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1

This invention relates in general to partial
product multiplying machines and, more partic-
ularly, to a unique calculator which is capable of
adding, subtracting, and multiplying,

Our invention has for its primary objects the
provision of a partial product multiplying ma-
chine which is capable of efliciently performing
the several arithmetic operations of addition,
subtraction, and multiplication, which will keep
8 running total of a whole series of such opera-
tions successively performed, thus facilitating
such clerical work as billing, ledger posting. and
the like, which is very speedy in both manipula-
tion and internal functioning, performing iis
several arithmetical operations at a rapid rate
and with a minimum of lost time, which is sim-
ple in manipulation, requiring no great skill or
extended period of study on the part of the op-
erator to attain proficiency, which is power-
driven, thereby materially relieving physical
strain upon the operator, and which is otherwise
hichly satisfactory and efficient in the performe-
ance of its stated functions.

And with the above and other objects in view,
our invention resides in the novel features of
form, construction, arrangement, and combina-
tion of parts presently described and pointed out
in the claims,

In the accompanying drawings (12 sheets)—

Ficure 1 is a perspective view of g calculating
machine constructed in accordance with and em-~
bodving our present invention;

Figs. 1a, 1b and ic are schematic diagrams
iMlustrating the general principles upon which
the caleulating machine of cur invention is hased.

Pigure 2 is a fragmentary perspective view of
the power-transmitting mechanism of our in-
vention:

Figure 3 is a top plan view, partly broken away
and in section, of the calculating machine:

Figure 4 is a fragmental perspective view of
the sliding carrier bar foerming a part of our in-
vention;

Figure 5 is a fragmental perspective view of
the essential component mechanisms of the ma-
chine shown in spatial relationship to each other:

Figure 6 is a fragmental perspective view of
& pair of matched computing barrels forming a
part of our invention;

Figs. 6a, 6b, 6¢c and 6d are diagrammadtic rep-
resentations illustrating the cooperative rela-
tionship between the component parts of the cal-
culating machine showing in particular the de-
veloped surface of the computing barrels.

Figure 7 is a fragmental perspective view of
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the bank of multiplier keys and associated mech-
anism;

Figure 8 is a fragmental sectional view taken
along the line 8—8, Figure 7;

Figure 9 is a fragmental perspective view of
two primary banks of keys and associated mech-
anism;

Figure 10 is a fragmental perspective view of
the carrier bar return actuating mechanism;

Pigure 11 is a fragmental perspective view of
the totalizer showing two duplicate and parallel
trains of mechanism and also the carrier bar re-
turn mechanism associated with the two selected
primary key banks shown in Figure 8;

Figures 12, 13, 14, and 15 are fragmental sec-
tional views of the power-driven computing bar-
rel rotating mechanism taken respectively along
the lines 12—12, 13—13, 14—14, and 15—I5, Fig-
ure 2;

Figure 16 is a fragmental sectional view of the
computing barrel rotating mechanism taken
along the line 16—16, Figure 12;

Figure 17 is a fragmental sectional view of the
computing barrel rotating mechanism taken
along the line 1T—17, Figure 16;

Figures 18, 19, and 20 are fragmental sectional
views of the primary key banks taken respective-
ly along the lines 18—18, 19—I19, and 20—29,
Figure 9;

Figure 20a is a schematic view of a detail of
operation of the latch member and detent lug
which co-operate for helding down the slide po-
sitioning mechanism.

Figure 21 is a fragmental sectional view of the
totalizer and associated mechanism taken along
the line 21—21, Figure 3;

Figures 22, 23, and 24 are fragmentary vertical
sectional views of a detail of the totalizer mech-
anism taken approximately along the lines
22—22, 23—23, and 24—24, respectively, Fig-
ure 21;

Figures 24¢ and 24p are fragmentary trans-
verse sectional views of the calculating mecha-
nism, respectively showing the mechanism asso-
ciated with three primary key banks in initial
and final positions of a single computing cycle;
that is to say, the position before the keys in
the three key banks are depressed, and the posi-~
tion after such keys have been completely de-
pressed.

Figures 24c¢ and 24d are fragmentary views of
the mechanism for transferring the computed
values into the totalizer or accounting mecha-
nism; the position shown in Figure 24c¢ being that
assumed by the mechanism when the key bank
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mechanism is in the position shown in Figure 24a
and similarly the position shown in Figure 24d
being that assumed by the mechanism when the
mechanism associated with the primary Kkey
banks is in the position shown in Figure 24b.

Figure 25 is a perspective view of a modified
form of primary key bank and associated mech-
anism;

Figure 26 is a perspective view of the comput-
ing barrels associated with such modified form
of primary key bank;

Figure 27 is a schematic plan view of the de-
veloped surface of the computing barrels shown
in Figure 26, and

Figures 28 and 29 are fragmentary detail views,
partly broken away and in section, respectively il-
lustrating the operation of the detent lugs and
stop dogs which co-operate with parts of the
computing slide mechanism.

General principle of operation

Before entering upon a detailed description of
the embodiments of our invention, and in order
to render such description ‘more readily under-
standable, it is thought desirable to set forth the
general principles of operation involved, by ref-
erence to the simplified and wholly schematic ar-
rangement of members shown in Figures lg, 10
and le. Assume that there are two elongated,
edgewise abutting strips X and Y. The member
X is stationary and for convenience may be re-
ferred to as the “stationary” member, while the
member Y is disposed for lengthwise shifting
movement in relation to the member X and may
for convenience be referred to as the “slide”
member. The stationary member X is provided
with a series of uniformly spaced arrows, num-
bered consecutively from 1 to 9-as shown. The
slide member Y is provided with nine sets or
-series of uniformly spaced graduations, each such
set or series comprising ten graduations and ex-
tending over a-distance which is somewhat small-
-er than the distance between two successive ar-
rows. The fitst graduation -of each series is des-
ignated “0” and is directly opposite the particu-
lar arrow with which such series is associated.
The successive graduations in -each series are
respectively numbered with the ‘first nine .con-
secutive multiples of the number represented by
‘such arrow.

‘For instance opposite the “1” arrow is a Zzero
.graduation followed by graduations designated
1, 2, 3, 4, 5, 6,7, 8 9, which are the first nine
consecutive multiples of 1, in other “words ‘the

productsof 1x1.1x2, 1x3, and so on. Similarly

oprosite the “2” arrow is g zero graduation fol-
‘lowed by graduations designated 2, 4,6, 8, 10, 12,
14, 186, 18, i. e. the ‘products of 21, 2X2, 2% 3,
and so on.

As shown in Fig. lg the slide is set at “zero”
and opposite each arrow is the product of the
number represented by such arrow when mul-
tiplied by “zero,” that is to say ‘“zero,” since zero
multiplied by any number is always zero. If the
‘slide number is shifted to the right 4 units of
length for instance (a unit being taken as the
distance between any ‘two consecutive gradua-
tions within the series of graduations) then the
“4” graduation will come into alignment with
the “1” arrow as shown in Pig. 15. At the same
“time the fourth graduation in each successive set
will also come into aliTnment with the particular
arrow with which such set is associated. In this
‘shifted position, 8 lies cpposite the “2” arrow
1. e, the product of 2x4 and similarly opposite
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each arrow lies the product of the number rep-
resented by such arrow when multiplied by
“four.” From this it will be eviden{ that if the
slide is moved a number of units corresponding to
the multiplicand then the product will lie under
the arrow representing the number which is the
multiplier.

For example if it were desired to multiply “8”
by “3” the slide 'Y would be shifted eight units
as shown in Fig. 1c and the slide may be said to
be “conditioned” for multiplying the number “8”
by any one of the integers represented by the
arrows ‘on the stationary member X. Thus op-
posite the “3” arrow is the graduation designated
“24” which is the product of 8x3.

In order to achieve such results mechanically
it will, obviously, be necessary to provide a series
of keys or other manually manipulable means
corresponding to the integers 1 to 9 and arranged
for mechanically effecting the shifting movement

‘of the slide member. Similarly the slide member

must be provided with a whole series of elements
or mechanisms each corresponding to a gradua-
tion on the slide member and arranged so as to
be capable of achieving an amount of mechanical
motion proportional to the value of the particu-
lar product or multiple represented by such cor-
responding graduation. Thus, for instance, at
the position of the graduation designated “24”
(again using the example 83 as illustrated in
TFig. 3) a suitable element or mechanism must be

‘placed, which is capable of effecting an amount

of mechanical motion proportional to the num-
ber 24. Such proportionate motion must be
transmitted into suitable totalizing mechanism
for recordation or accumulation.

Finally, the stationary member must be pro-
vided with a series of keys or other suitable man-
ually manipulable members each corresponding
to one of the arrows representing an integer,
and in the case of the example under discussion
the manipulation -of such key or member cor-
responding to “3” would in some suitable way
initiate the mechanical movement of the “24”
element on the slide which has already been
shifted into such -relative position that the “24”
element is in proper juxtaposition.

Although the above discussion is entirely hypo-
thetical, the provision of such mechanical ele-
ments for embodying the basic principle outlined
is achieved in the -embodiments hereinafter de-
seribed. The mechanism described under the
sub-heading “Primary key banks” actually is the
mechanical means for shifting the slide member
responsive to a selected multiplicand and sim-
ilarly the mechanism described under the sub-
heading “Computing slide and barrel mecha-
nism” is mechanical embodiment of the slide
with mechanisms for converting the several
products or multiples into mechanical move-
ment proportional to the values of such products.
Likewise the mechanism described under the sub-
heading “Multiplier key bank” is actually the

‘mechanical means for initiating the operation of

the mechanism which converts the product into
propertionate movement and finally the mech-
anism described under the sub-heading “Total-
izer” is actually the mechanical means for re-
ceiving and recording or accumulating such pro-

.portionate mechanical movement,

‘By way of further introductory explanation it
may be pointed out that egraduations on both the
stationary member X and the slide member Y are
uniformly spaced and the spatial relationship,
therefore, may be said to be “arithmetical,” If
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for example the unit of length chosen for the
stationary member be inches, then the distance
between the “1” arrow and the “2” arrow is one
inch and similarly the distance between the “2”
arrow and the “4” arrow will be 2 inches. In
each case the spatial distance between any two
arrows will be the same number of inches (or
whatever other length unit may be employed) as
the arithmetical difference between the num-
bers represented by such arrows. ILikewise if
the slide member X is uniformly graduated in
sixteenths of the inch, then the slide will be
shifted 1% (or one such length unit) if the mul-
tiplicand is 1, %g (or two such length units) if
the multiplicand is 2 and so on.

In the case of “arithmetical” spacing, however,
the slide member Y must carry scme ninety grad-
uations in effect corresponding to every product
in the multiplication table from 1x0=0 to
9%x9=81, Consequently, in the mechanical em-
bodiment it would be necessary to employ a cor-
responding ninety elements or mechanisms for
converting such products into proportionate me-
chanical motion. This is not a very serious prob-
lem and in fact one of the specific embodiments
hereinafter described employs such “arithmeti-
cal” spacing.

We have found, however, that in addition to
the simple arithmetical system of spacing illus-
trated schematically in Figs. 1la, 1b and le, it is
possible, and for some purposes even advan-
tageous, to employ as a basis for the spacing,
other systems of mathematical functions which
follow the law.

o) +F ) =f(zy

That is to say any system of functions in which
the sum of the functions of any two selected
numbers is equal to the function of the product of
such numbers. A familiar example of this type
of mathematical system is the system of log-
arithmic functions. ]

As gn example of the employment of such sys-
tems of mathematical functions as a basis for
the spacing, it is, thersfore, possible to employ
“logarithmic” spacing of which the ordinary
“slide rule” provides a familiar illustration.
Such logarithmic spacing makes it possible to
avoid recurrence of products at several different
positions on the slide. In the case of the slide
member Y above discussed, for imstance, the
product 24 occurs at four different positions,
i. e. in the “3” series, the “4” gseries, the “8”
series, and the “8” series, because 3, 4, 8, and 8
are all factors of 24. Actually, as will presently
be more fully discussed, in the entire multiplica-
tion table from 1% 1 to 99 there are only thirty-
six different products. By employing logarithmic
spacing it is necessary that each of these thirty-
six products oceur only once on the slide member,

In the light of this discussion of general prin-
ciples, we shall now describe, as the first and
preferred embodiment of our invention, a cal-
culating machine invelving these principles and
employing the logarithmic system of spacing.
Thereafter, as a second or modifisd embodiment
we shall describe the employment of “arith-
metical” spacing,

The calculator

The preferred form of ealculating machine em-
bodying our invention, comprises a computing
mechanism A mounted within an outer recti-
linear housing | formed of sheet mei#al or other
suitable material and cut away along its top and
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side walls adjacent its rear end in the provision
of an opening 2 for accommodating a transverse-
ly shiftable totalizer B also having an elongated
open-bottomed shell 3 constructed preferably of
sheet-metal and including an arcuate top wall 4
closed at its ends by side walls 5 and interiorly
subdivided transversely into a series of com-
partments ¢ by uniformly spaced partitions 5’,
each compartment ¢ being provided with a for-
wordly presented rectangular aperture or window
4’ formed in the top wall 4. In its front face, the
totalizer shell 3 is provided with an elongated
horizontal slot 2’ for receiving the carrier bar
resetting mechanism, - which will presently be
more fully described and which is mounted in
the housing | extending partially into an up-
wardly enlarged deformation or offset & formed
in the upper wall of the housing !.

Suitably fixed within the housing 1, is a main
frame 7 preferably formed as an integral casting
and having suitable upper and lower horizontal
bed-plates 72, 7°, and cross-members 7¢ in which
the various moving parts of the machine are
journaled or slidably mounted as may be ex-
pedient from the viewpoint of production, con-
venience, and economy. For simplicity in illus-
tration and description, however, these features,
being - largely a matter of conventional design,
have been shown more or less schematically.

Multiplier key bank

Journaled horizontally in the frame T and ex-
tending lengthwise of the housing | along the
right-hand side thereof as an operator faces the
machine locking toward the totalizer B, is a
rotary shaft 8 provided with ten identical ex-
ternally toothed barrel gears 92, §b, 9¢, 84 ge 9of
gz, @h 81 81 Wach of these gears § is provided
with a segmental slot 18 for receiving a narrow
finger 114 fixed to and projecting radially from the
shaft 8, the slots {8 being shaped and sized in
relation to the fingers 11, so that rotation of any
one of the barrel gears 9 will be transmitted,
throusgh its associated finger 1, to produce rock-
ing movement of the shaft 8, but will not affect
any of the other barrel gears 9.

Shiftably and rotatably mounted in the frame
T and projecting through the fop wall of the
housing {, are ten vertical key-plungers #22 to
{23, inclusive, each being of rectangular cross-
section and slidably fitted with an external geay
collar 132 to 13, inclusive. At their upper ends,
the key-plungers 12 are nrovided with conven-
tional key-buttons {42 to {12i respectively pro-
vided on their upper faces with numerals rang-
ing from “1” through “9” and including 2 cipher
or Zero desiznating “0” and. constituting & bank
of so-called “multiplisr” keys. At their lower
ends, the plungers {2 are provided with cylindri-
cal rack portions 15 to 1%, inclusive, each hav-
ing a flattened or ground-off side face {6 so ar-
ranged that, when the flat side face 18 is pre-
sented toward the adjacent barrel gear 8, verti-
cal movement of the plunger §2 will not rotate
the barrel gear 9. On the other hand, when the
plunger 12 is rotated 180°, the cylindrical rack
portion {5 will engage the barrel gear 9. Pro-
jecting downwardly from the lower end of the
rack portions i5, are elongated guide rods |7
shiftably and rotatably mounted in the lower
porticn of the frame 7, and disposed encirclingly
about esch of the guide rods {7, is g compression
spring #71’ abuttingly engaged at its opbposite
ends between the upper frame of the lower frame
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plate T° and the under face of the plunger rack
portion 15, as best seen in Figure 19,

Similarly journaled horizontally in and ex-
tending between selected members 1¢, is g plural-
ity of like parallel shafts 18 substantially simi-
lar to the shafts 8 and each provided with nine
endwise abutting gear barrels 192 to (8!, inclu-
sive, having segmental slots 20 for receiving
radial fingers 21 fixed on the shafts I8 in the
same manner and for the same purpose as the
fingers | on the shaft 8.

