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CALCUANG MACBN 
Thomas William Chick, Letchworth, England, as 

signor to International Business achines Cor 
poration, New York, N. Y., a corporation of New York 
Application June 14, 1939, Serial No. 279,034 

(C. 235-61) 21 Claims, 
This application is an improvement on the 

earlier machine of my United States application 
Serial No. 214,921 dated June 21, 1938, and re 
lates to calculating machines. wns 
Calculating machines at present on the market 

perform division by repeated subtraction of the 
divisor from the dividend and require an average of 6.5 cycles per quotient digit. Such machines 
have been arranged to perform multiplication 
by the method of repeated addition of the multi 
plicand and they require an average of 4.5 cycles 
per multiplier digit. Such machines are, thus, 
slow in Operation. Multiplying machines are on 
the market which only require one cycle per 
multiplier digit but such machines do not per 
form division. . 
One object of this invention is to provide a 

machine that performs division at a much higher 
Speed than the machines referred to above. The 
speed of the machine may be as high as one cycle 
Only per quotient digit but economy of mecha 
nism can be obtained by operating at lower 
speeds Such as 1.5 or 2 cycles per quotient digit. 
Another object is to provide a machine that 

will multiply or divide at high speed. 
Another object of this invention is to provide 

a calculating machine comprising a plurality of 
totalizers, means for calculating predetermined 
multiples of a divisor and registering them each 
in a separate One of the totalizers, means for en- ; 
tering the upper part of a dividend into each 
totalizer concurrently in such manner as to ob 
tain in each the difference between the upper 
part of the dividend and the multiple originally 
in that totalizer, canvassing means for canvass- : 
ing the totalizers to select the totalizer con 
taining the Smallest difference of a predeter 
mined sign, means for registering the said differ 
ence as the upper part of the dividend for the 
next step of the calculation, and means for reg 
istering the digit corresponding to the multiple 
related to the selected totalizer as a quotient digit. 
Another object is to provide a calculating ma 

chine that performs both division and multipli 
cation and comprises means for calculating pre 
determined multiples of a divisor or multiplicand, 
dividing means for concurrently comparing the 
multiples with an upper part of a dividend, se 
lecting the largest multiple that is not greater 
than the s' d upper part of the dividend, regis 
tering the digit corresponding to the selected 
multiple as a quotient digit, and obtaining the 
difference between the selected multiple and the 

difference as the upper part of the dividend for 
the next stage of the division, and multiplying 
mechanism comprising means for selecting those 
of the said multiples of the multiplicand that cor 
respond to the various digits of a multiplier and 
means for summing the selected multiples each 
multiplied by a power of ten appropriate to the 
multiplier digit to which it corresponds. 
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Another object is to provide a machine that 
divides a dividend by a divisor and concurrently 
multiplies the multiplicand by the quotient of 
the divisor and dividend. The machine calculates 
predetermined multiples of a divisor and the 
corresponding multiples of a multiplicand, com 
pares the multiples of the divisor with a dividend 
to select the largest multiple that is not greater 
than the dividend and the corresponding multi 
ple of the multiplicand, subtracts the selected 
multiple of the divisor from the dividend, sets 
the difference as the new dividend for the next 
step of the calculation and sums the selected 
multiples of the multiplicanid each multiplied 
by an appropriate power of ten. 
With such a machine some of the denomina 

tional Sections will be used for division and 
others for multiplication so that the machine 
is divided into two portion and a further object 
is to provide means for splitting the machine 
between any two denominational sections into 
the two said positions whose size can thus be 
varied as desired. 
The machine may be arranged to obtain each 

quotient digit in a single cycle only by using, as 
the multiples, all the products of the divisor and 
each digit in the notation of the dividend, that 
is the digits 0 to 9 in the case of the decimal 
notation. Alternatively, the machine may use 
fewer multiples so that a simpler multiple-form 
ing mechanism may be used. In such a machine 
Some, at least, of the quotient digits may require 
two or more cycles to obtain so that the ma 
chine Speed, measured by the reciprocal of the 
number of cycles required to perform a calcula 
tion, will be reduced although this may be off 
Set by the possibility of running the machine at a 
higher speed owing to the lesser amount of mech 
anism to be driven. 

If a series, such as once and twice, or once, 
twice and three times, or once to five times, hav 
ing no discontinuity is used, machine time may 
be saved by only performing a cycle, if, in the 
preceding cycle for the same quotient denomina 
tion the dividend was less than the greatest mul 
tiple. Thus with the series once to five times, upper part of the dividend and registering the 55 one cycle only is needed to obtain 0, 1, 2, 3 or 4 



2 
as a quotient digit, but if the dividend is five 
times or greater than five times the divisor a 
second cycle is required and the quotient digit is 
obtained as 5--0, 5-1, 5--2, 5-3, or 5-4. The 
average number of cycles with this series is 1.5 
cycles. 
Another object of this invention is to provide 

means for measuring the positions of the highest 
significant figures of the divisor and the dividend 
to determine their relative displacement as reg 
istered in the machine and column-shift mech 
anism adjustable in accordance with the said rel 
ative displacement at each stage of the calcula 
tion to correlate the dividend and the multiples. 
of the divisor. 

Other objects and advantages of the invention 
will be apparent from the following description 
of one form of embodiment Comprising an 18 
column key-set and handle-operated machine 
employing the decimal notation and based upon 
the five-multiple series of once to five times the 
divisor. 

In the drawings: s 
Figures 1, 1d, 2, 3, 4, 5, 6, and 8 form a ver 

tical section through the keyboard, totalizers and 
measuring apparatus of the machine. Figure la 
should be arranged below Figure 1 and the re 
maining figures in order on the right of Figure 1. 

Fig. 2 is also indicated as a section taken on 
lines 2-2 of Figure 9. 

Figure 3 is further designated as a section 
lire 3-3 of Figure 9. 
Figure 6 is indicated as a section on line S-6 

of Figure 12. 
Figure 9 is a vertical section on the line 9-9 

of Figure 2 through one section of the keyboard. 
Figure 10 is a section on the line 90-) of 

Figure 3 and shows the operation of the mecha 
nism for splitting the clearing of the keyboard. 

O 

Figure 11 is a view of one totalizer as seen from 
the Opposite side of the machine to Figures 4. 
to 7. This figure is a section on the line f 
of Figure 12. 

Figure 12 is a section on the line 2-2 of 
Figure 6 through one totalizer. 
Figures 13, 14, 5 and 16 together form a hori 

zontal section through the highest denomination 
of the totalizers and through canvassing mecha 
nism on the lines 3-3, 4-3, 5-5 and 
6-i S of Figures 4 to 7 respectively, 
Figure it is an end view of Certain slides in the 

keyboard section of the machine. 
Figures 180, 186 and 18c together form a ver 

tical section along the line 3-8 of Sigure 38, 
as seen from the left. 

Figures 190, 19b and 19C together form a ver 
tical Section through the machine On the line 
9-9 of Figure 38. These figures form an ele 

vation of the right-hand side of the machine with 
the Control keys and mechanism removed. 

Figures 20, 21 and 22 together form a vertical 
section through the machine and show Column 
shift mechanism, quotient place mechanisa and 
part of the measuring apparatus. These figures 
are in the same plane as Figures 1 to 8, and if 
Figures 1 to 8 are superimposed on Figures 20, 21 
and 22, a complete vertical section through the 
calculating part of the machine is formed. 

Figure 23 is a section on the line 23-23 of 
Figures 20, 2i and 22 and forms a plan of the 
column shift mechanism. 

Figures 24a to 24h are diagrams showing the 
operations of the machine and the results ob 
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2,298,263 
dividend, a divisor and a multiplicand during an 
example of a calculation. 

Figures 25a to 25p are diagrams showing the 
operation of the machine and the results obtained 
at each stage during an example of a Calculation. 

Figures 26 and 27 are conventional diagrams to 
illustrate in plan the arrangement of the driv 
ing cams and connections to various parts. 

Figures 28 and 28a are together a vertical sec 
tion through the driving mechanism on the line 
28-28 of Figures 39b and 39e. 

Figure 29 is a section on the line 29-29 of 
Figure 28. 

- Figures 30 and 30a together constitute a sec 
tion on the line 30-30 of Figs. 28 and 28a show 
ing a part of the control mechanism in action. 

Figure 31 shows the construction of the con 
trol keys of the machine. 

Figure 32 is a detail of a cycle-controlling cam 
provided in the Control mechanism. 

Figures 33 and 34 together form a sectional 
elevation on the line. 34-34 of Figure 35. The 
right-hand part of Figure 33 is, however, a sec 
tion on the line 33-33 of Fig. 35. 

Figures 34a and 34b are conventional diagrams 
to illustrate the action of the multiple totalizer 
selecting mechanism. 

Figure 35 is a vertical section through the can 
vassing mechanism on the line 35-35 of Figures 
33 and 34. Figures 36 to 36d and 37 to 37c are timing dia 
grams for the machine. 

Figure 38 is a somewhat diagrammatic plan of 
the machine. 

Figures 39a to 39f inclusive (with Figures 
39a, 39b and 39c arranged side by side and Figures 
39d, 39e and 39f arranged side by side below Fig 

39a to 39c) form a horizontal section 
through the machine which is taken on a plane 
lying just below the mechanism shown in Figures 
2 and 3 and extending across the entire machine. 
This Section shows the relationship between the 
column shift mechanism, the main drive and the 
Controlling Connections. 

Figures 40a, 40b and 40c arranged side by side 
in that order form an outside elevation of the 
machine as seen from the right in Figure 38 and 
with the cover broken away. This view is taken 
Substantially on the line 40-A of Figure 38. 

Figures 41a to 41d arranged with Figures 41a. 
and 41b side by side and Figures 41c and 4.1d side 
by side below Figures 41a and 41b form a front 
elevation of the machine with the cover broken 
away. This view is taken substantially on the 
line S-4 of Figure 38. 

Figures 42a to 42d arranged in the same way as 
Figures 41a to 41d form a vertical section through 
the machine on the line 42-42 of Figure 38. 
These figures show the keyboard and the gearing 
between the keyboard section of the machine and 
the totalizers. 

Figures 43a to 43d arranged in the same way as 
Figures 41a to 4ld form a vertical section on the 
line 63-43 of Figure 38. This view shows the 
totalizer OX together with the column shift 
mechanism and the drive and control mechanism 
in section. 

Figures 44a to 44d arranged in the same way 
as Figures 41a to 4ld form a vertical section on 
the line 4-64 of Figure 38. The view is similar 
to that of Figures 43a–43d except that it is taken 
through the totalizer 3X. . 

Figure 45 is a horizontal section on the lines 
5-5 of Figures 7 and 8 and shows the mecha 

tained at each stage during the entering of a 75 nism in five sections of the machine by which 
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the machine can be split into a multiplying and 
dividing part. Only those parts involved in split 
ting the machine are shown in this view; and 

Figure 46 is a development of a section along 
the line B-46 of Figure 11 and shows from 
underneath the mechanism for splitting the 
means for zeroizing a totalizer. 
Figures 47, 48 and 49 are sectional views show 

ing the detailed construction of a part of the 
means for correlating the dividend and divisor. 

Figures 50 and 50a are together a sectional 
elevation on the line 5-50 of Figure 8 and shows 
the construction of a part of the tens transfer 
mechanism and of the means for interrupting 
the transfer sequence in accordance with the posi tion of the split. 

Figures 51a, 5lb and 51c are side elevation and 
plan views of the machine showing the relative 
positions of the lines through which the sectional 
views comprising the various figures have been 
taken. 

Figure 52 is a section on the line 52-52 of 
. Figure 1a and shows the action of the column 
shift resetting means. 

GENERAL IDEscRIPTION 
Eeyboard, totalizers and splitting . 

In Figure 38, which is a somewhat diagram 
matic plan of the machine, columns of depressible 
keys 50 form the keyboard for the entry of nu 
merical data into the machine. There are 
eighteen columns, numbered 1 to 18 from the 
right, each column containing ten keys marked 
"O" to "9" in the order shown. Any setting in a 
column can be cleared by depressing the "O' key 
in that column For a general clearing of all the 
columns to the left of the split, a clearing key 
80 is provided, and for the clearing of all the 
columns to the right of the split there is pro 
vided a similar key 8 Da, the number of columns 
cleared in either case depending upon the posi 
tion of the split. - 
The results at each stage of a calculation are 

indicated by totalizers marked Q, OX, X, 2X, 
8X, X and 5X. The dials of these totalizers are 
denominationally in line with the corresponding 
keyboard columns and are visible through win 
dows 596. 
The splitting of the machine into two portions 

includes the splitting of the keyboard and all 

0 
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totalizers X to 5X are mainly employed for reg 
istering the predetermined multiples of the 
divisor entered negatively, the series of multiples 
chosen for this embodiment being once to five 
times arranged in factorial order. The lower 
portions of these totalizers are mainly employed 
for registering the predetermined multiples of 
the multiplicand entered positively and in the 
same factorial order as the divisor multiples. 

Control keys 
For controlling the functioning of the various 

parts of the machine in accordance with the 
operation required, control keys 550/1 to 550/ 
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50 
the totalizers except the One marked Q, so that 
all the denominations to the left of the split may 
be utilized for dividing and all those to the right 
for multiplying. In the case of the totalizer Q, 
splitting is unnecessary for a reason that will be 
apparent at a later stage. The position of the 
split is determined by the column capacity re 
quired in each portion of the machine. This 
position may be varied by manually rotating a 
knob 599, and is signified by indicators showing 
through windows 65, there being a separate in 
'dicator for each denomination. Each indicator 
has two positions, One showing a red signal and 
the other a white one. All the indicators on 
the left of the split show the red signal and all 
those on the right show the white one; thus, the 
split is indicated by the 
signal colors change. - 

Quotient results are shown in Q and this total 
izer is also adapted for use as a multiplier reg 
ister. Within limits that will be defined, any 
portion of OX may be utilized as a dividend 
register without regard to the position of the 
split, but product results are only shown in the 

are provided and each operation of the machine 
is effected by rotating the handle 595 through 
One or a number of Complete revolutions after 
setting an appropriate one or more of the control 
keys. The principal use of each key is set forth 
in Table 1 following: 

Table 1 

Control 
key 
No.-- 

Number of 
machine Purpose 
cycles 

Simultaneously zeroizing upper portion of . One. 
each of 1X to 5X. 

