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This invention relates to calculating apparatus
and has for its object to provide an apparatus
which performs multiplication in a novel manner.

Multiplication is effected mentally by multiply-
ing one factor, the multiplicand, by each digit of
tlie other factor, the multiplier, to obtain a series
of partial products and finally adding these par-
tial products together. Each operation in the
process consists in the calculation of the multi-
denominational partial product which is the
product of the nmultipiicand by a single digit of
the multiplier. The product of a multiplicand
digit and a multiplier digit comprises, in general,
a two figure number, and it is therefore the prac-
tice to multiply a multiplicand digit by a multi-
plier digit, to add, to the units digit of the prod-
uct, the tens digit of the product of the next lower
multiplicand digit and the same multiplier digit
and to carry forward the tens digit of the first-
mentioned product together with the tens digit, if
any, resulting from the addition of the units digit
of that product to the tens digit of the second
mentioned product. The digits of the various
interdigital products calculated during the proc-
ess are thus not written down. Multiplying ma-
chines of the partial product kind constructed
hitherto operate in substantially the above
method with the modification that two partial
prnducts are obtained at each operation, one

consisting of the units digits and the other of the :

tens digits of the products of each digit of the
multiplicand by a single digit of the multiplier,
The summation of the partial products proceeds
concurrently with their calculation, the two par-

tial products resulting from one operation being :

cither formed consecutively and added in a single
count:r or formed simultaneously and added in
sezarate eounters to provide two partial products
which are subsequently added together.

A method of performing multiplications men-
tally is, however, known in which all the digits
+f the various interdlgital products are written
down. This method is shown In diagrammatic
form In Figure 14 of the accompanying drawings,
the table showing by way of example the multi-
rlication of 762 by 948. The factor 762 is written
along tone top sideof a rectangle while the factor
448 is written from the bottom upwards along the
left-hand side of the rectangle. The rectangle
is divided into squares as shown, so that there is

10

15

20

40

b0

one square for each pair of digits taken one from
each factor. Each square is divided diagonally
by the dotted lines as shown and in it is written
the product of the digit vertically above it and
the digit horizontally to its left. The units digit
is written above the diagonal of the square, the
tens digit is writfen below the diagonal of the
square. The digits are then added diagonally,
starting from the top right-hand corner and add-
ing together all the digits lving between two di-
agonal lines. If the sum of the digits added to-
gether is more than 9, the tens digit s written in
the next diagonal space and is added in with the
digits in that space. In the example shown, the
product is 722376.

Considering the diagonal space A on the table
of Figure 14, the sum 23 which Is obtained is the
sum of thie units diglt of 78, the tens digit of
6% 8, the units digit of 6x4, the tens digit of
2x4, the units digit of 29 and one unit trans-
ferred from the previous summation. It will be
noted that this summation is & summation of
units and tens digits, alternately, of interdigital
products plus a transferred unit. It should also
be noticed that the first summation involves the
units digits of both factors, the second summa-
tion involves the units and tens digits of both
factors, the next two summations involve all the
digits of both factors, the fifth summation In-
volves the tens and hundreds diglts of both fac-
tors and the last involves the hundreds digits of
both factors.

The method of multiplication just described
comprises two stages, the first being the calcula-
tion and writing down of all the varlous Inter-
digital products needed and the second stage con-
sists in the diagonal summation of the digits of
these products and comprises a separate summing
operation for each dlagonal row of diglts. The
present invention provides calculating mecha-
nism which operates generally In accordance
with the above method but which combines the
two stages and performs a sequence of operations
each of which conslsts in the caleulation of all
the product digits shown in a dlagonal row in
the above table and their summation as a single
operatlon. A diagrammatic representation of the
process is obtained if one of the factors (948) is
considered fo be statlonary while the other factor
(762), written backwardly as 267, is moved toe
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wards the left step by step info successive posi-
tions designated 0, {, 2, ete. in Pigure 13 of the
accompanylng drawings, each posltion corre-
sponding to a stage in the process. In eaeh po-
sltion the product digits are summed as indlcated
by arrows in the example for position | which
tollows:
2 6 7

AN
9 4 8

The units digits of the products indicated by the
arrows ,/ are calculated and the tens diglts of
the products indicated by the arrows ™\ are also
calculated and these tens and units digits are
added together and to the digit, if any, carried
from the previous summation to give a digit
of the final result. The complete operation may
be set out in the following manner:

Partial produets In
which are retalned
Poslticn only— Result
The tens | The units
o BX2 6 G
42 B
1 2HB e 1
86 8
{137 7
Transfer
) A PN 1
X2 8
b2 T [1]
4X6 4
(i34 70N 4
8X7 8
(2)3
Transfer
3
3.4 R 1
gxo 4
(i3 € S (O 2
X7 8
THB | vemssnranans 3
2)23 2
Trmséer
4
(524 NP IO B
axT 3
k5. < T IO 2
(1)2 2
Tyransfer
5
0,4 A PO [}
7 7

In accordance with the present invention any
tens or higher digit resulting from the formation
in a particular operation in the process 1s ignored
in doing the summation and only the units digit
of the sum is calculated. Special provision is
made for determining the tens diglt resulting
from any summation and for including it in the
next summation. This provision Is based upon
the following considerations:

If any number in the decadal notatlon is ex-
pressed in a notation having the base G and the
units digit of the number to the hase G s sub-
tracted in accordance with the notation to the
base G from the units digit of the decadal num-
ber, a difference will be obtalned which is con-
stant for the decade in which that number oc-
curs. Subtraction in accordance with a base G
merely differs from subfraction in the decadal
gystem in that when a larger digit is to be sub-

L

n

13

40

G0

a5

70

75

200,832

traeted from a smaller digit the number G is
added instead of 10 to give a positive result digit.
It is preferable that the numbers 10 and G should
have no common factors. In particular, If G is
11 the units diglt of the result of subtracting
from the original number in the decadal system
the same number re-expressed in the hendecadal
system to the base 11 will be the tens digit of
the original number. The f{ruth of this can be
seen from the consideration that the eonversion
to the hendecadal system involves the reduction
of the units digit of the amount by as many units
as the value of the tens digit of the number ex-
pressed in the decadal system. For example, 17
is re-written on the hendeeadal system as 16 and
the difference is 1 which Is the value of the tens
digit. 30 is rewritten as 28 and the difference
30—28 on the hendacadal system, is 3 which
amount 1s the tens dlgit of the original amount,
It should be noted that the difference can be ob-
tained by subtiracting the units digits one from
the other and without any regard to the tens
digits, which need not be calculated. For ex-
ample, in the case of the last example 04+11—8=3.