Primary key banks

Shiftably and rotatably mounted in the frame
1 and projecting upwardly through the upper wall
of the housing {. is a plurality of rows of key-
plungers 22& to 22i, inclusive, provided at their
upper ends with key-tops or buttons 23 having
indicia ranging from “1” to “9,” one such row be-
ing associated with each shaft {8 in the forma-
tion of a series of primary key banks. Although,
as shown in Tigures 1 and 2, the machine is
equipped with seven such primary key banks for
accommodating a seven digit number, it will, of
course, be understood that a greater or smaller
number of such banks may readily be employed.

Each of the key-plungers 22 is similar to the
key-plungers (2 and includes a cylindrical rack
portion 24 having a flat side face 25 and a down-
wardly extending guide rod 26 provided with a
coiled compression spring 21, and slidably
mounted on each key-plunger 22 and rctatably
secured in the frame 7, are gear-collars 28. As
above pointed out in connection with the plungers
2, the plungers 22 are likewise rotatable about a
vertical axis through 180° to bring the rack por-
tions 24 into or out of meshing engagement with
the barrel gears 8.

Slidably mounted in the upper frame plate T2,
is a plurality of horizontal key-inverting rack
bars 29, one for each primary key bank and one
for the multiplier key bank, each being positioned
for meshing engagement with the entire series of
gear collars 28 in the key bank with which it is
associated. Each of the rack bars 29 is provided
at its forward end with a depending horizontal
rack section 30 meshing with an inverting pinioa
31 keyed upon a cross-shaft 32, which is, in turn,
jouranaled at its ends in and extends horizontally
across the frame 7 from left to right, being pro-
vided at its right end with a radial handle 33,
which, in turn, prejects upwardly through a slot
34 in the top wall of the housing f, and adjacent
the front and rear ends, respectively, of the slot 34
the upper face of the housing | is marked with
the indicia “Add” and “Mult.,” thus designating
that, when the handle 33 is in one or the other
of its positions, the machine will add or multiply,
as the case may be. In this connection, it should
be noted that, when the handle 33 is in “Add”
position, the rack portions {5 of the multiplier
plungers |2 are disengaged from their associated
barrel gears 9, whereas the rack portions 24 of
the primary key-plungers 22 are engaged with
their associated barrel gears 19. On the other
hand, when the handle 33 is in “Mult.” position,
the reverse is true, that is to say, the rack por-
tions 15 of the plungers 12 are engaged and the
rack portions 24 of the plungers 22 are disen-
gaged.

Shiftably mounted in vertical ways 35 formed in
and projecting laterally from the frame members
1e, are vertical slide bars 362 36, 3G, 354, 36%,
and 361, each provided with a laterally project-
ing rack section 37 and positioned for meshing
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engagement with the lower ends of the plunger
rack sections 242, 24P, 24c, 244 24t 24i respec-
tively. Because of space requirements and to
achieve greater compactness, the key-plungers
22¢ 222, and 22t are provided with auxiliary rack
sections 38 positioned below their principal rack
sections 24 and likewise having a flattened side
39, the latter being disposed at 180° with respect
to the flattened portions 25 of the principal rack
portions 24. Shiftably mounted in ways 40 formed
in and projecting laterally from suitably ad-
jacent frame members 1¢, are vertical slide bars
36e, 382, and 26" having laterally projecting rack
sections 37’ for meshing engagement with the
auxiliary rack portions 24e, 242 and 24h, respec-
tively. Thus it will be seen that, when the handle
33 is in “Add” position, all of the slide bhars 36
are disengaged, whereas when the handle 33 is in
“Mult.” position and the plungers 22 are turned
180°, the slide bars 36 are engaged, so that down-
ward movement of any key 23 will produce corre-
sponding downward movement of its associated
slide bar 36.

Fach of the slide bars 36 is further provided
at its lower end with a depending guide rod &t
extending slidably through the lower frame plate
Th, and fixed upon the lower end of each such rod
41 beneath the frame plate 10, is a block 42 hav-
ing a depending ston finger 43 and forwardly pro-
jecting detent lug 44, Disposed encirclingly about
each rod 4f and abuttingly engaged at its oppo-
site ends between the upper face of the frame
plate T° and the under face of the slide bar 38,
is a compression spring 45 for normally urging
the bar 26 and rod 4{ upwardly, such upward
movement being limited by abutment of the upper
face of the block 42 against the under face of the
frame plate 70, In the downward direction, move-
ment of the bar 3§ is limited by small laterally
projectinag lugs 4%’ formed on the bar 3§ adjacent
its upper end and positioned for abutment with
the upper end faces of the ways &5, all as best seen
in Figures 19 and 20.

Slidably mounted in suitable slots 46 formed
in and extending transversely through the mem-
ber 1¢, is a plurality of spaced horizontal cross-
connecting racks 472 to 47!, inclusive, extending
from right to left across the machine and pro-
vided at their right ends with depending toothed
sections 48 for meshing engagement with the bar-
rel gears 92 to 9i, respectively, and to the left of
the sections 48, the racks 472 to 4Ti, inclusive,
are provided with a plurality of depending toothed
sections 48 separated by blank sections 52, the
latter being normally positioned above the barrel
gears 8. In this connection, it should be noted
that when the machine is set for addition and
the rack sections 15 of the key-plungers (2 are
disengaged from the barrel gears 9, the cross-
connec?ing racks 47 are inactive and do not en-
gage or otherwise affect movement of the barrel
gears 9. However, when the machine is set for
multiplication and the barrel gears 9 are en-
gaged, manual! depression of one of the key-
plungers {2 will rotate its associated bharrel gear
9, shifting the associated cross-connecting rack
47 to the left, bringing the toothed sections 49
into engagement with all of the barrel gears
IS which are in transverse alignment with the
rotating barrel gear 9.

Adjacent to each key-plunger 22 and on either
side thereof, the frame membhbers 1¢ are provided
with opposed vertical ways 5{® to §ii, inclusive,
and beneath each of the pairs of ways &! the
lower frame plate T° is provided with a rectan-
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gtilar siot 52 cooperating with the ways 51 in slid-
ably supporting stop plates 532 to 83i, inclusive,
spatially arranged as best seen in Figures 5 and 9
and in a manner presently more fully explained.

At their lower ends, the stop-plates 832 fo
53! inclusive, project below the lower frame plate
i and are provided with arcuately shaped
tongues 54 having oppositely presented vertical
abutment faces 55, and at their upper end the
stop-plates 532 to 53! are provided with narrow
upstanding extensions 5% having laterally pre-
sented rack-forming teeth 57 for meshing en-
gagement with the barrel gears 182 to (8, re-
spectively. Intermediate their ends and above
the lower frame plate T° the feelers are provided
with vertical slots §8 having centrally disposed
guide rods 59 extending downwardly from the
upper transverse margin thereof for stabilizing
compression springs 60 seated within the slots 58
in endwise abutment at their upper ends against
the upper transverse margin of the slots 58 and
at their lower ends against spring-retaining
washers 6i set within the slots 58 and bridging
the slots 52 in the lower frame plate T°.

The first slide bar 36= in each key bank is fur-
ther provided with an upstanding guide pin 62,
and slidably mounted thereon in endwise abutting
vertical alignment with the slide bar 363, is an
auxiliary slide bar 63 having a forwardly pre-
sented toothed or rack-forming face 64 meshing
with the inverting pinion 34, all as best seen in
Figure 28.

Computing slide and barrel mechanism

Slidably mounted in suitable horizontal ways
55 beneath each bank of primary keys, is a com-
puting slide 66 provided centrally of ifs upper
face 81 with a longitudinal groove 88 having a
transverse cross-sectional shape for receiving the
lower end and tongue portion of the stop-plates
53. At the bottom and on either side of the
groove €8, the slide 66 is provided with two longi-
tudinal bores 89 opening sidewise into the groove
68 for receiving two elongated cylindrical com-~
puting barrels 78, 18’, of smaller diametral size
than the bores 63 and having diametrally reduced
concentric end portions 71 journaled in suitable
apertures 12 in end plates 13 secured by means
of screws 74 upon, and extending across the trans-
verse ends of, the computing slides 68, thus hold-
ing the computing barrels 70 within the slide 6§
for lengthwise movement therewith and axial ro-
tation therein, and extending axially through each
computing barrel 70 and projecting therefrom, is
a square shaft 18, which is, in turn, rotatably and
non-shiftably held in the frame 7.

Intermediate their ends, the computing barrels
10, 70’, are provided with an axially spaced series
of segmental upstanding shoulders or arcuate
stops 76, 16’. Each of the stops 1§ is transversely
paired with a corresponding stop 78’.

Broadly speaking, the arcuate length of the
several stops 16, 16’, measured from common axial
base lines theoretically indicated by dotted lines
I, I’, on the outer cylindrical faces of the barrels
70, 70’, in some selected length units is such that
every possible product of two numbers from “1”
to “9” is represented.

Since “eleven” is a prime number and does not
result from multiplication of any two numbers
from “one” to “nine,” it does not appear in the
series of products, and this is likewise true of all
prime numbers from “one” to “eighty-one,” as
well as all intermediate products resulting from
multiplication of any prime number over eleven

19

15

20

28

30

36

40

50

60

75

10

by any other number in this entire number series,
the resulting series of products thus consisting of
thirty-six numbers, as follows: 1, 2, 3, 4, 5,6, 7, 8,
9, 10, 12, 14, 15, 16, 18, 20, 21, 24, 25, 27, 28, 30,
32, 35, 36, 40, 42, 45, 48, 49, 54, 56, 63, 64, 72, 81.
It will be noted that only the first nine products
in the series are single digit numbers and, fur-
thermore, it will be apparent to anyone familiar
with ecalculating machines that as to all other
products (i. e. products which are two-digit num-
bers) the “tens” digit must be accumulated in
the totalizer of the next higher order, as will pres-
ently be more fully discussed. For these reasons,
we employ two co-operating or paired barrels 79,
1¢’, which may, for convenience, be respectively
referred to as the “units” barrel and the “tens”
barrel, as shown in Figs. 6a and 6. Each pair of
arcuate stops 18, 16’, corresponds to one of the
products in the above series. By reference to Fig.
6, it will be seen that every one of the stops T8,
76’ have a length measured from line 7, I, and
U, I’, respectively, so that the end or abutment
face thereof lies along one of ten uniformly
spaced parallel coordinates 0—0, 1—1, 2—2, 3—3,
4-—4, 5—5, 6—6, 7—17, 8—8, 9—98. For instance,
the first stop 16 (reading from left to right on
Fig. 6a) has its end or abutment face along the
1—1 coordinate of the ‘“units” barrel 718, while
its companion stop 18/, lying directly opposite on
the tens” barrel 10’, has its end or abutment
face along the 0——0 of the “tens” barrel 76°. It
should further be stated in this connection that
the 0—0 (or “zero”) coordinates of barrels 70,
107, respectively, lie in the same vertical planes as
the oppositely presented abutment faces 58, §5', of
the stop-plates 53, as may be seen in Fig, 6ec.
Consequently, if a selected stop-plate 83 is opera-
tively interposed between the barrels 18, 19, in
line with the first pair of arcuate stops 718, 76’, it
will be apparent that the “units” barrel can be
rotated (counterclockwise as indicated by the
arrow in Fig, 6d) until the end or abutment face
of the stop 1§ engages the stop-plate abutment
face 85’. The “tens” barrel 76’, however, cannot

. be rotated at all since its arcuate stop 76’ is al-

ready in abutment against the stop-plate abut-
ment face 55. Hence, the “units” barre] will move
1 unit and the “tens” barrel no units or zero, thus
producing an amount of mechanical motion pro-
portionate to the product 1. Similarly, if the
eighteenth pair of stops 76, 78’ (for purposes of
the present discussion designated z, z’, in Figs.
6a and 6d), are considered, it will be seen that
the stop x on the “units” barrel ends at the 4—4¢
coordinate and the stop =’ on the “tens” barrel
ends at the 2—2 coordinate. Thus, if a selected
stop-plate §3 is interposed between the barrels 19,
79’, in line with this eighteenth pair of stops
z, ', as shown in Fig. 6d, the “tens” barrel 18’
can rotate through the arcuate distance corre-
sponding to “2” while the “units” barrel 70 can
rotate through the arcuate distance correspond-
ing to “4,” thus making 24 which is the eighteenth
product in the above series of products.

It will thus be evident that the first 9 pairs of
stops 16, 18’ (veading from right to left in Fig.
6a), correspond te the first 9 products in the
above series of products and gccordingly the units
stop 16 of each such pair have decreasing lengths,
so that their end faces respectively lie cn the co-
ordinates from units 1—1 to 9-—8, while the cor-
responding “tens” stops all have full arcuate
length so that their end faces lie on the 0—0 co-
ordinate, thus, in effect, yielding the numbers “01”
to “09.” The tenth pair of stops 1§, 16’ however,
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consists of a “tens” stop, the end face of which
lies on the 1—1 coordinate of the “fens” barrel
70’ and a “units” stop, the end face of which lies
on the 0—O0 coordinate of the “units” barrel 16,
permitting the “tens” barrel to rotate an arcuate
distance corresponding to “1” while the “units”
barrel does not rotate at all, thus yielding the
number “10.” The eleventh pair of stops 16, 18,
are of such arcuate length as to permit the “tens”
barrel 10’ to rotate one length unit and the
“units” barrel 10 to rotate two length units, yield-
ing the number “12,” and so on through the se-
ries of thirty-six products, the last pair of stops
16, 76’, being of such length as to permit the
“tens” barrel 10’ to rotate eight length unifs and
the “units” barrel 70 to rotate one length unit,
yielding the number “81.”

The upper horizontal faces §7 of each of the
carrier bars 66 is milled out or recessed to provide
a series of narrow vertical stop faces 172 to 17,
inclusive, the faces 112, 77v, T1c, 119, T7f, and
17! being on the left side of the groove 88 and the
faces 771¢, 718, and 11" being on the right side of
the groove 68 for the same reasons of compactness
as applied to the location of the several slide
bars 36a to 36!, inclusive. The stop faces 772 to
117, furthermore, are spaced longitudinally from
each other along the carrier bar 68 by distances
determined mathematically, as will presently be
more fully discussed, and are staggered trans-
versely across the width of the carrier bar 66 for
respective engagement with the stop fingers 43 as-
sociated with the slide bars 36, that is to say, the
face 17> will engage only the stop finger 43 of
the slide bar 362, the face 11" will engage only the
stop finger 43 of the slide bar 36%, and so on, as-
suming, of course, propsr manipulation of the
machine for shifting such stop finger down into
position for such engagement as will presently
more fully appear.

Journaled in and extending horizontally be-
tween auxiliary frame members 79, parallel to
and on opposite sides of each carrier bar B8, are
two paired shafts 18, 78’, each rigidly provided on
its forward end with stop dogs 19, 78’, normally
urged downwardly and inwardly by springs 88 for
engagement ggainst the end face of the carrier
bar 656, as shown in Figure 29, and having toothed
segments 81 meshing with idler gears 81’ for
causing the dogs 19, 719’, and their associated
shafts 78, 18’, to rock simultaneously. Fixed upon
the shafts 18, 18’, in respective lateral alignment
with the detent lugs 44, are L-shaped latch mem-
bers 82 normally disposed in the position shown in
dotted lines in Figures 18 and 19 and each having
an inwardly projecting leg 83 interposed beneath
the detent lug 44 and an upwardly extending leg
83’ adapted, upon rocking movement, to clear
the lug 44.