Spare key: available for any other operation. 
Simultaneously entering divisor multiples 
negatively in upper 1X to 5X and multi 
Egy multiples positively in lower 1X 
to 5X. 

Simultancotusly zeroizing lower portion of 
each of 1X to 5X. 

Spai key: available for any other opreation--------------- - 
----00--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Zeroizing upper portion of OX---------... Do. 
Entering an amount positively in upper Do. 
portion of OX, especially a dividend or multiplier. 

Entering an amount negatively in upper portion of OX. 
Zeroizing lower portion of OX------ - - - - - - 
Accumulating a productresult positively in 
lower OX. 

Accumulating a product result negatively 
in lower OX. 

Zeroizing whole of Q.--------------------- Entering quotient result positive in Q------ 
Entering quotient result negative in Q-...- 
Controlling preparatory cycle in dividing 
and multiplying operations. 

Controlling subsequent cycles in dividing 
and multiplying operations. 

550/1 
55012 

5504 
550/5 
55016 
5507 
55.018 

One. 

5500 
550/10 
550/11 

550)12 
550/13 
550/14 
550/15 
550/16 
550/17 

D0. 

D0. 
indefinite. 

Do. 

One. 
Indefinite. 

Do. 
One. 

Indefit ite. 

Other uses for the control keys, either sepa 
rately or in combination, will become apparent 
as the description proceeds. 

Entering dividend 
The dividend is set up on the keyboard in any 

convenient position but preferably to the left of 
the split, and the control key 55.0/8 is depressed. 
The machine is then operated through one cycle, 
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85 

point at which the 

70 

whereupon the dividend appears in OX, each 
digit being in line with its set-up on the key 
board. Near the end of the cycle the control key 
is released. 

Entering multiplier 
As will later be explained, a multiplier is 

entered as though it were a dividend, the same 
control key 55.0/8 being used. 

Entering divisor and multiplicand multiples 
To enter the divisor multiples, the divisor is 

set up on the keyboard to the left of the split, 
the control key 550/3 is depressed, and the ma 
chine is operated through five cycles by rotating 
the handle 595 once for each cycle. During 
these cycles the divisor multiples are built up in 
their respective totalizers by a series of successive lower portion of Ox. The upper portions of the 75 subtractions, the results being as shown in Table 



4. 
2, each multiple being registered as a comple 
ment. 
To enter the multiplicand multiples, the multi 

plicand is set up on the keyboard to the right. 
of the split, the same control key 550/3 is de 
pressed and the machine is operated through five 
cycles. During these cycles, the multiplicand 
multiples are built up in their respective totalizers 
by a series of successive additions, the results. 
being as shown in Tables 3 and 4. 
The divisor multiples and the multiplicand 

multiples may be built up simultaneously if de 
sired by entering both amounts on the keyboard, 

10 

depressing the appropriate control key, then Op 
erating the machine through five cycles. 
Whether the divisor and multiplicand multiples 

are entered separately or simultaneously, the de 
pressed control keys are not released until the 
completion of the fourth cycle. 

It will readily be appreciated that a divisor 20 
must not be entered with its highest digit in the 
highest denomination of the machine, but instead 
at least one denomination should be reserved on 
its left to accommodate in the multiple totalizers 
the tens entry relating to the multiples of that 
digit. 

Operating machine in dividing and/or 
multiplying cycles 

The construction of the mechanism is such 
that it always performs a multiplying cycle in 
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30 

the lower portion simultaneously with each divid- . 
ing cycle in the upper portion, using the quotient 
result in the upper portion as a multiplier in the 
lower portion. 

If no multiplicand factor has been entered, the 
accompanying multiplication is that of multiply 
ing a blank or Zero multiplicand by the quotient 
result, which gives a blank or Zero product. In 
that case the machine is said to perform "do 
vision only,' because only data for a dividing 
operation has been entered, the factors and re 
sults appearing in the totalizers as . shown in 
Table 2. 

If a dividend entry in OX is divided by 'One' as 
the divisor, the resulting quotient in Q will be 
identical with the dividend. If there is a multi 

35 
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45 

plicand entry, the latter will be simultaneously 
multiplied by the quotient result but, because the 
quotient result is identical with the dividend en 
try, it is equally correct to say that the multipli 
cand entry is multiplied by the dividend entry. 
Thus, to multiply together two factors, one fac 
tor is entered as a dividend and divided by 'one,' 
the other factor is entered as a multiplicand. 
The machine is then said to perform "multipli 
cation only' because only data for a multiplying 
operation has been entered, the factors and re 
sults appearing as in Table 3. 
When a dividend entry is divided by an amount 

other than "one' and a multiplicand entry is 
simultaneously multiplied by the quotient result, 
the machine is said to perform "division and mul 
tiplication simultaneously,' because data for both 
a dividing and a multiplying operation have been 
entered. The factors and results then appear as 
in Table 4. In the present embodiment, no means are 
shown for performing simultaneously a dividing 
operation and an independent multiplying Oper 
ation in which the multiplier amount is other 
than the quotient result, for the reason that du 
plex action of that kind is not included in the 
purpose of the invention.’ 

In "division only' quotients may be 

5th 

6) 

85 

70 
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either positively by using control key 55/4 or 
negatively by using key 550/5, and quotients may 
be totaled, if desired, by omitting to clear the 
totalizer Q before commencing the next calcula 
tion. The totalizer may be cleared by depressing 
the key 550/3. Also in "division only' the posi 
tion of the split is immaterial as long as there 
are sufficient denominations in the upper portion 
to accommodate all the digits of the divisor mull 
tiples. It may even be moved, if preferred, to the 
extreme right so that the upper portion of the 
machine includes all the denominations and the 
lower none, thus virtually converting the machine 
into a dividing machine only. An intermediate 
position for the split is preferred, however, in 
order to minimize its aljustment in general use. 

In "multiplication only," multipliers may be 
totaled as in 'division only' because each multi 
plier is reentered as a quotient in Q. Products 
may also be totaled, using control key 550/1 for 
positive entries and 550/12 for negative entries. 

Table 2 
DIVISION ONLY 

T Upper portion Tower portion 

5X--- Five times the divisor entered Blank, 
negatively. 

4X. Four times the divisor entered Do. 
negatively. 

3X---. Three times the divisor entered Do. 
negatively. 

2X - Twice times the divisor entered Do. 
negatively. 

X--- Once times the divisor entored Do. 
negatively. 

0X---- Dividend entered positively.----------- Dividend: alteraa tive position. 
Q ---- Quotient result entered positively or negatively. -------------------- 

Table 3 
MULTIPLICATION ONLY 

Tg Upper portion Lower portion 

5X---- Five times 'one' entered Five times the multiplicatad negatively. entered positively. 
4X---- Four times 'one' entered Four times the multiplicand 

negatively. entered positively. 
3X---- Three times 'one' entered Three times the multiplicand negatively. entered positively. 
2X---- Twice times "one' entered Twice times the multipli negatively. candentered positively. 
X---- Once times "one' entered Once times the multiplicand negatively. entered positively. 
0X.-- Multiplier entered positively Product result entered posi tively or negatively. 
Q----- Multiplier reentered posi 

tively or negatively. . 

agble 4 
SIMULTANEOUS DIVISION AND ESULTIPLICAON 

T Upper portion Lower portion 

5X---- Five times the divisor en- Five times the multiplicand tered negatively. entered positively. 
4X---- Four times the divisor en- Four times the multiplicand 

tered negatively. entered positively. 
3X---- Three times the divisor en- Three tines the multiplicand 

tered negatively. entered positively. 
2X---- Twice times the divisor Twice times the multipli entered negatively. cand entered positively. 
X---- Once times the divisor en- Once times the multiplieand tered negatively. entered positively. 
OX--- Dividend entered positively Product result entered posi tively or negatively. 
Q----- Quotient result reentered positively or negatively. 

Correlating dividend with divisor and skipping 
"aeros' in dividend or multiplier 

It was stated as an object of the invention to 
rovide means for measuring the positions of the 
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highest significant figures of the divisor and divi 
dend and to correlate the latter with the divisor 
at each stage of the calculation. There are two 
methods of accomplishing this. As will be shown later, every dividing or multiplying series of cycles 
is commenced with a special preparatory cycle 
using the control key 550" 6. During this cycle, 
no quotient or product result is entered. Each 
subsequent cycle, using the control key so/, 
is a result entering cycle. 
One method of correlation is to measure the 

positions of the significant digits on entering the 
amounts and then effect an aligning column shift 
of the dividend in the preparatory cycle. In each 
of the subsequent cycles in which the quotient 
result is less-than "5", the basic adjustment re ceives a supplementary adjustment of one place 
leftward so as to move the quotient signal right 
ward one place in readiness for the next quotient 
entry. - 

The second method is to measure the positions 
of the significant digits, not on entering the 
amounts but early in each cycle, with the result 
that any intermediate "zeros' in the difference 
isolated from the previous cycle will cause an 
extra shift of the latter one place leftward for 
each "zero' encountered so that, what in the first 
method would be a blank cycle giving "0" as a 
quotient result, would in the second method be entirely omitted. 
Each method has advantages but the first 

method has been chosen to illustrate the inven 
tion. 

It will be appreciated that the foregoing applies 
equally well to the correlating of the divisor 
'one' and the multiplier treated as a dividend 
as described in reference to "multiplication only' 
for either method may be applied. 
With the present machine a dividend and a 

divisor may be entered with like denominations 
in any relationship, provided that the divisor is 
entered wholly on the left of the split. The divi 
dend may be entered anywhere in OX without 
reference to the position of the split, but in this 
embodiment its highest digit must not be more 
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than nine columns from the highest digit of the 
divisor. In the preparatory cycle the machine 
automatically column-shifts the dividend in 
whichever direction is required to align its high 
est digit with that of the divisor. This feature is 
of particular value in an extended calculation 
where, for example, a product result in the lower 
portion of OX is required to act as a dividend or 
multiplier in a subsequent calculation. 

Quotient place indicating 
Quotient place indicating is effected by show 

ing a signal through a window 598 in whichever 
denomination the quotient will be entered dur 
ing the cycle, and the column-shifting of a divi 
dend in one direction is always accompanied by 
a corresponding shift of the quotient place signal 
in the opposite direction. The position for en 
tering the first quotient digit is dependent upon 
the position of the signal when commencing the 
calculation, and also upon the amount the divir 
dend is shifted to align it with the divisor. An 
example of a calculation given later in the de 
scription will show how the commencing position 
is influenced by these two circumstances. If the 
highest digits are already in alignment, there will 
be no aligning shift and consequently the first 
quotient entry will be made in whichever column 
is occupied by the signal. The position of the 
signal can be adjusted before entering the factors 
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by column-shifting a blank amount in one or 
other portion of OX, 

Quotient entering 
As set forth in the objects of the invention, 

with the series of multiples once to five times the 
divisor, an extra cycle for the same quotient 
denomination is required if the quotient entry is 
"5'. In this extra cycle the machine is required 
to ascertain whether '5' is the true quotient or 
whether it is only a partial quotient. If it is the 
true quotient, then the quotient entry in the 
extra cycle will be '0'. If it is only a partial 
quotient, then the quotient entry in the extra 
cycle will be either "1, 2, 3 or 4' and, because this 
entry is made in a denomination already con 
taining '5', the final or true quotient result will 
be "6, 7, 8 or 9'. 
In a "true-quotient" cycle or an "extra-quo 

tient' cycle, the entering of the quotient value is 
always followed by a rightward shift of the quo 
tient signal to the position required for the quo 
tient entry in the next cycle. It is therefore al 
ways possible to tell if the last quotient figure 
calculated is a true quotient by observing whether 
or not the quotient indicator has moved to the 
next column. 

Column-shifting 
The column-shifting means disclosed in this 

Specification is applicable to (a) automatic shift 
ing of a dividend or product amount in OX dur 
ing a calculating cycle; (b) manual shifting of 
an amount already in OX. 

(a) Automatic shifting has already been re 
ferred to under "correlating dividend with divisor 
and skipping 'zeros' in dividend or multiplier.' 
It applies only to the upper and lower portions 
of CX and only takes place during a dividing 
and/or multiplying series of operations, the 
means for manual shifting being held locked. 
Each automatic shift takes place during the cal 
culating cycle in which it is required, the maxi 
mum shift (in this embodiment) of nine col 
unns in either direction requiring no more move 
ment of the mechanism than that necessary to 
effect a shift of only one column. The amounts 
in both portions of OX are shifted simultaneously 
in automatic working as though they formed only One amount. 

(b) Any possible automatic shift can be per 
formed manually by latching down an appropri 
ate one of a number of shift keys 273 and, which 
ever of the zeroizing control keys 550/1 or 550/10 
controls the clearing of the amount to be shifted, 
then rotating the handle one turn. 

