELECTORS 

The machine is provided with fifty “Recode 
Selector' relays shown in Fig. 48O which are 
energized through the medium of impulses di 
rected to the plug sockets PS2, PS3 which in 
pulses control the recode electronic tubes V to 
W50, only a few of which are shown in Fig. 48O, 
but which are wired identically. Under most 
conditions, the plug sockets PS2 will be plugged 
to one or more of the plug sockets PS to cause 
the recode relays to be energized under control 
of the data designating holes in the record cards. 
The purpose of the plug sockets PS3 is to enable 
the recode relays to be rendered selectively effec 
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tive only under certain prescribed conditions 
which may involve the use of impulses from the 
card sensing brushes B. 
The recode relays are designated R2 to R86, 

R59 to R68, R97 to R06, R3 to R40, and R6 
to R0. Each of the relays is associated with 
one of the recode selector tubes W to W50 which 
are gas tetrodes of a type commonly known as a 
"thyratron' and are of the Screen grid type. Con 
veniently, a tube of the miniature type commer 
cially designated 2D2 is used and are arranged 
so that it requires tWO simultaneous impulses 
on both the control grid and screen grid to render 
the tube conductive and energize the relay in 
its plate circuit. This is done by operating the 
control grid which is connected to the plug socket 
PS2 and the screen grid which is connected to 
the plug socket PS3, under such a bias that a 
change in the bias on one grid arising from an 
operating impulse being delivered thereto is in 
sufficient to fire the tube unless a properly valued 
impulse is sumultaneously therewith applied to 
the other grid. The recode tubes W to W50, 
therefore, act in a sense as impulse mixers which 
require specific pulse relationships before the 
tubes are rendered conductive or "fixed.' 
The manner in which the recode relays are 

utilized for specific purposes will be made clear 
hereinafter in reference to the plugboard charts 
which show how the machine may be set up for 
different types of Operation. 
In connection with the recode relays there are 

provided thirteen recode emitters designated El 
to E3 (Fig. 48O) of which eight E to E8 have 
their common brush 74 connected to the wire 
W3, while the other five emitters E9 to E3 have 
their common brushes connected to the plug 
sockets PS5 which are designated with the letter 
C. The segments of the emitters E to E3 are 
connected to the plug sockets PS4 and all are 
double plug sockets except the emitter El which 
has six plug sockets connected in common to each 
segment. 
The emitters E to E3 are distinguished from 

each other in Fig. 41 by the letters A to M over 
the rows of plug sockets PS4. This emitter A 
corresponds to emitter E. It should be noted in 
Fig. 41 that the fine lines interconnecting the 
small circles on the plugboard indicate the fact 
that the plug sockets are electrically connected 
when so joined by a line. It will be noted in 
Fig. 41 that the plug sockets PS2 are so arranged 
that the insertion of a small double pronged plug 
between an upper and a lower plug socket PS2 
will connect together the control grids of two of 
the tubes W to W50 so as in effect to render two 
adjacent recode relays operative. For example, if 
a plug is inserted at the extreme left in Fig. 41, 
to connect the extreme left-hand plug sockets 
PS2 together, the first condition will be set up 
for rendering the recode selector relays R2, R2B, 
which are controlled by the tubes W. and W2, 
operative. 
Under normal conditions, one or more of the 

segments 73 of the emitters El to E3 will be 
connected to control the recode selector relays 
by one or more plug wires inserted between the 
plug sockets PS3 and PS4. For example, if it 
were desired to cause relay R27 for recode se 
lector W to be energized under control of a '1' 
perforation in column 1 of the card, a plug wire 
will be inserted between PS for column 1 (Fig. 
41) and the extreme left-hand lower plug Socket 
PS2. A second plug wire might be inserted be 
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one of the group of six plug sockets PS4 under 
the numera '1' of recode emitter A. At the 
'1' point in the cycle, emitted E, (Fig. 48O) will 
emit an impulse from wire W8 through its plug 
socket PS and the plug wire to the plug socket 
PS for tube W which will occur simultane 
ously with the pulse from the brush to the plug 
socket PS2 for this tube. This causes the tube 
W to fire, thereby energizing the recode relay 
R2. Of course, any one of the emitters A to M 
might be plugged to deliver the '1' impulse to 
recode selector f and any brush B might be 
plugged to the plug socket PS2. It is likewise 
apparent that any one of the recode selectors 
to 50 might be rendered operative in this manner. 

Each recode Selector relay, as for example, the 
relay R27 (Fig. 48O), operates four sets of trans 
fer contacts (Fig. 48P) which are designated 
R2A, R2TB. These contacts are provided with 
plug sockets PS 8, PS9, and PS2O and are 
grouped as shown in Fig. 4 under the title "Re 
Code Selectors.' The common member of each 
Set is designated with the letter 'c' in Figs. 41 
and 4.8P. The normally closed contacts, for ex 
ample R2A (Fig. 48P), are designated with the 
letter 'N' while 'T' designates the normally open 
contacts R2B. Thus, if plug wires are inserted 
in PS19 and PS2O, it will establish a normally 
closed control circuit through one set of contacts 
whereas plug wires inserted in PSB, PS2 will 
Create a normally open circuit. The four sets 
of contacts associated with each recode selector 
relay are grouped together and the number of 
the recode selector indicated in Fig. 41 by the 
numerals to 50 within the marked off squares 
On the plugboard enclosing the four sets of con 
tacts. 

For the purpose of emitting odd and even 
numbered pulses which correspond in time and 
value to the index point positions in the card 
Columns, there is provided the emitter E5 
(Fig. 48S) which is wired so that the even 
numbered segments 773 are connected to the 
plug socket PS6 and the odd numbered segments 
to the plug socket PST. The emitter E4 (Fig. 
48U) on the other hand, is wired so that its 
"0" to "4" segments are connected in common 
to the plug socket PS9 and the remaining five 
segments to the plug socket PS8, whereby one 
half of the emitter emits impulses from 'O' 
s". Yale the other half emits impulses from 
Means is also provided for obtaining pulses 

through the entire period of analysis of the card, 
that is, from "9" to "12" through a plug socket 
PS57 (Fig. 48Q). 

It is clear that the emitters E to E5 and 
the plug socket PS5 provide sources of impulses 
of any value of index point positions, odd im 
pulses, even impulses, either half of the values 
0 to 9, or all of the values 9 to 12 which may 
be used to control the recode selector tubes and 
relays and other pluggable controls. The ad 
Wantage of the emitters E 4 and E5 and the 
plug socket PS57 is that while the same results 
could be accomplished by plugging any one of the 
recode emitters A to M, it would entail a con 
siderable amount of plugging which is simpli 
fled by inserting single plug wires in one of the 
Sockets PS6 to PS9, inclusive, and PS57. 

XVI. COLUMN SELECTOR, SWITCH 
The machine is provided with a column se 

lector switch S5 which is a dial type switch and 
tween the extreme left-hand plug socket PS3 and 6 is shown in Figs. 1 and 48U. This switch has both 
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its wiper blade and its contact points connected 
to the plug sockets PSO, PS, respectively, 
so as to be pluggable. Normally, the switch S5 
will be used in alphabetical and numerical Se 
quence sorting in which the plug sockets PS 
will be plugged to the plug sockets PS for the 
columns of the card field in which the alpha 
betic data or numbers are punched in the card 
while the plug socket PSO will be plugged to 
energize the sorting magnet in a manner which 
will be clear hereinafter. By rotating the Switch 
S5 one notch at a time with the Switch so plugged, 
the operator can, in effect, change the brush 
position prior to each of the successive runs 
necessary to place a group of cards in alpha 
betical or numerical sequence. This Switch has 
the same effect as the manual shifting of the 
single brush ordinarily used in a sorting ma 
chine. 

XVII. DIGIT STORAGE DEVICE 
The machine is provided with four columns of 

digit storage making it possible to store up to 
four single digit numbers or one four-digit num 
ber as limits. The digit storage circuits are 
shown in Fig. 48S and in the upper half of 
Fig. 48T and include the digit storage relays R. 
to R56 and the tubes W67 to W82 of which the 
tubes and relays associated with only two col 
umns are shown in Fig. 48S. Four plug Sockets 
PS6 (Fig. 41) are provided, each of which is 
capable of controlling the storage of a single 
digit which may be any value from 1 to 9, 0, 
11, and 12. Provision is also made in the digit 
storage for passing a pulse in case the card 
column is blank. 
Each column of digit storage comprises four 

tubes and four relays, for example, W67 to WTO 
and R4 to R44 in Fig. 48S which are operated 
in the same manner as the recode selectors but 
are not provided with plug sockets for the Screen 
grids. Instead, all of the control grids of the 
tubes V6T to WTO are connected in common to 
the plug sockets PS6, but the screen grids are 
wired to the emitters El 5, E6, and E through 
the wires W6 to W9. If the plug socket PS6 
is plugged to one of the plug sockets PS to 
receive an impulse at a definite index-point value 
under control of a perforation in the correspond 
ing card column, such impulse will be delivered 
to the control grids of all of the tubes W6 to 
WTO, The screen grids of these tubes are pulsed 
in various combinations under control of the 
emitters E 5, El 6, and ET and a digit is stored 
in the group of four tubes by causing one or 
more of said tubes to fire and thereby energizes 
the corresponding relays of the group R4 to 
R44. For the purpose of storing values in the 
tubes, they are assigned the values 1, 2, 4, 8 as 
indicated in Fig. 48S, and these values are in 
dividually stored by rendering the correspond 
ing tubes conductive. For example, if a card 
were perforated "8," the tube WTO will be fired 
and the relay R44 energized. It will be noted 
that wire W9 is connected to the '8' segment 
of emitter ET. Thus, at the time the '8' 
impulse is delivered to plug socket PS6 from 
the card brush and passes to the control grid 
of tube WTO, an '8' impulse will be emitted to 
the screen grid of the same tube over the wire 
W9 thereby firing tube WTO and causing the 
relay R44 to be energized. None of the other 
relays R4, R.42, or R43 can be energized at '8' 
since at this time only the emitter E5 is effec 
tive. Walues other than the ones shown are 
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stored by fring combinations of the tubes WBT 
to WTO. For example, the digit '3' will be stored 
by rendering the tubes V6T, W68 conductive at 
the '3' point in the cycle, when the '3' impulse 
is delivered to the control grids of all of the 
tubes W67 to W70. At the '3' point in the cycle, 
the emitter E5 emits an impulse through its 
'3' segment and the wire W6 to the screen 
grid of the tube W6T. Likewise, at the '3' point 
in the cycle, the emitter El 6 emits an impulse 
through the wire W T to the screen grid of tube 
W68 thereby rendering both tubes conductive 
and energizing the relays R4, R2. 
One of the characteristics of a thyratron tube 

Or a gas triode or tetrode generally is that once 
the tube has been rendered conductive, it can 
not be rendered non-conductive until the plate 
Woltage applied to the tube is reduced to zero 
Or interrupted. Thus, the digit stored in the 
group of tubes W6 to WTO will be held for one 
cycle. 
The foregoing description of the manner in 

which the recode and digit storage tubes are 
rendered Operative assumed that, during the 
period of pulsing of the grids of the tubes, the 
plate Supply potential is applied continuously. 
The plate Supply potential is applied to the re 
code selector and digit storage tubes through the 
wires W4, W5, and W6 and the timing contacts 
C8, C9, and CO (Fig. 48O) which, it will be noted 
in Fig. 47A, are closed execept for a brief period 
near the end of the cycle to interrupt the plate 
Supply and restore the recode selector and digit 
storage tubes to grid control. 
The contacts of the digit storage relays are 

arranged in a cascade formation (Fig. 48T) so 
that energization of these relays singly or in 
combination to store particular digits will set 
up Series circuits between the common plug sock 
ets PS39 and the plug sockets PS40 which repre 
sent the different stored values. 
The plug sockets PSO are arranged in four 

vertical rows (Fig. 41) below the caption "Digit’ 
with the plug sockets PS40 for the blank posi 
tions at the botton and the plug sockets for the 
"12' positions at the top, the "12’ position plug 
sockets PS40 being a single plug socket with a 
single 'c' plug socket PS39 in horizontal align 
ment thereto at the right. The common plug 
sockets 'c' PS39 is connected to an impulse source 
and, if it is desired to store and emit a given 
value, the plug socket PS40 corresponding to such 
value is plugged. Thus, a circuit will only be 
established through the plugged group when the 
digit storage relays corresponding to that group 
are energized to represent the plugged value. For 
example, in Fig. 48S, if it were desired to close 
a circuit only when the value '8' in a particular 
column is sensed, the plug Sockets PS6 for the 
tubes W67 to WTO will be plugged to the plug 
socket PS for the selected column and plug wires 
will be inserted in the 'c' plug socket PS39 and 
in the '8' plug socket PS40 which appears dil 
rectly beneath the numeral '8' in the left-hand 
vertical row (Fig. 41). Under these conditions, 
the tube WC will be rendered conductive when 
an '8' is sensed and energize relay R4. This 
allows a circuit to be traced from the plug socket 
PS39 (Fig. 48T) through contacts R. B. R42B, 
R3B, and R4A, to the plug socket PS40 corre 
sponding to the numeral "8.' For any other 
punched value in the card, no circuit will be traced 
to the '8' plug socket. Thus, the digit '8' will 
be stored until the end of the cycle. It is possi 
ble, therefore, to plug the digit storage relays 
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in such a manner that a circuit closed when a 
card having a specific number from one to four 
digits is sensed. 

XVIII. GROUP INDICATOR STORAGE 

Provision is made for group indicating a num 
ber from one to four digits derived from the first 
card passed through the machine by means of 
a group of relays, tubes, and circuits similar to 
the digit storage circuits. The group indicate 
circuits are shown in Figs. 48 and 48Q and in 
clude the tubes W5 to V66 and the relays. RP 
to R96P. These tubes are divided into four groups 
of four each, each group being provided with a 
plug socket PS4 and the grids are wired to the 
emitters E15, E6, ET, through the wires W6 
to W9 in the same manner as the digit storage 
tubes. The contacts of the relays RBP to R96P, 
however, are not pluggable but are connected in 
cascade (Fig. 48I) to the print emitter PE (Fig. 
48H) through a cable CBS the wires in the cable 
representing numerical values corresponding to 
the values of the plug sockets PSO (Fig. 48T) 
except that no provision is made for 11, 12, or 
blank. These digit storage relays are of the latch 
type in which the pick up coil, designated with 
a P in the drawings, operates the contacts which 
are then latched in operated condition and will 
remain in that condition until the trip coils, 
designated with a T, are operated. For example, 
the pick up coll of relay R8 is designated RBP 
in Fig. 48Q and the trip coil is designated R8T 
in Fig. 48E. 