A relationship between the difference and the
tens digit of the original amount also exists for
notations on other bases, although the relation-
ship 1s not a direct one, as it is on the hase 11
can be used provided that the largest sum that
can be formed in any operation does not exceed
109, when the difference will be equal to the
digit 10 on the hendecadal notation. If the larg-
est sum that may occur exceeds 108, it 1s neces-
sary to use an auxlliary notation on a larger
base than 11 to permit of the difference being
greater than 10. * For example, the notation to
the base 13 allows of a difference as great as 12
in that notation, 12 being, of course, a single
digit in the notation to the base 13. The fol-
lowing table gives the different decades in the
notations on the bases 9, 11 and 13.

Differences  be-
tween the units
digit in the system
Decadal | on the base 10 and
regions on the base—
9 11 13
0- 9 n 1} 0
10~ 19 8 1 3
-2, .. LT . A 8,
30- 39 6 3 @
40~ 49 5 4 12
50~ 69...[..4. ... Bouifies 2
60~ 69 3 6 5
T0- 79 2 7 8
Bo-189,..[...L.[...8..[.11
90~ 09 0 1
190-109 10 4
Y Lo R S NS P .7
120-129 10 l

According to the present invention there fis
provided a calculating mechanism for multiply-
Ing two factors together In a succession of stages
to obtaln a single result digit in a normal no-
tation, comprising means operable to calculate,
at each stage, the digits of interdigital products
pertaining to that stage and to sum sald product
digits in the nermal notation and In also a spe-
cial notation so as to obtain the units digits of
the sum alone In each case, means for obtaining,
at each stage, the difference between the two
sald digits, obtained at that stage and for adding
into the sum obtained in the next stage a digit
corresponding to sald difference and equal to the
tens digit of the sum obtained in the normal no-
tation in the previous stage.
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The presenf invenfion further provides.an elec-
trical gystem for performing multlplication in
accordance with the method previously described.

A further feature of the invention consists in
the provision of gpparatus for evaluating expres-
sions of the general form D4{/—AB=R and
which comprises means for including in the sum
formed at each stage the appropriate digit of the
term D.

An electrical calculating system in accordance
with this Invention will now be described by way
of example only with reference to the accom-
panying drawings in which:

PFigures 1 and 2 are side and front views re-
spectively of the machine, parts of the casing
belng broken away tc show the intermal con-
struction. The parts shown broken away in the
upper right and left hand corners of Figure 1
correspond respectively to sections on the lines
M—M and N—N in Figure 2.

PFigure 2A is a circuit diagram showing the
method of controlling an electric motor driving
a commutator forming part of the machine.

Flgure 3 is a section through the keyboard
along the llne 3—38 in Pigure 2.

Pigure 4 is a section along the line 4—4 In

Figure 3.

Figure 5 15 a section along the Hne %5 in
Figure 2 and shows one of the indicators of tho
result register.

Figure 6 is a vertical section through the re-
sult indicator along the line 6—=6 in Figure 5.

Figure 7 is an enlarged view of the connection
frame which 1s seen in the upper left hand cor-
ner of Figure 1.

Figure 8 is & section along the line 8—8 in
Figure 7.

Flgure 9 is a slde view of an electromagneti-
cally operated multi-contact switch unit a large
number of which are used in the construction of
the machine.

Figure 10 is a section along the line 10—I10 1In
Flgure 9.

Figures 11A and 11B constitute a diagram

showing the various parts of the apparatus In a *«

diagrammatic manner and typical electrical con-
nections between them. The connections estab-
lished during one stage of the operation of the
machine are shown in full lines. This Agure does
not constitute a circult diagram.

PFigures 12A and 12B constitute a similar dia-
gram of Figures 11A and 11B but show the con-
nections established at another stage of the
operation.

Figure 13 is a diagram illustrating successive
stages of a multiplying operation.

Figure 14 shows the method of multiplication
already referred to.

Figures 15, 16 and 17 are diagrams showing
respectively the different series of switches per-
taining to the calculation of the units, tens and
hundreds denominations of the result.

Flgures 184, 18R, 18C, 18D, 184, 198, 19C, 19D,
204, 20B, 20C, 20D, 21A. 21B, 21C, 21D, 224, 228,
22C, 22D and 23 are circult disgrams for the
switches and show how the switches co-operate to
perform calculations.

PFigure 24 1s a circuit dlagram showing the
method of operating the eleetromapgnets cem-
trolling the switches shown In Figures 18A. 18B.
18C, 1813, 194, 198, 19C and 19D,

Figure 25 15 a similar circult diagram showing
the method of operating the electromagnets con-
trolling the switches shown in Figures 204, 20B,

10

-

30

wt

10

(]

75

3
20C, 20D, 21A, 21B, 21C, 21D, 224, 22B, 22C and
22D. .

Figure 26 is a diagram showing how Figures 18,
19, 20, 21A, B, C and D and PFigure 23 may be
pleced together to trace continuous circults dur-
ing different stages In the operation of the ma-
chine.

Pigures 27, 28 and 29 are connection tables for
three kinds of switches by which the factors are
set up in the machine and which control multi-
plying and subtracting operations.

Figures 30, 31A and 31B are connection tables
relating to the commutating means for establish-
ing these series of switches.

The general arrangement of a machine con-
structed according to the invention is shown in
Figures 1 and 2. The machine stands upon a
base 200, the front, top and back of the casing
being formed by metal sheets 201 joined at the
corners by angle irons 203. A number of frames
204 run round the interior of the casing and serve
to support the side walls 205 and the members ac-
commodated in the interior of the machine.