It will be observed that there are nineteen of 
the keys 273; eighteen are arranged one in each 
denomination and one on the extreme right. Each 
is marked with a designating numeral to show 
the amount of column-shift it controls. The 
shift key in column 9 and marked 'N' is called 
the "normal' or "no shift' key because it ad 
justs the mechanism to give no column-shift 
when operated as above but, although no column 
shift is effected, another purpose is served as will 
later be described in reference to the details of 
the mechanism. The other keys are arranged in 
two groups, one group on the left of the normal 
key for rightward shifts and the other group on 
the right for leftward shifts. A rightward shift 
of an amount in OX is accompanied by a left 
Ward shift of the quotient signal and vice versa. 
With the quotient signal in the normal column 
and using, for example, the '2' key in column , 
the selected amount in OX is moved rightward 
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two places and the quotient signal is moved left 
ward two places from column 9 to column . 
When the quotient signal is moved from the nor 
mal position, it will always move to the same col 
unn as the operative shift key, no matter which 
key is selected. If the same key is used a second 
time, the amount in OX will be moved rightward 
a further two places and the quotient signal will 
be moved leftward another two places to column 
3. If used a third time, the amount will be 
moved a total of six places rightward and the 
signal a total of six places leftward to column 
5. Using the '6' key in the first shift cycle 

instead of the '2' key three times in succession 
would have produced the same amount of shift, 
From this example it will be understood that 
each shift key controls in each manual column 
shift cycle an amount of shift comprising a Com 
plete step through as many denominations as are 
signified by its designating numeral and in a 
direction corresponding to its group. If a shift 
takes an amount in OX beyond the capacity of 
the machine in either direction, the part not 
within the capacity will be lost; thus, column 
shifting an amount beyond the capacity of the 
machine provides an alternative method of clear 
ing it. If the quotient signal is already displaced 
from the normal position when a shift is made, it 
will be moved from the displaced position through 
the same number of places as though it were 
moved from the normal position. 
The '9' key on the extreme right is an extra 

shift key provided to enable a maximum right 
Ward shift of nine columns to be balanced by 
an equal shift of nine columns leftward. It will 
be noted that this key has no quotient place sig 
nal, none being needed for this purpose. 
In manual shifting, an amount in one portion 

of OX may be shifted to the other portion. If 
there is an amount already standing in that por 
tion, then the first amount may be so shifted that 
it may be added to the standing amount. 
In some calculations it may be preferred to 

have the quotient signal in some predetermined 
commencing position. The signal may be col 
umn-shifted to that position by leaving the up 
per or lower portion of Ox blank, then using 
that portion for a blank column-shift operation 
which will move the signal to the predetermined 
position. 
Transmitting a result from totaliaer to keyboard 

In a continued series of calculations it fre 
quently occurs that a product or quotient result 
is required to be set up on the keyboard for use 
as a factor in a later calculation. A part of the 
mechanism for this purpose is incorporated in 
the drawings, but as it is not essential to the 
description of the present invention it will only 
be referred to briefly. 

Clearing totaliaers 

An amount in the upper portion of X may be 
cleared by depressed the zeroizing key 550/1 and 
rotating the handle 595. If at the same time 
there is an amount in any of the upper portions 
of 2X to 5X, this amount will also be cleared by 
the same operation. The lower portions of X 
to 5X may be similarly cleared by using the key 

. 550/4. The upper portion of OX may be cleared 
by depressing the key 550/1 and rotating the 
handle. The lower portion of OX may likewise 
be cleared by using the key 550/10, 
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Decimal point indicators 

An indicator is provided in each of the total 
izers Q, OX and X. They are independent 
and each may be manually adjusted by the ro 
tation of a knob 6a to any one of eighteen 
possible positions. As the splitting of the ma 
chine provides for the entry of two amounts in 
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each of the totalizers OX and X as described, 
and because there is only one indicator for each 
totalizer, each indicator can only be used on one 
side of the split at a time, but this suffices for 
Ordinary requirements. In the case of the to 
talizer Q, this circumstance does not arise for 
the totalizer is not split and only one amount 
at a time is entered. Thus, in 'division only,” 
where the factors and results are disposed as in 
Table 2, the X indicator is utilized to point of 
the divisor in the upper portion of X, and the 
OX indicator to point of the dividend in which 
ever portion of OK it has been entered. In "mull 
tiplication only,' where the factors and results 
are as set forth in Table 3, the X indicator is 
moved to the lower portion to point of the mull 

I tiplicand, and likewise the OXindicator to point 
of the product result in OX. In "simultaneous 
division and multiplication' where the factors 
and results are as shown in Table 4, both the 
OX and the X indicators may be employed in 
either portion of their respective totalizers ac 
cording to the requirements of the calculation. 
As already described, the factors may be entered 
in any position in their respective totalizers, pro 
vided that sufficient room is left for the results 
So that, when entering a factor in which the units 
denomination is known, it follows that the deci 
mal point position for that factor is known and 
the indicator can, therefore, be adjusted to that 
position. For the position of the decimal point 
in the results, the customary rule is applied, 
namely, that the number of decimal places in the 
quotient is equal to the number of places in the 
dividend minus the number in the divisor, and 
the number of decimal places in the product 
is equal to the number of places in the multi 
plier plus the number in the multiplicand. In 
the case of a product, it is preferred to position 
its decimal point an additional column leftward 
of that obtained by the foregoing rule owing to 
the operation of the column-shift means as will 
be explained. 
Eacample of division and multiplication simul 

taneously 
A Specific example of a simultaneous dividing 

and multiplying operation will now be given. 
Let it be required to divide 1498 by 14 and at 

same time multiply the resulting quotient by. 

The totalizers are first cleared of all values 
by depressing control keys 550/1, 55.0/4, 550/7, 
550/10 and 550/3 and then rotating the handle 
595 one turn. This cycle zeroizes both the upper 
and lower portions of each totalizer, the de 
pressed control keys remaining latched down un 
til near the end of the cycle when they are re 
leased. The keys 870 and 87 Oa are also de 
pressed to clear the keyboard of any previous 
Settings. Neither of these keys is latched down 
and each is effective without rotation of the 
handle 595. 
The split is now adjusted to give sufficient 

capacity for the dividing and multiplying opera 
tions; in this case, between columns to and 

75 will be suitable. The machine is now ready for 
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entering the given data and commencing the 
calculation. 

In Figures 24a to 24h are set forth the var 
ious steps involved at each stage of the calcu 
lation. Each figure shows the values in the to 
talizers and on the key board at the beginning 
or at the end of a stage in each cycle of opera 
tion; also, which control keys are depressed and 
whether or not any of then are released at the 
end of a cycle. The position of the split is 
shown by an asterisk and the position of the 
quotient place signal by an arrow. The latching 
of a column-shift key 2 or an equivalent cole 
umn-shift adjustment is denoted by an under 
lining of the designating number which repre 
sents it. The depressing of a control key at the 
beginning of a cycle is marked by a bracket, and 
its release during a cycle by the omission of the 
bracket. Decimal point indications are shown 
as normal decimal points. 

Entering dividend amount 
With the machine cleared, the dividend "1498' 

is entered on the key-board to the left of the 
split in, say, columns it to 4, as shown in Fig 
ure 24a. The control key 55.0/8 is set and the 
handle 595 given one rotation, whereupon the 
dividend appears in the upper portion of OX as 
shown in Figure 24b, the key 55.0/8 is released 
and the keyboard is cleared. 

Entering divisor and multiplicand multiples 
The divisor “14” is entered on the keyboard 

to the left of the split in, say, columns and 
2, and the multiplicand '33' on the right in 
columns 4 and 5, these positions being chosen 
as described. The control key 55G/3 is set as 
shown in Figure 24c and on rotating the handle 
once the divisor is entered negative in the upper 
part of 5X and the multiplicand positively in the 
lower part of the same totalizer, as shown in 
Figure 24d. It will be noted that the control 
key 550/3 is not released. On rotating the han 
dle a second time, the amounts are again en 
tered in 5X and also in 4X as shown in Figure 
24e, the control keys again being held. Rotat 
ing the handle a third time causes the amounts 
to ba entered in 5X, X and 3X as shown in 
Figure 24f, the control keys still being held. 
A fourth rotation enters the amounts in 5X, 4X, 
3X and 2X as shown in Figure 24g; a fifth en 
ters them in 5X, X, 3X, 2X and X as shown 
in Figure 24h; in the fourth cycle the key 550/8 
is released. The machine now contains the multi 
ples of the divisor entered negatively and regis 
tered as complements in their respective totalizer, 
and the corresponding multiples of the multipli 
cand entered positively and registered as true 
amounts. Thus, the totalizer X registers the 
divisor 14 as its complement 99999986 and the 
multiplicand 33 as a true amount. The totalizer 
2X registers 99999972 as the complement of 28, 
or twice the divisor, and 66 which is twice the 
multiplicand. In the same way, the totalizers 
3X, 4X and 5X register the appropriate multi 
ples of the divisor negatively and of the multipli 
cand positively. The upper portion of the total 
izer OX registers the dividend. Finally, the dec 
imal points are adjusted as shown in Figure 24h 
to conform to the decimal point rule already 
referred to. 

Correlating dividend upith divisor 
When the dividend was entered, the dividend 

and divisor aligning means, referred to under 
"correlating of dividend with divisor and skipping 
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"zeros' in dividend or multiplier,' automatically 
measured the position of the highest figure in the 
dividend by sensing the number of zeros on its 
left as entered in OX, and then subtractively en 
tering that number on a differencing device 
whereby column-shifting for aligning the divi 
dend is controlled. When the divisor entry was 
made in X during the fifth multiple entering 
cycle, similar measuring means ascertained the 
position of the highest figure in the divisor by 
sensing the number of nines on the left of its 
complement as entered in IX and then additively 
entering that number on the differencing device. 
It will be observed in this case that the number 
of Zeros is four and the number of nines is six. 
Subtracting four on the differencing device and 
then adding six leaves a difference of plus two. 
This difference sets up a call in which the nu 
meral amount determines the number of de 
nominations through which the dividend must 
be column-shifted to align its highest figure with 
that of the divisor and the algebraic sign de 
termines the direction of the column-shift, in 
this case rightward, for plus means rightward and 
minus means leftward. The actual column-shift 
ing of the dividend in answer to this call does not 
take place, however, until the first dividing and 
multiplying cycle. It will be appreciated that the 
same amount of Column-shift would have been 
called for if the divisor multiples had been en 
tered before the dividend instead of after, for 
adding the six first On the differencing device and 
then Subtracting the four will produce the same 
algebraic result of plus two. 

Preparatory dividing and multiplying cycle 
To commence the calculation, the operator de 

presses the control key 550/6, and afterwards 
Operates the machine through its first simul 
taneous dividing and multiplying cycle as shown 
in Figures 25a, 25lb and 25c. 
The following description of this cycle is split 

up into six parts, (a) to (f), to facilitate ref 
erence in describing the action of the machine. 

(a) In this cycle, which in essence is a pre 
paratory cycle, the canvassing mechanism, which 
in every dividing and mutiplying cycle is em 
ployed to ascertain which totalizer, in its upper 
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portion contains the smallest positive amount, is 
utilized to isolate the totalizer OX. In all pre 
paratory cyles it is always OX that is isolated 
because OX is the only totalizer containing a 
positive amount in its upper portion. 
Each denomination of OX is then connected 

directly to the corresponding denomination of 
the keyboard section, and at the same time the 
totalizers X to 5X are each directly connected 
in each denomination to multiple resetting mech 
anism, whereby the multiple values can be re 
stored in the totalizers after each comparing 
Operation as will be described. The totalizer OX 
is not provided with resetting mechanism because 
any divisor multiple corresponding to the quo 
tient digit "0" will itself be of zero value so that 
there are never any multiple digits otherwise 
than '0' to reset, which result is achieved when 
required by operating the clearing means of this 
totalizer as will be explained in (b). 

(b) All the totalizers OX to 5X are then cleared 
automatically with the result that because of the 
connections described in (a) the dividend amount 
in OX is transmitted without column-shift to the 
keyboard section, while the divisor and multi 
plicand multiples in X to 5X are transmitted to 
the multiple resetting mechanism of their re 



spective totalizers and each without any column 
shift. In a preparatory cycle the quotient entering 
mechanism is not operated because, owing to the 
OX totalizer being always the one to be isolated, 
the quotient result is always "0." This leaves 
the machine as shown in Figure 25a. 

(c) The dividend amount transmitted to the 
keyboard section is next registered therein in a 
manner analogous to a keyboard setting. 
The column-shift mechanism remains adjust 

ed to give a shift of two places rightward in ac 

O 

cordance with the algebraic difference of "plus . 
two' set up in the differencing device as described 
in "correlating of dividend with divisor and skip 
ping 'zeros' in dividend or multiplier." The quo 
tient signal also remains in column if as shown 
in Figure 258. 

(d) By means of the multiple resetting mech 
anism the multiples are again entered in to 
talizers X to 5X as shown in Figure 25b. 

(e) Immediately following the resetting of the 
multiples, the dividend registration on the key 
board mechanism is employed as though it were 
a keyboard setting to control the entering of 
the dividend positively and concurrently in all 
the totalizers OX to 5X but column-shifted two 
places rightward to align its highest figure with 
that of the divisor in X. This is equivalent to 
multiplying each divisor multiple by the second 
power of ten and concurrently subtracting it 
from the dividend in each case. Thus, the di 
visor multiples are compared with an upper 
part of the dividend and give the results shown 
in Figure 25c in which it will be noted that each 
totalizer is left registering in its upper portion 
the difference between the dividend and one hun 
dred times the divisor multiple originally in it. 
in the lower portion of each totalizer the multi 
plicand multiples remain at reset, but these also 
must be considered as having been multiplied 
by the second power of ten, for each is now a 
partial product and one of them will be selected 
in the next cycle to form the 
result. 