Secured upon the forward end face of each car-
rier bar 66, is g ribbon 84 which extends horizon-
tally forwardly and around a suitably journaled
idler roller 85 and is fastened at its other end to a
conventional coil-spring winding drum 86 of the
type commonly employed in actuating typewriter
carriages and the like. Similarly secured to the
rear end face of each carrier bar 66, is g rewind
ribbon 81 which extends horizontally rearwardly
over a suitably journaled idler roller 88 and is
fastened at its other end to a rewind drum 8% ro-
tatably mounted on a shaft 86 and provided on its
side face with a spring-pressed pawl 89’ positioned

- for engagement with a single toothed ratchet 914
also journaled on the shaft 90 and carrying a gear
81’ diametrally larger than the drum 89 and
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meshing with a rewind drive pinion 92, which is,
in turn, fixed upon a shaft 93, as best seen in Fig-
ure 21.

Keyed upon the forward end of each shaft {8,
is a control pinion $4 meshing with a vertically
shiftable control rack 95 provided at its lower end
with & horizontal arm §5 which extends beneath
the pinion 94. Fixed in and extending down-
wardly from the arm 88, is a vertical guide pin
97 shiftably supported in a cross-bar 7° forming
part of the machine frame 1. On its lower end,
the pin 97 is rigidly provided with an enlarged
end-block 88 having a depending and rearwardly
offset pawl-like finger 99 provided with oblique
under and side faces 183, 18{, for engagement,
when shifted downwardly, with a ratchet ring 102
tocthed around its inner periphery for meshing
engagement with three identical planetary gears
{83 respectively mounted for free rotation upon
three horizontal pintles i 04 symmetrically mount-
ed in and projecting from the forward face of a
driven wheel i85 somewhat larger in diametral
size than the ratchet ring 102 and fixed upon a
suitably journaled horizontal jack shaft (8S5.
Arcund its periphery, the driven wheel 105 is pro-
vided with a forwardly projecting concentric
flange (87 having a circumferential gap {08 and
chamfered on its inner face complementarily with
the side face 181 of the pawl-like finger 99.

Also suitably journaled in the frame 7 in axial
alignment with each jack shaft 166, is g short
drive shaft 188 provided on its rear end with a
pinion 110 disposed within and meshing with the
planetary gears 103, and on its forward end the
shaft 109 is provided with a driving pinion f11.

In this conncction, it will be noted that, for
reasons of compactness, every other carrier bar
56 and its associated mechanism is positioned be-
low the other carrier bars 68 and the drive pinions
{11 thereof are also below the other ninions ({1,
all being connected by intermediate idler gears
{12 in the formation of a gear train extending
transversely across the front of the machine
frame 7 and drivingly meshing with a main drive
gear (i3 pinned on the shafi {4 of an electric
motor 115, the latter being conventionally con-
nected to any suitable source of electric current
by the usual flexible cord (nof shown).

Fixed upon the rear end of each jack shaft 186,
is a pinion §i8 meshing with a vertically shiftable
rack slide 11T normally urged upwardly by a com-
pression spring 18 disposed encirclingly about a
stabilizing pin (19 carried by and projecting
downwardly from the rack slide { {1, Af its upper
end, each slide {7 is integrally provided with a
rearwardly projecting horizontal arm (28 pro-
vided with a pair of spaced shiftable pins §21 and
121’ extending vertically downwardly and fixed at
their lower ends in slide racks 122 and {22" having
inwardly presented tocothed faces i23 and 123’ for
meshing engagement with pinions {24 and (24’
respectively mounted drivingly on the computing
barrel shafts 75 and 75’. Disposed encirclingly
about each of the pins 121 and 21’ in endwise
abutment between the upper face of the slide rack
122 and 122’ and the under face of the arm {28,
are compression springs {25 for normally urging
the slide racks 122 and 122’ downwardly with re-
spect to the arm (28, such downward movement
being limited by cotter pins 128 inserted through
the upwardly projecting end of the pins 12f and
{21’ and bearing against the upper face of the
arm (20,

When any one of the shafts {8 is rotated as a
result of rocking movement of the fingers 21, the
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pinion 84 will rotate, shifting the control rack 85
downwardly and causing the pawl-like finger 99
to engage and hold the ratchet ring 162. As soon
as the ratchet ring (82 is held stationary, the
planetary gears $83 cease to act as idiers and in-
stead transmit rotary motion from the shaft (89
to the wheel 165, moving the wheel flange 187 into
engagement with the obligue side face 81 of the
pawl-like finger 98 and holding the latter in en-
gagement withh the ratchet ring 102 for that part
of one revolution as determined by the gap 188 in
the formation of a partial-revolution clutch s.

Rotation of the jack shaft (86 depresses the
rack slide 17 and, through the springs 125, moves
the slide racks §22 and 122’ dowhwardly, rotating
the pinions 24 and {24’ and their associated
shafts 75 and 75’. It will be evident that the ro-
tation of the shafts 15 and 715’ will rotate the
computing barrels 78, 78, until the latter are
stopped by impinging against any one of the
stop-plate tongue abutment faces 55 which may
be interposed as & result of key manipulation, ar-
resting downward movement of the slide racks
{22, the remainder of the downward movement of
the rack slide {17 being absorbed in the springs
{25. When the drive wheel 105 completes its pre-
determined part revolution, the pawl-like finger
98 is released from the wheel flange 1567 through
the gap 188, freeing the ratchet ring 182 and dis~
connecting the driven wheel 185 from the drive
shaft {89, and thereupon, under influence of the
springs 118, the rack slides 117 and all associated
mechanism, including the computing barrels 78,
18’, are returned to initial position.

The several spatial relationships lengthwise of
the computing mechanism A between the verti-
cal ways 542 to 51, inclusive, and the associated
stop plates 53* to 531, inclusive, the arcuate stops
16, 167, on the computing barrels 13, 78’, the stop
faces 172 to 771, inclusive, on the carrier bar 68
and the depending stop fingers 88* to 43!, inclu-
sive, of the blocks 42 are mathematically deter-
mined as outlined below:

Let f(o) be a mathematical function obeying
the law: f(a) +7(B)=f(a-b) where a and b are
any arbitrarily selected numbers. :

Let m be an arbitrarily selected unit of length.

Then the position of any particular vertical
way &f and associated stop plate 8 with respect
to an arbitrarily chosen point in the machine is
determined by the equation

s=mfla)

where s is the distance rearward from the arbi-
trarily chosen point and a is that integer indi-
cated on the particular key {2’ with which the
particular stop plate 83 is transversely aligned
and to which it is connected by the respective
rack 47 when the machine is set for multiplica-
tion and the plunger {2 is depressed.

The position of any arcuate stop 78, 78, on the
computing barreis 78, 78’, with respect to each
other and an arbitrary point on the barrels 78,
T2, is determined by the equation

s'=mf(e)

where s’ is the distance rearward from the ar-
bitrary point on the barrels 10, 70’, of any par-
ticular pair of stops and c¢ is any number which
is one of the thirty-six products listed above.
The position of any stop face 772 to 17, in-
clusive, on the top of the carrier bar 66 with re-
spact to the rearward face of its respective de-
pending stop finger 432 to 431, inclusive, and the
position of the arcuate stops 16, 78’, with rela-
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tion to the stop faces 7718 to 174, inclusive, is ar-
ranged so that, when the rear face of the stop
finger 432 is in contact with the stop 772, the first
pair of arcuate stops 18, 76’, will be in position
to engage the abutment faces §5 of the tongue 54
of the stop-plate 532 when it is shifted down into
the slide groove €8. In like manner, when the
rear face of the stop finger 43P is in contact with
the stop 77>, the second pair of arcuate stops
76, 76’, will be in position to be stopped by the
stop plate 832, In like manner, for each of the
other combinations, until the rear face of the
stop finger 43! is in contact with the stop 1T, the
ninth pair of arcuate stops will be in position to
engage the stop plate 532, If this is done, it is
evident that the carrier bar 66 will move forward
according to the equation

s'=mib)

where s’/ is the distance the carrier bar 65 moves
forward with respect to the stop plate 532 from
its position during the process of addition.

Thus it is seen that, in the process of multipli-
cation, the depression of any key 22 permits the
carrier plate to move forward a distance past its
position when the machine is set for addition of

s=m-f(b)

where b is the indicated numeral on the particu-
lar key 22 and that, when any key 2’ is depressed,
the positions of all stop plates 83 actuated there-
by is at a location rearward of the stop plate
532 of -

s'=m-f(a)

where ¢ is the indicated numeral on the particu-
lar key 12’ and that this automatically brings
into position a pair of arcuate stops 18, 18, so
that the distance from the arbitrary point is

§--8"'=¢8"" or m-fla)+m-f(B)=m-f(¢)=m-f(ab)

For the particular machine shown in Figures 1
to 20, inclusive, f(«) is the logarithm of («)
or log (a). The vertical ways &l are spaced with
respect to the way 5f2 in accordance with the
Iaw

s=m-log a

where s is the distance rearward of the way 5ie,
m is an arbitrary unit of length, and a is the
digit identifying the particular key 12’. Thus
for the ways §t* to 5li, inclusive, a is 2, 3, 4, 5, 6,
7, 8, and 9, respectively., The arcuate stops 18,
T6’, on the computing barrels 78, 70¢’, are spaced
with respect to the first pair of stops in accord-
ance with the law

s’'=m log ¢

where s’ is the distance of any pair of arcuate
stops 76, 78’, rearward of the first pair of stops
and ¢ is the numerical value of any one of the
thirty-six products listed above,

The stop faces 77> to T7, inclusive, are ar-
ranged exactly as described above, that is to say
by logarithmic spacing so that the distance
moved forward by the carrier bar 66 when any
particular key 22 is depressed is

s'’=m log b+k

where s’’ is the actual distance moved forward
from zero position, b is the digit ideniifying the
particular key 22 depressed, and k is the arbitrary
distance that the carrier bar 66 moves forward
when the key 222 (identified by the digit 1) is
depressed, since the value of log 1=0. .



2,432,589

15
Thus it will be seen that the machine obeys
the law

s+8'=8"" orm log a-+mlog b=mlogc=mlog a-b

For example if the key 22¢ is depressed the
carrier bar 6 will be shifted forwardly so that
the stop T1¢ will come into abutment with the
appropriate one of the latch members 82 and the
fifth pair of arcuate stops 78, 716’ will be aligned
with the feeler £32, as shown in PFig. 6b. This
operation in effect “conditions” the machine for
the multiplication of “5” by any other integer.
Since the nine products or multiples of 5 are
5, 10, 15, 20, 25, 30, 35, 40, and 45 it will be found
that the tenth pair of arcuate stops 78, 76’ cor-
responding to the product “10” will be aligned
with the feeler 53 associated with the “2"” multi-
plier key 142; the thirfeenth pair of arcuate stops
18, 76’ corresponding to the product 15 will he
aligned with the fecler §3°¢ associated with the
“3” multiplier key, and so on.

Totalizer

Rigidly mounted in the machine housing { in
downwardly spaced alignment with the forward
transverse margin of the opening 2, is a hori-
zontal track bar or rail 127 provided on its upper
face with a longitudinal milled channel {23 for
receiving traversing rollers 129 mounted on hori-
zontal pintles 130, which are, in turn, fixed in
brackets 131 welded or otherwise suitably secured
upon the inner front-wall face of the housing 3
of the totalizer B. Similarly mounted rigidly on
and extending along the rear transverse margin
of the opening 2, is a second track bar or rail {32
also provided in its upper face with a longitudi-
nal milled channel {33 for receiving traversing
rollers 134 rotatably mounted on pins {35 set
into the rear vertical face 138 of an indexing car-
riage 131 which is firmly secured within and ex-
tends horizontally across the rear of the totalizer
housing 3.

On its under face, the carriage 137 is provided
with a depending stop-lug 138 having g rear in-
clined face 138, which extends a shoert distance
to the right lengthwise of the carriage 137 and is
curved forwardly in a camwise manner, as best
seen in Figure 24, and also secured upon the under
face of the carriage 131, is a flexible ribbon 48
extending horizontally across the machine over
an idler roller 141 and thence downwardly, as
shown in dotted lines in Figure 21, heing trained
around and secured to a ccil-spring actuated
winding drum {42 rotatably mounted in the lower
part of the machine housing |.

Slidably extending through the carriage 137
and journaled at its ends in the side walls of the
totalizer housing 8, is a hexagonal shaft {43 pro-
vided at ifs one end with a sliding drive pinicn
144 mounted rotatably, but non-shiftably, in the
framework of the computing mechanism A and
meshing with an intermediate drive gear {45 con-
nected for unidirectional rotation by means of a
pawl 148 and ratchet 147 to a pinion 148 mesh-
ing with a double-faced vertically shiftable rack
{49 having a depending guide pin {53 around
which is disposed a compression spring (5{ for
normally urging the rack (48 upwardly. Also
drivingly meshing with the rack {48, is a pinion
{52 fixed upon the end of a forwardly extending
horizontal shaft 183, which is, in turn, provided
at its other end with a similar pinion {54 mesh-
ing with a vertical slide rack (85 having an up-
standing guide pin 88 siidably mounted in a
horizontal arm 187 integrally formed with g ver-
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ticdlly shiftable driving rack 158 and provided

with a compression spring 159 disposed encir-

clingly thereon for endwise agbutment between the

upper face of the slide rack {55 and the under
5 face of the arm {57. The driving rack {58 is fur-
ther provided with a depending guide pin (80
having a compression spring {61 for normally
urging the rack {58 upwardly, and the rack 158 is
connected by means of a pinion 162, jack shaft
{63, and part revolution clutch s’ to the driving
gear shaft 184 and driving gear (65 substan-
tially in the manner previously described in con-
nection with the computing barrel driving clutch
s. The clutch s’ is provided with a ratchet ring
102’ adapted for engagement with g pawl-like
finger 99’ carried by a control rack 9%, which, in
turn, meshes with a pinion 166 keyed or other-
wise suitably fixed on the forwerd end of the
shaft 8.

Slidably mounted on the shaft 143 and se-
cured rotatively against the transverse end face
of the carriage 137 for translative movement
therewith by means of a retainer bracket {87, is a
carriage release cam 168 having an indentation
158 and abutment 179 for engaging any one of a
plurality of uniformly spaced stops 171 rockably
mounted on a shaft {12 fixed at its ends in the
framework of the computing machine A. Each of
the stops {71 is provided at its upper end with a
horizontal rolier 111" for facilitating sliding
movement across the cam-like face 139 and at its
lower end with a flat normally horizontal face for
stopwise abutment against a stop-bar i72’, the
stops 171 being normally urged forwardly against
the stop-bar 1712’ by means of a hair-spring i173.

It should be noted in this connection that the
cam 68 is so shaped that one of the stops § T4 will
be interposed abuttingly against the lateral end
face of the carriage stop-lug 138 and. when ro-
tated by rotation of the shaft 143, will rock the
stop 171 rearwardly, permitting the carriage {31
and the entire totalizer B supported thereby to
be shifted sidewardly into engagement with the
next succeeding stop 171. As the carriage 137
5 moves, the shifted stop 171 slides against the face
139 and is restored to upright position. When
the carriage 137 is returned to initial position,
the stops (11 are successively shifted out of the
path of the carriage 137 by the cam-like face {39,
There are as many stops {1{ as there are com-
partments ¢ in the totalizer B and they are so
spaced as to align the compartments ¢ with the
primary key banks, as best seen in Figure 3 and
for purposes presently more fully appearing.

Mounted at their ends in and extending hori-
zontally between the side walls 5 and through the
partitions 5’ of the totalizer shell 3, is a plurality
of horizontal shafts {74, {15, {16, 177, {18, (19,
189, 131, 182, 183, and (84 arranged in suitahly
60 spaced and staggered relationship, as shown in

Figure 21, for supporting the various gears and

wheels of the totalizer B, as will presently more

fully appear. The shafts 174, {175, 116, 111, {18,

178, 181, 182, and 184 are stationary, while the
5 shaft 183 is rotatable and the shaft 183 is both
rotatable and longitudinally shiftable.