Mounted on the frames 204 in the upper part
of the casing are a large number of electromag-
netically operated multiple-contact switches 206,
whence depart bundles of wires 207 (Figure 2) ter-
minating at connectlon frames 208 situated at the
same height. The construction of the switches
and connection frames will be further descrlbed
herelnafter. In the lower part of the casing is
housed a commutation cylinder 209 the shaft of
which is carried in bearings 210. The commuta-
tion cylinder 208 is driven by an electric motor 211
through a reducing gear 212 and a combined elec-
tromagnetically operated clutch and stop device
213, The commutaticn cylinder together with
the motor, reducing gear, clutch and stop device
are mounted on a platform 214 supported by rails
2(6. A number of rows of contact brushes 216
are disposed around the commutation cylinder 209
and are joined individually to the blades 217 of a
coinection frame 218 arranged above the com-
mutation cylinder. The commutation cylinder is
of the usual construction and comprises a large
number of Insulated contact seements 219 the ar-
rangement and Interconnection of which will be
described hereinafter.

A bracket 220 projects from the front of the
casing and carries the keyboard 221 and the re-
sult register 222. The meachine here described
by way of example is arranged to evaliate ex-
pressions of the general form D—AB-=R, the fac-
tors A and B having three and two digits respec-
tively and the term D four digits, Consequently
the keyboard 221, details of which are shown on a
larger scale in Flgures 2 and 4; comprises three
rows of keys 223 for the factor A. each row con-
taining ten keys numbered individually from 0 to
9, two similar rows 224 for the factor B and four
similar rows 225 for the term D. As shown in
Figures 3 and 4 the keys are raised resiliently by
sorings 226 and at their lower ends carry cam
members 221 whereby contact pairs 228 are closed

5 when the key Is depressed. All the keys 225 re-

lating to the term D close single contact pairs as
shown In Figure 3, but the keys 223 and 224 re-
lating to the factors A and B close mudtiple con-
tacts In a similar manner. The numter of con-
tacts closed by each key will appear from the snb-
sequent description, After being depressed the
keys are prevented from rising vy locking plates
229 plvoted at 230 and urged by the springs 231
against the ¢am members 2271. It Is thus possi-
ble, by depressing the appropriate keys in the
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different rows (one per row) to set up the f[actors
A and B and the term D. After the calculation
has been effected the keys are released by a re-
lease key or trigger 232 which 1s plvoted at 233 to
a bar 234 having projections 235 which are adapt-
ed to engage the plates 229 to push them aside
and release the keys when the trigger 1s operated.
The closing of the contact pairs 228 energises the
operating magnets of the correspondihg switches
208 to establish the connections corresponding to
the introduction of the diglts interventing in the
calculation. When the calculation has been
completed, operation of the trigger 232 releases
the keys as already described and also, by means
of a prolection 236 on the bar 234, temporarily
closes a contact pair 23T whereby resetting mag-
nets of the switches are energised and the switches
are returned to thelr starting positlons.

The keyboard also carrles a switch 238 for
starting the electric motor 214,
formance of each calculation the commutation
cylinder 269 must be turned through a quarter of
a8 revolution, and Figure 2A shows diagram-
matically the arrangements provided for this
purpose. The commutation ¢cylinder 209 is driven
from the shait 239 of the reducing gear 212
through a magnetically operated clutch and stop
device Indicated generally by the reference 240.
The driven plate 241 of the clutch 1s Aixed to the
commutator shaft 242 and is provided with fcur
equally spaced projections 242 adapted to be en-
gaged by a stop member 244 pilvoted at 245 and
urged into enpagement with the projections by a
spring 246. 'The part of the stop member pro-
jecting below the pivot 245 is formed as an ar-
mature for an electromagnet 241 whereby the stop
member may be disengaged from the projections
243. The driving plate 248 of the clutch is held
in engagement with the driven plate 241 by an
electromagnet 249 acting through a lever 250 piv-
oted at 251 and provided with a pull-off spring
282, Clutch and stop mechanisms suitable for
the present purpose are already well known and
Plgure 2A is intended to be regarded slmply as a
conventional diagram for the purpose of explain-
ing the operation. 253 indlcates the magnet of a
relay for closing the circult of the motor 211 from
the supply leads 254 and 26%5. The windings of
the magnets 247, 2489 and 253 are connected In
parallel, one connection being made to the supply
lead 264 and the other to one of a palr of brushes
256 co-operating with segments 287 on the sur-
face of the commutation cylinder, Each segment
extends over practically a quarter of the clrcum-
ference of the cylinder and the arrangement 1s
such that the leading brush runs off a segment
as a projection 243 of the stop mechanism ap-
proaches the stop member 244. The other brush
266 is connected to the supply lead 255, and the
switch 238 for starting the operation is connected
between the two brushes. In the operative posi-
tlon the commutation cylinder is stopped In a
position in which one of the brushes 256 rests on
the insulating portion of the cylinder. If the
switch 238 is now closed, the magnets 247, 249 and
253 are energised so that the stop member 244 is
retracted, the clutch plates 241, 248 are brought
into engagement and the motor circuit ls com-
pleted. The motor 211 therefore starts and drives
the commutation cylinder so that both brushes 256
run on to one of the segments. If the switch 238
is now allowed to open, the motor continues to
drive the commutatlon cylinder until the leading
brush 258 runs off the segment 251, The circuit
of the magnets 247, 249 and 253 Is thereby Inter-
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rupted, so that the stop member 244 is released
and engages with one of the projections 243 to
stop the rotatlon of the commutation cylinder.
At the same time the clutch is disengaged and the
motor clreuit is interrupted so that the meotor
runs freely until its momentum Is exhausted and
it comes to rest.