Actually, the tens transfers of the comparing 
Operation take place during (f), but it is more 
convenient in this preliminary outline to con 
sider the comparing operation as having been 
completed in the part (e). 

It will also be noted that the differences in the 
totalizers OX and fix are positive while those in 
the totalizers 2X to 5X are negative. It will fur 
ther be noted that the units and tens denomina 
tions of the dividend have been entered in OX 
to 5X on the right of the split, but this causes 
no difficulty since the values concerned are en 
tered in denominations in which the dials are 
already standing at zero and so this lower por 
tion of the dividend is merely registered therein 
until required in the next cycle as will be ex 
plained. 

(f) Finally, the dividend registration on the 
keyboard section is cleared and the control key 
550/6 is released, leaving the machine in the 
condition shown in Figure 25C. 

Subsequent dividing and multiplying cycles 
After the preparatory cycle the operator de 

presses the control key 550/7 and either of the 
control keys 550/1 or 550/2, depending upon 
whether the product result is required to be en 
tered positively or negatively in lower X. If 
the quotient result is also required, either of the 

first product 
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upon whether the quotient result is required to be 
entered positively or negatively in Q. The na 
chine is then operated through a number of cycles 
until the calculation is completed. 
The Operations performed during these subse 

quent cycles, are in general the same as those 
performed during the preparatory cycle, except 
that each of these subsequent cycles is a quotient 
and product entering cycle and there are a num 
ber of minor differences in the functioning of 
the mechanism. 
As in the preparatory cycle, the description of 

each subsequent cycle will be split up into six 
parts (a) to (f). 

First subsequent cycle 
(a) Early in the first subsequent cycle, the 

multiple totalizers OX to 5 are canvassed to 
ascertain, which in its upper portion after the 
comparing Operation of the preparatory cycle 
contains the smallest positive difference and, 
When this totalizer (X in this case) has been 
found, the mechanism isolates it from the other 
multiple totalizers and connects it to the key 
board section in the same way as the totalizer 
0X was connected in the preparatory cycle, ex 
cept that the Connection is made through the 
Column-shift means instead of direct. At the 
same time, the totalizers X to 5X are connected 
to their respective resetting mechanisms. 

(b) All the totalizers Xto 5X are then cleared 
With the following result. In the preparatory 
cycle the column-shift mechanism was adjusted 
to give a shift of two places rightward which 
means that an amount registered in the keyboard 
section Was transmitted from that section to the 
totalizers with that particular amount of shift. 
If at any time following such an operation one 
of the totalizers were selected as described and 
then cleared, the amount in the totalizer would 
be transmitted back to the keyboard section with 
a contrary shift of two places leftWard, provided 
that the connection and the column-shift mech 
anism were unaltered, because the second trans 
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mission would be a reversal of the first. Accord 
ingly, when the totalizers are cleared, and be 
cause of the connection set up between the iso 
lated X and the keyboard section through the 
column-shift mechanism, the isolated difference 
'98" is transmitted to the keyboard section with 
a contrary shift of two places leftward from its 
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position in X so as to return this difference to 
the denominations and 2 it originally occu 
pied as part of the dividend. At the same time 
the partial product “3300' in the lower portion of 
X is likewise transmitted to the keyboard section 

with a shift of two places leftward. It will thus 
be seen that the amount in the lower portion 
of the isolated totalizer, the partial product 
“3300' in this case, is transmitted as though it 
were part of a difference Comprising the amount 
'980003300', 
The other differences and their associated par 

tial products in the totalizer 2X to 5X are trans 
mitted to their respective resetting mechanisms 
but are later cleared as they represent quotient 
values and product results that can be discarded 
after the totalizer containing the smallest posi 
tive difference has been found. 

During the transmission of the difference '98' 
and partial product '3300' from the isolated to 
talizer X to the keyboard section, the quotient 
value '1' corresponding to this totalizer is en 
tered in Q in the hundreds denomination, i. e. 

keys 550/4 or 550/5 is depressed depending 75 column if, as indicated by the quotient signal 
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which has occupied that position since the be 
ginning of the preparatory cycle. This leaves the 
machine as shown in Figure 25d. 

(c) The difference “98' and partial product 
“3300' are now registered in the keyboard sec 
tion. The difference occupies the Original de 
nominations and 2, but the selected partial 
product “3300' being shifted two places leftward 
with the difference '98' now forms in the de 
nominations 7 to 4 a record of the product “3300' 
which is once times "33' multiplied by the Sec 
ond power of ten, because the quotient entry has 
been made in the hundreds denomination, col 
umn it. The reason for returning the difference 
to the original denominations will be explained 
at a later stage, but it will be noted that the 
column-shift setting of two places rightward in 
this cycle will be utilized as a basic setting 
throughout the calculation as described in ref 
erence to the first method in "correlating of divi 
dend with divisor and skipping 'zeros' in dividend 
or multiplier.' 
At the same time the differencing device, which 

is still set at "plus two,' now receives through 
means associated with the isolating mechanism 
the superimposed setting of "minus one,' and this 
leaves the device with a difference of "plus one,' 
which means a call to column-shift the differ 
ence “98' and partial product “3300' one place 
rightward when entering these amounts in the 
totalizers for the comparing operation to be de 
scribed in part (e) of this cycle. 

(d) The multiples are again reset in X to 5X 
as shown in Figure 25e, and the column-shift 
mechanism is adjusted to give a shift of one 
place rightward in accordance with the new call 
set up by the differencing device as described in 
(c) of this cycle. At the same time the quotient 
signal moves to column O as shown in Figure 
25e. 

(e) Following the resetting of the multiples, 
the difference “98' and partial product “3300' 
registered in the keyboard section are positively 

; and concurrently entered in the upper and 
lower portion respectively of each of the totalizers 
OX to 5X with a shift of one place rightward. 
This is equivalent to multiplying each divisor 
multiple by the first power of ten and concur 
rently subtracting it from the dividend in each 
case. Thus, the divisor multiples are compared 
with the isolated difference or remainder result 
ing from the comparing operation in the latter 
part of the preparatory cycle, such remainder be 
ing now used as though it were a new dividend. 
This gives the result shown in Figure 25f, in 

which it will be noted that with the one excep 
tion of OX, which registers a positive difference, 
each totalizer registers in its upper portion a 
negative difference which is the difference be 
tween the remainder '98' and ten (i. e. the first 
power of ten) times the divisor multiple original 
ly in it. In its lower portion each totalizer regis 
ters the corresponding multiplicand multiple, 
multiplied by the first power of ten because the 
quotient signal (which is also the multiplier digit 
signal) is in the tens denomination, plus the 
partial product “3300'. One of these partial 
product sums will be selected in the next cycle 
to form the second product result. 

(f) The registrations on the keyboard Section 
are now cleared and the control keys are re 
leased. However, in Figure 25f the keys are 
shown as being still held depressed, for it is pre 
sumed that the operator is continuing to hold 
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them depressed during these subsequent cycles 
and until the calculation is completed. 

Second Subsequent cycle 
(a) At the beginning of the second subsequent 

Cycle, the totalizers OX to 5X are canvassed as 
in the previous cycle, and OX is found to con 
tain the smallest positive difference “98'. The 
mechanism isolates OX and connects it to the 
keyboard section through the existing setting of 
the column-shift means. The totalizers X to 
5X are connected to their respective resetting 
mechanisms. 
(b) The totalizers OX to 5X are then cleared 

with the result that the difference “98' in the 
upper portion of OX and the partial product sum 
“3300', comprising the first partial product 
“3300' plus zero times. “33” multiplied by the 
rst power of ten because the quotient entry will 

be in the tens denomination, are both trans 
mitted to the keyboard section but with a con 
trary shift of one place leftward from their po 
sition in OX so. as to return these values to the 
denominations previously occupied. It will be 
observed that the difference and partial product 
sum isolated in this cycle are identical with those 
Sclated in the previous cycle. This circumstance 
inly occurs when the quotient value in the cycle 
is '0' as in this case, for then the Selected divisor 
and multiplicand multiple are also of zero value, 
so that the difference from the previous cycle is 
undiminished in the present cycle and likewise 
the partial product sum is not increased. 
The other differences and their associated par 

tial product sums in the totalizers IX to 5X are 
discarded in the same way as the unwanted dif 
ferences and partial product sums in the previ 
ous cycle. . 

During the above action of the machine in this 
cycle, the quotient value '0' corresponding to 
the isolated totalizer OX is entered in Q in the 
tens denomination, column fo, as shown in Fig ure 25g. 

(c) The difference '98' and partial product 
Sum "3300' are now registered in the keyboard 
Section as shown in Figure 25g, the difference be 
ing undiminished and the partial product not 
increased as explained in (b). 

Because the quotient value in this cycle is less 
than "5', the differencing device which is still set 
at "plus one' now receives the supplementary 
Setting of 'minus One.' This leaves the device 
With a difference of 'Zero' which means a call 
to enter the difference '98' and partial product 
Sum "3300' with no column-shift when entering 
these amounts in the totalizers for the comparing 
operation to be described in (e) of this cycle. 

(d) The divisor and multiplicand multiples are 
again reset in X to 5X as shown in Figure 25h, 
and the column-Shift mechanism is adjusted to 
give "no shift' in accordance with the new call 
set up by the differencing device as described in 
(c) of this cycle. At the same time the quotient 
signal moves to column “9 in Figure 25h. 

(e) After the resetting of the multiples, the 
difference '98' and partial product sum “3300' 
registered in the keyboard section are positively 
and concurrently entered in the upper and lower 
portion respectively of each of the totalizers OX 
to 5X with no column-shift. This is equivalent 
to multiplying each divisor multiple by the Zero 
power of ten and concurrently subtracting it 
from the dividend '98 in each case. Thus, the 
divisor multiples are compared with the isolated 
difference or remainder resulting from the com 
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paring operation in the latter part of the previous 
cycle, such remainder being used in the present 
cycle as a new dividend. 
This gives the result shown in Figure 25i, in 

which it will be seen that each of the totalizers 
OX to 5X in its upper portion shows a positive 
difference which is the difference between the 
new dividend '98' and once (i. e. the zero power 
of ten) times the divisor multiple originally in 
it. In its lower portion each totalizer shows the 
corresponding multiplicand multiple, multiplied 
by the zero power of ten because the quotient 
signal (which is also the multiplier digit signal) 
is in the units denomination, plus the second par 
tial product sum "3300'. One of these partial 
product sums will be selected in the next cycle 
to form the third product result. 

(f) The registrations on the keyboard section 
are now cleared. The control keys are released 
by the machine but are still held depressed by the 
operator. 

Third subsequent cycle 
(a) At the beginning of the third subsequent 

cycle, the mechanism ascertains that the total 
izer 5X contains the smallest positive difference 
"28'. It then isolates it from the other multiple 
totalizers and connects it to the keyboard Section 
as in the previous cycles, and again the connec 
tion is direct because the contrary shift in this 
cycle is still at "normal.” 
At the same time the totalizers X to 5X are 

connected to their respective resetting mecha 
nisms. . W 

'(b) The totalizers (X to 5X are then cleared 
with the result that the difference "28' in the 
upper portion of 52 and the associated partial 
product sum '3465' in the lower portion, com 
prising the second partial product sum "3300' 
plus five times “33” multiplied by the zero power 
of ten because the quotient entry will be in the 
units denomination, are transmitted to the key 
board section but with no contrary shift as stated 
above. The difference is returned to the denom 
inations originally occupied as part of the divi 
dend; while the partial product sum is likewise 
returned to the denominations occupied by the 
partial product sum registered in the keyboard 
section in the previous cycle. 
The other differences and their associated par 

tial product Sums are discarded as in the previous 
cycles. 

During the above, the quotient value "5' corre 
sponding to the isolated totalizer 5X is entered. 
in Q in the units position, column 9, as shown in 
Figure25i. 

(c) The difference "28' and partial product 
sum '3465' are now registered in the keyboard 
section as shown in Figure 25i. 

Because the quotient value in this cycle is '5', 
then for the reason described under "quotient en 
tering' the differencing device, which is still in 
the 'normal' position, does not receive the Sup 
plementary adjustment as in the first and second 
subsequent cycles, so that the column-shift ad 
justment remains unchanged throughout the rest 
of the cycle and in consequence the quotient place 
signal is not moved from column 9. As ex 
plained under the heading referred to, the su 
perimposed setting is not applied when the ma 
chine is required to perform an extra cycle for 
the purpose of ascertaining whether or not...there 
is any additional quotient beyond the amount 
'5' already entered. 

(d) The devisor and multiplicand multiples 
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in Figure 25k. The column-shift mechanism re 
mains adjusted to give "no shift' because of the 
need for the extra cycle, and the quotient signal 
remains in column 9. (e) Following the resetting of the multiples, 
the difference '28' and partial product sum 
"3465' registered in the keyboard section in the 
previous cycle are positively and concurrently en 
tered in the upper and lower portion respectively 
of each of the totalizers OX to 5.X with no co 
lumn-shift. This is equivalent to multiplying 
each divisor multiple by the zero power of ten 
and concurrently subtracting it from the dividend 
"28' in each case. Thus, the divisor multiples 
are compared with the isolated difference or re 
mainder resulting from the comparing operation 
in the previous cycle, such remainder being used 
in this cycle as a new dividend, and the compar 
ison is effected with the same column-shift set 
ting as in the previous cycle because the quotient 
amount resulting from the comparison is required, 
in the next cycle, to be added to the quotient 
amount already entered in the present cycle. 
This gives the result shown in Figure 25m in 

which it will be observed that each of the total 
izers OX and X in its upper portion shows a 
positive difference, 2X shows a zero difference 
which is reckoned as positive because there are 
no nines in its higher denominations while 3X, 
4X and 5X each show a negative difference. 
Each difference, whether positive or negative, is 
the difference between the new dividend '28' and 
Once (i. e. the Zero power of ten) times the di 
visor multiple originally in it. In its lower por 
tion each totalizer registers a new partial prod 
luct Sum comprising the corresponding multipli 
cand multiple multiplied by the Zero power of 
ten, because the quotient Signal (which is also 
the multiplier digit signal) is in the units de 
nomination, plus the third partial product sum 
'3465'. One of these partial product sums will 
be selected in the next cycle to form the fourth 
product result. 