Mcunted for free rotation on the shaft 179 mid-
way between the partitions in each totalizer com-
partment ¢, is an accumulator gear 185 rigidly
provided on its left and right side faces, respec-
tively, with spring-pressed pawls {86, {88’, the
pawl {88 being, for clarity, designated the “pri-
mary” pawl and the pawl i85’ being similarly
designated the “secondary’” pawl.

Also mounted for free rotation on the shaft
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{19 on the left side of the gear (85, is a gear
187 provided on its side face with a single tooth
gear (88, which is, in turn, provided on its side
face with a concentric ratchet 189 engaging and
driving the primary pawl {88 when rotated in a
counter-clockwise direction and passing the pawl
{86 when rotated in a clockwise direction (ref-
erence being made to Pigure 21). Similarly
mounted on the shaft {79 on the right side of
the gear 185, is a similar gear 188 provided on its
side face with a single tooth gear 184, which is,
in turn, provided on its side face with g ratchet
182 for engaging and driving the secondary pawl
186’ when rotated in a counter-clockwise direc-
tion and passing the pawl {85’ when rotated in
a clockwise direction. Similarly mounted for
free rotation on the shaft {75 for respective
meshing engagement with the gears {87 and 198,
are segmental gears 183, 194, each having a re-
duced peripheral toothed hub portion 4§35 for
meshing engagement, respectively, with inter-
mediate driving gears 195, {97, which are, in turn,
mounted for free rotation on the shaft 174,
Mounted for vertically shiftable movement in
the framework 7 of the computing mechanism
A, is a plurality of spaced parallel pairs of dou-~
ble racks 188, 129, provided at their upper ends
with forwardly presented toothed faces 298, 20f,
and at their lower ends with laterally presented
toothed faces 282, 283, for respective meshing
engagement with pinions 284, 285, which are, in
turn, fixed upon the rearwardly extending ends
of the computing barrel shafts 75, the pinion 285
being fixed upon the shaft 15 extending through
the “tens” computing barrel 79 of one carrier
bar 66, and the pinion 288 being fixed on the
shaft 18 extending through the “units” comput-
ing barrel T8’ of the next carrier bar 68 to the
left, that is to say, the carrier bar 68 associated
with the next higher bank of primary keys.
Also mounted in and extending transversely
across the frame T of the computing mechanism
A beneath the intermediate driving gears {98,
87, is a horizental bar 208 provided with a plu-
- rality of upwardly and rearwardly projecting
spring-pressed slide tongues 287 feathered at
their outer edges for slidably engaging the teeth
of the respective gears 196, 191, for insuring that
the latter will always come to rest in position
for precise sliding enmeshment with the rack
faces 2892, 284, as the carriage slides from right
to left and left to right. The double racks, fur-
thermore, are positioned in relation to the total-
izer carriage stops {7¢ and the computing barrel
carrier bars 85, so thas, as the totalizer comes
to rest against any one of the stops 174, the
gears £96, 187, will respectively slide into mesh-
ing engagement with the rack faces 280, 26!, of
any one of the pairs of double racks 188, (88,
During the process of addition, as has keen
above pointed out, only the “units” computing
barrels 18 will be rotated, therefore, only the
associated or so-called “units” rack {88 will he
moved, rotating the intermediate driving gear
£14 and rocking the segmental gear 184, so that,
as the double rack 198 moves up the gear {94

swings up and as the double rack 188 moves.

down to initial position the gear 194 likewise
swings down to initial position. As the gear 184
moves up, the meshing gear 87 is rotated by an
amount proportional to the movement of the
rack (8% and refurned to initial position, and,
through the unidivectional drive of the primary
pawl 188, the accumwlator gear {85 is propor-
tionately advanced, thus accumulating the
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numerical value computed by the “units” com-
puting barrel T0.

During multiplication, however, in addition to
the above described operation for introducing
numerical values into the accumulator gear {85
from the particular “units” computing barrel 78,
the “tens” rack 199, which is actuated by the com-
puting barrel 78’ of the next preceding key bank
on the right, moves up and down simultaneously
with the double rack 198, although it may move
a different distance: Such movement of the rack
189 rotates the intermediate driving gear 187
and rocks the segmental gear 194 up and down,
driving the gear 199 and ratchet 192 clockwise
proportionately to the rotation of the comput-
ing barrel 18’. Since, upon clockwise rotation,
the ratchet #9892 passes the secondary pawl 1867,
such rotary movement is not transferred to the
accumulator gear 185, the latter being moved
solely by the contemporaneous rotation of the
ratchet 188, which, upon clockwise rotation,
engages the primary pawl (86.

All of the computing barrels 10, 78/, are simul-
taneously rotated from a single main driving
source, that is to say, the motor 115, through
identical part revolution clutches s. Conse-
quently, all of the computing barrels 78, 706’,
rotate and all of the double racks 198, 199, are
lifted af one time. Although the amount of
rotation of the cemputing barrels 70, 10, and
the corresponding amount of upward movement
of the double racks 198, 189, will vary, dependent
upon the numbers which have been set into the
machine by manipulation of the various keys,
nevertheless they are all respectively held in
rotated and lifted position until the clutches s
have completed their part revolution and- then
are simultaneously released for return to initial
pozsition. It will thus be evident that the “units”
vaiues will ke introduced into all of the accumu-
lator gears (88 across the machine on the up
stroke of the several double racks {98, 199, and
thereafter the “tens” values will be transferred,
s0 to speak, into the several accumulator gears
{85, the “tens” digits from any pair of comput-
ing barrels 18, 76’, being, of course, transferred
to the accumulator gear #8% which has received
the “units” value from the pair of computing
barrels 78, 10’, associated with the next higher
bank of primary keys. This successive order of
transference of “units” and “tens” values pre-
vents acecidental less of numerical values.

Mounted for free rotation on the shaft 180 and
disposed midway between the partition 5’ in each
compartment ¢, is g transmittal gear 208 mesh-
ing with the accumulator gear {85, and splined to
the shaft 80 for rockable movement therewith
adjacent each of the gears 208, is an L-shaped
rock-plate 208 rotatably carrying a first auxiliary
gear 2i0 meshing directly with the transmittal
gear 208 and a second auxiliary gear 210’ of iden-
tical size driven indirectly from the gear 208
through an idler gear 211 also rotatably mounted
on and carried by the rock-plate 209. Also
splined o the shaft 180 adjacent the inner face
of the left side wall 5 of the totalizer housing 3,
is an actuating plate 212 having a forwardly pro-
jecting lug 218 extending through g slot 214 in the
totalizer housing top wall 4 and provided with a
laterally extending pointer finger 215 for align-
ment with the position-designating indicia “Add”
and “Sub.” In its upwardly presented edge face
218, the plate 212 is provided with two spaced in-
dentations 247, 218, for engagement with a spring
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detent 248’ suitably secured on the inner face of
the totalizer housing wall 4.

" Mounted freely on the shaft 183 in each totaliz-
er compartment ¢ for alternative meshing engage-
ment with the auxiliary gears 210, 219, is an in-
termediate gear 219, which, in turn, drivingly
meshes with a gear 229 mounted for free rotation
on the shaft {84 and provided on its side face with
5, diametrally enlarged wheel 221 inscribed upon
its peripheral face with ten equally spaced nu-
merals from “0” to “9” and positioned in align-
ment with the window 4’ of the particular totalizer
compartment cin which it is located, the numerals
being of such size that only one such numeral will
be visible when the wheel 221 is stationary, and
fixed on the inner face of the housing top wall 4
in each compartment, is a bent spring click 222
engaging the gear 228 for insuring that the lat-
ter will always come to rest with some numeral
properly positioned in juxtaposition to the win-
dow 4’.

Decimal storage and tens carry mechanism

The decimal storage and ftens carry mechanism
can best be seen in Figures 11, 21, and 23.

Secured upon the side face of each gear 219, is
a radially projecting arm 223 provided in its ra-
dially extending side faces with oppositely pre-
sented arcuate recesses 224, 224’, having an ar-
cuate end face provided with three teeth for
meshing engagement with the downwardly pre-
sented toothed face 225 of a rearwardly and down-
wardly inclined rack 226 slidably mounted in g
cross bar 227, which is, in turn, fixed at its ends
to and extends horizontally between the side walls
5§ of the totalizer housing 3. Centrally of its un-
der face the bar 227 is provided with a longitudi-
nal V-shaped slot 228 for accommodating a plu-
rality of spaced V-springs 229, one for each rack
226, and adapted to project downwardly for en-
gaging bosses 229’ formed infegrally on the rack
226, thereby normally holding the latter at a cen-
tral or neutral position with reference to the bar
228. A% its rear end, each rack 226 is provided
with two short toothed sections 230, 230’, spaced
by an infermediate clearance gap 231. The ra-
dial arms 223 are so set in relation to the gears
219 and number wheels 221 that they will mesh
with and move the rack bar 22§ a short prede-
termined distance once during each revolution of
the number wheel 22{ as the numeral “0” passes
the window 4’, whether forwardly as in addition
and multiplication or reversely as in subtraction.

Rotatably mounted on the shaft 182, is a plu-
rality of decimal storage gears 2232, one for each
rack bar 228, and being sized for projection along
a segment of its periphery within the gap 231, so
that, upon elther forward or rearward movement
of the rack bar 228, the associated decimal stor-
age gear 232 will accordingly be rotated forwardly
or rearwardly. Operatively mounted on the side
face of each decimal storage gear 232, is 5 spring-
pressed pawl 2232 for engagement with ratchet 234
of the ratchet barrel 237’ rotatably mounted on
the shaft 192, The ratchet barrel 237’ consists
of four parts, namely, a hexagonal hub 234’ con~
centric with shaft {32 extending axially from the
face of gear 232 across the remainder of its own
totalizer compartment ¢ and through g suitable
concentric opening 238 in partition 5 into the
next higher order totalizer compartment ¢ to the
face of gear 248; a toothed ratchet 234 mounted
on hub 234’ and concentric therewith; an arm 235
mounted on hub 224’ and extending radially and
rearwardly and held against a stop 235’ by a hair-
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pin storage spring 236; and a toothed ratchet bar-
rel 237 mounted on hub 235 and concentric there-
with, extending axially across the remainder of
the width of its own totalizer compartment ¢ and
through a suitable concentric clearance aperture
238 in the partition 5§ into the next higher total-
izer compartment ¢ to the left for engagement
with a spring-pressed pawl 238 operatively mount-
ed on ihe side face of a decimal storage transfer
gear 249 rotatably mounted on the shaft 182 and
meshing with the transmittal gear 208 of such
next higher fotalizer compartment.

Rockably mounted on the shaft 181 in each com-
partment ¢, is a pair of axially spaced spring-
pressed pawl arms 241, 241/, both engageable with
the portion of the ratchet barrel 231 which pro-
jects through the partition aperture from the next
lower compartment ¢ on the right, each arm hav-
ing forwardly projecting radial fingers 242, 242’,
respectively engaging raised bosses 243, 243,
formed upon the upper faces of forwardly extend-
ing slide bars 244, 244’, shiftably mounted in a
horizontal slide bearing 245 fixed in the frame 7
of the computing mechanism A, At their forward
ends, the bars 244, 244°, are provided with de-
pending teeth 246, 246, for engagement, respec-
tively, with the single tooth gears 188, 19(, asso-
ciated with the accumulator gear 185 of that par-
ticular compartment ¢ in such manner that the
pawl arms 244 are lifted to permit movement of
the ratchet barrel 237 only when the single tooth
gears 188 and {91 are in neutral position. Con-
sider now any compartment ¢ in relation to the
next higher-order compartment and assume that
either or both gears {86 and 129 in the higher-
order compartment are out of neutral position, so
that either or both pawl arms 241 and 241’ there-
of will be in engagement with ratchet barrel 237
of the particular compartment ¢ under considera-
tion. Assume further that, due to clockwise ro-
tation of gear 218 of compartment ¢, arm 223
thereof has actuated bar 226 thereof twice. As a
result of such conditions, the following movements
will occur:

On the first actuation, said arm 226 is moved
to the right (reference being had to Figure 21) a
predetermined distance against the resistance of
V-spring 228 acting on boss 229, causing toothed
section 238’ to engage gear 232 and rotate it clock-
wise. At the same time, pawl 233 mounted on
gear 222 engages ratchet 234, causing ratchet bar-
rel 2387’ to rotate clockwise together with arm
228 and ratchet barrel 237, all mounted on hub
23%4’. Clockwise arcuate movement of arm 235
away from stop 235’ compresses hairpin storage
spring 235. On clockwise rotation, ratchet barrel
237 rides under spring-pressed pawl arms 281,
244’, of the next higher-order compartment ¢ and
under spring-pressed pawl 239 mounted on deci-
mal transfer gear 240 of said higher-order com-
partment, and is prevented from returning to its
neutral position under torque caused by pressture
of spring 236 on arm 235 by reason of engagement
of paw! arms 241 and/or 241’ therewith as here-
inbefore assumed. On return of bar 22§ to its
neutral position under pressure of V-spring 229
on boss 229’, gear 232 is moved counter-clockwise
by toothed section 230’, causing pawl 233 to ride
over ratchet 234, On seccnd actuation of arm
228, the movements hereinbefore described are re-
peated, excent that hairpin storage spring 236 will
be compressed an additional amount by virtue of
an additional unit arcuate movement of arm 235
and of the ratchet barrel 237’. It will be noted
that on each return of bar 226 to neutral, the in-
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termediate clearance gap 231 returns to its posi-
tion over gear 232. Now on return to neutral of
both gears 186 and 199 of the higher-order com-
partment c, all single-tooth gears 180 and 191 will

22

and, in turn, provided upon its inwardly present-
ed side face with a circular groove 250 widened
at its upper end for loosely accommodating a
laterally projecting pin 251 fixed in the opposed

engage depending teeth 246, 246°, of bars 244, 244’, 5 side face of the actuating plate 212 and posi-
forcing bosses 243, 243, under radial fingers 242, tioned for engagement within the narrow portion
242’, of pawl arms 241, 241’, causing them to dis~ of the groove 250 upon upward movement of the
engage themselves from ratchet barrel 237 of com- plate 249 and thereby swinging the actuating
partment ¢ (which extends into next higher-or- plate 212 to a position midway between its nor-
der compartment ¢ through aperture 238). On 10 mal “adg” and “subtract” positions and accord-
release of this detention, hairpin storage spring ingly swinging all the rock-plates 289 into g cor- .
236 presses arm 235 to return to neutral against responding midway position in which both gears
its stop 2385’, causing counter-clockwise rotation 240, 2i0’, of each rock-plate 209 are disengaged
of ratchet barrel 237/, and, in turn, counter-- from the gears 218, On its peripheral face, the
clockwise rotation of decimal transfer gear 240 of 15 plate 248 is provided with an initial flat portion
sald next higher-order compartment ¢ (due to 252 subjcined by a peripherally toothed seg-
engagement of spring-bressed pawl 239 mounted mental section 253 for meshing engagement with
thereon with ratchet barrel 237) and gear 232 of a pinicn 258 fixed upon the extended end of the
compartment ¢ (due to engagement of spring- sheft 183, Formed integrally with the plate 249
pressed pawl 233, mounted thereon, with ratchet 90 and extending radially outwardly from the outer
234). Rotation of gear 232 has no further ef- side face thereof, is a plate extension %85 pro-
fect because it rides clear in clearance gap 231 on vided in ifs side face with a cam groove 256 hav-
bar 228. Rotation of gear 240 in said higher-or- ing a laterally presented face 257 deeper at ifs
der compartment actuates meshing gears 208, 210, upper end and sloping until flush with the plate
219, and 220 in such compartment ¢ and causes g5 side face, the latter coinciding with the initial
number wheel 22t thereof to rotate two units. flat portion 252 of the peripheral face of the plate

It will thus be evident that the decimal stor- 249,
age mechanism of any one compartment ¢ ex- The shaft 1283 furthermore projects a short
tends into the next higher-order compartment for distance outwardly beyond the pinion 254 for
receiving and storing decimal values (fens carry) 3o endwise abutment against the cam face 257 and
from the number wheel 22{ of its own compart- is provided at its other end with a compression
ment and ultimately transferring such stored spring 258 for urging the shaft 183 into cam en-
decimal values to the transmittal gear 208 of the gagement, Xeyed upon the shaft 183 in each
said higher-order compartment. It will also be compartment ¢, is a fixed clearing collar 259 hav-
noted that this transference is controlled by the 35 ing an axially projecting clearing pin 280 for al-
single-toothed gears 188, 191, of said next higher- ternative engagement in the recess 224’ of the
order compartment, so that such transference arm 222 when the shaft is shifted longitudinally
cannot take place until gears 187 and 199 thereof by the cam face 257, and fixed within each com-
have returned to neutral position. It will be fur- partment ¢ in alignment with the ‘“zero” position
ther noted that the transference can take place 40 of the arms 223, is a stop Iug 261 for engagement
while the carriage {37 is in motion from one stop on its opposite faces with the clearing pin 268
!7¢ to the next stop 171 to the left. to limit its rotation in either direction.