The result register is situated above the key-
board 221 and comprises flve windows 258 for the
five digits of the result. Figures 5 and 6 show
the construction on a larger scale. For each de-
nomination of the result there is provided an in-
dicator 259 comprising a sector-shaped scale 260
secured to an iron rotor 25 mounted on a shaft
261 and arranged at the centre of two colls 23, 24
at right angles to one another. The shafts 261
of the various indicators are carried in bearings
263 attached by screws 264 to a rail 263 running
from side to slde of the bracket 220. The colls
23, 24 are also fixed to the rall 268 by connecting
strips 266. The scale 260 of each Indicator hasin-
scribed on 1ts external face the ten characteristic
decadal digits 0 to 9 and corresponds to one de-
nomination of the result. These result indicators
are shown diagrammatically on the right hand
side of Figure 11B, UD being the units decadal
indicator, TD the tens decadal indicator and so on
to TTD which is the ten thousands decadal in-
dicator. As will be seen from Figure 11B, one
end of the colls 23 1s connected to one end of the
coils 24 and to the negative current supply lead
L: of the machine. The other ends of the colls 23
and 24 are connected by leads In and La respec-
tively to the ends of resistances W which are pro-
vided with ten tapping points to which are con-
nected the ten result leads on the decedal system
designated OR to 9R. The suffix 0. 1, 2, 3 or 4
indicates the denomination to which the leads
pertain, 0 indicating the units denomination, 1 the
tens denomination, etc. When the machlne is op-
erated, one of the result leads 0R to 9R of each of
the decadal indicators ls rendered alive so that
a resultant magnetic fleld is produced by the colls
23, 24 whose directlon is determined by the ratic
of the magnetising currents of the two coils and
is thus independent of variations In the voltage
at which the apparatus is supplled with current.
The current will branch through the resistance W
and the lines L: and 1g, and the ratlo of the in-
tensities of the currents In the two leads will vary
In aceordance with which of the result leads (R
to R is Included in the circult. Thus, the rotor
25 will take up & position determined by which
result lead is included in the circult and corre-
sponding to a result dligit which appears in the
window 268. The Indicators are not provided
with return springs, so that each rotor will re-
maln In any posltion to which it is moved when
its windings are energlsed, after those windings
have been de-energised. In other words, each
indicator moves from one indicating position to
the next and does hot return to zero unless the
digit to be indicated In zero.

The machine here described by way of example
uses the hendecadal system as the auxillary base
in order to obtain the correct carrying from one
denomination to the next according to the prin-
ciple already explained. For this purpose the re-
sult register also comprises for each denocmina-
tlon except the highest (there being then no car-
rying to be effected) a second result indicator
represented generally by the reference 261. The
construction of the hendecadal Indicators 267 is
similar to that of the decadal indicators 259 ex-
cept that no scale 260 is required. The shafts 268
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are carried In bearings 268 fixed to a rail 210
similar to the rall 265. The hendecadal Indi-
cators are shown diagrammatically on the right
hand side of Figure 11B, UH being the units hen-
decadal indicator, TH the tens hendecadal indi-
cator and so on to the thousands hendecadal
indicator. The coils 23 and 24 of the hendecadal
indicators are Joined by leads T. and La to the
ends of resistances W which are provided with
eleven tapping points to which are connected the
eleven result leads on the hendecadal system des-
ienated OR’ to IOR’. The sufix 0, 1, 2 or 3
again indicates the dehominatlon to which the
leads pertain., The hendecadal indicators oper-
ate in the same way as the decadal! indicators
except that they may take up any one of eleven
positions and in passing from lower to higher
digit positions rotate in an anticlockwise direc-
tion instead of a clockwise direction.

As already e¢xplained, the transfer or carrying
from one denomination to the next is determined
by the difference between the results obtained on
the decadal and hendecadal systems. For this
purpose the two Indicators 259, 267 pertaining {o
cach denomingtion except the highest jointly con-
trol by gear wheels 271, 2712 respectively a differ-
ential switch mechanism generally indicated by
the refernece 218,

Fach differential switch compriscs a base 214
with side portlons 215, 216 carrying a shaft 2T1.
Looscly mountcd on the shaft 21T arc gear wheels
218, 219 meshing respectively with idler gear
wheels 280, 28! meshing with the gear wheels
211, 212, The gear wheels 2718, 219 are also pro-
vided with bevel teeth 282 meshing with plane-
tary bevel pinlons 28% mounted loosely on a cross
shaft 284 made in two halves screwed together.
A disc of insulating material 285 is secured to the
side portlon 276 by screws 286 and carries an inner
contact ring 20 and an outer concentric row of
contact segments 21. An arm 289 is fixed to
the shaft 27T and to its outer end is secured a
contact bridge plece 290 by means of a stirrup
291. Wiring connections to be described later are
made to the contact ring 20 and to the contact
segments 21. During the operation of the ma-
chine the decadal and hendecadal indicators per-
taining to a denomination of the result are ener-
gised successively. Supposing that both Indi-
cators are originally in the zero position, the shaft
26 of the decadal indicator is flrst turned to
the position corresponding to the particular digit
of the result, while the shaft 268 of the hen-
decadal indicator remaing stationary. During
this period the gear wheel 278 15 turned by the
gear wheel 2Tl and the shaft 21T i{s turned by
the planetary pinions 283 so that the contact
bridge piece 290 moves over a number of con-
tact segments 21 equal to the said digit. The
shaft 261 then remains statlonary while the shaft
268 is turned to the position corresponding to the
particular digit of the result in the hendecadal
system. During this perlod the gear wheel 278
is turned by the gear wheel 272 and the shaft
271 is turned by the planetary pinions 283 so that
the contact bridge piece 290 moves back over a
number of contact segments equel to the said
hendecadal digit. The contact bridge piece 290
therefore finally comes to rest on a contact seg-
ment 21 corresponding to the difference hetween
the digits in the decadal and hendecadal systems.
The same final position will, of course, be arrived
at when etther or both indicators start from &
position other than zero. The gearing ratios be-
tween the driving wheels 2TI, 272 and the gear
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wheels 218, 219 are preferably selected so as to
compensate the difference in rotation of the shafts
of the decadal and hendecadal indicators. The
four differential switches are shown dlagram-

- matically cn the right hand slde of Flgtire 11A,

DSo, DS1, DS; and DS: being respectively the
switches driven by the indicators of the units;
tens, hundreds and thousands denominations.