(f) As in the previous cycles, the keyboard 
section is now cleared. The control keys are re 
leased by the machine but still held by the oper 
ator. 
This leaves the machine in the condition shown 

in Figure 25m. 
Fourth subsequent cycle 

The product result “3531' could be read off 
from the totalizer 2X at this stage, because it 
Will be observed that the difference in 2X is of 
zero value which signifies the end of the division, 
but the quotient is not yet complete as shown 
by the fact that the signal has not moved from 
column 9. It is therefore preferred to perform 
an “extra-quotient' cycle, so that the product 
results can be registered in OX and the quotient 
be completed in Q. 

(a) In this cycle, the totalizers OX to 5X are 
canvassed and 2X is found to contain the 
Smallest positive difference which in this case 
is Zero. The mechanism isolates 2X and con 
nects it to the keyboard Section but with no 
contrary shift, as the column-shift means is 
still at “normal'. The totalizers X to 5X are 
connected to their respective setting mecha 
nisms. 

(b) The totalizers OX to 5X are then cleared. 
The isolated difference being Zero, no significant 
values are transmitted from the upper portion of 
OX to the denominations in the keyboard sec 

are again reset in the totalizers f2K to 5X as shown 75 tion originally occupied by the dividend, but the 
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associated fourth partial produce sum "3531' 
in the lower portion is returned with no Column 
shift to the denominations occupied by the par 
tial product sums registered in the keyboard 
section in previous cycles. The Sum "3531' com 
prises the fourth partial product sum "3465' 
plus twice times "33' multiplied by the zero 
power of ten, because the quotient entry will be 
made in the units denomination. 
The other differences and their associated 

partial product sums are dealt with in the man 
ner already described. 
The quotient value '2' corresponding to the 

isolated totalizer 2X is entered in Q in the units 
denomination, column 9. This extra amount is 
added to the partial quotient"5'- already in that 
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denomination, thus making a true quotient of . 
'' as shown in Figure 25n. 

(c) The partial product sum "3531" is now 
registered in the keyboard section as shown in Figure 23n. 

Because the quotient entry in this cycle is less 
than "5", the differencing device receives the sup 
plementary setting of "minus one' which leaves 
the device with a difference of "minus one': '25 This means a call to enter the isolated differ 
ence, which is zero, and the partial product sum 
which is “3531', both of which are now regis 
tered in the keyboard section, with a column 
shift of one place leftward when entering these 
amounts in the totalizers for the comparing op 
eration to be described in (e) of this cycle. 

(d) The divisor and multiplicand multiples 
are then reset as shown in Figure 25o, and the 
'column-shift mechanism is adjusted to give a 
shift of one place leftward in accordance with 
the new call set up by the differencing device 
as described in (c) of this cycle. At the same 
time the quotient signal moves to column 8 as 
shown in Figure 25o. 

(e) After the resetting of the multiples, the 
zero difference and the fourth partial product 
sum “3531' registered in the keyboard section 
are positively and concurrently entered in the 
upper and lower portions respectively of each of 
the totalizers OX to 5X with a colunm-shift of 
one place leftward. This is equivalent to multi 
plying each divisor multiple by one-tenth (i. e. 
the first negative power of ten) and concur 
rently subtracting it from the new dividend, 
which is zero, in each case. Thus, the divisor 
multiples are compared with the isolated Zero 
difference resulting from the comparing opera 
tion in the previous cycle. 
This gives the result shown in Figure 25p, 

It will be seen in this figure that OX in its upper 
portion shows a zero difference which is reckoned 
as positive, and that each of the totalizers tX to 
5X shows a negative difference. Each difference 
is the difference between the new dividend, 
which is zero, and one-tenth (i. e. the first nega 
tive power of ten) times the divisor multiple 
originally in it. In its lower portion each total 
izer shows the corresponding multiplicand 
multiple multiplied by the first negative power of 
ten because the quotient signal (which is also 
the multiplier digit signal) is in the first decimal 
denomination, plus the partial product sum 
'3531'. One of these partial product sums 
would be selected in the next cycle, if the oper 
ation of the machine were continued, to form the fifth product result. 

(f) The registrations on the keyboard section 
are cleared and the control keys are released 
both by the machine and the Operator, for no 
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further quotient or product results are possible 
when the difference in OX is zero. 
Continuing to Operate the machine beyond 

this point without releasing the control keys 
merely column-shifts the product result left 
Ward One place with each operation. It will thus 
be seen that, when the upper portion of 2X 
showed a zero difference and the product “3531' 
Occupied the lower portion as shown in Figure 
25m, the product held the correct relation 
ship with the decimal point standing between 
columns 4 and 5. When the machine had been Operated through a further cycle to complete 
the quotient result, the product “3531' appeared 
in OX, but relatively to the decimal point, ten 
times too big. This is due to the operation of 
the column-shift mechanism and should always 
be allowed for by placing the decimal point one 
more place leftward than that given by the 
decimal point rule usually employed. 

Keyboard . 
The machine is provided with a keyboard com 

prising a plurality of columns of keys 50 (Figures 
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2, 3,38 and 42a). Each of these columns com 
prises 10 keys. Each key can be depressed 
against the action of spring 5 which tends to 
move the key upwardly and each key is provided 
with teeth 52 (Figure 2) meshing with a gear 
sector 53. The gear sector is secured to a rocking 
bail 54. 
There is a separate rocking bail 54 for each key 

and each rocking bail co-operates with a plurality 
of locking slides 55. There is a separate slide 55 
for each key and each bail 54 has a tooth 56 
which enters a notch 51 in the slide correspond 
ing to the same key so that, when the bail rocks 
clockwise, it moves this slide to the left. 

Each slide has only one notch 57 and is cut 
away as at 58 opposite the remaining bails 54, 
that is, it can only be moved by one bail. Each 
slide is provided with a lug 59 opposite another 
tooth 60 of each bail except the one that moves 
it. When a bail is rocked, it moves its associated 
slide to the left and moves to the right any other 
slide which may be displaced to the left by means 

50 

of its tooth 60 engaging the related lug 59 on the 
latter slide. It will be noted that the slide shown 
in Figure 3 has a notch 57 co-operating with the 
third bail from the right and has no lug 59 oppo 
site this bail so that this slide can be moved by 
the bail in question. 
Each slide 55 has a notch 6 and a tooth 62 

except that associated with the Zero key. This 
5 latter slide has the notch 6 but is shaped as 
shown at 63 in Figure 3 so that it does not have a 
tooth, 
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A spring pressed pawl 64 is provided for each 
group of slides 55 and is pivoted on a rod 65. The 
nose 66 of the pawl normally rests in the notches 
6 of the slides but, if a slide 55 is moved to the 
left, the nose 66 rides over the tooth 62 on this 
slide and engages behind the tooth 62 to hold the 
slide to the left. In so doing the nose 66 will 
release any slide which was previously displaced 
to the left so that it can be restored to the right. 
by the related key spring 5. 

Since the zero slide 55 has no tooth 62, it will 
not be held to the left by the pawl 64 but will be 
restored to the right as soon as the Zero key is 
released. It will, however, rock the pawl 64 as it 
moves to the left so as to release any other slide 
that may be displaced to the left. The zero slide 
55 thus serves as a means of clearing the Column of keys. 
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* The zero key is the left hand one in Figure 2 
and merely serves to actuate the zero slide. The 
remaining nine keys control a differential mecha 
nism in the following manner. 

Each key, except the Zero key, is provided with 
two lugs 67 and 68. 

Normally the upper lug 6 is opposite a pin 69 
on the end of a floating lever 70 which is pivoted 
at 7 on a slide T2 having teeth 89 (Fig. 3) mesh 
ing with a gear sector 88 on a shaft 8 rocked by 
a cam on the mainshaft when required. 
The floating lever 70 has a second pin 73 which 

is normally free to move to the right. 
A lever 74 is provided for each key except the 

zero key and is pivoted at its lower end 75 on a 
fixed member 76. The upper end of each lever 
74 has a slot embracing the pin 69. If the slide 
72 is moved to the right, each pin 69 will be pre 
vented from moving to the right by the lug 6 if 
the related key 50 is not depressed. Under these 
conditions each floating lever to rocks counter 
clockwise and its pin 3 moves to the right under 
the lug 68. 

If a key 50 is depressed its lug 68 moves oppo 
site the related pin 3 so as to prevent it moving 
to the right when the slide 12 moves to the right 
while its lug 67 moves below the related pin 69. 
Thus, when the slide 72 moves to the right, the 
floating lever 70 associated with the depressed key 
will rock clockwise and will move the pin 69 to the 
right. The lever 74 will thus be rocked clockwise 
about its pivot 75. 
Each lever 74 is pivoted at on a striking 

member 78 which is slidable along a rod 9 (see 
Figure 3). The striking lever 78 engages one part 
80 of a dog clutch, which is splined on a differen 
tial shaft 8. When a lever 4 is rocked as ex 
plained above its part 80 is meshed with the 
clutch teeth on a gear wheel 82. There are nine 
gear wheels 82 one for each digit key and these 
gear wheels are freely rotatable on the shaft 8. 

It will be understood that there is a differential 
shaft 8 for each column of keys (see Figures 42d 
and 42b) and a gear wheel 82 for each key except 
the zero keys. All the gear wheels 82 for the keys 
of the same digital value mesh with a rack 83 
(see also Figure 42a), there being one rack for 
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each transverse row of keys and each rack is 
given a movement proportional to the digital 
value of its row of keys. Thus the racks will 
move respectively one step, two steps . . . up to 
nine steps. 
For this purpose. each of the racks 83 meshes 

with a separate gear wheel 84 (Figures 18b and 
18c), each gear wheel constituting a pair of 
spaced gears fixed together, all being rotatable on 
a shaft 85 (see also Eigure 42a). Each gear 
wheel 84 also meshes with a separate vertical 
rack 86. Each vertical rack carries a pin 49 fit 
ting into a shoe 48. The shoes are supported in 
slots in a bar 47 which is pivoted at one end at 
55. The bar 47 is oscillated about its pivotal 
connection and the proportions are such that the 
vertical rack 86 nearest the pivot of the bar will 
move one step, the next will move two steps and 
so on to the last rack which will move nine steps. 
The bar 47 is preferably given a simple harmonic 
motion from the main drive mechanism of the 
machine. The left hand end of link 4 is con 
nected by a link 57 (Figure 18b) to a rack 60 
which is mounted for vertical reciprocation, and 
the teeth of rack 600 mesh with a gear on one of 
a number of shafts, all of which have the same 
designation, 520. f . 

It may be explained at this time that all of the 
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mechanisms to be operated in carrying out the 
functions of the machine are connected to one 
or another of the shafts 520. These shafts in 
turn are driven from the main drive shaft 540 of 
the machine (Figure 19c.) which has gear con 
nection 75 with a shaft 74. Upon the extrem 
ity of shaft 74 is a handle 595 (Figure 44b) 
through which the machine is operated. As will 
be explained more specifically under the heading 
"Control and drive mechanism,' the shafts 520 
are selectively coupled for Oscillation by Cams. On 
the main drive shaft 540 so that, when shaft 540 
is rotated, certain shafts 520 operated at pre 
determined times during the cycle and the related 
mechanisms operate. From the foregoing it will 
be understood that each gear wheel 84 has a 
simple harmonic movement proportional to the 
digital value of its key. The depression of key 
50 moves the related clutch part 80 to engage the 
associated gear wheel 82 so that the Correspond 
ing shaft 8 is driven by the gear wheel 82 with 
simple harmonic motion and to an extent propor 
tional to the digital value of the depressed key. 
The mechanism through, which the bar is 
Oscillated will be explained later. a 

In entering an amount, the proper keys are 
depressed and the machine is operated through a 
cycle by turning handle 595 a complete revolu 
tion, which causes the main shaft 540 to also 
make a complete turn. During this cycle a shaft 
87 (Fig. 3) is first rocked in a manner to be ex 
plained later. Under the heading "The keyboard 
and differential mechanism' it is explained that 
shaft 8 . (see Figure 19b) has connection with 
shaft 65 and through a vertical bar 38 with a 
gear 40 on another of the shafts 520. Gear sec 
tors 88 mesh with gear teeth 89 in the slide 2 so 
that the slides are moved to the right when shaft 
8 rocks and the proper clutches 80-82 are en 
gaged. The bar ST is then given its counterclock 
wise stroke about its pivot 55 (see Fig. 18c) so 
that all the gear wheels 82 rotate and the various 
shafts 8 are driven through angles proportional 
to the digits set up on the keyboard. The shaft 
87 is then restored so that the clutches 80, 82 are 
disengaged. After this the bar 47 and the racks 
83 are restored to their initial position. 
Each shaft 8 f has a gear wheel 90 (Figure 4) 

keyed on it and each of these gear wheels meshes 
with a gear wheel 9 which is rotatable on a 
related totalizer drive shaft 92. It will be under 
stood that there is a totalizer shaft 92 for each 
differential shaft 8 (see also Figures 42a and 
42b). 
Each gear wheel 9 has clutch teeth 93 coopera 

at'ng with a clutch element 94 splined on the 
shaft 92. Each clutch element 94 can be moved 
to the left by a striking arm 95 to engage the 
teeth 93 and clutch the wheel 9 to the shaft 92. 
The arms 95 are keyed on a shaft 96 which, 

when rocked, engages all the clutches 93, 94 so 
that each shaft 8 will drive the corresponding 
shaft 92. The manner in which the shaft 96 is 
rocked will be explained later. Suffice it to say 
at the present time that it is rocked Concurrently 
with the rocking of shaft 87 so that, when the 
racks 83 are moved to rotate shaft 8, the extent 
of rotation will be transmitted to the shaft 92. 
When the shaft 8 is not clutched to the shaft 