It will be noted that the decimal storage sys- Rotatably mounted in and extending through
tem is so arranged as to be able to store two or the quill 247, is & shaft 262 provided on its outer
more tens carry units. This is necessary because 4% end with s manipulating lever 263 and upon its
of the possible number combinations which may inner end with a gear 264 meshing with a hori-
occur in the operation of the machine.. Consider zontally shiftable rack 265 extending forwardly
the following: and meshing also with a pinion 268 keyed upon

Assume that the number 89 appears in the a contrel shaft 267 extending transversely across
windows 4 of the totalizer from a previous com- 50 the totalizer shell 2 and at its other end splined
putation, to which we wish to add the product of slidably through a pinion 288, which is held non-
219 % 9. The multiplicand 219 is set into the shiftably in the frame 7 of the computing mecha-
machine as herefofore deseribed. Then, upon nism A and meshes with an idler gear 269.
depressing the multiplier key 9, the following take Rotatably mounted on a suitable horizontal pin
place in the order diagrammed: 55 210 for meshing engagement with the gear 269, is

Thousands Hundreds Tens Compart- Units Compart-

Compartment Compartment ment ment
decimal | number | decimal | number | decimal | number | decimal | number

storage wheel storage wheel storage wheel storage | wheel
Originally in machine (Showing on wheels 221) [ 9
On forward stroke, rdd units. . ... __.__.._. | N . 1
(Showing on wheels 221 and in 8 1 0
On back stroke, add tens .. oo e - I R, e
(Srowing on wheels 221 and in StOrage) ..ooocwicoofoccaaamae 8 1 1]
Decimal storage released (Showing on wheels 221). . ... jcccecccan A PO 0

Resetting mechanism

Journaled in and -extending horizontally
through the left side wall § of the totalizer shell
2, is a short quill 247 integrally provided on its
external end with 2 manipulating lever 248 and
on its inner end with a segmental plate 249 nor-
mally urged downwardly by g suitable spring 249’

70
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a gear 271 having an axially projecting tongue
212 for abutment against a similar tongue 273
formed upon a gear 274 also rotatably mounted
on the pin 270 and provided on its side face with
a single tooth ratchet 215 actuated by a spring-
pressed pawl 278 mounted in the under face of
a shiftable sunporting block 277 formed integral-
1y with and carried by a slide har 278 extending
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horizontally forwardly along the right side of
the multiplier key bank and provided at its for-
ward end with a depending rack section 2719 for
engacement with an actuating gear 280 pinned
upon the eross-shaft 32.

Shiftably mounted on the frame T of the com-
puting mechanism A, is a vertical control rack
281 for meshing engagement with the gear 274
having a depending guide pin 282 extending slid-
ably through a cross-member 19 and provided
with an encircling spring 283 for normally bias-
ing the rack 28! upwardly. On its lower end, the
guide pin is provided with a depending plate 284
having a vertical slot 285 for clearing the shaft
153, and formed integrally with the plate 284,
is a downwardly projecting finger 286 for actu-
ating a partial-revolution eclutch s’ of the type
above describad for transmitting rotary motion
from a power-driven shaft 287 through a jack
shaft 288 and over-travel absorbing rack-and-
glide transmission 288 tc a horizontal shaft 289
provided a% its end with a bevel gear 281, which,
in turn, meshes with g companion bevel gear 292
pinned to a concentric spur gear 293 drivingly
meshing with a rewind pinion 92’ keyed to the
rewind shaft 93.

It will thus be evident that, by manually press-
ing the lever 252 down, the rack 265 is shifted
rearwardly, rotating the shaft 267, the pinion
268, the idler gear 289, and the gear 27f, The
rotary movement of the gear 211 is transmitted
througlh the tongues 272 and 273 to the gear 214,
shifting the control rack 281 and its associated
plate 264 dowawardly. Downward movement of
the plate 284 causes the finger 285 fo engage
the clutch s’’, rotating the shaft 250 through the
transmissicn mechanism 285 and rotating the
hevel gear 28!, which, in turn, rotates the bevel
gear 202 and spur gear 283, driving the rewind
pinion 92’ and rewind shaft 93.

Similarly, when the handle 33 is shifted from
“Add” to “Mult.” position, the gear 283 shifts
the bar 278 forwardly, causing the pawl to rotate
the gear 274 directly, leaving the gear 27{ un-
disturbed. Rotation of the gear 274, however,
actuates the control rack 281, causing engage-
ment of the clutch s’* for a partial revoluticn,
in the manner above described, for transmifting
rotary movement to the rewind shaft 93. In
either case, the rewind pinions are simultaneous-
1y rotated, driving the several gears 91” and caus-
ing the pawls 88’ to engage the single tcoth gears
9!, wind the drums 88, and pull all the carrier
bars 68 back to initial or zero position wherein
they are held by the stop dogs 19, 79’,

Fixed upon the upper faces of each carrier
bar §6 on opposite sides of the groove 68, are
rearwardly beveled upstanding wedge blocks 294
positioned for engaging and lifting vertical slide
plates 295 when the carrier bars return to “zero”
position, the plates 295 being shiftably mounted in
a suitable cross-bar 28§ rigidly mounted in the
frame 7 of the computing mechanism A,

Rockably mounted cn the shaft (78 in each
totalizer compartment ¢, is a pair of peripherally
toothed gear segments 227 positioned on opposite
sides of the accumulator gear 185 and having
forwardly projecting pins 238, and rotatably
mounted therecn, are rellers for engagement with
the slide plates 285. Each gear segment 297
meshes with a toothed collar 299 rockably mount-
ed on the shaft {71, Also rockably mounted on
the shaft 177, is a second toothed collar 300 mesh-
ing with an idler gear 301, which, in turn, meshes
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with the gear segment 297 in downwardly spaced
relation to the enmeshment of the collar 299.

Formed integrally with and extending radially
from the collars 299, 383, are arms 302, 303, pro-
vided with ccmpanion-shaped semi-circular arms
304, 2305. When the slide plates 285 are lifted
2s the carrier bars 86 return to ‘“‘zero” position,
the gear segments 287 rock downwardly, closing
the arms 323, 2885, for lifting the primary and
secondary pawls 188, 186’, and preventing the
accumulater gears {85 from being actuated by
the primary and secciadary pawls 186, 186',
through the movement of the ratchets {89 and
{92,

Addition

In employing the above-described calculating
machine for addition, the handle 33 of the com-
puting mechanism A is shifted into “Add” posi-
tion. This operation rotates the cross-shaft 32
and the several spaced inverting pinions 31
mounted therecn and shifts the several rack
bars 29 rearwardly. The rearward movement of
the rack bar 29, which is associated with the mul-
tiplier bank acting through the several gear col-
lars 13, will rotate all of the key-plungers 12 in
the multiplier bank a full half turn, so that
the flattened or ground-off side faces {5 of the
cylindrical rack portions {42 to 14i, inclusive, are
presented toward the barrel gears %2 to 94, in-
clusive, thereby rendering the entire multiplier
bank ineffective. The rearward motion of the
rack bars 2§, which are assceiated with the sev-
eral primary key banks, similarly rotate all of
the key-plungers 22 a full half turn, bringing the
rack portions 24 of the several key-plungers 222
to 22!, inclusive, of each primary key bank into
positive engagement with the barrel gears 1[92
to 194 respectively.

At the same time, the rotaticn of each of the
inverting pinions 3! associated with the several
primary key banks shifts the auxiliary slide bar
83 and its associated slide bar 3% downwardly.
As the slide bar 352 is moved downwardly, the
detent Iug 44 engages and rotates its associated
latch member 82, rocking the paired shafts 18,
19’, and swinging the stop dogs 19, 1§’, upwardly
and ocutwardly and permitting the carrier bar €8
to slide forwardly under the influence of the rib-
bon 84 and winding drum 8% until the stop face
172 comes into abutment with the stop finger
432, Stop fingers 43 are so constructed that
they will not come into frictional contact with
the several notches 77 in which they respectively
work. As the detent lug 44 completes its down-
ward movement, the upwardly extending leg 83
of the latch member 82 will swing over into lock-
ing abutment against the upper face of the de-
tent lug 44. Under such condition, the stop dogs
19, 79’, abuttingly engage the side faces of the
carrier bar 68 and are thereby prevented from
returning to initial position under influence of
the springs 88, and hence the paired shafts 18,
7§’, will be held stationary and the leg 83’ of the
latch member 82 will restrain the slide bar 362
from upward return movement.

Tt will thus be evident that, when the machine
is set for addition, all of the carrier bars §5 will
automatically be set to position corresponding to
the digit “1.” 'This, in effect, accomplishes addi-
tion by multiplying by “1” each number to be
added and transferring the resulting product,
which, after all, is the number itself, into the
totalizer B.

With the machine set for addition, as shown -
in Figures 5, 7, and 8, the several numbers to be
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added may be successively set into the primary
key banks by depression of the appropriate keys
in the usual manner. If, for example, the first
number to be added is the number “54,” the “5”
and “4” keys, that is to say, the keys 23¢ and
234, will be respectively depressed. Obviously
the “4” may be pressed into any key bank hav-
ing a suitable relation to the placing of the deci-
mal point, as may suit the convenience of the
particular operator, and the “5” will, of coufrse,
he pressed into the next adjacent key bank to
the left. Ordinarily this operation would be car-
ried out, utilizing the first and second primary
key banks counting from right to left. In busi-
ness offices, however, it is common practice to
deal with dollars and cents and for such opera-
tions it may be convenient to color the first two
such key banks in a different color from the re-
maining five primary key banks, so that the deci-
meal point in all calculations may be considered
as occurring between the second and third pri-
mary key banks., If such were the case, the
operator might very well set the number “4”
into the third primary key bank and the number
“5” into the fourth primary key bank. In any
case, it will make no difference in the present
machine whether the “4” or the “5” is set into
the machine first or whether both the “4” and
“5” are set into the machine simultaneously. The
same is true of any number of digits not greater
than the number of columns in the machine.

As soon as .the “4” key is depressed, the key-
plunger 229 and its associated rack portion 24
is shifted downwardly, rotating the barrel gear
13¢ gnd shifting the stop-plate 53¢ downwardly
into the groove 68 of the carrier bar 86, so that
the abutment faces 58 of the bank portion 84 will
be interposed in the path of the stops 76, 78,
of the computing barrels 7198, 18’. At the same
time, the finger 219 is swung downwardly, rotat-
ing the shaft 18 and thereby shifting the control
rack §5 downwardly.

As above described, downward movement of
the control rack 85 shifts the pawl-like finger 99
of the end block 98 into engagement with the
freely rotating ratchet ring $82 and causes the
single revolution clutch s to rotate the jack-shaft
{66 for cone full revolution. Rotation of the jack-
shaft 1886 drives the rack slide 1{7T downwardly
and, through the springs 125, drives the slide
racks {22 downwardly. Downhward movement of
the slide racks {22 rotates the square shafts 15
and the computing barrels 70, 708’, mounted
thereon.

Since the number “4,” in the case of addition,
is being, in effect, multiplied by the number “1,”
the produect, which is to be computed by the com-~
puting barrels T8, 78, is “04,” and consequently
one of the stops 76’ of the computing bharrel 79’
will immediately engage the abutment face of the
stop-plate 539 and prevent movement of the com-
puting barrel 18’. On the other hand, the ap-
propriate stop 16 of the computing barrel 79,
which corresponds to the product “04,” will come
into abutment with the other face 55 of the stop-
plate §39, allowing the computing barrel 70 to
move a distance equivalent to four units. This
rotary motion is introduced into the totalizer
mechanism B through the vertical movement of
the racks 198, 159, in the manner previously de-
scribed. Since, however, only “units” values will
come through from the computing barrels 18,
70, only “units” values will be accumulated on
the accumulator gear 185.

It will, of course, be evident that if any one
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of the keys 23 is, through accident or erroneous
manipulation, held down by the operator for a
period of time longer than a single rotation of
the one revolution clutch s, the normal opera-
tion of the machine will take place during the
first revolution and, as the one revolution clutch
completes its first revolution, it will be unable
to move further because the vertically shifted rack
188 will have reached the lowermost limit of its
travel and will not be able to go further. The
result will be that the entire driving mechanism
through the chains of gears {44, {12, and [i3 will
become locked and the machine will automati-
cally suspend operations until the depressed key
28 is again released, whersupon the enfire ma-~
chine will return to normal gnd no adverse re-
sult, such as repetitive recordaticn, will ensue,

The totalizer B will obviously be set or con-
ditioned for addition by moving the pointer fin-
ger 255 and associated lug 213 into “Add” posi-
tion, rocking the actuating plate 242, the shaft
£88, and all of the rock-plates 26§ intc posi-
tion in which the transmittal gears 288 are di-
rectly connected through the. bracket carried
idlers 21§ with the number-wheel driving gears
218, Accordingly, the number-wheel 221, which
is connected, as the result of the position of the
totalizer B, with the particular primary key bank
into which the number “4” has been set, will be
rotated to bring the numeral “4” in front of the
window £&’. Similarly, the number “b6” will be
transferred intc the totalizer B and appear in
the next adjacent window 4’ to the left.

Suppose one desires to add the number “65”
to the number “54” already set into the ma-
chine. In such case, the lug 213 and finger 215
are allowed to remain in “Add” position and the
number “65” set into the machine in the same
manner as that previously described in connec-
tion with the number “54.” The series of de-
scribed operations will be repeated and the “units”
value “5” will be t{ransmitted through the ap-
propriate accumulator gear i85 intoc the first
number-wheel 22{, -which already carries a
“units” value of “4,” so that the numeral “9”
will now appear in the righthand window 4’.
Similarly, the “units” value “6” will be intro-
duced info the second number-wheel 221. Since
the total of six and five is eleven, the numeral
“1” will appear in the second window 4’ and the
“tens” value resulting from a full rotation of this
particular number-wheel 221 will be transmitted
thrcugh the decimal storage mechanism into the
next higher number-wheel 221 to the left, so
that the numeral “1” will appear in the third
window 4’, thus showing the total of “119.”

1f, on the other hand, it is desired to subtract,
{or example, the number “32” from the number
“64,” the lug 2{3 and its associated finger 215
is shifted to “Sub.” and all of the rock-plates
289 are thereby swung rearwardly, connecting
all of the transmittal gears 288 to the tctalizer
compartments ¢ through the idlers 2i1, 210’,
{0 the number-wheel driving gear 248, Although
the several accumulator gears {835 and the trans-
mittal gears 288 associated therewith will still
be rotated in the same direction as they were
during addition operations, the interposition of
the idler gear 2i{ in the transmittal train will
cause the number-wheel driving gear and its
associated number-wheel to be rotated in the re-
verse direction, so that any number values, which
are introduced from the several computing bar-
rels 78, will be deducted from the number already
set into the machine., Accordingly, in subtract-
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ing the number “32” from the number *“54,”
the “units” value of “2” will be deducted from
the number “4” gnd the “units” value “3” will
be deducted from the number “5,” so that the
result “22” will appear in the windows 4'.