The digits of the term D and of the factors A
and B of the expression D—AB—R will be desig-
nated do, di, d2. .. a0, a1, a3 ...80d bo, b1, ba, ...
respectively, the suffixed numerals irdicating tie
denominational value of each digit, 0 Indicating
the units denoinination, 1 the tens denemination
and so on. Each digit is entered by a separate
switch which is adjustable into any one of ien
positions by the ten keys of the correspending
row of the keyboard 221, so that each position
corresponds to a different dlgit. The switches
for the term D will be designated SD8, SDI,
8D2, etc. The switches for the factor A will be
designated SAQ, SBAl, ete. and the switches for
the factor B, SBO, SBi, etc. Each of these
switches Is a multi-contact switch built up from
a number of similar electromagnetically con-
trolled units and makes a different predetermined-
set- of conmections for each position. The con-
struction of the switch units and the manner in
which they are grouped together to form a switch
5A, SB or 8D, using these designations generl-
cally, will he described more, fully herelnafter,

The apparatus also comprises a commutator,
already referred to by the reference numeral 208,
which turms continuously while a calculation-is
being effected and connects the-switches together
in different series at each stage in the operation.
Each series comprises switches SA and SB ar-
ranged alternately and followed by one of the
switches SD. The switches which are connecfed
in series at any stage depend upon the factor
digits which are involved at that stage and this
serles of swliiches provides a series of circults’
corresponding to all possible resulis at that stage
and terminating in ten result leads; if the cal-
culation is proceeding on' the decadal notation,
and 11 result leads if the calculation is proeceed-
ing on the hendecadal notation. The setting of
the swltches selects unlquely one of these cir-
cults so that orie of the result leads ig-alive. At
each stage a result digit is ealculated flrst on-
the decadal notation and then on the hendecadal
notation. ‘The connection of the result leads to
the Indlcating devices of the result reglster has
already beén described with réference to Figures
5, 6 and 11B. The latter flgure 15'a continuation
towards the right of Figure 11A.

The indicators are connected in clreult in turn
by the commutator 27 ag will be described later,
starting with the units decadal indicatot UD fol-
lowed by the units hendécads] indicator UH, the
tens decadal indicator TD, the tens hentecadal
indicator TH and se on up to the ten thousands
decadal indicator TTD. Thus at each stage the'
appropriate decadal indieator Is ehergi$ed” and
will indi¢cate a digit of the résuli, THis digit
15 the units dlgit of the sum and is in the decadal
notation. The hendecadal indte&tor for the same’
denomination is then energised and ihdlcates a
digit which is the units digit of the salie s
when expressed in the hendecadal notation. By
means of the differential switchesy DSs, DSy ets”
the two indieators of each pair Jointly comtrol -
the addition Into the sum formed-at the- rext
stage of the tens digit of the sum- formed a}’ thé
The - contaets 2§
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of each differential switch are permanently con-
nected to lines 22 leading to the first switch of
the series of switches established In the next
stage of the operations and so as to determine
through which of eleven arrival lines of this first
switch the elrcuit is to be completed. Only the
first of these arrival wires has been shown in
Figure 11A. The effect of this selection of an
arrival line will be apparent from the descrip-
tion which is to be given later.

The commutator 26 in the left hand upper
corner of Figure 11A moves in the direction of
the arrow, and in the first stage of the calcu-
latlon makes a connection from the positive pole
of the source of current to the arrival line ao
of the switch 8Ay, which is the first switch of
the serles for calculating the units denomination
of the result. Thereafter it connects the positive
pole of the source of current successlvely to the
contacts 20 of the differential switches DSo, DS,
DS2 and DS3 as the different serles of switches
ate established for the calculation of the higher
denominatlons of the result.

In order that the indicating devices should
operate correctly the load on the rotors must be
very small, and instead of driving the differential
switches directly as described, it may, therefore,
be preferred to employ the rotors merely as re-
lays to control follow-up servo-motors, In the
manner well-known In ships-compasses and like
remote Indicating devices, and these motors may
control the differential gwitch mechanism.

Bach switch SA or SB consists essentially of
two parts which are adjustable together, One

part of the switch may be termed the tens part .,

and Is indicated by the reference T and the other
the units part and is indicated by the reference
TU. The tens part of each switch SA and the
tens part of the switch SB preceding it in the
serles are electrically connected together during
the operation of the machine and co-operate,
while the units part of each swilch SA is elec-
trically connected to and co-operates with the
units part of the switch 8B which follows it in
the serles. Each palr comprising the tens part
of a switch SB followed by the tens part of &
switch BA serves to calculate the tens digit of
the product of the two diglis represented by the
setting of the two switches and to add this digit
to the sum of the diglts calculated by the palrs
of switch parts earller in the sequence of
switches, Each pair comprising the units part
of a switch S8A followed by the units part of a
switch 8B serves In gimilar manner to calculate
the units digit of the product of the digits rep-
resented by the setting of the switches. The
switches are built up from a number of electro-
maghetically operated units of the kind shown
in Plgures 9 and 10. Each unit comprises a ring
of fixed coniacts 282, 283 mounted on a segment
of insulating material 294 fixed to the frame 295.
The contacts 292 are wider than the contacts 293
and are arranged alternately therewith. Each
contact 292, 293 is provided with a tab 298 for
making soldered conmnections to the wirlng, A
ring of moving contacts 297 are embeddeq in a
disc 298 of insulating material mounted on a
spindle 299 supported in bearings In the frame
295. Each movable contact 297 is in the form
of & split blade of the same width as the fixed
contacts 292, The disc 298 carrying the movable
contacts Is driven in reclprocatory rotation about
its spindle 299 by one end of a lever 300 pivoted
to the frame at 301 and forming at its other
end a movable armature 302 placed between the
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poles 303, 304 of two electromagnets 305. and
3406, When the magnet 305 is energised the lever
300 is moved in an anticlockwise direction and
by means of a8 pin 301 in its lower end moves
the insulating disc 298 in a clockwise directlon
so that one part of the split movable contacts
297 moves off the wide fixed contact 292 on to
the adjacent narrow fixed contact 293. Each
wide contact 292 is thus electrically connected
to the adjacent narrow contact 293. The exei-
tation of the other electiromagnet 308 conversely
returns all the moving contacts to the position
shown in Figure 9. These electromagnetically
operated units are mounted in the casing as In-
dicated at 206 in Figures ! and 2 and from the
tabs 296 wires of the bundle 207 lead to con-
nection frames 208, shown on a larger scale In
Figures 7 and 8, where they are connected to
metal blades 308 embedded in insulating bars
309 fixed to transverse rails 310. The blades 308
of the varlous bars 309 are aligned in the trans-
verse direction of the bars so that these blades
may be connected by wires 311 to carry out the
connections presently to be described.

Figures 184, 188, 18C and 18D show one of the
switches SB. Figure 18B {s a continuation to the
right of Figure 184, these two figures completing
the units part of the switch. Similarly, Figure
18D is a continuation towards the right of Figure
18C and these two figures together form the tens
part of the switch. The table labelled “Switch B”
which extends across the top of these figures in-
dicates the digital settings of the switch for which
particular contacts will be closed. Where a dash
appears In a horizontal column of the table the
contacts vertically in line with that dash will be
closed, in the direction of the adjacent arrow,
when the switch is set to register the digit at the
end of the horizontal column. For example, if
the switceh is set to record 4, then in the part of
the switch shown in Figure 18A the fourth row
of k contacts, the second row of ! contacts, the
fourth row of m contacts and the third row of n
contacts will all be closed. Simllar remarks ap-
Ply to the contact shown in Flgures 18B, 18C
and 18D.