92, it is yieldingly held in its last position by a leaf 
spring 8 la (Figure 2) which engages the teeth of 
a gear wheel 8b fixed on the shaft 8 and having 

75 
the same number of teeth as the clutch 80. A 
similar spring and gear wheel 92a and 92b (Fig 
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ure 4) respectively are provided for holding the 
shaft 92. 

the Totalizers 
The shafts 92 can drive any one or more of 

seven totalizers Q (Figure 4) OX X (Figure 5) 
2X X (Figure 6) 4X 5X (Figure 7). The seven 
totalizers are substantially the same in construc 
tion and accordingly the totalizer 5X shown in 
Figures 7 and 11 will first be described as typical 
of the remainder. The differences in the total 
izers will be described afterwards. The shaft. 92 
has seven bevel wheels 97 fastened on it. 
The bevel wheel 97 for each totalizer drives a 

pair of bevel wheels 98 and 99 (Figure 12) in 
Opposite directions (see also Figures 43a and 44a, 
which figures show the totalizers OX and X, 
respectively). The bevel wheel 98 is integral with 
gear wheel OO which meshes with the gear wheel 
of rotatable on a shaft 102. One part 103 of a 

dog clutch is rotatable with the wheel O. A 
gear wheel O4 is integral with the bevel wheel 99 
and meshes with a gear wheel 05 having teeth 
06 forming another part of the dog clutch. 
The wheel 05 is also rotatable on the shaft O2 

and turns in the opposite direction to the wheel 
0. A gear wheel 07 is rotatable about the 

shaft fo2 and can be moved axially to engage 
either clutch teeth w8 with the teeth. O6 or 
clutch teeth 09 with the clutch teeth of the 
clutch part O3. 
Thus the wheel 0 can be clutched to the 

wheel 0 to turn in one direction or to the wheel 
05 to turn in the other direction depending upon 

whethser the digit transmitted through the total 
izer, drive shaft is to be added or subtracted. 
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34 respectively. The bars 33 and 34 are 
moved to the left in Figures 7 and 8. The mech 
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The wheel fomeshes with a gear wheel fill (Fig.- . 
ures 11 and 12) rotatable on a shaft 2 and this 
wheel in turn meshes with a wheel 3 rotatable 
On a shaft. 4. The wheel f meshes with a 
wheel 5 rotatable on a shaft f6, and the wheel 

5 meshes with a wheel secured to an indi 
cator wheel 8 which rotates on a sleeve 9. 
The sleeve if 9 is supported on a shaft 20. The 
gearing is such that the index wheel 8 turns through a number of steps equal to the number 
of steps of movement of the shaft 92 and for 
wardly or rearwardly, depending on whether the 
totalizer is to add or subtract respectively. 
Transfers from one denomination to the next are 
effected by the following mechanism which is 
shown in Figures 7 and 16. The gear wheel 
meshes with gear wheel 2 f which is integral with 
a transfer receiving gear wheel 22 and a trans 
fer calling tooth 23. The assembly 2, 22 and 
23 is rotatable on a shaft 24. The assembly 
2, 22 and f23 completes one revolution for each 

40 

45 

revolution of the dial 8 (Figure 1) and each . 
time the dial & turns from nought to nine or 
from nine to nought, the transfer calling tooth 
23 engages and rocks a single toothed wheel 25. 
The wheel f25 will turn in one direction if the 

dial has turned from nought to nine and one unit 
must be carried to the next denomination, but it 
will turn in the opposite direction if the dial has 
turned from nine to nought and a unit must be 
borrowed from the next denomination. The 
single tooth wheel 25 is integral with gear sectors 
26 and 27 in the next higher denominational 

section of the machine. The gear sector 27. 
meshes with rack teeth on the transfer lock bar 
28. 
The transfer lock bar controls two toe members 

29 and 30 which are pivoted at 3 and 32 
respectively on transfer actuating bars 33. and 

t 

anism which controls the operation of bars 33 
and 34 is shown in Figure 19c. and is described 
in detail later under the heading "Setting an 
amount in the totalizer on the differential mech 
anism.' 

In the position shown the lower end of the . 
upper toe member 29 is locked while its upper 
end is free so that it will rock counterclockwise 
idly. The upper end of the lower toe member 
30 is also locked and will rock clockwise idly. 

If the transfer lock bar 28 has been moved up 
owing to the rotation of the transfer calling 
gears 25, 26, 27, the upper end of the lower 
toe member 30 will be unlocked, while the lower 
end of this toe member will be locked by a lock 
ing portion 35 of the transfer lock bar. The 
toe member 30 will thus rock counterclockwise 
to engage and turn the transfer receiving wheel 
22 one step. This movement is transmitted 
through the wheel 2 to the main driving train 
cf the totalizer so that the dial is turned one step. 
The toe member 29 is still locked at its lower end 
and has no effect on the movement of the wheel 
f22. If the transfer lock bar 28 is moved down 
wardly from the position shown in Figure 7 the 
upper end of the upper toe member is locked by 
the part 36 and this toe member will rock clock 
wise to turn the wheel 22 one step. 

It will be appreciated that the transfer, lock 
bar 28 is moved in one direction when a carry 
is to be made to its denomination and in the 
other direction, when borrowing is required from 
its denomination and that the toe members 29 
and 30 turn the wheel f22 in opposite direc 
tions to effect a carry or a borrowing as the case. . 
may be. There is a transfer bar 33 and a 
transfer bar 34 for each denominational section 
of the machine (see Figure 44d) and these 
bars are operated in succession by cams on the 
shaft carrying the handle 595 starting with the 
bars in the lowest section but one so that the 
transfers are effected in Succession. Each pair 
of denominational bars serves for all seven total 
izers in its particular denomination. . 

After - all the transfers have been effected a 
striking bar 37 (Fig. 16) is operated by a cam on 
the-mainshaft so as to shift, the assembly 2, 
22, 23 towards the top of Figure 16 and thus 
move the tooth 23 clear of the tooth 25 and 
the wheel 22 clear of the toe members 29 and 
30. The transfer bars 33 and 34 are then re 

stored to the right to the position shown and 
concurrently transfer centralizing bars 38 and 
f39 are moved to the right. The bars f38 and 
39 are provided with teeth 4 and 40 which 
engage the two extreme teeth of the sector 26 
and restore the sector 27, the transfer tooth 25 
and the transfer lock plate 28 to their normal 
positions. This restores the transfer mechanism 
to its normal position. 

Resetting the multiples 
The totalizers IX to 5X are employed respec 

tively to register once, twice, three, four and five 
times a divisor and/or a multiplicand and also 
for the purpose of obtaining the difference be 
tween a multiple of the divisor and a dividend 
and/or a partial product. After such difference 
or partial product has been obtained in one of 
these totalizers, the totalizer is cleared and the 

75 

original multiple or multiples is reset on it. The 
totalizers X to 5X are provided with the foll 
lowing mechanism for resetting the multiples as 
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shown for the totalizer X in Figure 6. Keyed 
on a shaft 42 are a number of sleeves 43, one 
in each section of the machine. Each sleeve car 
ries a resetting tooth 44. A second sleeve f£5 
is rotatable on the sleeve 43 and is formed with 
two gear wheels 46 and £ and with a single 
tooth 48. 

All the sleeves 45 on shaft 2 are held by a 
striking bar 49 in position shown in Figure 16, 
with a pin 50, carried by a fixed part of the ma 
chine, engaged with the teeth of the gear wheel 
36 so as to lock the sleeve 45. 
After the multiples have been calculated and 

registered in the totalizers K to 5X, the strik 
ing bars 49 are shifted by means of a cam on 
the mainshaft so as to bring the gear wheels 
6T on the sleeves 35 into mesh with the respec 

tive gear wheels in the main totalizer gear 
train. This movement also moves the gear wheel 
36 clear of the pin 56 so that the sleeve 65 is 

free to rotate. Each sleeve i35 Will thus partake 
of the movements of the related totalizer gear 
train during the subsequent entries into the to 
talizer and the zeroizing of the totalizer. The 
sleeves 35 are not shifted sufficiently to bring 
their respective teeth 648 into the path of the 
teeth 48 at this stage. ASSume that One de 
nomination of one totalizer is to register -6 
negatively as a digit of a negative multiple. 
The related gear wheel will have turned 6 
steps in the negative direction during the forma 
tion of the multiple, but the associated sleeve 45 
will remain in its zero position as its wheel 4 
is not then meshed with the wheel . If 9 is 
now added into the denomination after the sleeve 
45 has been shifted to mesh the wheels 4 and 

, both the wheels will turn 9 steps in the posi 
tive direction, so that the wheel 47 registers 9 
and the wheel will register 9-6=3. If the 
wheel (and the gear train) is now zeroized, 
both the wheels if and 4 will turn 3 steps in 
the negative direction to register 3-3=0 and 
9-3-6. If now the wheel it is zeroized, it and 
and the wheel will turn of a revolution 
negatively leaving the wheel if registering -6. 
Thus the multiples can be reset by Zeroizing the 
sleeves 85. When however the multiples are to 
be reset, the striking bars 49 are moved further 
to bring the teeth 48 into the path of the teeth 
44 and the shafts 42 are turned through nine 
tenths of a revolution so that the teeth 44 pick 
up the related teeth 48 and restore the sleeves 
45 to their initial. Zero positions. 
Since the sleeves 45 were coupled in the main 

totalizer gear trains when the latter Were reg 
istering the multiples, they will restore the gear 
trains to their original multiple-registering set 
tings, thus resetting the multiples on the totaliz 
e.S. 
The totalizer OX registers nought times the 

divisor or the multiplicand and since this mull 
tiple is Zero, it need neither be calculated nor 
reset on the totalizer OX, The multiple reset 
ting gear for this totalizer is therefore omitted 
as shown in Figure l4, but the Zeroizing mech 
anism is retained. ' 
The totalizer Q is not provided with the same 

form of Zeroizing mechanism as explained later, 
but instead has a sleeve 500 keyed on its shaft 
24, as shown in Figure 13. This sleeve is pro 

vided with a single tooth 50. During transfer 
operations the assembly 2, 22, 23 is not moved 
far enough to bring the transfer-calling tooth 
23 into the path of the tooth 50. When it is 
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bar 37 is given an extra stepping movement so 
as to bring the transfer tooth 23 into the path 
of the tooth 50?. The shaft 28 is then rotated 
through nine-tenths of a revolution to pick up 
the transfer tooth 23 and restore it to its zero 
position. Since the wheel 2 is in mesh with 
the wheel , the gear train and the totalizer 
will also be restored to its normal position. 

Decimal point indicators 
As explained under “General description,' an 

adjustable decimal point indicator is provided for 
each of the totalizers Q, OX and X. The in 
dicator for each totalizer Comprises a series of 
wheels 6b (Figs. 12, 43a, and 43b), of which 
there is one in each denomination arranged on 
the right of the result indicator wheel 8. Each 
wheel A 6b is secured to a gear wheel 6cro 
tatable on the sleeve 9 in the same denomina 
tion. Meshing with each gear 6c is another 
gear wheel 6d splined on the shaft 6 so that, 
when the shaft is manually rotated by means of 
the knob 6d, all the indicator wheels 6b are 
rotated together and each through the same 
amount. Each indicator 6b has one mark or 
signal representative of a decimal point and the 
wheels 6b are assembled in relationship to the 
gears 6d so that adjacent marks are helically 
arranged one-twentieth of a turn apart. Thus, 
by rotating the knob 6a, the decimal point in 
dication may be caused to appear between any 
two adjacent result indicators 8. An align 
ing spring of the type shown in Figure il for 
aligning the wheel 92 may be employed to align 
one of the gears, 6c or 6d to hold the shaft 
a 6 in any set position; or, if preferred, the shaft 
may be frictionally held. 

Splitting the machine 
The present machine is arranged to perform 

division in its left hand or upper denominations 
and multiplication, in its lower or right hand 
denominations. The machine can be split into 
a dividing and a multiplying part between any two 
denominational sections. The position of the 
Split is determined by manually rotating a shaft 
60 (Figure 4) which carries a plurality of pairs 

of Cornplementary cams 6 and 62. There is 
a pair of cams in each section of the machine 
and the pairs are helically disposed on the shaft 
60 so as to become operative in succession as 
the shaft is rotated (see also Figure 42b). 