During a printing cycle, the trip coils R8 T to 
R96T are energized after the group number has 
been printed and the group indicate latch relays 
are restored to normal. Once the contacts have 
been latched in operated condition, there is no 
longer any need for keeping the tubes W6 to V66 
in conducting condition and for that reason the 
plate potential for these tubes may be cut off at 
the same time as the plate potential for the 
recode and digit storage groups. 
XIX, ACCUMULATOR, ENTRY AND DELAY 
Provision is made for entering up to eight digits 

of values in eight of the sixteen accumulator 
orders. Since sensing of the cards takes place at 
a high speed of about 450 cards per minute, it 
is necessary to effect the actual adding at a slower 
rate. It will be noticed with respect to the timing 
chart (Fig. 47A) that the sensing of the nu 
merical values in the card by brushes B takes 
place over 180° of the card feeding cycle. At 
450 cards per minute this is too fast for reliable 
operation of the accumulator orders and provi 
slon is made for delaying the digital pulses which 
cause the adding so that the actual entry of 
digits into the accumulator orders is spread over 
practically the entire cycle. The timing of 
emitters E25 to E32 shows how the effect of the 
card pulses is delayed. 
The plugboard is provided with eight plug 

sockets PST (Figs. 41, 48I, and 48K) designated 
“Add PU' arranged in two groups under the small 
numbers 1 and 2 which control 16 delay tubes 
W83 to W4 (Figs. 48 and 48K). These 16 tubes 
are divided in groups of four in a manner some 
what similar to the digit storage and group in 
dicate tubes. The card impulses for each Order 
are delivered by means of a plug wire inserted 
between a plug socket PS and one of the plug 
sockets PST, each plug socket PST being con 
nected to the control grids of four tubes. 
The accumulator mechanism comprises sixteen 
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positions in two groups of eight, each group being 
divided into two groups of four as shown in Figs. 
48J and 48, respectively, the division being down 
the center of the sheet in both cases. This forms 
four four-Order accumulators numbered from 
to . Fig. 48 matches Fig. 48J when placed above 
Fig. 48J and similarly Fig. 4.8K matches Fig. 48. 
In Fig. 48, the right-hand group of four tubes 
W83 to WB, the control grids of which are con 
nected to the plug socket PST marked “Units," is 
associated with the units order of the right-hand 
accumulator captioned "Accumulator' 2 in Fig. 
48J, whereas the left-hand group of four tubes 
W5 to W98 is associated with the thousands order 
of accumulator 2 in Fig. 48.J. Similarly the tubes 
W9) to WO2, and Wilf to W4 (Fig. 48K) are as 
sociated with the units and thousands orders, re 
spectively, of the accumulator captioned "Ac 
cumulator 4' (Fig. 48). 
The small numbers 1 and 2 under 'Add PU' in 

Fig. 41 refer to accumulators 2 and 4 when such 
accumulators are plugged to receive entries di 
rectly from the cards or other digital pulse 
sources. The numbering 1 to 4 for the accumu 
lators in Figs. 48J and 48L is for convenience in 
explaining the Cross footing operations. Accumu 
lators and 3 cannot receive entries from the 
cards or other digital Sources which are plugga 
ble. The accumulators serve two purposes, one 
to accommodate data from the cards and the 
other to check the accuracy of the counting and 
total printing of the units counts. 

It will be noted with respect to Fig. 47A, that 
the emitter E33 (Fig. 48I) is timed to emit pulses 
almost in step with the emission of impulses from 
the card brushes B and is wired so that the screen 
grid of tube W83 for the units order, for example, 
is impulsed at '9,' '7,' and '4' over wire W. D. 
Thus, if a card is punched '9,' '7,' or '4,' the 
screen grid of the tube W83 will be impulsed si- . 
multaneously with the impulsing of the control 
grid under control of a card brush and such tube 
may be fired at any of these three index-point 
positions. Tube V8 is impulsed by emitter E33 
over wire W9 at '8,' '5,' and '1' in the cycle. 
Thus, tube W84 can be energized under control of 
perforations in these index-point positions. The 
tube WB5 can be energized only on the occurrence 
of a '2' or '6' perforation and tube V86 only can 
be energized by a '3' perforation. 

in Order to understand how the delay is ef 
fected by the tubes W83 to W86 for a single order, 
it first will be assumed that a '9' impulse is de 
livered to the plug socket PS 7 under control of a 
card brush sensing a column in which a '9' is 
perforated. At "9' in the cycle (Fig. 47A), the 
control grid and the screen grid of tube W83 will 
be energized simultaneously one by the card brush 
and the other by emitter E33, which emits a pulse 
at '9' over wire WO, and the tube W83 will be 
rendered conducting in the same manner as the 
digit storage and group indicate tubes. This 
causes current to flow through the plate re 
sistor of this tube which is connected to the wire 
W4 and causes a voltage drop to be developed 
across this resistor. It will be noted that the 
emitter E.28, which is associated with this order, 
has its '9' segment 773 connected by wire W 
to the plate side of the plate resistor for the tute 
V83. Thus, when the tube v83 is fired, the emit 
ter E2 will also electrically connect the relay 
R.30P to the plate resistor of the tube V83 and 
cause the relay R30 to be energized at "9." Thus, 
on the sensing of a '9' hole, the relay R30 is 
energized immediately and, as will be made clear 
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hereinafter, causes the entry of the value '9' in 
the units order of accumulator 2. 
Now let it be supposed that the brush senses a 

'1' hole. At the '1' point in the cycle, all of the 
tubes W83 to W88 will be impulsed at their con 
trol grids, but at the '1' point in the cycle, emit 
ter E33 impulses the screen grid of the tube W84 
over wire W9. Thus, this tube is fired and the 
voltage drop developed across its plate resistor 
is applied to the '1' '5,' and '8' segments 773 
of emitter E28. At the '1' point in the cycle, 
however, the brush T4 for emitter E28 is just 
beginning to wipe over the '4' segment (Fig. 
47A). Consequently, the relay R30 is not en 
ergized immediately but, recalling that the tube 
once fired remains fired until the plate poten 
tail is cut off, it is apparent that at approximately 
300 of the cycle (Fig. 47A), the brush 7 T4 of 
emitter E.28 will engage its '1' Segment and trans 
fer the voltage drop across the plate resistor for 
tube W84 to the relay R30 and the accumulator 
add circuit will be closed and result in the ad 
dition of the digit "1.' It is thus clear that the 
impulse for causing addition of one unit has been 
delayed from approximately 180 of the cycle to 
approximately 300 of the cycle. In a similar 
manner the other values are spread. For ex 
ample, if the card were punched '5,' the tube 
WB will again be fired at approximately 90 of 
the cycle, since emitter E33 which is timed in 
synchronism with the card sensing brush, closes 
a circuit to the screen grid of tube W84 at '5' 
in the cycle. However, the emitter E.28 is on the 
"7' segment 773 at '5' in the cycle and, at ap 
proximately 150 of the cycle, the emitter E.28 will 
connect the plate resistor of tube W84 to the 
relay R30 and cause the addition of "5.’ 

In Order to simplify the drawing and avoid un 
necessary complexity, only the units and thou 
sands emitters and relays are shown wired to the 
corresponding tubes, but the remaining accumu 
lator relays R 29P, R28P and R. 58P, R, 59P are 
wired in identically the same way and each has an 
emitter for transferring the plate resistor drop to 
the associated relay, as noted in Figs. 48 and 48K. 
The plate resistors of the tubes W83 to W. 4 are 
connected to the wire W4 which is controlled by 
the timing contacts C8 to remove the plate volt 
age from the accumulator delay tubes at the end 
of each card sensing cycle exactly as in the case 
of the digit storage group indicate relays. As 
will be made clear hereinafter by way of a spe 
cific example, referring to a plugboard diagram, 
the accumulator relays R2TP to R? 30P and 
RSTP to Rt 60P cause the connection of the re 
turn magnets RM and the add magnets AM to 
impulse sources which cause pairs of impulses to 
be delivered to these magnets to effect the entry 
of the values which were punched in the card. 
By spreading the actual operation of these mag 
nets over practically the entire cycle, it is possi 
ble to make entries into the accumulator at higher 
speeds than would be the case if they were to be 
initially operated synchronously with the sensing 
of the card and pulsed at every index-point posi 
tion. 
The relays R 27P to R.30P and R. 57P to R? 60P 

are double coll relays and their hold coils are 
shown in Fig. 48Q. Once these relays are ener 
gized, they close their hold contacts, for example 
R60B, and energize hold coils, such as R? 60H, 
through the contacts CT. It will be noted (Fig. 
47A) that these contacts open at the very end of 
the cycle in which a card is sensed and deemergize 
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any of the accumulator relays which may have 
been energized in the manner described above. 

XX. UNITS AND TENS DISTRIBUTOR 
The machine is provided with a device known as 

a units and tens distributor which is identified 
in Fig. 41 under the caption "Tens-Units Dist.' 
the plug sockets for which are designated PS33. 
PS3, PS35 and the pick up plug sockets of which 
are designated PS2, PS3. This device is shown 
in Figs. 48U and 48W and includes a group of 
tubes designated W5 to W22 and W27 con 
nected similarly to the tubes for the digit storage 
and group indicate functions, with the exception 
of the tube W2. The units pick up plug socket 
PS2 (U in Fig. 41) controls the storage of digits 
by means of the four tubes W 9 to W22, the 
Screen grids of which are wired to the emitters 
E5, E6, and ET in the same manner as the 
digit Storage tubes. The units tubes W 9 to 
W22 control the units storage relays R 7 to 
R74 while the tens tubes W5 to V8 control 
the storage relays R 75 to R78. The contacts of 
the tens relays R75 to R78 are connected in 
cascade formation to the plug sockets PS33, PS34 
in the same manner as the digit storage contacts 
(Fig. 48T). The units relays contacts are wired 
in cascade in the same fashion as the tens relay 
but, instead of being connected to plug sockets 
PS34, are connected to the relays R 80 to Rf88 
So that these relays individually represent differ 
ent digits, as noted by the small numbers to the 
right of the coils to correspond with similar num 
bering of the plug sockets PS34 at the left. 
The relay R. T9 is controlled by the tube W 27 

(Fig. 48U) which is wired with the screen grid 
connected to the cathode so that only the con 
trol grid need be pulsed to fire the tube. Con 
tacts C2 are connected to the plug socket PS2 
So that if a card is punched "O,' the tube V 27 
will be fired. For this purpose, contacts C2 
(Fig. 47A) are timed to close at '0' in the card 
sensing cycle. 
The contacts of the relays R 79 to R88 are 

arranged in horizontal rows (Fig. 48U) and are 
electrically commoned vertically in grid fashion 
as shown in Fig. 48W and the common wires are 
connected to the plug sockets PS34. Thus, if a 
'0' is sensed in the units column of a card, the 
relay Rf79 will be energized and close all of its 
contacts R 9A disposed in horizontal alignment 
in Fig. 48V. This will connect all of the plug 
Sockets PS35 in horizontal alignment at the top 
through the vertical common wires for the con 
tacts of the relays R 80 to Rf88 to the respective 
plug sockets PS34 and the vertical rows of con 
tacts for the relays R T9 to R? 88 are designated 
with the numbers 1 to 10 to correspond with the 
designations of the plug sockets PS34. 

If the value '20' were to be punched in the 
card, the tens relay contacts will close a series cir 
cuit from the C plug socket PS33 (Fig. 48v), 
through contacts R75B, Rd T6A, RTTB, R78B, 
to the "2" plug socket PS34, thence through the 
third vertical common wire from the left, through 
contacts R 9A, to the plug socket PS35 corre 
Sponding thereto. This plug socket is marked 
"20" in Fig. 41. This circuit will not be closed 
for any other value than "20." The manner in 
which this units and tens distributor is used in 
the handling of practical problems will be made 
clear hereinafter in reference to a plugboard 
chart for a specific type of operation. 
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xx. 9-MASTER CONTROL 
The plugboard is provided with a plug socket 

Ps which controls a tube V124 (Fig. 48G). This 
tube is operated like the digit storage tubes and 
its screen grid is connected to the "9" segment 
(Fig. 48s) of emitter E6 whereby relay R23 will 
be energized whenever a "9" impulse is delivered 
to the control grid. For this type of operation, 
the switch S3 must be closed so that the plug 
connection to the plug socket PS5 may be ren 
dered effective. Ordinarily the plug socket PSf 5 
will be plugged to a card column for the purpose 
of controlling the machine when that particular 
column is punched with a "9." The plug socket 
Ps 5 is identified under the caption '9M' in Figs. 
4 and 48G, meaning "9 Master.' 
The plug sockets PS53 (Fig. 41) under the cap 

tion 'SW" provide a means of plugging the switch 
s (Figs. 1 and 48G) which is mounted on the 
front of the machine adjacent the main control 
keys and signal lights to control switching of any 
function which may be plugged to said switch. 

XXII. UNITS COUNTERS WIRING 
The plug sockets for controlling the 60 units 

counters are designated PS30, PS3, PS2, and 
Pss2, respectively, under the caption "Units 
Counters' (Fig. 41). The wiring of these counters 
is shown in Figs. 48M and 48N. The plug sock- : 
ets PS80, PS3 are the "In" and "Exit" sockets 
when any given counter is to be rendered opera 
tive under a selected control impulse source or 
function. The impulse source which is selected 
to exercise control is plugged to the plug socket : 
PS3 and the plug socket PS3 is also plugged to 
complete the circuit through the units counter 
magnet PM and such counter. Any impulse 
which is delivered to the plug socket PS30 passes 
through the units counter magnet CM and exits 
by way of the plug socket PS3 and the exit plug 
wire. A single impulse in this manner causes 
the counter to add one unit in the manner de 
scribed hereinbefore in the description of the me 
chanical construction of the counter. 

If the units order wheel of any counter, which 
is designated with the letter "U" in Figs. 48N and 
48M, stands at "9,' the counter nines contacts 
CNC immediately above, which are associated 
with that wheel, will also be closed and an in 
pulse will be sent through the tens magnet CM, 
designated with the letter T, in parallel with the 
impulse to the units magnet thereby to effect 
transferring from the units to the tens order. 
The hundreds and thousands orders are des- i. 

ignated with the letters T and TH, respectively, 
and if the lowest three orders stand at "0,' the 
counter pulses will be delivered to all of the mag 
nets CM for that counter in parallel and cause 
the transfer of a unit to the tens, hundreds, and 
thousands orders. 

XXII. SUBTRACTION CONTROL 
The plug sockets PS32, PS52 (Fig. 41) control 

subtraction and are shown in Fig. 4.8F. The plug 
sockets PS32 for a group of fifteen counters are 
connected in common to the contacts C9 while 
the plug sockets PS52 are individually connected 
to the contacts CRSA, CRA, etc., of the sub 
traction control relays CIS, CR, etc., which con 
tacts are arranged in a horizontal row at the bot 
tom of Fig. 48F. When a two prong plug is in 
serted between any plug socket PS2 and the 
plug socket PS52 immediately below in Figs. 41 
and 48F, closure of the subtraction control relay 
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contacts will cause the subtract relay for that 
group of counters to be energized. In Fig. 48F 
only one subtract relay R26, for counters to fs, 
is shown wired to subtraction control relay Con 
tacts. The relays R 25, RSS, R56 are asso 
ciated with the other three groups of counters 
as noted in Fig. 48F, and each has a common 
group of plug sockets PS32 connected to the con 
tacts C9 and the individual plug sockets PS2 
connected to corresponding contacts of the relays 
CR.3, CR4, CRS, CR 3, CR4, CRS, CR28, CR24, 
CR25, CR.33, CR.34, CR.3s, CR43, CR44, CR45, 
exactly as for counters to 5. For example, 
the subtraction control relay CR has four sets 
of contacts, one of which controls relay R25 as 
shown in Fig. 48F, while the other three control 
the three relays R 23, R125, and R26. 
The relays CR.3, CR4 to CR44, CR45, as noted 

at the top of Fig. 48F, have their coils individu 
ally connected to the carriage emitter segments 
502 corresponding to columns 1 to 15 of the form 
selection (Fig. 42). Thus, when the carriages 
are in a position corresponding to one of the col 
umns numbered 1 to 15 of the work sheet (Fig. 
42), one of the subtraction control relays CR3, 
CR4, etc., will be energized thereby closing the 
related contacts CR.3, CR4, etc., as the case may 
be, and, if any of these contacts are plugged as 
described, the corresponding subtract relays R 25, 
R 26, Rf 55, Rf 56 will be selected. This, as will 
be seen hereinafter, will cause the totals in the 
corresponding counters to be subtracted in the 
associated cross footing accumulator. 
The numbering of the segments 502 at the top 

in Fig. 48F does not correspond to the number 
ing of the counter groups, but to the number of 
columns, reading from left to right in Fig. 42 
and counting the amount column as two columns, 
in which printing takes place by separate cycles. 

XXIV. GENERAL, UTILITY CONTROLS 

At the bottom of the plugboard (Fig. 41) is a 
group of plug sockets of general utility. The plug 
sockets PS4 are captioned 'Bus' and electrically 
connected in common, as shown by fine lines, 
but are not connected internally of the machine. 
These plug sockets are used for the purpose of 
avoiding split plug wires. For example, a single 
wire may be plugged to one of a group of the 
plug socket PS from an impulse source and one 
or more of the remaining plug sockets of the same 
group can be plugged to a plurality of different 
controls. 
Under the caption "RS' there is a pair of plug 

sockets PS44, PS45 which are shown in Fig. 48H, 
and the plug socket PS4 is also electrically con 
nected to the plug socket PS3 which is captioned 
"Stop' in Fig. 41. When a double plug is inserted 
between PS4 and PS45, the machine will stop 
and a card will be rejected. The plug socket PS27 
can also be separately plugged to a control to cause 
the machine to stop at any desired condition. 
Under the caption "AC" are the plug sockets 

PS46, PS47 (Figs. 41 and 48A) which are plugged 
with a double plug to keep relay R47 energized 
when accumulating Operations are being per 
formed. 
The plug sockets PS48, PS49 captioned "AP" 

(Figs. 41 and 48A) are connected by a double 
plug whenever the machine is to automatically 
perform a print cycle at the end of a run of cards. 
The plug sockets PS50, PS5 f captioned "AS" 

(Pigs. 41 and 48C) are plugged with a double plug 
whenever it is desired to automatically restart 
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the feeding of cards after a sequence of printing 
cycles has taken place. 