Multiplication

In setting the machine for multiplication, the
totalizer B is cleared and reset by swinging the
lever 248 upwardly and accordingly rocking the
plate 249 in g counter-clockwise or upward di-
rection against the bias of the spring 249’. As
the plate 248 moves upwardly, the pin 251 is en-
gaged in the slot 250 and the actuating plate 212,
together with all the other rock-plates 209, are
swung into neutral position, so that the idler
gears 219, 2{0’, are all disengaged from the
number-wheel driving gear 2{9. At the same
time, the projecting end of the shaft (83, which
abuts endwise against the sloping upper end por-
tion of the cam girooves 258, is pushed longitudi-
nally to the right against the action of the spring
288, shifting the several clearing pins 260 into
position for engagement with the recesses 224’
of the arms 22&, As the plate 249 continues its
counter-clockwise or upward movement, the
toothed section 233 will come into engagement
with the pinicn 254, rotating the shaft 183 and
the clearing collars 259 for one complete revolu-
tion. As each clearing collar 259 makes a com-
plete revolution, its clearing pin 260 will pick up
its associated arm 224 wherever such arm may
happen to be, returning it to zero position and
accordingly, through the number-wheel driving
gear 219, returning the number-wheel to zero
position, so that the numeral “0” will be visible
in the window &’. When the lever 248 is re-
leased, the entire clearing mechanism is returned
to initial or inactive position by the spring 249’,
leaving all of the number-wheels 22{ at zero posi-
tion. As the number-wheels are cleared and
preferably as a part of the same manual opera-
tion, the totalizer B is pushed from left to right
as far as it will go, in which initial position the
lefthand totalizer compartment ¢ third from the
left is aligned with the last primary key bank
on the left. There are two extra totalizer com-
partments ¢ further to the left to take care of
accumulated orders in higher c¢olumns which may
result from multiplication of a seven-digit num-
ber.

The handle 33 of the computing mechanism A
is pushed from “Add” positicn to “Mult.” posi-
tion, rotating the shaft 32 and the several in-
verting pinions 3i carried thereby and shifting
the several rack bars 29 forwardly. If, as has
been presumed for explanatory purposes, the ma-
chine has previously been set for addition, the
slide bars 362 of each primary key bank will be
held in downwardly disposed position. Since,
however, the rack bars 63 are free to slide up-
wardly therefrecm along the supporting pins 62,
the locked position of the slide bars 362 will not
prevent rotation of the inverting pinions 31,

The forward shifting movement of the rack
bar 29, which is associated with the multiplier
key bank, rotates all of the multiplier key-plung-
ers 12 a half turn, bringing the rack portions 152
to 18], inclusive, into engagement with the bar-
rel gears 92 to 8 inclusive, respectively. The
forward movement of the rack bars 28, which
are associated with the primary key banks, on
the other hand, rotates the primary key-plung-
ers 222 to 22%, inclusive, of each of the primary
key banks a half turn, disengaging them from
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the respective barrel gears 192 to 19, inclusive,
and bringing them into engagement with the
toothed faces of the slide bars 362 to 38!, respec-
tively. The rotation of the shaft 32 also rotates
the gear 280, which meshes with the depending
rack portion 218 of the slide bar 278, shifting
the latter forwardly and causing the pawl 276
to engage and rotate the single tooth ratchet
275, thereby rotating the gear 274 and shifting
the control rack 28{ downwardly for actuation
of the partial revolution clutch s’, which, when
actuated, transmits rctary movement through
the transmission assembly 289 to the shaft 290
and thence through the bevel gears 28, 292,
and gears 293, 92’, to the rewind shaft §3 for
pulling all of the carrier bars 66 hack to initial
or zero position. As the carrier bars 66 reach
Zero position, the stop dogs 19, 19’, ride free of
the s.de faces of the carrier bar 65 and are re-
turned to ncrmal locking position, rotating the
shafts 78, ¥8’, to initial position, and releasing
the slide bars 382, the stop dogs 19’ at the same
time moving into endwise abutment with the
end faces of the respective carrier bars for hold-
ing the latter in zero position.

Engagement of abutment 432 with notch 71
and locking of said abutment in place through
elements 44, 83, 78, and 79 will nct prevent sub-
sequent restoraticn of slide 66, as can be seen
by reference to Figures 4 and 9. There it will
be noted that the length of the notch 17a is
equal to the distance traveled out of zero posi-
tion by slide 66 plus the width of abutment 43.
Hence, even though abutment 43 remains in place,
there is sufficient space between its bottom face
and the bottom cf notch T7* to permit slide 68
to move either fcrwardly or backwardiy without
permitting frictional contact between said bot-
tom face of abutment 43> and the bottom of
noteh 772, It will be further seen that rear-
ward movement of slide 66 in exact amount equal
to its original forward movement from neutral
is permitted, i. e. until forward face of abutment
432 imp.nges on forward face of notch 112, How-
ever, it should be noted that such impingement
would not take place since movement of re-
wind shaft 93 and hence of slide 66 is only suf-
ficient to permit dogs 18, 19’, to swing back
into Iccking pesition in endwise abuiment to
slide 68. }

As the carrier bars 66 return to initial posi-
tion, the wedge blocks 284 thereof engage and
shift upwardly the slide plates 2385, which are
mounted in the stationary cross bar 296, and ac-
cordingly swing the several pairs of gear seg-
ments 237 downwardly and thereby close the
pairs of semi-circular arms 334, 305, for lifting
and holding disengaged the primary and sec-
cndary pawls 185, 188, of the several accumu-~
lator gears [85. Because of the logarithmic
spacing and arrangement of the computing bar-
rels 10, 19, it is impossible to achieve a true
arithmetical zero setting of the carrier bars 66
and, therefore, it is always possible that the com-
puting barrels 10, 78’, of any primary key bank,
which is set at zero, may rotate to some extent.
Since the accumulator gear {85 mounted in the
particular totalizer compartment ¢, which is
aligned with such zerc-positioned carrier bars 66,
is rendered inactive by the arms 304, 305, no
numerical values will be introduced into such
totalizer compartments c.

Suppose, for example, the number “19” is to
be multiplied by “49.” The number “9” will be
set preferably into the first primary key bank on
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the right by manual depression of the key-but-
ton 23! and its associated key-plunger 221, Down-
ward movement of the key-plunger 22! wil] cause
the detent lug 44 thereof to engage the inwardly
projecting leg 83 of ifs associated latch member
82, rocking the shafts 78, 78’, and swinging the
stop dogs 19, 79, out of stop-forming abutment
with the carrier bars 66, thus permitting the lat-
ter to be drawn forwardly by the ribbon 84 and
spring-actuated winding drum 86 until the stop
face 77 comes into engagement with the depend-
ing stop finger 83 of the slide bar 35, In the
course of its rotation, the leg 83’ of the latch
member 82 rocks over into retentive engagement
with the detent lug 44, holding the slide bar 361
and all of the other elements associated there-
with in downwardly depressed position. It will
be noted from Figure 18e¢, view a, that latch
member 82 and detent lug 44 are so designed that
projecting legs 83" of all other latch members §2
in the row will clear their respectively associated
detent lugs 44 by swinging in the respective
arcuate recesses 44',

Similarly, the number “1” is get into the next
higher primary key bank to the left by depressing
the key-button 232 and shifting the associated
key-plunger 222 downwardly. ‘The operations
and ensuing movements are identical with those
previously described in connection with the set~
ting of the number “9” into the first primary key
bank, except that the carrier bar 86, which is
associated with the second primary key bank,
will move forwardly by a distance determined by
the stop face 113,

Thereupon, the first digit, namely, the number
“4» is set into the multiplier key bank by de-
pressing the key-button 144, Since the plunger
rack-portion {59 is engaged with the barrel gear
24 the depression of the key-button {44 will ro-
tate the barrel gear 99 and shift the cross-con-
necting rack 479 from right to left, accordingly
rotating all of the barrel gears 8¢ associated
with the several primary key banks and shifting
all of the stop-plates 53¢ downwardly into posi-
tion for abutment with the computing barrel
stops 16, 168’. At the same time, the shafts 18
are rotated, actuating all of the parfial revolu-
tion clutches s and rotating all of the pairs of
computing barrels 78, 18’, thus multiplying all of
the digits which have been set into the primary
key banks by the number “4.” Consequently,
the particular stops 16, 16", of the first carrier
bar 66 to the right which correspond to the prod-
uet “36,” will be positioned in alignment with the
tongue 54 of the stop-plate 534, Similarly, the
pair of stops 18, 78’, of the second carrier har €5
which correspond to the product “04,” will beé
positioned in alignment with the tongue 54 of
the stop-plate 58¢. TUpon rotation, therefore, the
first computing barrel 18 will immediately come
into abutment with the stop 76, which is equiv-
alent to transmitting a six in the “units” column,
and the computing barrel 18’ will rotate three
units, which is equivalent to the value of three
in the “tens” column. The “units” value of six
is transmitted by the first computing barrel 18
and accordingly accumulated in the accumulator
gear 185 mounted in the particular totalizer com-
partment ¢ which is for the moment aligned with
the first primary key bank. On the other hand,
a “tens” value of three, which is computed on the
computing barrel 18/, will be transmitted directly
into the accumulator gear 188 of the next total-
izer compartment ¢ to the left. This value, how-
ever, as above described, will not be transferred
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into such accumulator gear 185 unti] the units
which have been computed on the computing
barrel 10 of the next primary key bank to the
left are introduced into that accumulator gear
185. Since the number “1” has been set into the
next higher primary key bank and the product,
which is being computed by the computing bar-
rels 10, 10’, thereof is the number “04,” a “units”
value of “4” will be introduced into the accumu-
lator gear 185 of the particular totalizer com-
partment ¢ aligned, for the moment, with the
second primary key hank, that is to say, the next
key bank to the left. At the same time, since the
numerical value “0” is being computed on the
tens barrel 78’, no numerical value will be intro-
duced into the accumulator gear 185 of the next
higher totalizer compartment ¢, that is to say,
the one which is aligned with the third primary
key bank to the left. These various values are
transmitted additively into the number-wheels
221 and, for the moment, a product “76” will ap-
pear in the windows 4’.

The depression of the key-button 149 and the
resulting rotation of its associated barrel gear §d¢
will alse rotate the shaft 8, actuating the part
revolution clutch s associated therewith and ro-
tating the shaff 183. As was gbove pointed out,
the rotation of the shaft (53 and its associa‘ed
pinion 182 will shift the double-faced rack (49
downwardly, rotating the pinion 148 and ifs asso-
ciated ratchet i41. On the down siroke, how-
ever, the ratchet passes the pawl 146 and nc move-
ment is transmitted to the gear {45. When, how-
ever, all of the partial revolution clutches s have
completed their fixed partial revclution and the
numerical values from the computing barrels i8,
70’, have been transferred into the totalizer B,
the rack (49 will be released and returned to its
initial position, moving upwardly under influence
of the spring 151, On its upward or return stroke,
the ratchet 147 positively engages the rawl 14§
and rotates the gear {45, rotating the pinion 144
and the shaft 43, which, in turn, rotates the
carriage release cam {68 and, in the manner gbove
described, permits the entire totalizer B to shift
to the left by a distance equal to the width of
one totalizer compartment, so that the totalizar
compartment, which previously was aligned with
the first primary key bank, will now be aligned
with the second primary key bank. This, it will
be evident, has the effect of moving the decimal
point one place to the right, and, in effect, con-
verting the product achieved by the depression
of the key button {49 from the simple multipli-
cation by four into a multiplication by forty.

Thereupon, the multiplication operation is com-
pleted by depressing the key-button 141 that is
to say, the key-button bearing the indicia “8.”
The above described multiplying operations are
again carried through and the number “19” mul-
tiplied by “9” and transferring into the appropri-
ate totalizer compartments ¢ a numerical valus
of “171.” Since the totalizer B has moved al-
ready automatically to the left and thereby

" achieved the effect of multiplication by “40” in-

stead of ““4,” the number “760” appears in the
windows &’. To this result “171” is added:

7 6 0
1 7 1
8 13 1

It will be noted that the total of the second col-
umn is “13,” so that a “tens” digit or decimal
value must be stored in the decimal storage mech-
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anism and ftransferred through the transmittal
gears 208 into the number wheel 221 of the left-
hand column for addition to the numeral “8"”
and converting it into a “9,” so that the resuit-
ing product “931" will appear in the windows 4’.

When the multiplication operatich has been
finished, the machine may be cleared and reset
for a subsequent operation by manipulation of
the lever 248 to clear all the number-wheels 221
and, at the same time, returning the totalizer
B to its initial position by pushing it to the right,
in the manner above described. At the same
time, the lever 263 is pressed downwardly, slid-
ing the rack bar 2585 rearwardly to rotate the
pinion 288 and shaft 267, which, in turn, rotates
the pinion 268 and the intermeshing gears -259,
213. Rotation of the gear 213 will, in turn, ro-
tate the gear 274, shifting the ccntrol rack 284
downwardly and, through actuation of the partial
revolution clutch s’’, resetting all of the carrier
bars 66 to zero position.

Where, however, the machine is to be next
used for addition, the cperation of the lever 263
may be omitited, since the movement of the han-
dle 33 from “Mult.” position to “Add” position
will actuate the slide bar 278 and alternatively
effect actuation of the partial revolution clutch
s’’. In this same connection, it may also be noted
that a product, which is obtained in the course
of a multiplying operation, may be retained in
the totalizer and added to soms other number
by leaving the product in the totalizer and shift-
ing the handle 33 from “Mult.” position to “Add”
position. Thereupon a succession of further num-
bers may be added to the number which is al-
ready carried in the totalizer to cobtain a cumu-
lative total.

Arithmetical primary key banks

We may also provide a modified form of calcu-
lator which is substantially similar in all respects
to the previously described calculator, except thai
it is provided with arithmetically spaced primary
key banks, that is to say, key banks in which the
distancesandmeasurements are arithmetical rath-
er than logarithmic, as shown in Figure 5. Each
arithinetical key bank comprises a computing slide
306, which is substantially shorter in length than
the previously described computing slide §5 and
is provided with a stop-plate accommedating
groove $87 and computing barrels 388, 388’, shifi-
ably mounted on square shafts 308 which extend
horizontally therethrough. On ifis upwardly pre-
sented horizontal face and on one side of the
groove 237, each computing slide 38§
in the provision of a plurality of recesses 3182,
3idb, 3{3e, 3164, 310¢, 3i0f, 3168, Ji6h, 318L in the
provision of stop faces 3112 {o 3iii, inclusive,
which receive stop fingers 43 substantially iden-
tical with the previously described stop fingers 43
and are so positioned as to permit the sl d= 385
to move forwardly distances resgectively corre-
sponding in arithmetical progression to the num-
bers “1” to “8.”

The modified form of primary key bank is pro-
vided with nine ston-plates 53’ substantially
identical with the stop-plates 53 and co-acting
with key-plungers €2’, also substantially identical
with the key-plungers 22. Since the stop faces
§11 are all located on cone side of the slide groove
387, it is only neceszary to provide a single rotary
shaft 3{2, which is substantially identical with
the previously described shafts 78, T8, and is
provided with latch members 813 and a stop dog
3i4, which are respectively identical with the
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breviously-described latch -members 82 and stop
dogs 19, 79°.