Each pair of cams operates a separate bell- . 
Crank lever 63 and these levers are pivoted on 
the shaft 96. With the shaft 60 in one extreme 
position, all the levers f63 will be in the position 
shown in Figure 4. Each lever carries an indi 
cator 64, one half of which is visible at a win 
dow 65. The two halves of the indicator will 
be differently coloured so that, in the position of 
the shaft 60 assumed, all the indicators 64 will 
show white, for example, at the window f65. As 
the shaft 60 is rotated, the bell-crank levers 
f63 will be rocked counterclockwise in succession 
and the indicators 64 will be moved in succes 
sion to show red. The levers f 63 are rocked in 
Succession starting at the lowest or right hand 
Section of the machine and the split occurs be 
tween where the change over from red to white 
Occurs in the window 65. 
A gear sector 66 is formed integral with each 

lever 63 and meshes with rack teeth 61 in a 
slide. 68. There is one slide 68 in each section 
of the machine and they will be moved to the 

desired to zeroize the totalizer Q, the striking 75 right in Figures 4, 5, 6 and 7 when the related 
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bell-crank levers 63 are rocked. Thus all the 
slides f68 in the upper dividing part of the ma 
chine will be disposed in their leftward position 
(as shown by the slide dotted in Figure 4), while 
all the slides in the lower multiplying part of 
the machine will be disposed in a rightward po 
sition (as shown in full lines in Figures 5, 6 and 
7). Each slide acts as a striking bar either to 
hold sleeves 69 in the position shown in Fig 
ures 4, 5, 6 and 7 or to shift them to the right 
along the shaft 92 in the same section of the ma 
chine. Each sleeve 69 has a gear sector TO 
which is thus positioned in mesh either with 
a rack 7 or with a rack 72 (see Figure 45). 
Each sleeve 69 also has a gear sector f73 which 
is in mesh with a rack fill in either position of 
the sleeve. 
part of the machine will be coupled to the re 
lated rack 7 and each rack 4 in the multiply 
ing part of the machine will be coupled to the 
related rack 72. Each rack 4 is integral with 
a striking member 75 (Figure 12) by which the 
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Thus each rack in the dividing 

20 

gear wheel foil is adjusted either to a neutral 
position or to an adding positicin or to a sub 
tracting position. There is a separate striking 
member 75 and rack 74 for each gear wheel 
OT, but the racks f and 72 are common to 

all the gear wheels 07 in the totalizer. It will 
be seen that the gear wheels 107 in the divid 
ing part of the totalizer can be set for addition 
or subtraction by moving the rack of that 
totalizer in one or other direction. The gear 
wheels. 107 in the multiplying part of the same 
totalizer can be set in the same way by means 
of the rack 2. 

Clearing multiple totalizers 
Each slide 68 (Figure.8) is connected by a 

lever 76, pivoted at 78, to a bar 79 so that the 
bar 79 moves to the left when the slide 68 
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that they can be moved axially with the shaft 
20, when the latter is moved by a cam on the 
mainshaft as will be described, so as to bring 
a projecting portion 98 of one of the teeth of 
the gear wheel 96 into the path of the pin 95. 
This movement also brings the gear wheel 9 
into mesh with the gear wheel 93 and out of 
mesh with the gear wheel 92 (Fig. 46). The 
gear wheel 96 is thus coupled through the gear 
wheels 93, 94, f 92 to the shaft 90 so that, 
if this shaft is turned through nine-tenths of a 
revolution, it will rotate the gear wheel 93 to 
the same extent and the projecting portion 9 
will pick up the pin 95 and turn the dial 
to Zero together with the related gear train. 
Similar gears 92 and 93 are carried by the 
shaft 9 and can be coupled together by gear 
94 carried by the yoke f 87. Thus, if the yoke 
87 is raised, the wheel 96 will be driven from 
the shaft is instead of from shaft 90, the shaft 
90 is used for zeroizing the dividing part of the . 

totalizer and the shaft 9 for Zeroizing the mull 
tiplying part of the totalizer. 
The keyboard is also split so that either the . 

left-hand or right-hand part can be cleared sep 
arately by depressing one or other of two clearing 
keys 870 and 87 Oa (Figures 38, 4.0a and 41b). The 
stem of the key 870 has rack teeth 80b mesh 
ing with a gear 804a on a shaft 804 (Figures 3 
and 10) so that teeth 870b rock shaft 804 when 
the key is depressed while the other key 870a 
drives a shaft 805 in the same way. The shaft 
804 is thus rotated when the key for clearing 
the left-hand part of the keyboard is depressed, 
while the shaft 805 is rotated when the key for 
clearing the right-hand part of the keyboard is 
depressed. A number of gear sectors 80, one 
for each section of the machine, are splined on 

40 moves to the right. The bar 19 is provided with 
projections 80 (Figure 11), and recesses 8 in 
its lower edge so that in its rightward position 
it obstructs upward movement of a pin 82, but 
not of a pin 83, while, in its leftward position, 
it obstructs movement of the pin 83 but permits 
movement of the pin 82. It should be men 
tioned that Figure 11 is a view looking in the 

the shaft 804 and each sector 806 has a gear 
wheel 80 associated with it. The gear, wheels. 
807 are rotatable on the shaft 804 and each of . 
them can be coupled to the associated sector 80. 

opposite direction to Figures 2 to 7 so that the 
bar 79 will be to the left in Figure 11 when the 
corresponding bar 68 is to the left in Figures 
4, 5, 6, and 7 although these bars actually move 
in opposite directions. - 
The pins 82 and 83 are carried at the ends 

of a lever 84 which is mounted on an eccentric 
85 secured on the shaft fl. A yoke f86 is sup 

ported by the pin 82 and a yoke 87 is supported 
by the pin 83. The yokes are guided for verti 
cal movement by means of slotted portions fee 
and 89 which embrace shafts 90 and 9. When 
the eccentric 85 is rotated through half a rev 
olution by a cam on the mainshaft one or other 
end of the lever 84 will be obstructed so that it 
will rock to raise the yoke f86 or the yoke f8. 
as the case may be. A gear wheel 92 (Figure 
12) is keyed on the shaft 90 while a gear wheel 
93 is rotatable on this shaft. When the yoke 
86 is raised both these gear wheels 92 and 93 

will mesh with the gear wheel 94 carried by 
the yoke 86 so that they will be coupled to 
gether. A pin 95 (Figures 11 and 12) is se 
cured inside the index dial file. A gear wheel 
196 is rotatable on the shaft 20 and is integral with asleeve 97. 

... The sleeves 197 abut against one another so 
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associated wheel 807. 

by means of a coupling gear 808, of which there 
is one in each section. - 

In the position shown in Figure 3, the gear 
wheel 808 meshes with the sector 806 and the 

The shaft 805 carries, in the same way, gear sectors 809 splined on it and 
gear wheels 80 rotatable on it (see also Fig 
ure 42a). Each gear, wheel 808 is rotatable on a 
slide 8 which can be shifted to the right so 
as to disengage the wheel 808 from the sector 
806 and wheel 807 and mesh it with the sector 
809 and wheel 80. Thus, if the shaft 804 is 
rotated, it will drive gear, wheel 807 in each sec 
tion of the machine in which the slide 8ff is in 
the position shown in Figure 3, but it will not 
drive the gear wheel 807 in each section in which 
the slide 8 is shifted to the right. In a simi 
lar way, the shaft 805 will not drive the gear 
wheel 810 in the sections in which the slide 8 
is in the position shown in Figure 3, but will 
drive the gear wheel 80 in each section in which 
the slide 8 has been shifted to the right. The 
slides 8 have rack teeth 82 (Figure 4) mesh 
ing with a gear sector 83 which is connected 
by a link 84 to the bell-crank lever 63. As 
the shaft 60 is rotated, it will rock the bell 
crank levers 63 so that those in the sections to 
the left of the split will be in the position shown 
in Figure 4, and the corresponding slides 8. 
will be in the position shown in Figures 3 and 4. 
The levers 63 to the right of the split will be 
rocked from the position shown in Figure 4, so 
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that the slides 8 are shifted to the right from 
the position shown. 
Thus, rotation of the shaft 808 by the clear 

ing key 3. G will rotate the gear wheels 80 in 
the sections to the left of the Split, while rota 
tion of the shaft 805 by the other key 870a will 
rotate the gear wheels 8 in the sections to the 
right of the split. The gear wheel 807 and the 
gear wheel 898 in each section cooperate with 
teeth 85 and 86. On the slide 8; so that either 
of them, when rotated, moves the slide to the 
right. Each slide 8 is connected by a two 
armed lever 88 (Fig. 1a) pivoted at 89 to the 
locking slide 55 (Figure 1) so as to move the 
slide in the same way as it is moved by the de 
pression of the Zero key 50. This, as explained 
previously, gives the effect of unlocking any other 
slide 55 that may be latched by the pawl 68. 
(Figure 3) and thus releases any depressed key. 

5 207. 
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tion is required, a special control key for the 
purpose may be provided. 
The gear wheel 200 has driving connection with 

a gear wheel 208 through gear wheels 206 and , 
The gear wheel 28 is slidable on a stud 

299 and is provided with a lug 20 similar to lug 
203. The lug 2f co-operates with lugs 2 on 
slides 22 which correspond to slides 55. The 
slides 22 co-operate with bails 23 correspond 

10 ing to the bails 54 and each group of the slides 
22 co-operates with a pawl 2 6 corresponding 
to the pawl 68. The gears 208 can be slid to the 
left by means of arms 215 secured on a shaft 2 6 
corresponding to the shaft 65 (Figure 42b). The 

l? lower slides 22 can be set by means of the gear 
wheels 208 in the same way as the upper slides 
55 can be set by the gear wheels 20 f, the gears 
20 and 208 being of the same diameter so that 
they rotate through the same amount when the 

It will thus be seen that each portion of the key- 20 shaft 8, or 92, is rotated. 
board can be cleared by depressing the corre 
sponding clearing key. 
Setting an amount in the totaliaer on the differ 

ential mechanism. 
It will be understood from the foregoing that 

a totalizer can be zeroized as a whole or in part 
by rotating both or one of the shafts 90 and 9 
after having rocked shaft 4. The gear trains 
of the totalizers will be driven so that the gear 
wheels (Figure 12) will also be driven. If 
these, wheels are in their neutral position, the 
amount originally in the totalizer will be cleared 
from the machine, but if the gear wheels () are 
set in the subtracting position during the zeroiz 
ing operation, the backward movement of the 
dials will be transmitted to the shafts 92 so as a 
forward movement of those shafts. 
As shown in Figure 3, a gear wheel 206 is ro 

tatable on each shaft 8. This gear is formed 
with clutched teeth 5 to co-operating with a clutch 
element 5 splined on the shaft 8 f. The clutch 
element 5 can be moved to engage the teeth 
50 by an arm 2 splined on a shaft 3. Thus, 
by rocking the shaft 53, each gear 206 can be 
clutched to the related shaft 8. If the clutches 
93, 94 are also engaged, each totalizer drive shaft 
92 will drive a related gear 206 in the same sec 
tion of the machine. Each gear wheel 26 meshes 

Each slide 22 is provided with a lug 28 to 
engage a separate striking member 2 8. Striking 
members 28 are slidable along a rod 29 and 
engage each a separate gear wheel 82 (see Figure 

"25 42.a) so that, when a slide 22 is moved to the 
left, it moves a related gear wheel 82 to the left 
to engage it with the clutch part 80 and couple 
it with its shaft 8 . 

Thus, if a shaft 92 turns six steps during a zero 
30 izing movement, the slide 22 corresponding to 

six will be shifted to the left and will couple 
- its gear wheel 82 to the shaft 8 so that the lat 
ter can be turned six steps when the racks 83 
are operated. The lower set of slides 22 in 

35 cludes a Zero slide, which co-operates with a bail 
220 similar to the bails 23 except that it is keyed 
on a shaft 22. This zero slide has no lug 2 
so that it cannot be operated by sliding the gear 
wheel 208. After an amount set on the slides 

40 2f2 has been transmitted through the shafts 
8, the slides 22 can be reset in readiness to re 
ceive another amount by rocking the shaft 22 
so as to move the Zero slide to the left and there 
by rock the pawl 24 to release the previously 

45 shifted slide. The bail 220 will restore this slide 
to its normal position. As in the case of the up 
per slides the Zero slide is not cut away at 222 to 
provide a tooth 223 so that it is not held by the 
pawl 24, but is restored to normal when the 

with a gear wheel 200 and each gear wheel 200. 50 shaft 22 is restored. 
meshes with the gear wheel 20 rotatable and 
slidable on a stud 202. A single lug 203 is car 
ried by the gear wheel 20 and the angular po 
sition of this lug 203 is adjusted in accordance 
with the position of the gear wheel. 20. Each 
slide 55 is provided with a lug 204 and these lugs 
are arranged in a circle as shown in Figure 17. 
The lug 203 is initially opposite the lug 204 

on the zero slide 55 but is adjusted by the rota 
tion of the shaft 92 opposite the lug 204 on the 
slide 55 corresponding to the digit which has 
been cleared from the corresponding section of 
the totalizer. Each gear 20 can be moved to 
the left in Figure 3 by means of a striking arm 
205 keyed on the shafts 65 which may also be 
rocked when required. After the Zeroizing Op 
eration, the shaft is rocked to move all the gear 
wheels 20 to the left so that each lug 203 moves 
the slide 55 which has its lug 204 opposite the 
lug. 203 to the left and thereby sets up the ap 
propriate digit, corresponding to the position of 
the lug 203, on the keyboard. This operation, . 
however, forms no essential part of the invention 
and is described only in order to show the pur 

Splitting transfer action 
As explained before, the transfer actuating 

bars 33 and 34 (Figures 8, 45 and .50) are op 
55 erated in succession. For this purpose each bar 

33 is formed with rack teeth 365 which mesh 
with an idler gear wheel 366 and each wheel 366 
meshes with a gear wheel 367b. Each wheel 
367b lies behind a similar wheel 367 and is 

60 clutched to it as shown in Figure 50. This wheel 
367 meshes with rack teeth 368 on the related 
bar 34 and also with a vertical rack 369. Each 
Vertical rack 369 is associated with a second ver 
tical rack 370 (Figures 39b, 39c. and 19c.) and the 

65 vertical racks 370 are operated in succession from 
cams on the operating shaft 7 f4, as will later be 
explained. If a rack 30 is coupled to the related 
rack 369 it will operate both the transfer bars 
33 and 34 in the same section of the machine. 