Each of these rows of contacts is constituted
by a group of the contact pairs 292, 293 of an
electromagnetically operated switch unit shown
in Figures 9 and 10, and the operating electro-
magnets are indicated diagrammatically above
the tables vertically above the contacts which
they operate. For example, referring to the nine
rows of contacts marked % in Pigure 18A, each
row comprises eleven contact pairs numbered 0
to 10, and is on a different switch unit. The
closing magnets of these nine units are shown
verticelly above the corresponding rows and are
marked 100, 101, 102 ... [08. When the switch
is set to register a digit from 1 to 9 inclusive one
of these magnets Is energlsed, as indicated by
the dash in the horizontal column pertaining to
that digit, so that the disc 298 (Figure 9) of the
corresponding switch unit is rotated and the con-
tact pairs 292, 293 of the group are connected
together. In Figure 18A there are also nine rows
of contacts marked 7, and as the registration of
digits from 1 to 9 inclusive also 1n this case only
involves the closing of one row of contacts at a
time, each of these rows may be paired with one
of the rows & so that the same magnet closes the
coniacts of both rows. Thus, for example, the
first row of contacts k and the third row of con-
tacts I are both closed when the digit 1 1s set up
and may therefore both be mounted in the same
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switch unit so as to be closed by the same mag-
net 100. For convenience, in Pigure 18A the
magnets (00 to 108 have been repeated above the
rows of contacts . In the case of the four rows
of contacts m, it will be seen that each row is
closed when two digits are set up, for example the
first row is closed when the digits 1 to 6 are set
up, and to avoid the formation of back circults
in the magnet wiring system, which will be de-
scribed presently, such rows can only be paired
with other rows which are closed when the same
two digits are set up. The first row of m contacts
is therefore paired with the second row of n con-
tacts and all these contacts mounted on the same
switch unit and operated by the same magnet
109. The remaining rows of contacts on Figures
18A, B, C and D are allocated to different switch
units according to the same principle as may
readily be followed by reference to the table and
the numbering of the operating magnets,

PFigure 24 shows how the operating magnets
pertaining to the switch 8B are controllied by the
keyboard. {00 to 128 inclusive are the closing
magnets shown in Figures 18A, 18B, 18C and
18D, and 108’ to 126" inclusive are the corre-
sponding magnets for returning the switch units
to the open position. One terminal lead of each
magnet is permanently connected to the negative
current supply line, and the other terminal lead
of each of the opening magnets 108’ to 126’ in-
clusive is connected to a common line leading to
one of the contacts of the contact pair 237 oper-
ated by the trigger 232 (see Figure 4). The other
contact of the pair 231 Is connected to the posi-
tive current supply line. Operation of the trigger
232 therefore releases all the keys which have
been depressed, as already described, and also
energises all the magnets 100’ to §26’ to return
the switch units to the open circuit position.
The closing magnets 100 to 126 inclusive are con-
trolled by the keys 0 to 3 which are one of the
rows of keys 224 shown in Figure 2. The other
row of keys 224 controls an identical system of
magnets pertaining to the other switch SB.
When a key is depressed all the contacts shown
in & group below it are connected together. When
the key 0 is depressed to register the digit 0 in
the switch SB under censideration it will be seen
from the tables of Figures 184, 188, 18C and 18D
that the following magnets have to be energised:
114, 1158, 1i8, 117 and 124. For this purpose one
contact controlled by the key 0 is connected to
the positive current supply line and the other
five are each connected to one of the magnets
named. In a similar manner, inspection of the
tables of Figures 18A, 18B, 18C and 18D shows
that when the key | is depressed the following
magnets have to be energised: 100, 109, t13, 111
and 124, and it will be seen from Figure 24 that
the key | controls six contacts one of which is
connected to the positive current supply line and
ihe other five to the five magnets last named.
The remaining keys 2 to 9 inclusive control sets
of contacts connected up to the magnets accord-
ing to the same principle.

Figures 20A, 20B, 20C and 20D show cne of the
switches SA. Figure 20B is g continuation to the
right of Figure 204, these two filgures completing
the tens part of the switch, and Figure 20D 1s a
continuation to the right of Figure 20C, these two
figures together forming the units part of the
switch. The switches S8A are built up from a
number of electromagnetically operated switch
units in the manner already described for the
switches 8B, so, that further description of this
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construction is considered unnecessary. The
switches SBA are closed by magnets 50 to 11. in-
clusive and copened by maghets 50 to 17’ inclu-
slve, and Figure 25 shows the connections of
these maghets to the contacts operated by the
keys 0 to 9 of one of the rows 223 of Figure 2.
Each row of keys 223 controls an identical switch
SA by means of a magnet system as shown in
Figure 25,

Flgure 23 shows one of the switches SD, which
is composed of ten of the electromagnetlcally op-
erated switch units each having eleven contact
pairs. As shown by the table labelled “Switech
D” one of these units is operated for each digit
registered. The magnets for closing the switch
contacts are shown below the table gnd are de-
noted by the references 130 to 139 inclusive.
References 130’ to 139" indicate the correspond-
Ing magnets for returnhing the switches to the
open position, One lead of each of the magnets
Is connected to the negative current supply line,
and the other lead of each of the opening mag-
nets is connected to one contact of the contact
palr 2371 which is closed by the trigger 232 (Fig-
ure 4). The other contact of the pair 231, and
one contact of each of the contact pairs closed
by the keys 0 to § inclusive are connected to the
positive current suppiy line. The other contact
of each of the pairs controlled by the keys is
connected to the closing magnet to be controlled
by that key. The keys 0 to 9 are one of the rows
of ke¥s 225 shown in Figure 2. The other rows
of Keys control identical switches SD in the same
menner.