XXV, SMPLE SELECTION DEVICE 
The readout commutators for units counter 60 

(Fig. 48D) in the units, tens, and hundreds orders 
are individually pluggable both as to the common 
strips 686 and the individual segments, the plug 
sockets PS42 corresponding to the common strip 
and the plug sockets PS3 corresponding to the 
individual segments. In Fig. 41, the three plug 
gable orders of counter 0 are shown in the lower 
right-hand corner above the three letters C and 
the values of the respective segments 685 are 
identified by the small numbers "0' to '9" above 
the short connecting lines joining the double plug 
sockets. This arrangement makes it possible to 
obtain a control pulse when counter 60 reaches 
any value up to 999 determined by plugging the 
common strips 686 and the segments 65 for this 
counter in a series relation. For example, Sup 
pose it were desired to obtain a control pulse 
when counter 60 reached the value 987. The 
plug sockets PS4 corresponding to 9 in the hun 
dreds order will be plugged to the plug socket 
PS2 for the common strip 68 in the tens order. 
Another plug wire will be inserted between the 
'8' plug socket PS43 for the tens order and the 
common plug socket PS42 for the units order. 
The common plug socket PS42 for the hundreds 
order and the '7' plug socket PS3 for the units 
order will be plugged to the impulse source and 
the controlled function, respectively. When 
counter BO reaches 987, connections will be estab 
lished in series through the units, tens, and hun 
dreds orders to close a circuit which may be 
utilized for any desired control purpose. An 
illustration will be given hereinafter in reference 
to a plugboard diagram. 

XXVI. SPECIALIZED PLUGBOARD 
CONNECTIONS 

There is a group of plug sockets which can 
best be explained by way of specific examples. 
These include the group under the caption 
'count,” involving plug sockets PS2, PS2; 
“Plug To shunt," PS27; "Sort," plug sockets 
PSS, Psss, PS56; those designated "1-2-3' 
Ps22; "cs,” Ps23; "Comp," PS24; "CC," PS25; 
CE." Psas; "SH," PS28; "E," PS38; and "GI 

Class,” PS58 to PSB. These plug sockets are 
associated with controls which are internally 
wired to relay contacts which exert certain con 
trol functions, particularly during counting, sort 
ing, comparing, and editing operations and their 
mode of operation and utility can best be brought 
out by way of specific example. 
The plug sockets "S.P." PS62, and PS6, when 

plugged, place the main print control circuit 
under control of the summary punch hopper and 
card lever contacts. 

It will be convenient and easier to understand 
the operation of the machine hereinafter with 
reference to the plugboard charts if the various 
plug sockets which have been described so far 
in detail with their associated circuit connections 
and tubes are considered as impulse emitting or 
impulse receiving devices. The description of 
the operation with respect to specific examples 
will be simplified in some cases by tracing many 
of the circuits with reference to the plugboard, 
considering the different plug sockets as either 
impulse emitting or impulse receiving sources. 
This will save a great deal of repetitious tracing 
of circuits which in the case of the brush circuits 

s 

() 

4) 

60 

36 
particularly, would involve repeated retracing of 
the circuits through invariably operating or nor 
mally closed contacts such as the circuit breakers 
LCS, LC and the card lever contacts CLR2B 
(Fig. 48Q) which do not of themselves exercise 
any special control in the normal operation of the 
machine once the cards have started feeding. 

XXVII. POWER SUPPLY AND ELECTRONIC 
TUBE CONNECTIONS 

The machine is provided with a power supply 
for the relays and electronic tubes which is con 
nected to a power line through the main switch 
S (Fig. 48A) and comprises the power trans 
former T. This power transformer is provided 
with two full-wave, center-tapped, secondaries 
one of which develops 44 volts between the center 
tap and the ends of the secondary coil, the other 
of which develops 37 volts. These two second 
aries are connected to the rectifiers Rf, R2 in 
full-wave fashion to provide the positive D. C. 
voltages of 55 volts and 48 volts, respectively. 
The output of the two sets of rectifiers Rf, R2, in 
each case, is delivered to a bank of fuses F which 
are bracketed in Fig. 48A with the letters P, P2 
designating positive potential source 1 and posi 
tive potential source 2. Both center taps of the 
two secondaries of the transformer T are con 
nected through main fuses to a group of binding 
posts BP which are bracketed under the letter 
N and marked 0 volts. The majority of the 
relays, magnets, and tubes which control the 
operation of the machine are grounded to the 
points N through various of the binding posts 
and, in the different sheets comprising the wiring 
diagram, these ground connections are indicated 
by an arrow and the letter N. In similar fash 
ion, the different connections to the potential 
Sources P and P2 are designated with these 
letters and numerals, where necessary. Thus, in 
Fig. 48B for example, the wiper of the switch S2 
is connected to potential source P2 so that all 
of the relays controlled by the switch S2 are, in 

5 effect, connected between the points N and P2 
of the power supply for operation by 48 volts D. C. 

Besides the rectifiers Rf, R2 which provide the 
principal current for operating the tubes, mag 
nets, and relays, there is provided the negative 
potential source marked N2 (Fig. 48A) rectified 
by R4 to furnish -48 volts used for the grid bias 
potential and the negative potential source N. 
rectified to -61 volts by R8, R., RS which is used 
for the grid blas potential of the tubes W29, 
W80 (Fig. 48G) which control the sorting con 
trol magnet SCM. 
The cathodes of all of the electronic tubes ex 

cept W29, W30 are connected to the N negative 
source and the screen and control grids of the 
bulk of the tubes are connected to the N2 source 
so that the grids are biased at -48 volts negative 
under normal conditions except the tubes W29, 
W80 in which the control grids are biased to -61 
volts, as aforesaid and the cathodes connected to 
the N2 source, 

All of the tubes except the tubes W29, W30 
controlling the sorting control magnet SCM, are 
identically wired in respect to the screen resistors 
and the screen grid resistors. For example, the 
recode tube W has its control grid connected to 
the plug socket PS2 by a 100,000 ohm resistor and 
the aforesaid plug socket is connected to the wire 
W2 and source N2 through a 50,000 ohm resistor. 
Both grids of tube Wf are bypassed to the cathode 
with .002 mfcd. Condensers to prevent spurious 
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responses from firing the tube. The plug socket 
PSS also is connected to wire W2 and source N2 
through a 50,000 ohm resistor and to the screen 
grid of tube V through a 100,000 ohm resistor. 
The series plate resistors for the accumulator 

delay tubes w83 to W14 are 4,700 ohms the screen 
grids and control grids, like Wii, being provided 
with 100,000 and 50,000 ohm resistors and 002 
bypass condensers. 
The tubes W29, W30 have their screen grids 

connected directly to the cathode while their 
control grids are wired to negative source N. 
through 100,000 ohm and 50,000 ohm resistors as 
for the other tubes. Each of these tubes has a 
series plate resistor of 1000 ohms, each resistor 
being shunted with 20 mfd. condenser. While 
two tubes are shown operating in parallel, this 
is done because of the heavy current require 
ments for the sorting magnet and the two tubes 
could be replaced with a single tube of larger 
capacity, if desired. On account of the small size 
and greater compactness of the 2D21 thyratron, 
it is more convenient to use two of these tubes 
in parallel than to use a large tube of greater 
current capacity. 

XXVIII. WIRING DIAGRAM 

Because of the extreme complexity of the wiring 
making a great many criss-cross connections 
necessary between various groups of relays, it is 
impossible to show all of the wire connections 
complete on the wiring diagram without consider 
able confusion. In order to make the wiring 
clear and provide quick reference to the points 
where the connections are made, these Criss 
cross connections from one sheet to another are 
designated with an arrow and a reference to the 
figure and circuit element on the second sheet 
at which the connection is made and on the sec 
ond sheet a cross reference is made back to the 
first sheet so that all connections may be readily 
traced from one sheet to the other with a mini 
mun of dificulty. 
For example, in Fig. 48A, the contacts CRBA 

of relay CR6 are connected to the timing con 
tacts C22 which are found in Fig. 49P which also 
has a cross reference note back to Fig. 48A to 
facilitate tracing the circuit fron wire Wil, 
through the contacts C2, contacts CR6A and the 
coil of relay CR6 to wire W2. 
A certain number of the relays are single coil 

relays and are designated with the letter R. plus 
a numeral which denotes that the coil stands 
alone and is not connected with any other coil. 
Other relays are double coil relays in which one 
coil is usually used to pick up the relay and the 
other coil to hold it. The pick up coils for such 
relays are designated with the letter R, a numeral, 
and the letter P, signifying "pick up'; and the 
hold coil is designated with the same numeral 
and the letter H. For example, in Fig. 48E, relay 
R25P is a double coil relay, the hold coil of which 
is designated R25H, in Fig. 48D. Certain other 
relays are of the latch type in which a pick up 
coil operates the contacts to a latched position, 
in which they are held closed or open, as the case 
may be, and subsequently a trip magnet is ener 
gized to release the latch and restore the contacts 
to their original condition. The pick up coils 
of relays of this type are designated with a P and 
the trip coils are designated with the letter T 
instead of the letter H. Thus, the relay R2P 
(Fig. 48F) has its trip coll designated R2T. 
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XXIX. STARTING AND STOPPING 

OPERATIONS 
The initial starting condition and the stopping 

of the machine when cards run out or the stop 
key is operated will first be described without 
reference to any particular type of operation in 
order to explain how the machine is started in 
operation and stops operation under the various 
conditions that may cause stoppage such as stop 
key depression, exhaustion of the cards from the 
hopper, or a pocket becoming too full. 
The cards are placed in the hopper H face 

down with the 9's at the left (Fig. 5). When the 
main switch S is closed to apply power to the 
machine, it is desirable that the application of 
plate potential to the electronic tubes be delayed 
approximately 30 seconds in order to give time 
for the cathode heaters to heat. Current flows 
during this warm up period from the positive 
Source P2 (Fig. 48A) through the normally closed 
contacts TRC of the thermal relay TR and the 
heater element H of this relay, to wire W2. The 
heater, through thermostatic action, causes the 
contacts TRA, TRB, and TRD of the thermal 
relay to close after the desired interval of time 
and the coil TR of this relay holds such contacts 
in closed condition as long as the main switch Sl 
is closed. The contacts TRC open and cut off the 
heater H, allowing the heater to cool, so that the 
contacts TRA, TRB, and TRD can immediately 
reopen if the switch S is opened. 
The closure of contacts TRD connects the wire 
W to the potential source P2 thereby causing 
the idling light IL (Fig. 48B) to become lighted 
through contacts R. 99A, R200A (Fig. 48B) and 
indicate to the Operator that the machine is in 
readiness for operation. This insures that the 
operator will not attempt to start the machine 
before the heaters of the electronic tubes have 
reached full heat. 
When the starting key STK (Fig. 48C) is op 

erated, the relays R8T, Rf 9H are energized and 
the contacts of R 9B close to keep the relays 
R9H, RT energized through the contacts 
CLRA, R.B. Contacts Ri 9A close a circuit 
to relay R22 from line wire W, through contacts 
R 98B, R 9A, R6A, and relay R22, to line wire 
W2 which is connected to the source N. The 
relay R22 through its contacts R22C (Fig. 48A) 
closes a circuit to the motor relay MR, between 
the line wires W, W2. The contacts MRC close 
and start the main drive motor M of the ma 
chine. This starts the high speed shaft it 7 turn 
ing and thereby drives the high speed emitters 
and timing contacts the timing of which are 
shown in Fig. 47A. Since the print clutch magnet 
PCM has not been energized, the low speed tim 
ing contacts shown in Fig. 47B and the print 
emitter PE will remain idle. The first card will 
be ejected from the hopper H and will close card 
lever contacts CLC (Fig. 48C) and these con 
tacts will remain closed as long as cards continue 
to feed through the machine. 
The card lever relay contacts CLRA (Fig. 48C) 

close and charge the condenser C through the 
1,000 ohn resistor and this condenser maintains 
its charge as long as cards continue to feed. The 
function of the condenser C will be brought out 
hereinafter in discussing the stopping conditions 
when cards become exhausted from the hopper H 
and feeding thereof is stopped. 
The relay R22 will be kept energized through 

its contacts R22A (Fig. 48C) over a circult which 
traces from line wire Wil, through contacts 
CLRA, FTPC, RBC, R2SB, R22A, and relay R22, 
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to line wire W2 thus maintaining the motor relay 
MR in operation. The first card is brought into 
position where the brushes B start to sense the 
index-point positions in the card columns which 
will start at the beginning of the second card 
feeding cycle. 
The contacts CLR2B (Fig. 48Q) connect the 

common brush CB to the positive source Pl 
through the circuit breaker contacts LCS, LC6, 
which pulse the common brush and the wire W3 
with short overlapping impulses coinciding with 
the index-point positions of the card (Fig. 47A). 
Wire W3 is the common wire for the emitters 
which control the application of potential to the 
screen grids of most of the electronic tubes and, 
through the timing contacts C8, C9, CO, and 
wires W4, W5, W6, the plate potential for the 
electronic tubes. Thus, the electronic tube cir 
cuits are conditioned for operation in response 
to impulses from the card sensing brushes. The 
starting key STK may be released since the motor 
relay will now be kept energized through the con 
tacts R22C as long as cards continue to feed. 

It will be assum cd that the machine is plugged 
for automatic starting of card feeding after each 
series of printing operations. Consequently, a 
plug will have been inserted in the "AS" plug 
sockets PS50, PSS (Figs. 41 and 48C). The re 
lay R9P will be pulsed during the last printing 
cycle of a series provided the hopper H. contains 
cards. This circuit is traced from source P2 
(Fig. 48H), contacts C35 to plug sockets PS5), 
PS5 (Fig. 48C) through the double plug contacts 
HC, Rf4A, and relay R 9P, to line wire W2, as 
suming contacts R. A closed. 
The reenergization of the relay CLR, opening 

contacts CLRA breaks the holding circuit for 
relay R 9H. Consequently, unless the automatic 
starting control is plugged, operation of the ma 
chine must be resumed by manual depression of 
the start key, 
The relay R4P, as will be explained herein 

after, is energized when the cross footing opera 
tions have been successfully concluded and ac 
cumulator 4 stands at '9999' at the end of a Series 
of cross footing operations. Consequently, as 
suming the operation of the machine to be correct 
as to the cross footing operations, and assuming 
that cards remain in the hopper, the relay R 9P 
will be impulsed to automatically start the feed 
ing of cards. The relay R4P is a latch type 
relay which, once energized, remains in closed 
condition until the trip coll Rf4T is energized. 
The contacts C35 are operative only during a 
printing cycle, and are normally open when the 
printing mechanism is at rest with the clutch 
latched in the normal position. 

If the hopper should become exhaused of cards, 
the contacts HC will open and prevent the energi 
zation of relay R 9P and it will require a manual 
operation of the starting key STK to restart the 
feeding of cards. 