The computiing barrels 308, 308’, are similar
in construction to the computing barrels 10, 70°,
except that they are non-logarithmic in charac~
ter and are provided with a plurality of pairs of
stops 348, 3{5’, corresponding to the products re-
sulting from multiplication of the several num-
bers in the number series “0” to “9” by each
cther, the pairs of stops being spaced by uniform
or arithmetical distances rather than logarithmic
distances. The general principle previously illus-
trated in Figs. 6a to 6d inclusive is equally ap-
plicable except that instead of 36 pairs of stops
T8, 15’ which correspond to the thirty-six partial
products necessary in the logarithmic arrange-
ment, it is necessary to employ 90 pairs of stops
313, 318’ corresponding to the ninety partial
procucts (i, e, all the products in the multiplica-
tion table from 1X0 through 9X9). The first
producs in-this series of products will be zero;
therefore, the first set of stops will be so arranged
as to permit no rotation of the computing barrels
308, 208’. The second pair of stops will corre-
spond to the product of “1”x“1” and will be so
arranged as to permit one unit of rotation of the
units barrel 888 while permitting no rotation of
the tens barrel 308, and so on. Since the arith-
metically arranged computing barrels 308, 3087,
do centain a zero setting within themselves, there
is no possibility that numerical values will be
transmitted into the {otalizer B during multipli-
cation from key banks which remain at a zero
setting. Therefcre, when arithmetical primary
key banks are employed, it is possible to omit the
previcusly described wedge-shaped blocks 294 and
the associated gear segments 297, together with
the pairs of semi-circular arms 304, 305.

In operation and manipulation, the modified
form of caleulator having arithmetically arranged
primary key banks is identical with the previously
described calculator and is capable of being ma-
ninulated in the same manner to accomplish ad-
dition, -subtraction, and muitiplication. That is
to say the slide 308 will be shifted forwardly
uron manipulation of a suitable key in the mul-
tiplicand key bank. TIf, for example, the number
“3” iz the muliiplicand, then by depression of the
“3” key in the multiplicand key bank the slide
will e shifted forwardly so that the partial prod-
ucts “3,” “6,” rfg,n :(12:» {r15,u “18,” rlejn “94” and
“27” raspectively are positioned under the stop-
plates 53a to §3{ inclusive. Thus, if the multiplier
key corresponding to the number “6” is depressed
(to complete the operation 3X6), the correspond-
ing ston-plate 53F will be moved down to engage
the stop on the barrel which corresponds to the
partial product {8 and the units barrel 308 will
rotate eight units while the tens barrel 308’ will
move one unit. Such movement will be transmit-
ted into the totalizer mechanism in the same
manner as previously described in connection
with the logarithmic modification.

It should be pointed out that calculating ma-
chines may be constructed in accordance with
cur present invention to embody other spatial
relationships hetween the stops of the computing
harreis ‘and slides so as $0 employ some other
mathematical function than the logarithmic and
arithmetical functions above described. It should
algo be noted in this same connection that calcu-
lating ‘machines of our invention are extremely
fexible in operation and adaptability. As has
been-stated, the calculating machines described
may .ke readily manipulated to perform addition
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and subtraction and are capable of carrying a
running total over a whole series of successive and
intermixed addition, subtraction, and multiplica-
tion operations. In addition, the calculators are
capable of multiplying by a process which may be
referred to as “direct multiplication,” that is to
say, multiplication in which the operator merely
manipulates the keys a single time to set the
multiplicand into the machine and then manipu-
lates either the same or different keys a single
time to set the multiplier into the machine, after
which key manipulations the machine will cal-
culate the product. This process of so-called di-
rect multiplication is to be distinguished from the
process of so-called “multiplication by successive
addition,” which is employed in practically all
calculating machines heretofore designed and
commercially used, such process involving a num-
ber of repetitive key manipulations whereby the
multiplicand is added to itself a humber of times
equivalent to the numerical value of the mulfi-
plier. Obviously this latter process is much
slower, more -tiring on the operator, and pro-
ductive of much greater error-frequency. Al-
though the calculating machine of our present
invention is capable of performing multiplication
by the more desirable direct process, as dis-
tinguished from the slower conventional ma-
chines, it also may be operated in such a manner
as to yield a product by the successive addition
process.

It should be understood that changes and modi-
fications in the form, construction, arrangement,
and combination of the several parts of the cal-
culating machine may be made and substituted
for those herein shown and described without de-
parting from the nature and principle of our
invention. -

Having thus described our invention, what
we claim and desire to secure by Letters Patent
is:

1. A multiplying machine having a plurality
of banks of multiplicand keys and s single bank
of multiplier keys, shiftable carriers individual
to the multiplicand banks, means for shifting said
carriers rectilinearly and differentially according
to the multiplicand kays depressed in the several
orders, a pair of computing barrels rotatably
supported upon each carrier with their axes
parallel to the line of shifting movement of the
carrier, one of the barrels of each pair having
at intervals in its length formed surfaces repre-
senting by their circumferential position units
components of the products of all digits and the
other barrel having similarly formed and ar-
ranged surfaces representative of tens compo-
nents, shiftable stops arranged in a plurality of
ordinal series and mounted hetween the barrels
of each pair to permit a selected stop to arrest
bothh barrels, means under the conirol of the
multiplier keys for shifting like stops in the
several orders, means also controlled by the multi-
plier keys for turning the barrels until arrested,
a. totalizer and means for simultaneously trans-
mitting to appropriate orders of said totalizer
differential movement imparted to the barrels
in one or more orders.

2. A calculator comprising a plurality of banks
of multiplicand keys and a bank of multiplier
keys, a stop-plate in each bank of multiplicand
keys operatively connected to and associated
with each of said multiplier keys, in such a man-
ner as to be shifted downwardly upon manipula-
tion thereof, a computing slide mounted beneath
each row of multiplicand keys, means for shift-
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ing the slides rectilinearly and differentially ac-
cording to multiplicand keys depressed in the
several orders, a pair of cooperating barrels oper-
atively mounted in each slide each provided with
a plurality of stops respectively positioned so that
one of the stops will engage with one of the stop
plates, said stops being so arranged circumfer-
entially as to respectively represent the units and
tens components of the. products of all digifs
whereby to permit differential amounts of rota-
tion of the corresponding computing barrels de-~
pending both upon the position of the slide and
upon which stop-plate is shifted downwardly as a
result of manipulation of its associated multi-
plier key for engagement with its corresponding
stop, a totalizer, and means for transmitting
differential movement to appropriate orders of
said totalizer corresponding to the differential
movement imparted to the barrels in one or more
orders.

3. A calculator comprising a plurality of banks
of multiplicand keys and a bank of multiplier
keys, driving means, a stop-plate in each bank
of multiplicand keys operatively connected <o
and associated with each of said multiplier keys,
in such a manner as to be shiffed downwardly
upon manipulation thereof, a computing slide
mounted beneath each row of multiplicand keys,
means for shifting the slides rectilinearly and
differentially according to multiplicand keys de-
pressed in the several orders, a pair of cooperat-
ing barrels operatively mounted in each glide
each provided with a plurality of stops respec-
tively positioned so that one of the stops will
engage with one of the stop-plates, said stons
being so arranged circumferentially as to respec-
tively represent the units and tens components
of the products of all digits whereby to permit
differential amounts of rotation of the corre-
sponding computing barrels depending hoth upon
the position of the slide and upon which stop-
plate is shifted downwardly as a result of manipu-
lation of its associated multiplier key for en-
gagement with its corresponding stop, means
actuable responsive to downward shifting move-
ment of any one of the multiplier keys for con-
necting the driving means to the computing
means for actuating said computing means, a
totalizer, and means for transmitting differential
movement to appropriate orders of said totalizer
corresponding to the difierential movement im-
parted to the barrels in one or more orders.

4. A calculator comprising a plurality of banks
of multiplicand keys and a single bank of multi-
plier keys, g vertically shiftable and optionaily
rotatable rack disposed in endwise abutment with

- the lower end of each key, power driving means,
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a stop-plate in each bank of multiplicand keys
associated with and vertically shiftable upon
manipulation of, each of said multiplier keys,
g computing slide mounted beneath each row
of multiplicand keys, meang for shifting the slides
rectilinearly and differentially responsive to
manipulation of selected multiplizcand keys, a
pair of computing barrels mounted on each slide
and having a plurality of stops respectively posi-
tioned so that one of the stops will engage with
ohe of the stop-plates, and circumferentially
positioned as to respectively represent the units
and tens components of the products of each of
the nine primary digits and zero with each other
whereby to permit different amounts of travel
of the computing barrels depending upon which
stop-plate is shifted downwardly as a result of
manipulation of its associated multiplier key for
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engagement with its corresponding stop, means
actuable responsive to downward shiftable move-
ment of any one of the multiplier keys for con-
necting the driving means to the computing
barrels to produce corresponding travel of said
computing barrels, a totalizer, and means actu-
ated by the travel of the computing barrels for
transmitting to appropriate orders of the total-
izer the rotary movement imparted to the
bharrels.

5. A calculator comprising a plurality of banks
of multiplicand keys and a bank of multiplier
keys, the keys in each bank respectively repre-
senting successive Integers, a power driving
means, a stop-plate in each bank of multiplicand
keys operatively connected to and associated with
each of the multiplier keys for vertical move-
ment upcon manipulation thereof, a computing
slide mounted beneath each row of keys and hav-
ing a plurality of stop-recesses spaced from each
other lengthwise of the slide by distances which,
in terms of a select unit of measure, represent
successive integers, said slide having a pa‘r of
barrels each provided with a plurality of stops
respectively positioned for engagement each with
one of the stop-plates, said stops being circum-
ferentially so arranged to respective'y represent
the units and tens components of the products
of all digits whereby to permit different amoun's
of rotary travel of the computing barrels depend-
ing upon which stop-plate is shifted downwardly
as g result of manipulation of its assosiated mul-
tiplier key for engagement with its correspond-
ing stop, a vertically shiftable stop-member as-
sociated with each multiplicand key and each be-
ing engageable, upon manipulation of its ascoci-
ated multiplicand key, with only the stop-recess
of the slide cecrresponding to the integer which
the manipulated multiplicand key represents.
means actuable responsive te manipulation of
any selected multiplicand key for shifting the
slide until the corresponding s*op-member gnd
stop-recess hecoms engaged, par‘ial-revolution
c'utch means actuable responsive to downward
shiftabls movement of any one of the step p'a'es
for connecting the driving means to the comput-
ing barrels for rotating the computing barrels for
a portion of one revolution and thereupon releas-
ing them, means for returning the releasad com-
puting barrels to initial position, a total'zer, and
means for simultaneously transmitting the rotary
movement of the barrels to appropria‘e orders of
said totalizer.

6. A calculator comprising a plurality of banks
of multiplicand keys and a bank of multiplier
keys, the keys in each bank respectively repre-
senting successive integers, a power driving
means, a stop-plate in each bank of multiplicand
keys operatively connected to and asscciated with
each of the multiplier keys for vertical movement
upen manipulation thereof, a computing slide
mounted beneath each bank of multiplicand keys
and having a plurality of stop-recesses spaced
from each other lengthwise of the slide by dis-
tances which, in terms of a select unit of measure,
represent successive integers, said slide having a
pair of barrels each provided with a plurality of
stops respectively positioned for engagement each
with one of the stop-plates, said steps being cir-
cumferentially so arranged to respectively rep-
resent the units and tens components of the
products of all digits whereby to permit different
amounts of rotary travel of the computing bar-
rels depending upon which stop-plate is shifted
downwardly as a result of manipulation of its
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associated multiplier key for engagement with
its corresponding stop, a vertically shiftable stop-
member associated with each multiplicand key
and each being engageable, upon manipulation of
its associated multiplicand key, with only the stop-
recess of the slide corresponding to the integer
which the manipulated multiplicand key repre-
sents, means actuable responsive to manipulation
of any selected multiplicand key for shifting the
slide until the corresponding stop-member and
stop-recess become engaged, over-running trans-
mission means actuable responsive to downward
shiftable movement of any one of the stop plates
for connecting the driving means to the comput-
ing barrels for rotating the computing barrels for
a portion of one revoluticn and thereupon releas-
ing them, means for refurning the released com-
puting barrels to initial position, a totalizer, and
means for transmitting the rotary movement of
the barrels to appropriate orders of said totalizer.

7. A calculater, comprising in combination, a
totalizer, power means, a plurality of shiftable
selector elements, shiftable carriers, a pair of
computing barrels mounted on each shiftable car-
rier with their longitudinal axes parallel to the
line of carrier chift, one of the barrels of each
pair having formed contours in its surface spaced
along its length at intervals predefermined in
accordance with a selected mathematical func-
tion and, by their position with relation to a
predetermined reference line on the barrel, rep-
resenting the unit components of the prcducts of
2]l digits, and the other barrel having similariy
spaced and formed contours representative of
the tens components of such products, means for
tran-mitting to the appropriate orders of said
totalizer differential movements corresponding to
the contours at a selected longitudinal point on
said barrels, means for shifting each of said car-
riers rectilinearly and differentially a predeter-
mined distance in accordance with the aforesaid
selected mathematical function, shiftable se!ting
means for alternatively setting the calcu’ator for
multiplication or addition, means for returning
the carriers to alternative positions such that,
when the shiftable setting means is shifted to the
multiplication position, all carriers will be mcved
to neutral position and, when the s™iftable setting
means is shifted to the addition positicn, all car-
riers will he moved to a multiplicand position cor-
responding to the digit 1, a primary key bank
having a plurality of rows of keys, each key hav-
ing associated with it a shiftable selector element
and each row having individually associated with
it a shiftable carrier, and all keys being simul-
taneously movable by the shiftable setting means
to alternative pozitions for multiplication and
addition, whereby in the multiplying positicn,
manipulation of a key in a row will actuate the
shifting means of the shiftable carrier associated
with that row to a multiplicand position corre-
sponding to the integer represented by the key
actuated, and whereby in the adding position
manipulation of a key in a row will actuate its
associated shiftable stop-plate to interpose itself
in position for engaging with the appropriate stops
oa the computing barrels, and concurrently cause
the power means to actuate the totalizer through
the said transmitting means to record a number
corresponding to the key depressed, and a bank of
multiplier keys simultaneously movable in con-
junction with the primary bank to alternative
pecsitions, each key having associated with itself
a shiftable selector element in each primary row
corresponding to the number it represents and
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whereby, in the multiplying position, manipula-
tion of a key will operate its associated shiftable
selector elements to select the appropriate con-
tours on the computing barrels and concurrently
cause the power means to actuate the totalizer
through the said transmitting means to record a
number corresponding to the product of the mul-
tiplier key depressed and the multiplicand set
into the machine by prior manipulation of the
primary keys and whereby in the addition posi-
tion all said multiplier keys will be ineffective,

8. A calculator comprising a row of multiplier
keys corresponding to each of the nine primary
digits and zere, rows of multiplicang keys, the
keys in each row corresponding to each of the
nine primary digits and 2zero, power driving
means, a carrier shiftably mounted beneath each
row of multiplicand keys, shifting means actuable
upon manipulation of a selected multiplicand
key for moving each of said carriers rectilinearly
and differentially out of its initial position by a
distance proportional to the infeger represented
by such selected multiplicand key, a plurality of
stop-plates each shiftably mounted adjacent to
and in conjunction with one of the multiplicand
keys, means actuable responsive to movement of
a selected multiplier key to operate in each multi-
plicand row the stop-plate mounted adjacent to
the multiplicand key having a notation corre-
sponding to said selected multiplier key, a pair
of computing elements mounted in each carrier
having a pluralify of stops so arranged as to per-
mit different amounts of movement of the com-
puting elements until arrested by the respective
stop-plate brought into co-operating position up-
on manipulation of each of the multiplier keys,
the amcunt of movement in each case represent-
ing a multiple of the integer represented by each
multiplier key respectively, each of said carriers

being adapted for movement by the shifting’

means upon manipulation of a selected multipli~
cand key to a unique position such as to bring
into operative relation with each stop-plate in
that row the stops representing that multiple
which is the preduct of the two integers respec-
tively corresponding to the selected multiplicand
key and the multiplier key operating the respec-
tive stop-plate, means actuable responsive to
movement of any one of the multiplier keys for
connecting the driving means to the computing
elements for moeving said computing elements,
and totalizer means actuated by the movement of
the computing elements for accumulating a cor-
responding numerical value,

9. A calculator comprising a row of multiplier
keys corresponding to each of the nine primary
digits and zero, rows of multiplicand keys, the
keys in each row corresponding to each of the
hine primary digits and zero, power driving
means, & carrier shiftably mounted beneath each
row of multiplicand keys, shifting means actuable
upon manipulation of a selected multiplicand key
for moving each of said carriers rectilinearly and
differentially out of its initial position by a dis-
tance proportional to the integer represented
by such a selected multiplicand key, a plurality
of stop mechanismg each shiftably mounted ad-
jacent to and in conjunction with one of the mul-
tiplicand keys, means actuable responsive to
movement of a selected multiplier key to operate
in each multiplicand row the stop mechanism
mounted adjacent to the multiplicand key having
notation corresponding to said selected multi-
plier key, a pair of computing elements mounted
in each carrier having a plurality of stops so ar-
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ranged as to permit different amounts of move-
ment of the computing elements until arrested by
the respective stop mechanism brought into co-
operating position upon manipulation of each of
the multiplier key means, the amount of move-
ment in each case representing a multiple of the
integer represented by each multiplier key re-
spectively, the stops on one of said computing
elements representing the units integer of such
multiple and the stops on the other of said com-
puting elements representing the tens integer of
stiich multiple, each of said carriers being adapted
for movement by the shifting means responsive
to manipulation of a selected multiplicand key
to a unique position such as to bring into oper-
ative relation with each stop mechanism in the
row the stops representing that multple which
is the product of the two integers respectively
corresponding to the selected multiplicand key
and the multiplier key operating the respective
stop mechanism, means actuable responsive to
movement of any one of the keys for connecting
the driving means to the computing elements for
moving said computing elements, and totalizer
means actuated by the movement of the comput-
ing elements for accumulating a corresponding
numerical value.