It was previously pointed out that the method
of multiplication can be indicated diagrammati-
cally by assuming that one factor, with its digits
in Inverted order, is moved relatively to the other
factor. Five positions in such a movement are
shown in Figure 13. In each position each digit
of the factor B Is multiplied by the digit of a
factor A to its left to obtain a units digit and
by a digit of the factor A to its right to obtain
& tens digit. Thus the first three stages of the
operation are as follows:

Position 0, the product of the units digit be
of the factor Bo by the units digit @ of the fac-
tor A Is obtained and subiracted from the units
digit do of the factor D.

Position |, the sum of the units digits of the
product of be and ai, the tens digit of the prod-
uct of bo and ao and the units digit of the product
of b1 and ao Is subtracted from the digit d1.

Position 2, the sum of the units digit of the
product of az and bo, the tens digit of be and a1,
the units digit of a1 and b: and the tens digit of
b agd ae is subtracted from the digit d2 of fac-
tor D.

Figure 15 shows the order in which the switches
are connected in circuit by a commutator pres-
ently to be described for the stage of the opera-
tlon corresponding to position 8§ In Figure 13.
At this stage only the units parts U of the
switches SAo and SBe and the switch SDo are
connhected in circuit. On the left-hand side the
positive pole of a source of supply is connected
to an arrival lead of the switch SAc. The de-
parture lines of the switch SDo are connected
firstly to the decadal indicator UD of the units
denomination of the result register and then
to the hendecadal indicator UH of the units de-
nomination. During the first part of this stage
of the operation notatlon-controlling commuta-
tors to be described are in the decadal poslition
while during- the second- part they are-in the
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hendecadal positlon. As will be clear from the
following description the switches SAg and S5Ba
will determine the units digit of the produet of
the unlits digits of the two factors and this units
product diglt will be subtracted from the unlts
digit of the factor D by the switch SDq.

This eircuit will lead to one of the lines 0Reo
to 9Re of Figure 11B and as already explained
the units decadal indicator UD will move to a
position corresponding to the units digit of the
result. In the second part of the first part of
the operatlon the notation-controlling commuta-
tors will have shifted so that a simllar circuit
will he completed to energise the units hendecad-
al indlcator UH in accordance with the units
digit result in the hendecadal notation. The dif-
ferential “carrying” switch DSe (Flgure 16) op-
erated by these two indicators will thus be ad-
Justed in accordance with the difference between
the units digits in the two notations, and will, as
previously described, select one of a number of
leads. 'These leads are permanently connected
to the arrival leads of the switch SAi, which is
the first switch of the series of switches estab-
lished to calculate the dligit of the tens denoml-
nation of the result as shown in Flgure 16. In
this second stage !n the operatlons, correspond-
Ing to positlon | of Flgure 13, the serles of
switches comprlses the units part of the switch
SA;, the switches SBo and SAo, the units part of
the switch SB: and the switch SDi. Circults
are established through these switches, includ-
ing the differentlal “carrying” switch DSe of the
units denomination, to adjust first the tens de-
cadal (TD} and then the tens hendecadal (TH)
indicator.

The serles of switches established In the third
stage of the operation are shown in Figure 17 and
are similar so that they need not be described.
After a circult has been completed through the
highest switch SA provided in the machine (SAa),
a serles of switches will be established in the next
stage starting with a switch SBo and terminat-
ing with the switch SA¢ and one of the switches
8D. The number of switches in sequence then
progressively diminishes until in the final stage
the sequence consists in the highest switch SB
followed by the highest switch SA. In connec-
tion with the last sentence it should be noted that
1t is possible, for reasons which will be explained,
to employ one fewer switch SD than there are
denominations in the result; which accounts for
the fact that the last sequence of switches con-
sist of the highest switch SB and the highest
switch SA only.

Fgure 26 is a key diagram showing how Flg-
ures 18A to 23 inclusive may be pieced together
to complete the electrical circults corresponding
to the five positions of Figure 13. In the position
O only Figures 18A, 18B, 20C, 20D and 23 are
involved and should be arranged in the order
shown so that the circuits may be traced from
one sheet to the next. This arrangement corre-
sponds to Figure 15 except that the tens part of
the switches 8A¢ and SBo, which are not involved
in the circuits, have been omitted. 'The arrange-
ments for positions ‘1 and 2 similarly correspond
to Fgures 16 and 17.

Before describing the circuits in delail, the
principle on which a pair of switch parls operates
will be described generally.

Taking first the case of the units part of a
switch SA followed by the units part of a switch
8B, these two switch parts have to add to a digit
8, determined by the earller switches in the se-
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quence, the unlts digit of the product of the diglt
¢ which the switch 8A is set {o represent, and the
digit b which the switch SB 1s set to represent.
Using the hendecadal notation there are {1 pos-

- sible values for s and 10 possible values for ¢ and

b. There are therefore 1,100 possible computa-
tions, but there are only 20 possible results, since
the largest product digit 1s 9 and the largest value
of g is 10, so that the possible results are 0-19 In-
clusive, There are 11 arrival leads to the units
part of the switch SA4, each of these leads corre-
sponding to a different value of 8. The appro-
priate lead is rendered allve by circuits completed
from the earller switches In the series while the
other leads are dead. Each of these leads has 10
branches, each branch corresponding to a differ-
ent value of @a. The switch SA serves to make a
connectlon in each branch corresponding to the
definite value of a which the switeh is set to reg-
ister, there being one of such branches in each
of the eleven sets. The switch also breaks the
other branches corresponding to other values of
a, 50 that a connection can be established through
the arrival lead which is allve to the connected
branch which is assoclated with the digit for
which the switch SA is sef, The 110 branches
extend from the switch 8A to the related switch
SB. Each branch is provided with 10 secondary
branches inside the switch BB, each of the sec-
ondary branches relating to each one of the pri-
mary branches being allocated to a different
value of b, The switch SB is provided with con-
tacts for completing connections In all the sec-
ondary branches corresponding to the value of b
for which the swltch is set, there being one of
such branches in each of the 110 secondary sets.
The switch §B Interrupts the secondary branches
corresponding to all other values of b. Since
each secondary branch in a group corresponds
to a different value of b, only one branch in a
group will be alive and the secondary branch In
the group will continue the circuit through the
primary branch which is alive, This circuit will
correspond to the computation s+ab where s, &
and b have defilnite values and will therefore have
a definite result value depending upon the values
of the factors. Each of the secondary branches
is connected permanently to one of 20 result
wires allocated to the different results from 0 to
19. If the ecalculation i1s proceeding on the
decadal system, the result wires corresponding to
10-18 are connected respectively to the result
wires corresponding to 0-8, since only the units
digit of the result Is required, so that the result
10 corresponds to the result 0 and s0 on. If the
calculation Is proceeding on the hendecadal nota-
tion the result wires corresponding to 11-19 are
connected respectively to the result wires corre-
sponding to 0—8 since the units digit of 11 when
expressed in the hende¢adal notation is 0 and
the units digit of 12 1s 1 and so on. A connec-
tion is thus completed from the arrival wire to
one of 11 departure wires, which are the result
wires corresponding to 0 to 10, corresponding to
the required result. This departure wire is in
turn connected to the arrival wire of the next
switch part In the series which would normally be
ihe tens part of the switeh 8B.