During a second card feeding cycle, the card 
lever contacts CLC2 (Fig. 48C) close and ener 
gize last card relays LCR, LCR2. The primary 
purpose of the relays LCRf, LCR2 is to maintain 
the control circuits while the last card is passing 
the sort checking inserts 4a and its destination 
is being selected by the sorting control magnet. 
The energization of relay Rf 9H, when the start 

key STK is operated, also closes contacts R 9C 
(Fig. 48D) thereby impulsing the card feed mag 
net CFM2. This will unlatch the card lifter 
mechanism in the event that it is in latched 
condition and allow the cards to fall on the picker 
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to permit the first card to be advanced from the 
hopper. When feeding of cards is started, the 
relay R22 opens its contacts R22B (Fig. 48D) 
and prevents energization of the card feed mag 
net CFM, thereby preventing operation of the 
card lifter mechanism, when contacts RD re 
close. Thus, as long as the machine is feeding 
cards neither of the magnets CFM, CFM2 can 
be energized except under certain special con 
trolled conditions which are covered by the group 
of relay contacts (Fig. 48D) in parallel with the 
contacts R22B. 
There are several conditions which might cause 

card feeding to stop through the operation of the 
magnet CFM. One of these conditions is the 
blowing of a fuse in either of the fuse groups. 
The fuses F (Fig. 48A) are of the type which ex 
pel a Spring contact when the fuse wire melts and 
connects the common buses for the rectifier sides 
of the fuses to the relays R 99 or R200, accord 
ing to the group in which the fuse blows. This 
is effected through the medium of a bus bar BS. 
The energization of relay R 99 or R200 closes 
the contacts R. 99B or R2OOB (Fig. 48D) and 
thereby energize the card feed magnet CFM to 
render the card lifter mechanism operative. The 
opening of contacts R. 99A, R200A extinguishes 
the idling light IL and indicates that the fault is 
a blown fuse. 
When the blown fuse is replaced, the machine 

may be manually restarted by means of the key 
STK and this will result in the energization of 
relay R 9P which closes contacts R90 (Fig. 48D) 
to energize the magnet CFM2 and disable the card 
lifter mechanism, permitting the card picker to 
feed a card from the hopper. 
Under certain conditions, it is desired to cause 

the machine to stop when a master card punched 
with a '9' in a predetermined column is sensed 
by the brush for that column. When this is de 
sired, the '9M' plug socket PS6 (Figs. 41 and 
48G) is plugged to the card brush sensing the 
column in which the '9' occurs and switch S3 is 
closed. The tube W24 is rendered operative by 
a joint '9' impulse from the card and from the 
emitter E6 (Fig. 48S) and relay R23, when en 
ergized, closes the contacts R23C (Fig. 48D) to 
stop the feeding of cards. 

For certain reasons which will be made clearer 
hereinafter, it is desired to limit the operation 
of the machine in a single run to less than 10,000 
cards particularly in view of the limitation of the 
capacities of the units counters to four digits, 
Accordingly, provision is made to stop feeding 
of cards before the total number of cards counted 
reaches 10,000. Units counter normally will 
be used to count the total number of cards pass 
ing through the machine as a check on the op 
eration of the machine. As shown in Fig. 48D, 
the nines segment 685 of the thousands, hundreds, 
and tens orders and the common strips for these 
orders are wired so that when these three highest 
orders stand at '9' and the lowest order at '7,' 
a series circuit can be established through to the 
nines segment of the tens Order, the common 
strip. 686 for the units order, and the '7' segment 
685 for that order. This causes the relay RP 
to be energized whenever the count in units 
counter reaches 999. 
The circuit for the energization of relay RTP 

is traced as follows: Positive source P2 (Fig. 48W), 
contacts C22, the common strips 686 (Fig. 480), 
segments 685, and the brushes 688 for the three 
highest orders of units counter (Fig. 48D); the 
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common segment is, and '7' segment is for 
the units order, and relay RTP, to line wire W2. 
Relay RTP closes the contacts RTC (Fig. 48D) to 
energize the card feed magnet CFM and pre 
went the picker from advancing another card 
from the hopper. 
Under certain conditions, the sorting Operation 

is checked to insure that a card will actually be 
destined for the pocket corresponding to the op 
erating impulse to the magnet SCM. Stoppage 
when this control functions is exercised by the 
relay R25P in the manner to be made clear here 
inafter. Relay R25P closes contacts R25C with 
the same effect as contacts RTC. 

It is also possible to plug the machine to cause 
automatic stoppage under a prescribed condi 
tion determined by plugging of the machine in 
various ways. This can be effected by means of 
the "RS" ("rejected stop") plug sockets PS44, 
PSS (Figs. 41 and 48H) or the "stop' plug socket : 
PS37. When the reject stop plug sockets PS44, 
PS45 are connected by a double plug and the re 
lay R4f P fails to energize in accordance with 
the control exercised thereon, a circuit will be es 
tablished from positive source P2 
through the contacts CLR2A, C 9, LCRB, Rd 4 A, 
the relay R8P. This closes the contacts R8B (Fig. 
48D) and effects the operation of the card lifter 
magnet. The coil RP will also be energized 
when an impulse source on the plugboard is 
plugged to the plug socket PS3. As will be made 
clear hereinafter, the relay R4P fails to ener 
gize under certain conditions when it is desired 
that a card be rejected and it may be desired to 
inspect this card immediately before continuing 
the running of the remaining cards and for this 
reason the RS control is provided. 
When the RS and Stop controls are effective 

to energize relay R8P and stop card feeding, con 
tacts R8A close and the editing light EL (Fig. 
48B) becomes lighted. 
The print light PL also becomes lighted when 

card feeding stops under either 9997 or 9M con 
trol provided the two carriages are in the re 
turned position holding the switch MS (Figs. 20 
and 48B) closed. The carriages should be in the 
position of Figs. 2A, 2B, and 20 when card feed 
ing operations are taking place. The print light 
tells the operator that the carriages are in proper 
position for the first print cycle of a series. 
Mention was made of the fact that the con 

denser C (Fig. 48C) is charged when the card 
lever relay contacts CLRA close and that it re 
mains charged as long as cards continue to feed. 
At the end of a run, when the last card leaves 
the hopper and eventually the card lever con 
tacts CLR open, the charging potential for con 
denser C is removed. Condenser C immediately 
starts to discharge through a closed circuit in 
cluding the 1000 ohm resistance, the contacts 
FPC, R, 8C, R25B, R22A, and the coil of relay 
R22. The value of the charging resistance and 
the condenser C, which is very large, is chosen 
such that the relay R22 will be kept energized 
long enough for the last card to pass from the 
sort checking station to the "9' pocket before 
the relay R22 is deenergized to permit the motor 
Mi to stop by deemergizing the motor relay MR. 
Whenever any sorting pocket becomes too full 

of cards, the full pocket contacts FPC (Fig. 48C) 
open and deemergize the relay R22 immediately 
thereby stopping motor M and preventing fur 
ther feeding of cards. 
The machine may also be stopped by depress 

ing the stop key (Fig. 48A). This energizes the 
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relay RB and opens the contacts RC (Fig. 48C) 
to deemergize the relay R22. 
The energization of the relay R25P which is 

responsive to failure of a card to pass under the 
proper blade 4 in checking the sorting opera 
tion not only operates the card feed magnet 
CFM but also, by opening the contacts R2SB 
(Fig. 48C), stops the feeding of cards. 
When it is desired to manually initiate a print 

ing operation, the print key PK (Fig. 48A) is 
operated. This closes a circuit from the line 
wire W. (Fig. 48A), through the print key con 
tacts, contacts RSA, R 9A, LCR2C, and the 
relay R2, to line wire W2. The contacts C4 
are normally closed when the print mechanism is 
not in use, consequently, a holding circuit ean 
be established for the relay R2 through the 
contacts R2A and C. Since the shaft 2 
(Fig. 15) is always turning when the machine is 
running at all, contacts C close and energize 
the relays R6, RT (Fig. 48A) and the print 
clutch magnet PCM in parallel. The relay R2 
closes contacts R2B to energize relay CR 
Contacts CRGB close and energize motor relay 
MR, to start notor M. 
As a result, the print clutch is engaged in the 

manner described hereinbefore and makes one 
revolution thereby operating the type bars and 
other mechanisms associated with the printing 
mechanism, including the print emitter PE. The 
manner in which the type bars are controlled 
to effect printing will be described in detail 
hereinafter with reference to a specific example. 

If the summary punching mechanism is be 
ing used, the circuit for starting the printing 
operation is dependent upon the punch hopper 
contacts PHC (Fig. 48W) and the punch card 
lever relay contacts PLCRB which are in series 
parallel with the contacts R98A. When the 
Summary punch is in operation, a double plug is 
inserted in the SP plug sockets PS62, PS3 there 
by energizing relay R98. This opens the con 
tacts R98A and puts the relay R2 in series with 
the punch hopper contacts PHC and the punch 
card lever relay contacts PCLRB making it in 
possible to effect a printing operation unless 
cards are present in the punch hopper and punch 
ing station. 
When the automatic print or "AP" plug 

Sockets PS48, PS49 (Fig. 48A) are plugged, an 
automatic printing cycle will be initiated when 
tever relays R28 or R are energized under control 
of a '9" punched master card or when the card 
count reaches 999. 
Whenever cards become exhausted or the card 

feed magnet CFM becomes operative to pre 
vent the ejection of cards from the hopper H, 
the cards remaining in course of feed through the 
machine will be fed until the card lever contacts 
CLC2 (Fig. 48C) open which will occur near the 
middle of a cycle in which the last card is pass 
ing the sort checking station and having its 
destination determined by the sorting control 
magnet. After the last card has passed this 
point, the machine will stop, but the cards still 
in transit to the pockets will be conveyed thereto 
owing to the effect of condenser C. 
When the card lever contacts CLC open, the 

relays CLR, CLR2 will be kept energized for a 
short period longer due to a holding circuit main 
tained through the contacts C24. Then con 
tacts. CLC2 open and deemergize relays LCR, 
LCR2. The contacts LCR2C (Fig. 48A) close as 
a result of the deemergization of the relay LCR 
and automatically initiate a printing cycle pro 
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vided the AP plug sockets PS48, PS49 are plugged. 
If not, a manual printing cycle must be initiated 
by means of the printing key PK. The relay RT 
is a latch type relay which remains in latched 
condition until its trip coil RTT (Fig. 48E) is 
energized. The relay R23 is controlled by the 
tube W24 which, once fired, under the control 
of a '9' punched card to effect the operation of 
the card feed magnet CFM remains in fired con 
dition until relay R 9 is energized to open the 
contacts R? 9E. The relay R9 is deenergized as 
soon as the relay CLR is Operated in consequence 
of the first card passing the brushes B. Con 
sequently, both the relays R, R23, if energized, 
are maintained with their contacts in actuated 
position until either the trip coil RT (Fig. 48E) 
is energized or relay R 9 is energized in restart 
ing the machine. When the printing mechanism 
is started either under control of the print key 
PK or the contacts LCR2C, the relay R2 is ener 
gized, closing contacts R2B to energize the relay 
CR6 (Fig. 48A) and motor relay MR to start no 
tor M and engage the printing clutch. 
Unless relay Rf42P is energized, holding con 

tacts Rf42P (Fig. 48A) open, or the stop relay 
R8 has been energized by operation of the stop 
key SPK, holding contacts Rf8A open, the print 
ing mechanism will operate continually for a 
series of cycles under control of the carriage 
emitter 502, 503, 506. The operation of relay 
R42 to stop the Series of printing cycles at 
the proper point will be explained after the 
operation of the machine during these succes 
sive printing cycles has been explained. 

XXX, SEQUENTIAL PRINTING 
It will now be assumed that a series of cards 

has been passed through the machine and that 
certain desired facts have been counted by the 
units counters and that data has been entered 
in accumulators 2 and 4 under control of the 
card brushes B. 
The card feeding has stopped and a sequence 

of printing cycles initiated either manually or 
automatically as described. During this se 
quence of printing cycles, the totals in the four 
accumulators, the group number, and the totals 
in the sixty units counters will be printed. Fi 
nally, the totals in the accumulator will be rolled 
to effect a final check on the counting oper 
ations. After the first two cycles, the accumu 
lators are reset and thereafter are used in con 
junction with the contacts CRC controlled by 
the type bars to enter the totals of the counters 
in the accumulators as Said totals are printed. 
It is these last totals which are rolled to effect 
a check. Since this sequence of printing cycles 
is a fixed sequence which is independent of the 
plugging of the machine, it now will be described 
in detail. 

It will be assumed that the carriages are both 
in their extreme right-hand positions with re 
spect to Figs. 2A and 2B or their extreme left 
hand positions with respect to Fig. 20 whereby 
the contacts MS3 will be closed and the con 
tacts MS2 are held transferred as shown in Fig. 
48F. It was explained above that the relays 
R6, Rf 7 are energized when the printing mech 
anism is started by means of the print key PK 
or the card lever contacts LCR2C. This causes 
the contacts RTA to close (Fig. 48F) and per 
mit a circuit to be established by the contacts 
C38 which is traced from positive source P2, 
through contacts C38, RTA, R42D, or R6B, 
according to the condition of these relays RSC, 
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contacts MS2, the emitter strip 503, emitter 
brushes 506, and the "1" segment 502 to relays 
R24 and R54. 
The closure of contacts R6D, R2D, and RTC 

(Fig. 48G) causes the tube W23 to be fired due 
to the simultaneous application of plate poten 
tial, from source P through contacts RTC and 
relay R5, and screen potential from source P, 
contacts C8 (Fig. 48O), R2O G, R2D, and R6D. 
This energizes relay R57 and causes all of the 
contacts R57A to close (Fig. 48E). Relay CR 34 
(Fig. 48F) is also energized through the con 
tacts MS3 and closes its contacts CR.34C (Fig. 
48E). The contacts MS3 remain closed during 
the first three printing cycles in which the 
brushes 506 are in contact with the first, second, 
and third segments 502 (Fig. 48F) of the car 
riage emitter 502, 503 during printing of the 
accumulated totals and the group number. The 
relay R T closes its contacts RTD (Fig. 48H) 
and relays R24 and R. 54 close their contacts 
R 24A (Fig. 48J) and R54A (Fig. 48L). This 
connects the common strips 636 of accumulator 

to the cable CB and the common strip 636 
of accumulator 3 to the cable CB3, thus condi 
tioning printing banks and 3 for printing the 
totals from accumulators f and 3 in the extreme 
left-hand columns (Fig. 42) to the left of the 
vertical dotted line on the two sections of the 
record Sheet. 
Thus, during the first printing cycle when the 

contacts C29, C30 close in alternation, a series 
of total printing pulses are delivered to the 
print emitter PE which are traced from posi 
tive source P2, contacts C29, C30 (Fig. 48H), the 
brush T86 of print emitter PE, the emitter seg 
ments 785, the contacts R. 48G of relay R48, 
the wires leading to the segments 635 for the 
readout commutators of accumulators and 3 
(FigS. 48J and 48L), thence through the read 
out brushes 688 and the common strips 636, 
the contacts R 24A, R54A, the cables CB and 
CB3, the print magnets PM (Figs. 48M and 48N) 
for print banks and 2, respectively, to wire 
W2 and negative source N. 
This causes the total standing in accumulators 
and 3 to be printed in the extreme left-hand 

columns of the two form sections, to the left of 
the dotted line in Fig. 42, only the first section 
being shown in Fig. 42. 
The printing of a total in this manner is well 

known in the art and need not be described in 
detail. It will be understood that if any read 
out brush 638 for any order of any of accumula 
tors and 3 stands at a predetermined value, 
it will permit a digital pulse corresponding to 
that value to be emitted through the proper 
wire and impulse the proper printing magnet 
PM at a time when the type bar is in such posi 
tion that the corresponding type is about to 
reach the printing line and will cause that type 
to be arrested at the printing point. 

It will be understood, of course, that, when 
the motor M is started in the manner described 
and the shaft 220 is coupled thereto, the type 
bars 6 start to rise and move in such a timed 
relation to the rotation of the emitter PE that, 
as the successive values 9, 8, 7, etc., are emitted 
by the emitter PE, the magnets PM will be en 
ergized at times in correspondence to the values 
standing on accumulators f and 3. 
During this first printing cycle, the contacts 

C close and energize the escapement solenoids 
ES (Fig. 48D) for both carriages through con 
tacts R3A. During the early part of the first 
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printing cycle, when contacts C9 close, the 
relay R43P is energized closing contacts RSA 
thereby permitting the contacts C44 to close the 
circuit through the solenoids ES toward the end 
of the first printing cycle. This causes the two 
carriages to escape to the second columnar posi 
tion (Fig. 48F) and energize the relays R 23, 
R53, which perform the same functions with 
respect to accumulators 2 and 4 as the relays 
R24, R. 54 do for accumulators f and 3 and the 
second cycle will be a repetition of the first with 
the exception that accumulators 2 and will 
control print banks and 3 to print the totals 
standing in accumulators 2 and . 