10. A calculator comprising, in combination. a
totalizer, power means, a plurality of shiftable
selector elements, carriers mounted for move-
ment in a straight line, a pair of computing ele-
ments mounted on each shiftable carrier with
their longitudinal axes parallel to the line of car-
rier shift, one of the elements of each pair hav-
ing formed contours in its surface spaced along
its length at predetermined intervals and repre-
senting, by their position with relation to a pre-
determined reference line on the element in terms
of a selected unit of measurement, units compo-
nents of the products of each of the nine primary
digits with each other and with Zero, the other
element having similarly spaced and formed con-
tours representative of the tens components of
such products, means for fransmitting to the ap-
propriate orders of said totalizer differential
movements corresponding to the contours at a se-
lected longitudinal point on said elements, means
for differentially shifting each of said carriers a
predetermined distance, shiftable setting means
for alternatively setting the calculator for multi-
plication or addition, means for returning the
carriers to alternative positions such that, when
the shiftable setting means is shifted to the muil-
tiplication position; all carriers will be moved to
neutral position and, when the shiftable setting
means is shifted to the addition position, all car-
riers will be moved to a multiplicand position cor-
responding to the digit 1, a primary key bank
having a plurality of rows of keys, each key hav-
ing associated with it a shiftable selector ele-
ment, each row having keys corresponding to
each of the nine primary digits and zero and
each row having individually asseciated with it a
shiftable carrier, a multiplier key bank consist-
ing of a row of keys corresponding to each of the
nine primary digits and zero, each key having as-
sociated with itself a shiftable selector element
in each primary row corresponding to the num-
ber it represents, means actuable by the shiftable
setting means for shifting all primary and multi-
plier keys to alternative positions for multiplica-
tion and addition whereby, when shifted to the
multiplying position, all key means will be rotated
such that manipulation of a key in a row in the
primary bank will actuate the shifting means of
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the shiftable carrier associated with that row to
g multiplicand position corresponding to the in-
teger represented by the key actuated and such
that manipulation of a multiplier key will operate
its associated shiftable selector elements to select
the approvpriate contours on the computing ele-
ments and concurrently cause the power means
to actuate the totalizer through the said trans-
mitting means to register a number correspend-
ing to the product of the number represented by
the multiplier key depressed and the multip'icand
set into the machine by prior manipulation of
the primary keys and whereby, when shifted to
the adding position, all keys will be rotated so
that manipulation of a key in a row in the pri-
mary bank will actuate its associated shiftable
selector element to select the appropriate contour
on its asscciated computing elements and con-
currently cause the power means to actuate the
corresponding order of said totalizer through the
said transmitting means to register a number
corresponding to the key depressed and such that
all multiplier keys will be ineffective.

11, A calculator comprising, in combination,
a totalizer, power means, carriers mounted for
shifting movement in a selected line, stop plates,
a pair of computing barrels mounted on each
shiftable carrier with their Iongitudinal axes par-
allel to the line of carrier shift, one of the bar-
rels of each pair having g plurality of stops in its
surface spaced along its length at predetermined
intervals each so arranged as to permit different
amounts of rotary travel of the barrel depanding
upon which stop plate is moved to engage it and
representing, by their position with relation to
a predetermined reference line on the barrel in
terms of g seilected unit of measurement, units
components of the products of each of the nine
primary digits with each other and with zero and
the other barrel having similarly spaced and
formed stops representative of the tens compo-
nents of such products, means for transmitting
to the apprepriate orders of said totalizer differ-
ential rotary movements of the barrels corre-
sponding to the stops at a selected longitudinal
point on said barrels, means for differentially
shifting each of said carriers a predetermined
distance, a primary key bank associated with
each carrier, said key bank having a plurality of
rows of keys, each row having keys correspond-
ing to each of the nine primary digits and zero,
each Key in a row being ascociated with one stop
plate, a muliiplier key bank censisting of a row
of keys corresponding to each of the nine primary
digits and zero and means such that all stop
plates of the several rows corresponding to a
selected digit are operable by manipulation of
the multiplier key corresponding to that selected
digit, means for returning said- carriers to pre-
determined position, shiftable setting means for
alternatively setting the calculator for multipli-
cation or addition whereby, when said setting
means is shifted to its multiplying position, the
returning means will be actuated to move all car-
riers to their neutral position and alil key means
will be moved to a position such that manipula-
tion of a key in a row in the primary bank will
actuate the shifting means of the shiftable car-
rier and computing barrels mounted thereon as-
sociated with that row to a multiplicand pesition
corresponding to the integer represented by the
key actuated and such that manipulation of a
multiplier key will cause the stop plates oper-
atively connected to it to move to a position to
engage the stops on their associated computing
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barrels and engage the power means so as to
rotate the barrels until the stops engage the stop
plates and thus actuaie the totalizer through the
said transmitting means to register a number cor-
responding to the product of the number repre-
sented by the multiplier key depressed and the
multiplicand set into the machine by prior ma-
nipulation of the primary keys and wherehy,
when said setting means is ghifted to its adding
position, the returning means will be actuated to
move each carrier and computing barrels mount-
ed thereon into multiplicand position correspond-
ing to digit 1 and all key means will be moved
fo-a position such that manipulation of a key in
a row in the primary bank will cause the stop
plate opsratively connected to it to move to a po-
sition to engage the stors on its associated com-
puting barrels and simultaneously engage the
power means so as to rotate the barrels until the
stops engage the stop plate and thus actuate the
totalizer through the said transmifting means
to register a number corresponding to the key de-
pressed and such that all multiplier keys will be
ineffective.

12. A calculator comprising, in combination, a
total'zer, power means, carriers mounted for

shifting movement in a straight line, a pair of

computing elements mounted on each shiftable
carrier with their longitudinal axes parallel to
the line of carrier shift, one of the elements of
each pair having formed contours in its surface
spaced along its length at predetermined inter-
vals, each contour representing, by its position
with relation to a predetermined reference line
on the element in terms of o selected unit of
measurement, the unit comronent cf the prod-
uct of each of the nine primary digits with one
other and with zero and the other element hav-
ing similarly spaced and formed contours each
representative of the tens component of such
product, there being at least one contour cn each
element corresponding to each product of each
of the nine primary digits with each cther and
with zero, means for transmitting to the appro-
priate orders of said totalizer differential move-
ments corresponding to the contours at a sclected
longitudinal point on said elements, a primary
key bank heving a plurality of rows cf keys, each
row having keys corresponding to each of the
nine primary digits and zero and each row having
individually asscciated with one of said shiftable
carriers, means actuable upon manipulaticn of a
key in a row in the primary bank for positioning
the shiftable carrier assceciated with that row to
a multiplicand position corresponding to the in-
teger represented by the key actuated, a multi-
plier key bank consisting of a row of keys cor-
responding to each of the nine primary digits
and zero, a plurality of shiftable elements each
mounted adjacent tc and in conjunction with
one of the primary keys, means actuable respon-
sive to movement of a selected multiplier key to
operate in each primary row a shiftable element
mounted adjacent to the primary key having the
same notation as said selected multiplier key to
select that longitudinal point on the computing
elements, movements correspending to the con-
tours at which peint are to be transmiited to the
totalizer by the transmitting means, and means
such that manipulation of g multiplier key will
cause the power means te actuate the totalizer
through the said transmitiing means to register
2 number corresponding to the product of the
number represented by the multiplier key ma-
nipulated and the multiplicand set into the ma-
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chine by prior manipulation of the primary keys.

13.- A calculator comprising a plurality of rows
of multiplicand key means and a row of multi-
plier key means, each key in a row corresponding
to one of the nine primary digits and zero, re-
spectively, power driving means, a shiftable car-
rier mounted in conjunction with each row of
multiplicand keys and having a plurality of stop
faces on its surface, means for rectilinearly and
differentially shifting the carriers, trigger means
for releasing the carriers so that they can be
moved by the shifting means, a shiftable mem-
ber operatively associated with each multiplicand
key and with the trigger means, so arranged that
manipulation of a selected multiplicand key will
move the member into position to engage a cor-
responding stop face on the carrier and simulta-
neously release the trigger means, thus permit-
ting the carrier shifting means to move the car-
rier a predetermined distance corresponding to

the selected multiplicand key manipulated, a°

stop-plate mounted in conjunction with each
multiplicand key and operatively associated with
the multiplier key having the same notation as
said multiplicand key, rotary calculating barrels
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mounted in the shiftable carriers, each having a ™

plurality of stops so arranged as to permit dif-
ferent amounts of rotation of said barrels de-
pending upon which stops have been moved into
engaging position by travel of the carriers and

engaging position as a result of manipulation of
2, selected multiplier key, part-revolution clutches
actuable responsive to movement of any of the
stop-plates for connecting the driving means to
the computing barrels and rotarily driving them
until the respective barrels are stopped by en-
gagement of their stops and the corresponding
stop-plates, totalizer means actuated by rotation
of the computing barrels for accumulating a cor-
responding total, means for automatically re-
turning the computing barrels to rotational neu-
tral position ready for performing another mul-
tiplying operation with the same multiplicand
setting of the computing carriers, and means for
returning the shiftable carriers to neutral posi-
tion, locked by their respective trigger means, so
that said carriers can be reset into new multipli-
cand positions.

14. A calculator comprising a plurality of banks
of multiplicand keys and a bank of multiplier
keys, each key of each bank respectively repre-
senting a successive integer, power driving means,
a stop-plate mounted adjacent to and in con-
junction with each multiplicand key and opera-
tively connected to and associated with the mul-
tiplier key representing the same integér as said
adjacent multiplicand key, a shiftable carrier as-
sociated with each bank of multiplicand keys
having a plurality of stop recesses formed in its
surface, each having a length between stop faces
which, in terms of a selected unit of measure,
is respectively a mathematical function of one of
the successive integers represented by the said
multiplicand keys, means for shifting the carrier
rectilinearly and differentially in.the direction
of its length, trigger means for releasing the
carrier so it can be moved by its shifting means,
a vertically shiftable stop member associated with
each multiplicand key and operatively connected
to the said trigger means in such manner that
manipulation of a selected multiplicand key will
engage and shift the associated stop member into
that stop recess in the carrier corresponding to
the integer represented by the selected multi-
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plicand key and simultaneously operate the trig-

‘ger means to release the carrier so that the shift-

ing means can move the carrier until the stop
face. of the stop recess engages the stop mem-
ber, a pair of computing barrels mounted on
each carrier, each provided with a plurality of
stops respectively positioned along its length such
that manipulation of a selected multiplier key

will bring one of its associated stop-plates into

position for engaging with one of the barrel stops,
depending upon the previous movement of the
carrier as a result of manipulation of a selected
multiplicand key and on the selected multiplier
key, said stops being circumferentially so ar-
ranged on one barrel as to represent the units
components, and on the other barrel the tens
components, of the products of all digits, whereby
to permit different amounts of rotary travel of the
computing harrels depending upon which selected
multiplicand and multiplier keys are manipulated,
a partial revolution clutch in conjunction with
each carrier actuable responsive to operation of
any stop-plate in'its associated multiplicand bank
for connecting the driving means to the com-
puting barrels for rotating each harrel until the
barrel is stopped by engagement of one of the
barrel stops with said operated stop plate, and
releasing the barrels upon completion of said pre-
determined partial revolution, means for return-
ing the released harrels to rotational initial posi-
tion, a totalizer, and means for transmitting the
rotary movement-of the-barrels to appropriate
orders of said totalizer.

15. A calculator comprising a plurality of banks
of multiplicand keys and a bhank of multiplier
keys, each key of each bank respectively repre-
senting a successive integer, power driving means,
a stop-plate mounted adiacent to and in con-
junction with each multiplicand key and opera-
tively connected to and associated with the mul-
tiplier key representing the same integer as said
adjacent multiplicand key, a shiftable carrier as-~
sociated with each bank of multiplicand keys
having g plurality of stop recesses formed in its
surface, each having a length hetween stop faces
which in terms of a selected unit of measure is
respectively a mathematical function of one of
the successive integers represented by the said
multiplicand keys, means for shifting the .carrier
rectilinearly and differentially in the direction of
its length, trigger means for releasing the car-
rier so it can be moved by its shifting means,
a vertically shiftable stop member associated with
each multiplicand key and operatively connected
to the said trigger means in such manner that
manipulation of a selected multiplicand key will
engage and shift the associated stop member into
that stop recess in the carrier corresponding to
the integer represented by the selected multi-
plicand key and simultaneously operate the trig-
ger means to release the carrier so that the shift-
ing means can move the carrier until the stop
face of the stop recess engages the stop mem-
ber, a pair of computing barrels mounted on each
carrier, each provided with a plurality of stops
respectively positioned along its length such that
manipulation of a selected multiplier key will
bring one of its associated stop-plates into posi-
tion for engaging with one of the barrel stops,
depending upon the previous movement of the
carrier as a result of manipulation of a selected
multiplicand key and on the selected multiplier
key, said stops being circumferentially so ar-
ranged on one barrel as to represent the units
components, and on the other barrel the tens
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components, of the Products of 'all digits,
whereby to permit different ainounts of rotary
travel of the computing barrels depending
upon which selected multiblicand and multiplier
keys are manipulated, overrunning transmission
means in conjunction with each carrier acttiable
Tesponsive to operation of any stop-plate in ifs
associated multiplicand bank for connecting the
driving means to the computing barrels for ro-
tating each barrel Until the barrel is stopped by
engagement of one of the barrel stops with said
operated stop-pldate, dnd -releasing the barrels
‘upon completion of rofary movement thereof,
means for réturning ‘the relédsed barrels to ro-
‘tational iitial position, ‘a totalizer, ‘means for
transmrstmg the rotary movement of the barrels
to appropriate orders ‘of sdid ‘totalizer, and means
Jfor returning éach carfier to netitral position
locked by its respective trigger méans so that the
‘conipliting barrels ¢an be reseét into new multi-
‘plicand positions.
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