70 The slides 68 which control the split have T 
shaped ends 3 best as shown in Figures 50 
and 50a and a T-shaped lever 372 is pivoted at 
373 to the slide 68 in the same section and 
at 37 to the slide f68 in the next higher section. 

pose of the parts referred to. When this opera-75 All the slides 68 in the upper dividing part 
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of the machine are to the left while all the slides 
in the lower multiplying part are to the right. 
The section shown in Figure 8 is the highest 
Section of the multiplying part of the machine 
s: that the section behind it in this figure is 
tha iowest in the dividing section of the machine 
and the ends of the slides 68 in these two 
sections will be in the position shown and Will 
cause the T-shaped lever 372 to tilt into the posi 
tion shown. This lever carries a pin 375 riding in 
a slot 376 in a bell crank lever 377. The lever 
377 is pivoted at 378 and has a slot embracing 
a short shaft 379. The shaft 379 projects from 
a slide 380 and carries a gear wheel 38. It 
will be observed that this gear wheel is held out 
of mesh with rack teeth 382 provided on both the 
related rack 369 and the related rack 370. The 
slide 380 carries a tooth 383 which engages teeth 
384 on the rack 369 so as to lock that rack against 
movement. Thus movement of the rack 370 will 
not be transmitted to the transfer bars 33 and 
F34 in the lowest dividing section of the machine. 
In the case of all the other sections, each slide 
168 Will be in the same position as the slides 
in the two adjacent sections so that the pin 374 
will be immediately above the pin 373 and the 
T-shaped lever 372 will not be tilted but will hold 
the bell cranklever rocked counter-clockwise from 
the position of Figure 8. The gear wheel 38 will 
then be held in mesh with the teeth 382 on both 
the racks 369 and 370 while the tooth 383 will be 
clear of the teeth 384. The gear wheel 38 serves 
to couple the rack 369 to the rack 30 so that 
the transfer mechanism will be operated in these 
Sections. It will be shown later in the description 
that the racks 370 are operated successively at 
one time in some cycles and at another time 
in other cycles. 

It will be observed that the slide 68 in the 
No. 1 section is not provided with an upper bent 
portion 3 as there is no lever 372 on its right 
With . which it can cooperate, but that the lower 
portion of its T-shaped end pivots a pin 373 as 
in the higher Sections. This enables the No. 1 
section to be included in the dividing portion of 
the machine when the split is adjusted to the 
right of that section. There is no slide 68 in the 
dummy section, but there is a part 37 a similar 
to the bent portion 37 of a slide 68 and this 
part is fastened to the frame of the machine so 
that it permanently pivots the pin 34 in the No. 
18 section in coaxial alignment with any of the 
other pins 374 that have been moved towards the 
front of the machine as shown in Figure 45 in 
the case of sections Nos. 11, 12 and 13. By this 
arrangement, the most leftward position to which 
the split can be adjusted is between sections Nos. 
17 and i8, thus leaving a minimum of one section 
(No. 18) in the dividing portion of the machine 
for the entering of a dividend or multiplier 
amount comprising only a single digit. 

Column shift mechanism 
From the foregoing description it will be under 

stood that an amount can be transmitted from 
the shafts 8 through the gearing 90, 9 and the 
clutches 93 and 94 (Figure 4) to the shafts 92 
Without column shift. 
A Column shift mechanism is provided so that 

an amount can be transmitted from the shafts 
8 to the shafts 92 with column shift in either 
direction. This mechanism comprises a set of 
upper shafts 230 (Figures 3, 4, 20, 21, 22, 39a, 39b) 
and a set of lower shafts 23. Each shaft 8 
can be connected to a related upper shaft 230 
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by engaging clutch elements 232 and 233. The 
clutch element 233 is splined on a shaft 230' and 
can be slid along to engage the clutch element 
232 by an arm 234 keyed on a rock shaft 235. 
The clutch element 232 is integral with a gear 
Wheel 236 which meshes with the gear wheel 90 
keyed on the shaft 8. Each shaft 230' drives the 
related shaft 230 through gear wheels 521 and 
52a (Figure 21). Each shaft 92 has a bevel wheel 
239 (Figure 8) secured on it and this wheel 
meshes with a bevel wheel 240 rotatable on a 
shaft 24. The bevel wheel 240 has clutch teeth 
242 co-operating with a clutch element 243 splined 
on the shaft 24. The clutch element 243 can be 
moved to engage the clutch by an arm 244 secured 
on a rock shaft 245. Each shaft 24 can drive or 
be driven by a related lower column shift shaft 
23 through bevel gearing 246. In connection 
With this drive it will be observed that the gear 
wheel 236 is smaller than the gear wheel 90, 
So that the shaft 230' will rotate proportionately 
faster than the shaft 8 when the clutch 232, 
233 is engaged. But the gear wheel 52 fa is smaller 
than the gear wheel 52 in the same proportion 
as the wheels 236 and 90, so that the shaft 230 
Will be driven at the same speed as the shafts 
8 and 92. Also, because the gears 206 and 207 
are coaxial with the gears 90 and 236 respec 
tively, the gear 20 will rotate at the same higher 
Speed as the shaft 230'. But because the gear 207 
is an idler between the gears 206 and 208, its 
higher Speed of rotation is of no disadvantage. 
Proportioning the gears in this way instead of 
making them all the same diameter enables the 
height of the machine to be slightly reduced. 
As shown in Figures 20, 21, 22, and 23, the 

Column shift mechanism comprises a set of upper 
racks 250 and a corresponding set of lower racks 
25. Each rack 250 is rigidly secured to the rack 
25 below it (Figures 39a, 39b, 39c, 43a and 43b). 
Each shaft 230 has a single gear wheel 252 pinned 
on it and these gear wheels are arranged in a 
diagonal row as shown in Figures 23 and 39b 
So that each one is over a different rack 250. 
The racks are supported in combs 253 and 254 
which are supported by links 255 and 256 at each 
end. Each pair of links 255 and 256 is pivoted on 
the end of an arm 25. The arm 257 in Figure 20 
is splined on a shaft 258, while the arm 257 in 
Figure 22 is splined on a shaft 258a. By rocking 
the shafts 258 and 258a in opposite directions, 
the combs 253 and 254 are raised to mesh each 
rack 250 with a different gear wheel 252. Thus 
each double rack 250, 25 is driven by a different 
One of the shafts 230. 
A number of gear wheels 259 are splined on the 

shafts 23 and are normally positioned out of 
alignment with the lower racks 25 as shown. 
Each of these gear wheels can be moved over the 
adjacent rack 25 by means of an arm 260 se 
cured on a rock shaft 26. There is one shaft 
26 for each gear 259 and a single diagonal 
row of these shafts are rocked at a time in order 
to bring a diagonal row of the wheels 259 over 
the racks 25. 

If the diagonal row of wheels 259, which is 
immediately below the row of wheels 252, is thus 
shifted, each shaft 230 can drive the shaft 23 
below it through its gear wheel 252, the related 
double rack 25, 25, and the shifted gear wheel 
259 on the lower shaft 23. This row of wheels 
259 is known as the "normal' row because their 
Operation produces no column-shift in either di 
rection. They serve only to transmit an amount 
from the shafts to the shafts. 92 in the same 
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sections or vice versa. If the diagonal row of 
wheels 259 to the right of the wheels 252 is 
shifted, each shaft 230 will drive its own double 
rack 250, 25 and this rack will in turn drive 
the shaft 23 in the next lower denomination of 
the machine. In the first case each shaft 8 
will drive the related shaft 230 which latter will 
drive the related shaft 23 and this shaft 23 
will drive the related shaft 92 so that the amount 
will be transferred by the shafts 8 to the shafts 
92 and hence to the totalizers, without a column 
shift. In the latter case, each shaft 8 will drive 
the related shaft 230 which will drive the shaft 
23 in the next lower Section of the machine, 
this shaft 23 driving the associated shaft 92. 
Each shaft 8 will thus drive the shaft 92 in the 
next lower section of the machine so that the 
amount will be transmitted with a column shift 
of one denomination to the right. Other diagonal 
rows of the wheels 259 can be shifted to adjust 
the column shift mechanism for column shifting 
an amount from one up to nine denominations 
either to the right or to the left. The column 
shift mechanism shown is for an eighteen Sec 
tion machine but can be modified to suit any 
number of sections. 

It should be mentioned that the movement of 
the shafts 92 obtained by Zeroizing a totalizer as 
explained previously may be used to drive the 
shafts 8 through the shafts 23, the column 
shift racks 250, 25 and the shafts 230. If the 
clutch 50, 5 is engaged, the wheels 208 will 
be positioned so that they can be used to set the 
amount cleared from the totalizer on the differ 
ential mechanism. The amount can thus be set 
up on the totalizer with any required column shift 
within the capacity of the machine but the direc 
tion of the column shift Will be reversed. Thus if 
the mechanism is set for a column shift of four 
denominations to the right when an amount is 
transmitted from the differential mechanism to a 
totalizer, that is from the shafts 8 to the shafts 
92, the amount cleared from a totalizer will be 
transmitted to the differential mechanism by a 
reverse drive With a column shift of four de 
nominations to the left. 
As shown in Figures 23 and 43a each shaft 26 

has an arm 263 secured on it. As shown in Fig 
ures 21 and 43a the arms 263 are arranged at a 
number of different levels but with the arms 263 
On a diagonal row of the shafts 26 on the same 
level. The ends of all the arms 263 at each level 
are pivoted on a separate comb member 264. 
Thus by shifting one of the comb members 264 to 
the left in Figures 20, 21 and 22 one diagonal 
row of the shafts 26 is rocked to shift one row 
of the wheels 259 over the racks 25f. The racks 
250, 25 are then raised and the mechanism is 
conditioned for column shifting. After the 
amount has been transmitted through the col 
umn shift mechanism, the racks are lowered and 
then restored in the conventional manner by 
means of a restoring bail 850 (Figures 39c. and 
43b). 
This bail COOperates with lugs 85 on the racks 

25 and is supported by means of two crank arms 
852 (Figure 39f) and 853 (Figure 39c). The 
crank pin 854 on the arm 853 rides in a slot 855 
in the restoring bail as shown in Figure 39c. The 
crank pin, not shown, on the arm 852 rotates in 
a similar slot in the bar, so that the bail can be 
reciprocated by rocking the crank arms 852 and 
853 toward one another through half a revolu 
tion and then restoring them. The arm 852 is 
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by bev gearing 857 from one of the shafts 520, 
as shown in Figure 42d. A gear 858 (Figure 39f) 
is secured to the shaft 856 and meshes with a 
rack 859 (Figure 39c) which also meshes with a 
gear wheel 860 secured on a shaft 86 to which 
the crank arm 853 is secured. In this manner, 
the two crank arms are rocked in opposite direc 
tions by means of the same main drive shaft 520. 
The manner in which the drive shaft 520 is op 
erated will be explained later. 
The combS 264 are pivoted at each side to a 

bell-crank lever 265 (Figure 23) and each lever 
is pivoted to a common link 266 (see also Fig 
ures 39t, 39e and 39f). The link.is pivoted to a 
lever 26 secured on a shaft 270. Thus by rock 
ing the shaft 270, the link 266 is moved and 
moves each side of the comb 264 equally. There 
is a separate shaft 270 for each comb. 264 and 
the levers 267 are arranged at different positions 
along the shafts to co-operate with links 266 and 
combs 264. 
Each shaft 270 is arranged in a different sec 

tion of the machine and has a lever 27 (Figures 
20 and 23) secured to its upper end. Each lever 
2 is pivoted to a separate bar 272 so that, by 
moving the bar along to the left, the correspond 
ing shaft 270 is rotated and shifts its comb 264. 

Nineteen column shift keys 273 (Figures 1, 1a, 
41a and 41b) are provided at the front of the 
machine. Any one of the keys may be set, in 
conjunction with either of the control keys 550/7 
or 550/0 as will later be described, to accom 
plish a shift of an amount in OX when the op 
erating handle 595 is rotated one turn. When 
one of these keys is depressed, it is latched down 
by a latch 274 which is common to all the keys 
and engages a projection 275. The lower end 
of the key is forced into a crowding lock device 
26 (Figure 1a) which serves, in a well known 
way, to ensure that only one key is depressed at a 
time. The depressed key also rocks a bell crank 
lever 27 about a shaft 278 and this lever, through 
a link 219, rocks a lever 280 about a pivot 28. 
There is a key 273, bar 272, shaft 270, link 279, 

5 bell crank 277 and lever 280 associated with each 
comb 264 controlling a row of gears 259. Each 
one of the bars 272 is pivoted to the lever 280 at 
282 and will thus be moved to the left by the de 
pression of its key. Thus, the key in column 9 
marked "N" is connected through its correspond 
ing bar 272 with the comb 264 whereby the nor 
mal row of gears 259 is made operative. The 
keys on the left of the “normal' key and marked 
"1' to '9' are similarly connected through their 
respective bars 272 to the combs whereby right 
Ward shifts of from one to nine denominations 
may be accomplished, the amount of shift being 
determined by the key selected. In the same 
way the keys on the right of the “normal' key 
are used for leftward shifts. From the forego 
ing, it will be seen that an amount in OX may 
be set on the shafts 92 transmitted directly (i.e., 
Without column shift) to the slides 22, then re 
entered in OX with column shift by operating 
the differential racks 83 so as to return the 
amount through the shafts 230, shafts 230, racks 
250 and 25, the appropriate row of gears 259 
made operative by the selected key 273, shafts 
23, vertical shafts 24 f, shafts 92 and hence to 
the dials. At the end of a column shift, cycle a 
shaft 283 (Figure 1) is rocked so that the projec 
tions 284 rock the latch 274 about its pivot 285 
to release the depressed key which is restored by 

secured on a vertical shaft 856 which is driven 75 a spring 286. 






























