During the second cycle, in which the totals 
from accumulators 2 and 4 are printed, solenoids 
ES are energized and the carriage escapes to the 
third column and energizes the relays R, R38, 
R9, and R40 (Fig. 48F). During the second 
cycle, when relays R 23, Rl 53 are energized, the 
contacts C48 (Fig. 48H) close and energize the 
zero relays R 9, Rf 92 in parallel with the relay 
R53 over wire W24. 
At zero in the second printing cycle, the print 

emitter PE closes circuits through its 2ero Seg 
ment 785, the contacts R 9A, R92A (Fig. 48H) 
and the cables CB6, CBT to cause the printing of 
zeros in any position in which a type bar has 
not printed a significant figure. This is not 
necessary during the first cycle as the zero pawls 
67 automatically cause printing of Zeros to the 

left of a significant digit. Accumulators and 3 
take the overflow from accumulators 2 and so 
that the totals in and 2, and 2 and also are 
really a single total. 
The energization of the relays R7, R38, R39, 

R40, when the brushes 506 connect the emitter 
strip 503 with the third segment 502, conditions 
the machine for printing the group indication 
which is stored in the relays R8P to R96P in the 
manner described above in connection with the 
description of the plugboard. The group indi 
cate circuits are shown in Fig. 48 and it will be 
assumed that the contacts of the relays RBP to 
R96P have been set up to store as many as four 
digits according to a form of binary system. 
Consequently, in each of the four orders shown 
in Fig. 48I identified by the words "Units,' 
"Tens,' etc., there will be a single closed circuit 
extending from the group of wires in the cable 
CBS to CB4 which lead to the print magnets PM 
(Figs. 48M and 48N). 
The closed denominational contacts of the re 

lays R37 to R0 are connected in parallel to the 
group of four wires W42 leading to the contacts 
of relays R8P to R96P so that the same four 
digit group number will be printed by all four 
of the printing banks. It will be noted, with 
reference to Fig. 42, that there are two columns 
headed "Sort.' In each of these columns is 
printed the same group number and, since there 
are two sections to the report, it is necessary to 
print the group number four times. This form, 
as shown by the dotted lines in the center, is 
separable so that the two halves of each form 
section may be torn apart in each case making 
four separate forms having fifteen vertical rows 
of totals. 
The cable CB5 connects to the print emitter PE 

(Fig. 48H) which functions during the third 
cycle to emit pulses through the contacts of the 
group indicate relays RBP to R96P in the same 
general manner as through the accumulator 
readouts in printing totals. For example, if the 
value "6" were stored in the units order (Fig. 48I), 
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the wire identified by the small number "6" at the 
right will be connected by contacts R83C and 
R2C to the units wire W42 which is connected 
to all of the units magnets PM through units 
order contacts R37A to ROA. At the "6" time 
in the printing cycle, a pulse will travel through 
the emitter PE (Fig. 48H) and the '6' wire (Fig. 
48), through contacts R83C, R82C, R8B, RB4D, 
units wire W.2 and, in parallel through the ex 
treme right-hand contacts R3TA, R38A (Fig. 48J) 
and R39A, ROA (Fig. 48L), to all of the units 
print magnets PM (Figs. 48M and 48N), through 
the cables CB to CB4, to line wire W2. This 
causes the value "6" to be printed in the units 
order of all of the "Sort' columns on the work 
sheets. In similar fashion other digits will be 
printed by the remaining print magnets. Zeros 
are printed by a separate circuit from the zero 
segment T86 (Fig. 48H) of the print emitter PE, 
through the zero relay contacts R 9A, and cable 
CBS which, it will be noted in Fig. 48J, has in 
dividual wire connections to both the contacts 
R2A and R 24A. These zero impulses travel 
through the different wires of the cable CB6 to 
the left in Fig. 48J and thence upwardly to the 
contacts R3A and from there to the proper 
print magnets PM to cause zeros to be printed. 
During the third cycle, the carriage escape 

ment solenoids are energized, and the carriage 
escapes to the fourth segment 502 in readiness for 
printing the total of the first group of four units 
counters. Before this takes place, however, it is 
necessary to reset accumulators to 4 as these 
accumulators are now to be used to check the 
totals on the units counters. Resetting is accom 
plished by advancing the accumulator wheels to 
2ero by a series of pulses similar to adding pulses. 
It will be remembered that relays R19, R2, 
R8, R19, and R50 (Fig. 48F) were energized 
in parallel with relays R37 to R40 prior to begin 
ning the third cycle in which the group number 
was printed. 

Relays R 9, R20, close their contacts R 9B, 
R20B (Fig. 48J) and thereby connect the re 
turn magnets RM of accumulators and 2 to 
the common strips 636 of the readouts for these 
two accumulators through the contacts R? 24B, 
RF and R23D, R146F. Also (Fig. 48H), the 
relay Rf8 inverts the wiring of the print emit 
ter PE so that it now emits the '10' comple 
ments of the digits 1 to 9. Thus, at '9" in the 
cycle, the emitter PE closes a circuit to the '1'.' 
wire whereas at "1" it closes a circuit to the '9" 
Wire. 
The relays R 49 and R. 50 have the same ef 

fect in Fig. 48L as relays R 19, R20 in Fig. 48, 
the return magnets RM for accumulators and 
being connected to the common strips 636 of 

accumulators 3 and 4 through the contacts 
Rl5OB, Rd 45E, R. 54B, R. 49B, and R53C, re spectively. 
The reason for the inversion of the wiring to 

the readouts of the accumulators is that, if an 
accumulator wheel stands at '1' as the most 
extreme possibility, it requires nine pairs of im 
pulses to magnets RM, AM to rotate the ac 
cumulator wheel to zero. If the emitter pulses 
Were used in the normal way and a wheel stood 
at “1,” the "1" impulse for resetting the accu 
mulator wheel would occur at '1' when there 
is only one unit of time on a digital basis re 
maining to rotate the wheel to the zero posi 
tion which, of course, would set the wheel at 
"2" and not at zero. 
With the inverted emitter wiring, if any ac 
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cumulator wheel stands at "l,' its return mag 
net RM will be pulsed at '9' by a circuit which 
may be traced from the emitter PE (Fig. 48H), 
through the '9" segment 785 to the emitter wire 
at the bottom (Figs. 48H, 48J, and 48L) and 
thence it will seek out the orders which are 
standing at '1' and the readout brushes 68 
will close a circuit between the common strip 
636 and the "1" segment 635 in each case and 
the pulses will be emitted downwardly through 
the contacts R24B, R44F, and R2B in the 
case of accumulator ; R123D, Rf46F, and 
R 9B in the case of accumulator 2; Rl5B, 
R. 45E, and R? 50B in the case of accumulator 
3; and R? 53C and R49B in the case of accu 
mulator 4, to the return magnets RM of all of 
the orders in which the wheels stand at "1,' 
these impulses being transmitted through the 
normally closed contacts R. 93B of accumulator 
, R94B of accumulator 2, R195B of accumu 
lator 3, and R96B of accumulator . 
As explained in the description of the accu 

mulator, this will draw back the arms 603 (Fig. 
28) and immediately thereafter the magnets AM 
will be impulsed by a circuit as follows: Source 
P2, contacts C3, C32 (Fig. 47H), contacts 
ReC, R44D, R86D, contacts R26A, R. 25A, 
R. 56A, R 55A, the wires W29 to W32 and thence 
through all of the magnets AM (Figs. 48J and 
48L) which correspond to the orders in which a 
'1' stood on the wheel. These pulses occur in 
mediately after the pulses which energize the 
magnets RM. 
The initial steps of rotation of the wheels of 

the accumulators which stood at 'l' causes 
their contacts AC to close as described above in 
reference to the mechanical construction of the 
accumulators. The continued rotation of the 
emitter PE delivers a succession of further in 
pulses to the magnets RM for those orders which 
stood at '1' and, after each such pulse through a 
magnet RM, a corresponding pulse is delivered 
to the magnet AM over one of the wires W29 
to W32 until nine pairs of impulses have been 
delivered to each magnet. This will be suff 
cient to rotate the accumulator wheels to Zero. 
This, of course, will be reached at about the 
middle of the cycle (Fig. 47B) when the emitter 
PE ceases to emit pulses. The magnets AM will 
be impulsed idly a few times by the contacts 
C29, C30, but will have no effect. 
Any intermediate values at which the accu 

mulator wheels stand will be increased by the 
amount of the tens complement of that value 
which will result in the turning of the wheels 
to zero by similarly traced circuits. 

During the third cycle, the escapement sole 
noids ES are energized as before and the Carr 
riage escapes to carry the brushes 506 onto the 
fourth segment 502. From this point, a series 
of fifteen identical cycles takes place to print 
the totals standing on the units counters four 
at a time, and to enter the totals as they are 
printed in accumulators to 4 which now stand 
at zero for this operation. When the carriage 
moves to the fourth column position, the con 
tacts MS3 open and relay CR3 is deemergized 
thus permitting the contacts CR 34B to close 
and render the contacts KC effective. 
During the printing of the accumulated totals 

and the group number, the contacts CKC will 
be closed and, if no means were provided to 
prevent it, this would cause entries to be made 
in the accumulators. In order to prevent this, 
the contacts CR 348 (Fig. 48H) open and dis 
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connect the wire W28, which is common to all 
of the adding contacts AC for all of the accus 
mulators and to the contacts CKC of accumu 
lators 2, 3, and 4, from the impulse source C29, 
C30. The contacts CR 34D (Fig. 48J) open and 
prevent the contacts CKC for accumulator 
from closing circuits to the return magnets RM. 
As it is desired to summary punch the totals 
appearing in accumulator , it is necessary that 
wire W27 be undisturbed during the cycles in 
which the totals of accumulator are being 
printed. As will be made clear hereinafter, the 
closure of the contacts CKC of print bank 
will cause the totals to be coded in the summary 

5 punch and automatically punched by a sequence 
of punching operations. 

Relays CR, CR2, CR-3, CRS, and CR52 are 
now energized. This selects the counters , 6, 

, and 46 for the total printing and resetting 
20 operation, and the entries into accumulators 

to , the counters selected being identified by 
the small numbers within the rectangles of the 
relay coils in Fig. 48F. 
With reference to Figs. 48M and 48N, it will 

25 be noticed that relay CR closes its contacts 
CFA to connect the printing magnets of print 
bank to the counter print contacts CPC and 
unit counter f. Similarly print banks 2, 3, and 
4 are ccnnected by the relays CR2A, CR5A, and 

3) CR52A to the printing contacts CPC of counters 
6, 3, and 46. The counters are reset by re 
peatedly impulsing the magnets CM until each 
wheel arrives at Zero in which case the contacts 
CPC close to energize the print magnet and the 
contacts CRC open to prevent further impulses 
to th9 associated magnet CM. The contacts 
CR B, CR5 fB, connect the counter magnets CM 
for counters , 6, 3, and 46 to the wire W6 
through the reset contacts CRC which will be 

40 closed in any order in which the counter wheels 
do not stand at zero. Thus, all of the counter 
magnets CM for counter wheels which do not 
stand at Zero will be connected in parallel be 
tween the line wire W6 and the counter exit 
plug sockets PS3. 

Ordinarily when the counter are plugged for 
a count Operation, which may include a network 
of plug wires and recode selector relays for 
routing counting impulses to the "In' plug sockets 

50 PS30, the exit plug sockets PS3 will be plugged 
to a return line which may be established by in 
Serting one or more plug wires between the exit 
plug sockets PS3? (Figs. 41, 48M, 48N) and the 
plug sockets PS26 (Fig. 48E). It will be recalled 
that the tube W23 was initially fired, thereby 
energizing relay R57 closing the contacts RSTA 
and establishing a return circuit for any pulses 
transmitted to the magnets CM which return 
circuit will be made from the plug sockets PS3 

60 (Fig. 48M), the plug wires, plug sockets PS26, 
and contacts R57A, to line wire W2 and thence 
back to the negative source N. 

During the fourth cycle, while the type bars 
6 are moving upwardly, a series of impulses 

65 are delivered to the wire W6 over circuits traced 
as follows: Positive source P2 (Fig. 48H), the 
contacts C29, C30, contacts C40 (Fig. 48M), and 
wire W6. Thence the pulses will travel in 
parallel through the counter magnets CMI of 

70 such orders as do not stand at zero thereby add 
ing a succession of units to each of such orders 
until that order arrives at 9 and its contacts 
CRC open to cut off further adding pulses to 
that order. As an example, take unit counter 

75 (Fig. 48M) and assume that the units order 

5 

5 5 
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stands at “6." Four pulses will be delivered to 
the units counter magnet CM (Fig. 48M) through 
the contacts CRC for that order and contacts 
CRB thereby rotating the counter wheel four 
units to zero at which point the units order 
contacts CRC will open and cut of further in 
pulses to that order without interfering with 
the impulsing of any other order. The contacts 
CPC for the units order close at the moment 
the contacts CRC open and the timing of the 
contacts C29, C30 and the type bars is such that 
the type bar in the units order of print bank 
will be about to bring the "6' type thereon to 
the printing line at the time contacts CPC close 
and such type bar will be stopped at 6 so that, 
when the printing hammer is operated, the value 
'6' will be printed from this type bar. 

In a similar fashion all of the values standing 
on the four accumulators will be set up on the 
type bars and at the appropriate time in the 
cycle, the printing hammers will be released as 
explained above, and the four values printed on 
the work sheet in columns 1, 16, 31, and 46 im 
mediately to the right of the group numbers 
which were printed during the preceding cycle. 
If any counter wheel stands at zero, a zero will 
be printed by the corresponding type bar owing 
to the action of the zero pawls 67 (Fig. 13), 
provided a higher order type bar has been posi 
tioned to print a significant digit. 
As each type bar in each print bank is stopped 

at a significant digit, the associated contacts 
CKC are closed, thereby causing an entry of the 
corresponding digit in the accumulator order 
associated with that type bar. Accumulators 
to d are associated with print banks to 4, re 
spectively. Let it be assumed that units counter 
has the value '8' in the units Order and that 

this value is printed in the manner described 
above. The timing of the type bar contacts 
CKC is shown in Fig. 47B and it will be noted 
that it does not coincide with pulses of the print 
emitter PE which is impulsed to print the totals 
standing in the accumulators. The reason for 
this is that there is a mechanical lag in the print 
ing mechanism and the mechanism for actuating 
contacts CKC which causes the actual stopping 
of the type bars and closure of contacts CKC to 
take place an appreciable length of time after 
the reception of the correspondingly valued in 
pulse from contacts CPC. While the impulses 
from CPC which stop the type bars, for example 
a '9' impulse (Fig. 47B), occurs at approximate 
ly 9 of the cycle, lost motion and the necessity 
for relative motion of parts is such that the con 
tacts CKC will not actually close until approxi 
mately 45 of the cycle. 

It will be noted that the timing contacts C29 
to C32 cause pairs of Overlapping impulses to be 
emitted between the digital values of the lim 
pulses emitted by the contacts CKC. The in 
pulses produced by the contacts C29, C30 are 
utilized to energize the return magnets RMI over 
wires W27, W28 and the impulses emitted by 
the contacts C3, C32 are used to energize the 
magnets AM over wires W29 to W32. The prac 
tical effect of the contacts C29, C30 is to emit 
a single impulse for each digital value and cor 
respondingly the practical effect of C8, C32 is 
to immediately thereafter emit a second impulse 
and the two impulses together by energizing 
a given pair of magnets AM, RMI causes the 
entry of a single unit in the accumulator order 
corresponding to the pair of magnets AM, R.M. 
The principal reason for using a pair of tining 
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contacts in each case instead of a single set is 
to obtain accurate timing since the point of be 
ginning and the point of ending of each impulse 
can be very accurately adjusted, 
At the instant of closure of the contacts CKC 

for the units order of counter , at '9,' for ex 
ample, an impulse will be emitted to the units 
order return magnet RM (Fig. 48J) over a cir 
cuit which is traced as follows: Positive source 
P2 (Fig. 48H), the contacts C29, C30, C33, RTF, 
R. 48B, R44B, R86B, wire W2T, contacts CKC 
(Fig. 48J) for the units order of accumulator , 
contacts CR 3D, R, 26D, R, f 20A, R. 93B, and the 
units order return magnet RM, to line wire W2. 
and back to the negative source N. As explained 
in the description of the mechanical construction 
of the counter, this draws back the pawl carrying 
arm 603 and conditions the units order of ac 
cumulator for the adding of a unit. This initial 
impulse occurs at approximately 45° of the cycle, 
in view of the aforementioned lag, and is imme 
diately followed by an impulse from the contacts 
C3, C32 to the units order add magnet AM which 
is traced as follows: Positive source P2 (Fig. 48H), 
contacts C3, C32, C34, RTH, R88D, R. 44D, 
R46D, and R26A, wire W32, and the units order 
add magnet AM (Fig. 48J) to line wire W2, and 
thence back to the negative source N. 
The initial "9' impulse to the units order wheel 

also causes the closure of the contacts AC (Fig. 
32) in the manner explained above and these 
Contacts remain latched in closed condition until 
the end of the cycle. In consequence of the clo 
sure of the contacts AC, the return magnet RM 
for the units order will thereafter receive a series 
of impulses from the wire W28 which is traced 
as follows: From contacts R. 46B through con 
tacts CR 34B, wire W28, the units order contacts 
AC, contacts R-26F, R22B, R120A, R. 93B, and 
magnet RM, to line wire W2, the first part of 
the circuit being traced the same as the initial 
circuit through wire W2 and contacts CKC. The 
actual effect of the closure of the contacts AC is 
to connect wire W.2 to the lower side of con 
tacts CKC. As a result, the magnets AM and RM 
will now receive alternating impulses from con 
tacts C29 to C2 which, starting with the ones 
marked '8' in Fig. 47B, will continue until each 
magnet has had 8 impulses, resulting in the addi 
tion of 8 units in the units Order of accumulator . 
In a similar fashion, entries will be made in all 
of the accumulators through the contacts CKC 
and AC for such orders as may stand at a signifi 
cant digit. The inpulses to the add magnets AM 
will be transmitted to the respective accumulators 
by way of contacts R-26A, R. 25A, R. 56A, Rl 55A, 
and the wires W29 to W32. 
Since the accumulators were reset to zero dur 

ing the third printing cycle, when the totals on 
accumulators , 6, 8, and 6 are printed, there 
will be no need for a transfer from any order to 
a higher order. The carriage escapement sole 
noids ES will be energized during the fourth 
cycle by the closure of contacts C4 toward the 
end of the cycle and the carriages will escape to 
the fifth column position. The fifth cycle will 
be a repetition of the previous cycle with the ex 
ception that relays CR4, CR7, CRB, CR57, and 
CR5 will be energized to connect counters 2, , 
82, and 4 to the printing mechanism and the 
totals on these counters will be printed and en 
tered in the respective accumulators in the same 
fashion as described above. During this cycle, 
however, there is a possibility of a tens carry or 
transfer between orders since the total for ex 
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ample, on Counter 2, will be added to the total of 
counter f which now stands on accumulator . 

For the purpose of explaining the tens carry 
circuits, it will be assumed that accumulator 
stands at 8 in the units order and that 2 is added 
in the units order, being derived from the units 
order of counter 2. The addition of 2 to 8 results 
in the units wheel of accumulator turning to 
zero thereby closing the tens carry contacts TC. 
The One affected will be the fourth set of con 
tacts TC from the left in Fig. 48.J. This estab 
lishes a connection from the wire W25 to the con 
tacts R. 93A of the low speed carry relay R. 93. 
At 216° of the cycle after the adding portion of 
the cycle has been completed, the contacts C35 
(Fig. 47B) close and a circuit is established from 
positive source P2, through contacts C35, R. 48E, 
the coils of relays R 93 to R96, to line wire W2, 
thereby closing the contacts R. 93A for all of the 
orders of accumulator f. This allows a circuit 
to be established from positive source P2, contacts 
C36 (Fig. 17H), RTD, wire W25, through the 
tens contacts TC of the units order, thence 
through the low speed carry contacts R. 93A of 
the tens order, and magnet RM for the tens order 
of accumulator , to line wire W2. This has the 
same effect as an adding impulse. Immediately 
thereafter, the magnet AM for the tens Order is 
energized over wire W32, from contacts C3 (Fig. 
48H). Thus, two alternate impulses are delivered 
to the magnets RM and AM for the tens order 
which are one index-point position apart arising 
from the timing of contacts. C36, C37, and a unit 
will be added in the tens order of accumulator . 
The relays R 94, R95, and R 96 condition ac 
cumulators 2, 3, and 4 for the carry operation 
and tens carry circuits will be traceable through 
the tens contacts TC of all of these accumulators 
in the same fashion as above, the only difference 
will be that the pulses to the magnets AM for 
accumulators 2, 3, and 4 will be by way of the 
contacts Ri 25A, R. 56A, R. 55A, and the wires 
W3, W30, and W29, respectively. 

If any accumulator wheel stands at 9 and a 
carry thereto is effected from the next lowest 
order wheel, the carry will be effected through 
the tens carry contacts TC to the wheel of the 
order standing at '9' and through the nines Con 
tacts NC of that wheel to the next higher Order 
wheel to the one standing at "9.' 
it be assumed that the tens order stood at '9' 
when the carry described above was effected. 
The tens order nines contacts NC, which are the 
third set from the left in Fig. 48J, will be closed 
when the tens order wheel of accumulator 1 
reaches "9.' Consequently, when the impulse is 
passed through the tens contacts TC of the units 
order wheel, the impulse will not only go to the 
magnet RM for the tens order, but will branch 
through the nines contacts NC for the tens order 
and thence will reach the magnet RM for the 
hundreds order. If the hundreds order also 
stands at 9, a third branch impulse will go to the 
magnet RM for the thousands order. The mag 
nets AM for all orders automatically receive an 
impulse through the contacts C37 every printing 
cycle but, if the magnet RM for any order is not 
operative, the impulsing of the magnet AM for 
that order will be harmless. 
At this point it is desired to explain that these 

operations are performed in the same way when 
entries are made directly from the cards through 
the operation of the accumulator delay tubes W83 
to W 4, as explained above. However, it will ba 
remembered that adding is spread over prac 

In Fig. 48.J., let 

2,858,682 

10 

20 

2 s 

30 

40 

5 5 

60 

70 

5 

52 
tically the entire cycle when the entries are de 
rived directly from the cards, and it is necessary 
that the timing of the transfer operations be 
different during a card feeding cycle. When ac 
cumulations are being effected under control of 
the cards, the automatic accumulate plug sockets 
AC (PS46, PS47), (Figs. 41 and 48A) are inter 
connected by a double plug thereby maintaining 
relay R. 47 energized. This closes the contacts 
R47D (Fig. 48H), Contacts C9 close at the very 
end of the card feeding cycle and energize the re 
lays R 2, R22, Rl 5 and R. 52 over a circuit 
traced from positive source P2 (Fig. 48H), con 
tacts CLR2A, C 9, R. 47D, RTL, and the coils 
of Said relays, to the line wire W2, and thence 
back to the negative source N. The aforesaid 
relays close their contacts R? 22A for accumulator 

(Fig. 48J), R2A for accumulator 2, R 52A 
for accumulator 3 (Fig. 48L), and Rl 5A for ac 
Cumulator 4. Thus, the contacts C9 and the 
relays R 2, R22, Rl 5 and R. 52 perform the 
Same function as, but at a different time in the 
cycle from, the contacts C35 and the relays R 93 
to R96. 
The contacts C20 correspond, in effect, to the 

contacts. C36 which delivers a pulse to the wire 
W25 for the tens carry contacts TC. The cir 
cuit for contacts C20 is established from positive 
Source P2 (Fig. 48H), through contacts CLR2A. 
LC, LC2, C20, Rf4 7E, and RTE to the wire W25. 
Contacts LC3, LC4 correspond in function to 

C3T and close at about 18 (Fig. 47A) to energize 
the magnets AM for the carry operation. 

After the carry operations have been com 
pleted during a printing cycle, the contacts C-47 
close at about 260° and establish a circuit as foll 
lows: Line Wire W. (Fig. 48H), contacts C47, con 
tacts RJ, wire W33, and all of the magents 
CRM in parallel (Figs. 48J and 48L), to line wire 
W2. This conditions the accumulator orders for 
receiving further entries by releasing the latches 
t28 (Fig. 28) opening the adding contacts AC 
(Fig. 32) and the tripped tens contacts TC (Fig. 
34) as explained in reference to the description 
of the mechanical construction of the accumu 
lator orders. During a card feeding cycle, the 
Same function is exercised by the contacts C2 
(Fig. 48H) which close a circuit from positive 
Source P2 through contacts CLR2A, C2, R. 4 TC, 
and R? 7, to line wire W33. 
Considering for the moment that the machine 

is feeding cards and that entries are being 
effected in the accumulators 2 and 4 under con 
trol of the cards, the selective and timed energiz 
ation of any of the adding relays R 27P to R? 30P 
(Figs. 48I and 48J) or R. 59P to R16OP (Figs. 48K. 
and 48L) to represent digital values will cause the 
magnets RM for accumulators 2 and 4 to be en 
ergized over the wires W3T and W38. The digital 
entry impulses are completed over circuits from 
source P2 (Fig. 48H), contacts LC2, LCI, C8, 
R. 47A, RG, Rf48B, R. 4.4B, R46B, wire W27, 
any of contacts R2TA to R3 OA (Fig. 48J) or 
R 5A to R60A (Fig. 48L), wires W3T or W38, 
contacts R 25D, R, f 9A, R. 94B (Fig. 48J), or 
R55D, Rf49A, R96B (Fig. 48L) and magnets 
RM, to line wire W2. 
The contacts AC for the orders in which entries 

are made are then closed and connect the mag 
nets RM for Such orders to the wire W28 to en 
bale such orders to receive further impulses to 
the magnets RM as described above in reference 
to adding during a printing cycle. The successive 
impulses for the magnets RM in this case are 
transmitted from positive source P2 (Fig. 48H), 
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through contacts LC2, L.C, C8, R. 4A, RG, 
R 48B, R. 4.4B, R. 46B, and CR 34B, to wire W28. 
The impulses to magnets AM will be delivered by 
a circuit from positive source P2 (Fig. 48H), Con 
tacts CLR2A, LC3, LC3, R. 47B, RI, Rt 48id, 
R. 44D, RE 36D, R, 26A, R. 25A, R. 56A, and 
R55A, to the wires W32, W3f, W30, W29 and 
magnets AM, to line wire W2. 

During the fifth printing cycle, the carriage es 
capement solenoids ES are energized and the car 
riage escapes to the column 6 position energizing 
the relays CR5, CR9, CRO, CR59, CR60, and the 
preceding cycle will be repeated. The remaining 
cycles up to and including the eighteenth cycle, 
during which the totals on units counters 5, 30, 
45, and 60 are printed, take place in the same 
fashion as cycles 4 and 5. 

It may happen during one of the fifteen cycles 
in which the totals in the units counters are 
printed that one of the counters is plugged for 
a subtract operation. It was stated above that 
unit counters f will be plugged to function as a 
total counter to count the total number of cards 
passing through the machine. Thus, the total 
standing on units counter at the end of a series 
of card feeding operations may equal the grand 
total of the remaining counters. If the total in 
counter were added positively in accumulator 

under these conditions and ultimately trans 
ferred to accumulator for a Cross-foot check, 
it would be impossible to correctly total and cross 
foot the totals in the remaining counters. In 
order to avoid this difficulty the total in counter 

is entered in accumulator by a subtracting 
operation leaving the accumulator with the nines 
complement of this total to which the totals 
of counters 2 to 5 thereafter are added. 

In order to effect the subtraction of the total 
from counter in accumulator , this counter 
is plugged for subtraction by inserting a double 
plug between the plug sockets PS32 and PS52 
for counter . This is the extreme left-hand 
pair in Fig. 48F, between which the number 1 
appears, or the extreme left-hand pair of the 
topmost two rows in Fig. 41 shown intercon 
nected vertically by an arrow along side the ab 
breviation "Sub.' 
When the carriage moves from Column 3 to 

column 4, after the third printing cycle, the sub 
traction control relay CR3. (Fig. 48F) is ener 
gized along with the relays CR, CR2, CR5, 
and CR52. This causes the subtract relay R26 
for accumulator to be energized over a circuit 
traced as follows: Posit, "e source P2, contacts 
C38, RTA, R.42D, RSC, switch MS2, contacts 
C39, the double plug between plug sockets PS32, 
PS52, contacts CR3A, and relay R26, to line 
wire W2 and the negative source N. Relay 
Rt 43 is also energized in parallel with relay R? 26 
to condition the carriage spacing circuit as de 
scribed above. The relay R26 closes its con 
tacts R 26B (Fig. 48H) and transfers wire W32 
to control by the contacts C29, C30, SO that the 
adding magnets AM for accumulator (Fig. 48J) 
will be impulsed from the beginning of the cycle. 
The contacts R26C close (Fig. 48J) and connect 
the contacts CKC of accumulator to the Sub 
tract magnet SMI. 
The contacts R. 26E also close and connect all 

of the subtract contacts SC for accumulator 
to the return magnets RM. This has the effect 
of energizing all of the return magnets RM for 
accumulator by connecting them across the 
wires W26, W2. It will be noted that wire W26 
(Fig. 48H) is connected through the contacts 
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C34, C3, and C32 to the positive source P2. Since 
the contacts C3 and C32 have the effect of 
emitting a train of pulses, it is evident that the 
return magnets RM Will be energized alternately 
with the add magnets AM with the result that 
all of the Wheels of accumulator start to turn 
immediately, being ratcheted forward continu 
ously. 

Let it be assumed that the value 8 stands on 
the units Order of counter and that, during 
the fourth cycle, the contacts CKC for the units 
order close as described above, during the opera 
tion of printing the total on counter . Instead 
of closing a circuit to the return magnet RM 
for the units order, as described above, a circuit 
Will be closed to the units order subtract magnet 
SM, the circuit being traced from wire W27 (Fig. 
48J), through the contacts CKC for the units 
order, the contacts CR 34D, R, 26C, and magnet 
SM, to Wire W2. The energization of the mag 
net SMI in the units order causes the Subtract 
contacts SC to Open and thereby cut off further 
impulses to the magnet RM for this order from 
the line Wire W26. 
The timing is such that the magnet SM will be 

energized after the magnets RM and AM for the 
units order have received one pulse each, in other 
Words, after the digit '1' has been added on the 
units Order Wheel. The value '8' however, Will 
be printed by the units order type bar of print 
bank it. In a similar fashion, the other digits 
of the total in counter will be printed and the 
nines complement thereof entered in accumu 
lator t. 
When the carriage escapes to the column 5 

position, the relay R26 will be deemergized and 
the next operation Will be an adding operation, 
as explained above. 
As will be explained later, in describing the 

cross-footing operations which are carried on 
as a check upon the accuracy of the tabulation, 
the complement standing in accumulator When 
rolled into the totals standing on the other ac 
cumulators Will cause accumulator 4 to stand at 9 
in all of its orders and this fact is tested by a 
circuit which includes the relays R3P, R, 4P 
and permits the feeding of cards to be automati 
cally resumed. 

After the printing of the totals in counters 5, 
30, 45, and 60 has taken place during the eight 
eenth cycle, the carriage escapes to the nine 
teenth column position and the switch MS2 is 
transferred by the right-hand marginal stop 46, 
shown at the left in Fig. 20. This initiates a 
series of three cross-footing and resetting cycles 
which take place before the carriage is returned 
and line spaced in readiness for the resumption 
of card feeding to tabulate the data on a new 
Series of cards. This allows a circuit to be es 
tablished from positive source P2 (Fig. 48F), 
Contacts C38, RA, RI 2D, R, 5C, the lower con 
tacts of Switch MS2, contacts R2C, and relays 
Rf44P, R, 45P. These two relays control the roll 
ing of the total from accumulator it to accumu 
lator 2 and from accumulator 3 to accumulator 4. 

Relays R2T to RST, RTT, and R89T to R96T 
(Fig. 48E) are energized at the same time in 
parallel with RP, R, 45P over wire W23 and 
Cause the restoration of the latched Comparing 
relays and the group indicate relays, which it 
will be recalled, were energized during the first 
card cycle for storing the group number under 
control of the group indicate tubes. The func 
tions of the comparing relays R69T to R8OP will 
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be explained hereinafter with reference to specific 
examples. -- - 

The energization of the relays R44P, RSP 
closes contacts R44E (Fig. 48J) to connect the 
readout common strips 636 for accumulator to 
the return magnets RM for accumulator 2 through 
wires W37 and the closure of contacts RSE 
(Fig. 48L) connects the readout strips for accu 
mulator 3 to the return magnets RM for accu 
mulator 4 through the wires W38. During the 
19th cycle, the print emitter PE functions to send 
impulses through the readout commutators of 
accumulator f to the return magnets RM of ac 
cumulator 2 and through the readout commuta 
tors of accumulator 3 to the return magnets RM 
in the same fashion as described in reference to 
printing totals from the accumulators. 
A typical circuit is traced as follows: Fron 

positive source P2 (Fig. 48H), contacts C29, C30, 
the brush 786 and one of the segments T86 of 
the emitter PE, the corresponding one of the 
normally closed contacts R48C, one of the con 
mon wires for a segment 635 in, let us say, the 
units order of accumulator (Fig. 48J), the con 
mon strip 636 for this order, contacts R2B, 
R. 44E, the units wire W3, contacts R125D, 
R 9A, R. 94B, and the units order return mag 
net RM of accumulator 2, to the line wire W2, 
and thence to the negative source N. 
This initiates the adding operation in the same 

manner as described above and causes whatever 
value may have been standing in the units order 
of accumulator to be transferred to the units 
order of accumulator 2 and added to the amount 
standing thereon. For example, if the units 
order of accumulator stood at "9,' the circuit 
will be transmitted to the top or '9' wire (Fig. 
48J) and will enter '9' in the units order of 
accumulator 2 by initiating a train of nine pairs 
of impulses to each of the magnets RM, AM for 
this order. In a similar fashion, entries are 
made in the Orders of accumulator 4 under con 
trol of the readout commutators of accumulator 
3, in this case the transfer being effected through 
the contacts R. 45D and the wires W38. 

After the adding operations have been effected 
near the end of the 19th cycle, the contacts C43 
(Fig. 48F) closes circuits from source P2 to the 
relays R P, R2P through the contacts R2OF 
and R45C. The relays RP, R2P are latch 
type relays in which the contacts remain latched 
in actuated position until the trip coils R IT, 
and R2T are energized. 

Relay R2P closes its contacts R2B (Fig. 48F) 
and energizes the roll control relay R46. The 
relays R 43H, R. 44H, R. 45H are deemergized 
when contacts C42 open near the end of the 
cycle, and carriage spacing is suppressed. Relay 
R46 (Fig. 48J) closes contacts R46E (Fig. 48J) 
to connect wires W38 to the readout commutators 
of accumulator 2 and thereby connect these com 
mutators to the magnets RM of accumulator 4. 
The machine now goes through another cycle 

to transfer the total on accumulator 2 to ac 
cumulator 4. Thus, at the end of the 20th cycle, 
accumulator 4 will contain the grand total of 
all the individual totals on counters 2 to 60, plus 
the total of counter which was entered inac 
cumulator during printing cycle 4 by a sub 
tracting operation. Since this was entered as 
the nines complement, and since the total of 
accumulators 2 to 60 should equal the total on 
accumulator , accumulator 4 should stand at 
9 in every wheel. This signifies that the cross 
footing operation has been successively carried 
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out and that there have been no errors in effect 
ing the counting in the various units counters 
or in printing and transferring the totals. 

In order to test this condition during the 20th 
cycle, an impulse is sent through the four orders 
of accumulator 4 which for this purpose now 
have their common strips 636 and "9" segments 
65 connected in a series relation by contacts 
RA, R C of relay R P which, it will be re 
called, was energized along with relay R46 at 
the end of cycle 9. This '9' impulse is from 
wire W. (Fig. 48L), contacts C49, R2D; thence 
in series through the contacts R A and RC 
and all of the '9' segments 635 and common 
strips 636 of accumulator 4, wire W36, and the 
relays R3P, R P (Fig. 48K), to line wire W2. 
The energization of these relays during the 20th 
cycle closes the contacts R4A (Fig. 48C) and 
permits automatic restarting of card feeding in 
the manner described above when the contacts 
C35 (Fig. 48H) close during the 21st printing 
cycle. Since relays MR, R6, CR6, RT, and R2 
are still energized, a 21st cycle takes place dur 
ing which the accumulators will be reset before 
card feeding is resumed automatically. 
During cycle 20, contacts C44 close a circuit 

to latch type relays RSP, Rt 6P through contacts 
R2A to prepare for stopping further printing 
cycles, the automatic resumption of card feeding, 
and resetting of the accumulators to zero. Con 
tacts C38 (Fig. 48F) close at the very end of cycle 
20 (Fig. 47B) and energize the restoring relays 
R 9, R20, R 40, R 49, RSO over a circuit from 
source P2, contacts C38, RA, RE6B, R5D, 
R4D, and relays R 9, R120, R. 48, R. 49, R50 
to line wire W2 and source N. Relays R f 9, 
R20, Rf48, R. 49, RSO cause the accumulators 
to be reset during cycle 2 in the same fashion 
as described above for printing cycle 3. 

Relay coils RT, R2T (Fig. 48F) are ener 
gized during cycle 2 through contacts R2OF, 
R. 45B, and R? 5B thus restoring latch relays 
RP, R2P to unlatched condition. During this 
cycle, contacts C29, C30 (Fig. 48H) and C45 
(Fig. 48K) close a circuit through contacts R2OG, 
Rf.5F to relays R 42P, R97P. Contacts R. 42A 
(Fig. 48A) are opened at about 180° of this cycle 
and, at about 288, contacts C46 cpen to deener 
gize relays R6, RT, R2 and the print clutch 
magnet PCM. Contacts C2 (Fig. 48P), however 
hold relay CRG for another half-cycle to keep 
notCr M running long enough to complete the 
carriage return operation. It is clear that fur 
ther printing cycles cannot follow the 21st cycle 
automatically. 

Contacts C44 (Fig. 48D) close a circuit to the 
carriage return Solenoids CRS and the restoring 
coils R-5T, R6T during cycle 2 to return the 
carriage and restore relays R 5P, R GT to nor 
mal. At about 300° of cycle 2, contacts C49 
(Fig. 4.8L) close a circuit to coils R 42T, R. 9 TT 
through contacts RGB to restore latch relays 
R. 42P, R, 9TP. 
Contacts C35 close at about 215° of cycle 2 

and restart the feeding of cards provided cards 
are present in hopper H. 

Relays R3P, R. 4P are restored by closing con 
tacts C43 after contacts C35 have restarted card 
feeding operations. Zero control relays R 89P, 
R90P are also energized at this time. 
ASSunning that accumulator 4 stood at ''g'' 

when the test impulse was sent through the read 
outs to energize relays R3P, R, 4P circuits are 
closed to cause a "0" to be printed in each column 
headed with '' (Fig. 42) during cycle 2. This 
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circuit is closed from source P2, contacts C30, 
C29 (Fig. 48H), C45 (Fig. 48K), R3A to magnets 
PM for the hundreds orders of all printing banks 
(Figs. 48M, 48N). This signifies that the totals 
on the first line cross foot correctly. 

If the totals do not cross foot correctly and 
relays R3P, R, 4P are not energized during cycle 
2, relays R i5, R. 6 will be energized as described 
above to cause the printing cycles to cease. Since 
contacts R4D (Fig. 48F) are open at this time, 
relays R 9, R20, R. 48, R. 49, R. 50 cannot be 
energized and the accumulators will not be reset 
during cycle 2. Contacts R4A (Fig. 48C) pre 
vent automatic resumption of card feeding when 
the printing mechanism stops. Contacts Rf4B 
(Fig. 48D) prevent returning the carriage. Re 
lays RIP, R2P will be reset by energizing latch 
coils R IT, R2T (Fig. 48F) as before. 
A printing cycle now must be initiated manu 

ally to print the total on accumulator 4 since it 
now has an amount other than '9' but it is pos 
sible that this accumulator stands at Zero. Be 
fore initiating this printing cycle, the operator 
will insert a sheet of paper in frcnt of the work 
sheet at print bank 3 to receive the total. 

Depression of the print key PK (Fig. 48A) ener 
gizes relay R20 and the closure of contacts R2OA 
causes relay R2 to be energized and starts the 
print cycle in the same manner as described 
above. Contacts R20D (Fig. 48F) cause relay 
Rl 53 to be energized over a circuit from Source 
P2, contacts C38, RiTA, R 6B, R5D, R9E, R20D, 
and relay R55, to wire W2 and source N. This 
closes contacts R. 53C (Fig. 4.8L) to connect 
print bank 3 to the readouts for accumulator 3 
and the total will be printed. Contacts R200 
(Fig. 48K) prevent energizing relays R 42P, 
R97P during this cycle. 
Contacts R2OE allow contacts C43 to energize 

latch type relay R9 near the end of the cycle and 
this relay latches contacts R9A, R9B, R9D, R9F 
closed. This allows the reset relays R 9, R2O, 
R. 48, R. 49, Rl 50 to be energized and all of the 
accumulators will be reset in the same manner 
as described above. Relays R 42P, R97P will 
cause the return of the carriages and resetting 
of relays R 5P, R, 6P. Relay R2O will be deener 
gized alcng with the relays RS, R, and R2 
when these relays are deenergized to stop the 
Operation of the print mechanism. 
When a series of printing cycles is taking place, 

the sequence can be interrupted by depressing the 
Stop key SPK. This opens contacts R 8A and 
deenergizes relays R6, R7, and R2 when con 
tacts C46 open. 
The editing light EL will be lighted whenever 

the machine stops after failure to establish a 
circuit for relays R 3, R. 4 on a nines test of 
accum llator 4. This is due to the fact that relay 
R2 is deenergized while relay Rf6 is latched 
holding contacts R. 6A (Fig. 48B) closed. 
The sort compare light SCL (Fig. 48B) becomes 

illuminated every time relay R25 is energized in 
Consequence of a failure of a card to sort cor 
rectly and the edit light EL is illuminated when 
relay R8 is energized due to the "Stop' or reject 
Stop "RS" plugging becoming effective. 
The print light PL is illuminated when the 

'9M' master control is effective (relay R23) or 
the card count reaches 9997 (relay RTP), pro 
vided the carriages are in returned position (Figs. 
2A, 2B, and 20). This warns the operator to 
take a print sequence before proceeding with 
feeding more cards. 

In order to simplify the explanation of the 
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total printing operations from accumulators 2 
and 4 during the second printing cycle of the 
machine, it was assumed that the contacts R. 89A, 
R90A (Fig. 48E) of the zero control relays were 
closed so that Zero relays R 9, R. 92 would be 
energized when contacts C8 close. It was as 
Sumed that the totals accumulated in accumu 
lators 2 and 4 during card feeding cycles ex 
ceeded the capacity of accumulators 2 and 4, 
which would normally be the case if a very large 
number of cards involving large amounts punched 
in the cards were tabulated, always causing an 
overflow from the highest orders of accumulators 
2 and 4 to the units orders of accumulators 
and 3. It is quite possible, however, that a "run" 
comprises a relatively small number of cards en 
tailing relatively few small items are accumulated 
in accumulators 2 and 4 so that the totals might 
be less than four digits in which case it is not 
desired to print a zero in the thousands order 
of column 2 of the work sheet section. 
On account of the fact that two accumulator 

Sections are combined to make one large accumu 
lator of eight orders and the fact that the type 
bars are divided into four separated groups, there 
is no mechanical provision for effecting an auto 
matic printing of zeros in the thousands orders 
of accumulators 2 and 4 when the type bars of 
printing banks and 3, corresponding to the 
units orders of accumulators and 3 are moved 
to print a significant digit during the first cycle 
and the zero relays R 9, R. 92 are provided to 
cause Zeros to be printed automatically in the 
next or lower orders of columns 2 of the work 
sheet section corresponding to the higher orders 
of accumulators 2 and 4 in which a type bar 
did not move to a significant figure. If it were 
not for this feature a grand total like '80678' 
would be printed "8 678' and it would be neces 
sary for the work sheet to be interpreted mentally 
to supply the missing zero every time it is studied 
which, of course, would be very confusing. The 
Zero relays R 9, Rf 92 causes the missing zeros 
in the higher orders to be automatically printed. 
If the value accumulated in accumulators 2 or 4 
during the run of the cards was “O678,' for ex 
ample, it is not desired that the zero be printed. 
The machine is arranged so as to be normally 

set to suppress Zero printing under control of the 
relays R 89P, R 90P so that the mechanical 
automatic Zero printing control exercised by the 
type bars alone will be effective to print zeros. 
This mechanical control of zero, however, can 
not be depended upon for printing the zero in 
an amount like '8068' because there is no me 
chanical connection between the highest order 
type bars of print banks f and 3 and the lowest 
order type bars which would cause a zero to be 
printed in the highest order during the second 
cycle when the second half of the total is printed. 
The relays R 89P, Rf 90P are latch type relays 

and, at the time when the trip coils R3T, RAT 
(Fig. 48F) of the nines test relays R3P, RIP 
are energized to restore the latch relays R3P, 
RP, the relays R89P, R, 90P are energized and 
open contacts R? 89A, R? 90A to normally pre 
vent energization of relays R 9, R 92 during 
a printing cycle, and these relays stay in this 
condition while the cards are feeding and amounts 
are being entered in accumulators under control 
of the cards. The relays R 89P, R, 90P close the 
contacts R? 89B (Fig. 48J) and R90B (Fig. 48L), 
respectively, so as to connect the trip coils R89T. 
R90T in parallel with the return magnets RM 
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in the units orders of accumulators and , re 
spectively. 

During the accumulation of items from the 
cards, if the thousands order of either of ac 
cumulators 2 or 4, or both, passes through Zero, 
a transfer will take place to the units order of 
accumulator or 3, and, besides energizing the 
return magnet RM to cause the units order of 
either accumulators or 3, or both, to add a 
unit, will energize the associated relay trip coil 
RB9T, R. 90T, which will restore one or both 
of these relays to normal and reclose one or both 
of the contacts R. 89A, R. 90A, permitting either 
or both of the zero relays R 9, R92 to be en 
ergized in preparation for the second printing 
cycle. If either of these relays is energized, it 
will close the zero printing circuits through the 
respective contacts R 9A, Rf 92A and Zero will 
be automatically printed by print banks and 3 
during the second cycle. However, if no transfer 
occurs in either or both of the thousands orders 
of accumulators 2 and 4, either or both of the 
trip coils R 89T, R90T will not be energized 
and the corresponding relays R 9, R192 will not 
be energized thereby suppressing electrical zero 
printing on either print banks or 2 but the 
mechanical automatic Zero control will remain 
effective. 

XXXI. SUMMARY PUNCHING 
Means is provided for summary punching the 

totals appearing in counters to 5 during a 
sequence of printing cycles which take place in 
the manner described above. The record cards 
contain only 80 columns and, since each units 
counter has a capacity of four digits, it would 
require 240 columns to record all of the totals 
in counters to 60 and twelve more columns to 
record the totals in accumulators to 4 and the 
group number. For this reason, the capacity of 
the machine for punching totals is restricted to 
fifteen counters, the totals in accumulators and 
2, and the group number. 
In order to punch the totals, a standard "IBM' 

motor operated duplicating key punch is used 
which is constructed very similar to the One dis 
closed in Patent No. 1,976,618 modified to the 
extent of equipping the carriage with a punch 
carriage emitter PCE (Fig. 48X) similar in prin 
ciple to the one disclosed in Patent No. 2,016,706. 
The punch disclosed in Patent No. 1,976,618 also 
has been improved to the extent of supplying it 
with punch hopper contacts PHC (Fig. 48W), 
similar in principle to the contacts HC, and with 
punch card lever contacts PCLC which are lo 
cated at the punch station and remain closed 
whenever any part of a card is in the punching 
station. 
The machine is also provided with automatic 

start contacts ASC, the purpose of which will be 
made clear hereinafter. When the machine is 
being used with the summary punching feature 
operative, the SP plug sockets PS62, PS63 are 
connected by a double plug (Figs. 41 and 48A). 
This causes the relay R 98 to be energized and 
opens the contacts R. 98A thereby placing the 
punch hopper contacts PHC and the contacts 
PCLRB of the punch card lever relay RCLR in 
series with the relay R2 in the manual and auto 
matic print control circuits. Thus, it will be in 
possible to initiate a series of printing and Sun 
mary punching cycles unless the punching mech 
anism has correctly operated in the usual way 
to feed a card from the punch hopper to the 
punch station and cards remain in the punch 
hopper. 
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It will be assumed that the summary punch 

has operated in the normal way through the 
driving motor M2 to feed a blank card from the 
hopper and place it in position for punching the 
first column. In Fig. 48X is shown the punch 
emitter PCE under this caption and it will be 
noted that it is provided with punch emitter 
brushes PEB which are advanced by the card 
carriage one column at a time over the common 
contact strip 900 and segments 90, of which 
there is one for each card column, during the 
Operation of punching successive digits in the 
fields of the card. The segments 90 of the 
punch emitter are arranged in staggered fashion 
in four horizontal rows and beginning with the 
ninth to twelfth segments, the segments in each 
rOW are connected in common. 

It will be understood that the punch carriage 
is provided with a suitable skip bar which causes 
the carriage to skip automatically to the column 
9 position after a card has been fed into the 
punching station so that the punch is in readi 
ness to punch the first digit of the total in 
accumulators and 2 which, it will be remem 
bered, function as a single accumulator under 
the control of data punched in the cards. It 
Will now be assumed that the cards have all 
been tabulated and that a series of automatic 
printing cycles have been initiated in the man 
ner explained above and that the printing car 
riages are in the first column position energizing 
the relays R 24, R54 (Fig. 48F). 
At this point it should be explained that the 

Surinary punch may be connected to the main 
part of the machine through a suitable cable, 
not shown, and various plugs which are desig 
nated JP to JP24 in the drawings, the mating 
connections being designated with like numbers. 
For example, JP in Fig. 48X refers to the cable 
and plug Connection which is established in Fig. 
48P to the similarly designated terminal, whereby 
the contacts C5 in the main part of the machine 
will close a circuit to the relay CR63 (Fig. 48X) 
at about 40° of the printing cycle (Fig. 48B). 
It should also be made clear that the punch 
operates on a successive column basis to punch 
the digits One at a time in a well-known way. 
It is necessary, therefore, to coordinate the total 
printing Operations and punching operations by 
a storage and coding system which enables the 
punch to successively punch four digits while 
the printing mechanism is going through one 
printing cycle. On account of the fact that two 
cycles are necessary to print the 8 digit total in 
accumulators and 2, the punching of the total 
is broken into two cycle sequences of four digits 
each to correspond to the printing cycles. 
When the type bars rise during the printing 

of the first four digits in accumulator , the con 
tacts CKC (Fig. 48J) close circuits to the coding 
relays CR63 to CR66 (Fig. 48X) at times in 
the cycle corresponding to the printing of the 
different digits. For example, if a type bar is 
positioned to print the digit 1, the contacts CKC 
close a storage circuit which, it will be seen, 
causes the value 1 to be temporarily stored until 
it can be punched. With reference to Fig. 47B, 
it will be noted that the contacts C5 to C58 
close circuits in certain combinations during the 
period the type bars are being set. At the time 
any impulse from 1 to 9 is emitted through a 
pair of contacts CKC, the contacts C5 to C54 
will be closed in different combinations which 
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correspond to the digital timing of the contacts 
C29, C30 in controlling the printing of the digits 
9 to 1. Thus, the coding relays CR63 to CR 66 
will be energized singly and in different combina 
tions in synchronism with the traverse of the 
type bars and the selective closure of the contacts 
CKC. The purpose of relays CR63 to CRS6 is 
to Code the single digital impulses which are 
emitted through the plug and cable connections 
JP9 to JP2 and enable the storage of the digital 
values in accordance with a code which is similar 
to the code used for digit storage and group indi 
Cating. 
The relays CR63 to CR66 control a series of 

storage relays designated CRO to CR 6 (Fig. 
48X), there being four relays, such as CROP 
to CR 04P, associated with each order of accu 
mulator f, the group just mentioned correspond 
ing to the thousands order. The eight relays 
CR 05P to CR2P for the tens and hundreds 
Orders are not shown but it will be understood 
that the relays CR63 to CR66 are provided with 
contacts in series with the two groups of relays 
which are not shown through the contacts CRT4A, 
CR 5A arranged in the same fashion as the con 
tacts CRS 3A to CR66A. 

It will be recalled that digital values were 
stored in the digit storage and group indicate 
circuits by a form of binary code involving the 
values 1, 2, 4, 8. 
association with the coils of relays CROP to 
CR 04P and CR 13P to CR 5P and their con 
tacts. 
Now let it be assumed that the thousands order 

of accumulator has a '9' standing therein. 
At approximately 45 of the first printing cycle, 
contacts C29, C30 (Fig. 48H) will emit an impulse 
through contacts C33, RTF, R. 48B, R. 4B, 
R46B; wire W27, the contacts CKC in the 
thousands order, the connections JP2; the con 
tacts CR 73A, CR63A (Fig. 48X); wire W4; the 
connections JP3, JP (Fig. 48W); and the 
contacts LCRA (Fig. 48A), to source N. The 
reason this circuit is established is that at "9" 
in the printing cycle, the contacts C5 are closed 
(Fig. 47B) which, through the connections JP 
(Figs. 48P and 48X) energizes the relay CR 63. 
Thus, the digit "9" is partly stored by energizing 
the storage relay CR fol. At the same time 
that relay CR OfP is energized, the relay CROGP 
is energized through the contacts CR 66A, since 
at '9' of the printing cycle contacts C54 also 
are closed, thereby energizing relay CR 66 in 
parallel with relay CR 63. Thus, by energizing 
the two rclays CROP, CR 04P, the digit "9" . 
is stored through the printing cycle. If the 
digit to be stored happens to be a "3," the relays 
CR 0 P, CR foap, will be energized by the opera 
tion of relays CR 63, CR 64. At '3' in the print 
ing cycle, the contacts C5, C2 are closed, thus 
enabling the storage of "3" in these two relays. 
The relays CROP to CR 6P when energized 

close their contacts CR OB to CR 6B and there 
by energize the holding coils CROH to CR 6H, 
the holding circuit being maintained through the 
connections JP5 and contacts C55 (Fig. 48P) 
which, it will be noted (Fig. 47B), are maintained 
into the early part of the next printing cycle and 
are interrupted before '9' in the printing cycle 
to deemergize the storage relays to prepare for 
another storage Operation. 
The relays CROP to CR 6P also close con 

tacts CROA, CR 8A to energize the relays 
CR73P to CRT 6P. Thus, if a digital value is 
stored by the relays CROP to CR 04P, for exam 
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ple, the relay CRT3P will be energized and, by 
opening the contacts CR3A, will cut off further 
impulses from accumulator . The relays 
CRP to CR 16P close contacts CROC to 
CR 6C and open contacts CR, OD to CR 6D 
(Fig. 48X) in combinations, according to the 
value stored, in the same manner as the digit 
storage and group indicate relays. 
The punch carriage, as stated, has been posi 

tioned in column 9 with one of the brushes PEB 
on the column 9 segment. Thus, at approxi 
mately 200 of the printing cycle, the contacts 
C56 (Fig. 48P) close a circuit which is traced 
from source P2 (Fig. 48A), contacts TRD, the 
connections JP 6, JPT (Fig. 48W), switch ST, 
wire W39, the '9' punch key magnet PKM (Fig. 
48X), the closed contacts CR 04P of relay 
CR 04C, contacts CR 03D, CR 02D, CROC, the 
connections JPT (Fig. 48P), contacts C5S, R. 43C, 
connections JP6, the emitter segment 90 for 
column 9 (Fig. 48X) and brushes PE3, common 
strip 900, the wire W42, the punch floating cam 
contacts FCC (Fig. 48W), the punch card lever 
relay contacts PCLRA, the last column contacts 
LCt of the punch, switch ST, the connections 
JP3, JP f4 (Fig. 48A) and contacts LCRA, back 
to source N. This causes the '9' punch key 
nagnet PKM to be energized and the punch 
operates in a well known way to punch the value 
'9' in column 9 of the card. 
The floating cam contacts FCC open during this 

first punching operation and the punch carriage 
escapes, reclosing the contacts FCC, and the 
brushes PEB move into contact with the punch 
emitter segment 90 for column 10. The punch 
ing cycle is now repeated independently of con 
tacts C56 to punch the stored digit which was 
derived from the hundreds order of accumulator 
. These operations are repeated until all four 

digits, representing the total in accumulator , 
have been punched, the different punch key mag 
nets PKM being selectively energized according 
to the combinations of contacts set up by the 
relays CROP to CR 6P. Only four digits per 
printing cycle can be punched owing to the fact 
that the first digit of a series of four depends 
upon the closure of the contacts C56 in each 
printing cycle which occurs only after the values 
standing on the four orders of the accumulator 
or Counter have been coded in the manner de 
scribed above. 
Thus, during printing cycles , 2, and 3, the 

total in accumulators and 2 and the group 
number will be punched in the first twelve col 
lumns of the card and, during printing cycles 4 
to 8, the individual totals in the counters will 
be punched four digits at a time. 
When the key magnets PKM (Fig. 48X) are 

energized to position the punch interposers in 
a well known way, the punch magnet contacts 
PMC are closed and cause the punch operating 
magnet POM to operate the Sselected punch. 
After the last digit of the final total in counter 
5 is printed and punched, the punch carriage 

escapes once more, thereby closing the last column 
contacts LCC energizing the last column relay 
LCR3. This closes the contacts LCR3C and 
LCR3B, thereby energizing the card stacker mag 
net CSM which renders effective the carci stack 
ing mechanism. During the stacking operation, 
the contacts ASC close and energize the punch 
trip magnet PTM across the wires W39, W4, 
through the switch ST, the contacts LCR3B, and 
brush magnet contacts BMC. This also ener 
gizes relay ROP (Fig. 48A) through the connec 



2,658,682 
63 

tions JP22. This closes the contacts ROA (Fig. 
48C) and permits the resumption of card feed 
ing at the proper time after the cross-footing op 
erations have been completed and contacts R.6A 
reclosed. The punch trip magnet PTM causes the 
engagement of a clutch to allow the punch motor 
M2 to return the carriage and feed a blank card 
out of the magazine in readiness for another se 
quence of printing cycles. 
The latch contacts LC?, LC2 are operated as 

a result of the tripping of the clutch and the 
contacts LC2 close a circuit for the motor M2. 
The power for motor M2 is provided by the con 
nections JP20, JP2 and JP23, JP24 shown in 
Fig. 48A, the punch M2 being operated by alter 
nating current in parallel with the motor M. 
At the end of the punching cycle the latch con 
tacts LC, LC2 are restored to the condition shown 
in Fig. 48W and the punch is in readiness for 
another series of cycles after the carriage has 
automatically skipped to the column 9 position. 

It may be desired to punch certain fixed data 
in the first eight columns of the card under con 
trol of a master card, in which case the master 
card is placed on the duplicating carriage and 
the door closed, thereby closing the door contacts 
DC. This energizes the brush magnet BM and 
the automatic punching of the first eight columns 
or any desired portion thereof proceeds before 
the carriage reaches the column 9 position. This 
node of operation is well known in the art and 
need not be described in detail. In this auto 
matic punching operation the punch brushes PB, 
in cooperation with the punch contact roll PCR, 
establish selective control circuits to the punch 
key magnets PKM from line wire W39 (Fig. 48X), 
through said magnets, the cable CB8, the punch 
brushes PB (Fig. 48W), punch contact roll PCR, 
punch common brush PCB, floating cam con 
tacts FCC, contacts PCLRA, LC and switch ST 
to wire W. 
The network of contacts CROC, CROD to 

CR 6C, CR 6D of the storage relays CROP 
to CR 6P is so arranged that, if none of these 
relays has been energized in consequence of the 
printing of a significant digit by the time the 
contacts C56 close, zero punching circuits will 
be established to the Zero punch key magnet 
PKM. The storing of the digits in the relay net 
work (Fig. 48X) is effected while the type bars 
are moving vertically and taking settings repre 
sentative of the digits of totals standing in the 
counters and this storage operation should be 
completed by zero in the cycle. The punching 
of the four digits of a total is accomplished while 
the type bars are restoring. The punching starts 
at approximately zero time in the printing cycle 
and is completed before the next Series of digits 
are set up on the type bars during the following 
printing cycle. This makes it possible to use 
a single storage device for the digits to enable 
a four digit total to be punched successively. 
The basic operation of the circuits under rela 

tively fixed operating conditions, such as starting, 
Stopping, total printing, punching, and Cross 
footing, and the manner in which the cards con 
trol the majority of the pluggable functions and 
devices having been described in detail, with cer 
tain exceptions which are best considered with 
reference to specific problems, the operation of 
the machine to perform various types of Opera 
tions will now be described in detail with ref 
erence to plugboard charts and, in the case of 
certain more complicated pluggings, with ref 
erence to supplemental charts which primarily 
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show the manner of plugging the contacts of re 
code relays. 
Since the specific operation of the machine with 

respect to the recode selectors, recode or digit 
emitters, units counters, units-tens distributor, 
and accumulating mechanism under record card 
control has been described in detail, most of the 
description hereinafter will be in reference to the 
plugboard charts treating the various plug sockets 
for the various pluggable functions and devices 
as impulse outputs or inputs, in order to avoid a 
great deal of repetitious tracing of circuits. 

XXXII. NORMAL, DECIMAL SEQUENCESORT 
NG (FIG. 49A) 

The first operation to be described will be 
the very common one of placing cards in decimal 
sequence and will be described with reference to 
Fig. 49A which shows the plugging for serially 
arranging the cards according to a four digit 
number. While this type of operation is not new, 
it is performed in a new way and means are pro 
vided in the machine for not only testing the con 
tinuity of the sorting control circuits, but at the 
same time testing the accuracy of the sort in 
reference to the selection of the sorting pockets. 
These two features are novel features of the 
machine. 

It will be assumed that the serial number is 
punched in columns 4 to 7 of the card. These 
four columns are plugged to the first four posi 
tions of the column selection switch S5 (Fig. 
48U), identified by the small numbers 1 to 4, in 
that figure under the plug sockets PS, these 
four being topmost and numbered from the left 
in Figs. 41 and 49A under the caption "Col. Se 
lection.' A plug wire is also inserted between 
the C plug SOcket PSO (Figs. 48U and 49A) and 
the extreme left-hand plug socket PS 6 of the 
digit storage group ("Digit PU' Fig. 48S). The 
operator will set the Column selection switch S5 
to position 4, the cards will be placed in the hopper 
face down, and the machine started with start 
key STK in the manner described above. The 
four runs necessary to place the cards in serial 
Order may start with either the highest order or 
the lowest Order and it is immaterial whether the 
Switch S5 is placed in position 1 and advanced 
progressively to position 4 one step for each suc 
cessive run or initially set to 4 and set back one 
step for each run. In the present case, the set 
ting of the Switch S5 to position 4 will cause the 
initial run to be effected on the units column to 
place all cards in numerical order by the digits 
of the units Order. 

Let it be assumed for the moment that the first 
card is designated "9" in the units order. This 
card establishes a circuit at '9' in the cycle ex 
tending through the plug wire from plug socket 
PS for column 7 through the fourth position of 
switch S5 and the plug wire between the C plug 
Socket PSO and plug socket PS6 to energize the 
'1' and '8' relays for the highest order of the 
digit storage group thereby storing the value 9 
which will be effected by energizing the relays 
R4, R44 (Fig. 48S). This completes a connec 
tion between the C plug socket PS39 (Fig. 48T) 
and the 9 plug socket PS40 through the contacts 
R4A, R2B, R43B, R44A, to the cable CB9, which 
cable leads to the group of sorting relays ROT 
to R? 8, and the wire from the 9 plug socket 
PS40 connects to the contacts R203A, the trans 
fer member of which connects to the 9 sorting 
relay ROTP. 

In order to perform the operation of normal 








































