The connections for the tens switch part of SB
followed by tens switch part SA will be substan-
tlally the same, but the manner in which the
various secondary branches are connected to the
result wires will be different, since the tens digit
of the product must be taken into account In-
stead of the units digit, Further, the switch SB
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controls the contacts in the primary branches,
while the switch SA controls the contacts In the
secondary branches, since the switch SB pre-
cedes the switch SA in series at this point of the
series of switches.

To summarize the above each switch SA would
be connected to the units part of one switch 8B
by 110 primary branches from its units part and
to the tens part of another switch 8B by 110
primary branches from its tens part and thus
would have 220 primary branches, that is connec-
tions to switches SB. Each switch SA would
have also 11 arrival leads and 11 departure leads.
Further each switch SA would have 110 contacts
in 1ts units parts and 1100 contacts in its tens
parts or 1210 contacts in all. Each switch S8
would also have 11 arrival and 11 departure leads
220 primary branches and 1210 contacts, 1100 in
its units part and 110 in its tens part.

In practice it is possible, as will be described
next, to modify the theoretical circuits described
above so as to reduce the total number of con-
tacts required in each switch, The effect of these
modifications is to reduce the total number of
contacts in each switch SA to 381, 253 in the tens
part and 128 in the units part, and the number
of contacts in the switch SB to 490, 352 in the
units part and 138 In the tens part. It will be
noted that the decrease in the number of con-
tacts in one part of each switch is accompanied
by an increase in the other part of that switch
but the total number of contacts is greatly re-
duced. The number of primary branches is
drastically reduced but the modifications neces-

sitate additional connections between the switches ..:

which, with the remaining primary branches, re-
sult in a total of 199 connections from each
switch to the preceding and following switch in
the series.

The modifications will now be explained with .

reference to Figures 184, 18B, 20C and 20D,
which should he arranged as shown at position 0
in Figure 26, and show the circults for the units
part of the switch SBoe and the units part of the
switch SAs. As already explained, the contacts
shown in Figureg 20C and 20D gre In the switch
SAo, and the table labelled *‘Switch A" indicates
the digital settings of the switch for which par-
ticular contacts will be closed. Similarly the
contacts in Figures 18A, 188 are in the switch
SBo, and the table labelled “Switch B” shows
which contacts are closed In any particular set-
ting of the switch.

The arrival wires are shown at a and corre-
spond to the digits 0-10 as indicated in the lower
lefi-hand corner of Figure 20C. The departure
wires are shown at { in the upper right-hand
corner of Figure 188, and the digital values cor-
responding to them are indicated.

If the digit a is zero, the units diglt of the prod-
uct ab is also zero, so that the arrival wires a
can be connected directly to the corresponding
departure wires { by means of the contacts ic to
{10 which are closed when the switch SA¢ is set
to record 0. Under these condltions, the con-
tacts a’e to ¢’ gre also closed, so that the cir-
cilt may extend from the line ao to the line io
from the line a: to the line i1 and so0 on. The
primary and secondary branches for the value
a=0 can thus be omitted.

When the value of a is 1, the switch SA¢ will
close contacts ko to k0, and the contacts a’s to
a’10, so that the clreuits will extend over a group
of lines k which constitute the primary branches.
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by 9 palirs of contacts to any one of 9 lines po to
Ppus, the contacts belng arranged systematically.
The line ko corresponds to the computation
0-+1z, the line %3 to the computation 3+1r and
s0 on. Thus, the line ko must be connected to
one of the result lines po to ps which corregpond
to the results 1-8, the line k3 must be connected
t0 one of the lines g1 to pir which correspond to
the results 4-12, and so on. Which of these
various contacts are closed, as the result of the
setting of the switch §B¢ that has been made,
is indicated by the dashes In the table “Switch
B,” and the arrangement is such that each of
the lines ko to k10 Is connected to the appropriate
one of the lines po to p1s. Thus, when the switch
8Ao is set to register 1 and the switch SBo set to
register a significant digit and with one of the
leads ¢ only alive, a unigue circuit will be estab-
lished through one of the lines a’’’o to a°’'1s, One
of the Hnes ko to k10 and one of the lines po to
pis. Similar primary branches comprising the
lines m, I and n are provided for the digital val-
ues 2, 3 and 4 of ¢ respectively. In eonnection
with the branches m and 7, a simplification s
possible owing to the fact that the products of
the digits 2 and 4 must have the valiues 2, 4, 6, 8
so that only four pairs of contacts are needed to
connect each of the lines m and n to the ap-
propriate lines p. Thus, the contacts which con-
nect the line mo to the line p: to give the resalt
2 are closed both when the digital value of big 1
and when it is 6, since the units digit of the prod-
uct 21 and of the product 26 is 2 in both
cages,

The manner in which circults are established
when the digit @ is 8, 7, 8 or 9 is based upon the
following considerations. If the units digit of a
product ab is ¥, the units digit of the product
(10—a)b is 10—y, The truth of this can be shown
by the following demonstration. Let r be the tens
digit of the product ab so that ab=10z4-y then
(10—a) b=10b—ab=10b—(10z+3) =10 (b—xr—1)
+(10—g). Thus the tens digit of the product
(10—a)b is (b—2x—1) and the units digit is 10—y.
In other words the units digit of the product of
two dlgits is the complement of the units digit of
the product of the complement of ong of those
two digits multiplied by the other digit. Further,
the sum of the complements of the two digits is
equal {o the difference hetween 20 and the sum
of the two digits. Thus (10—8)4(10—y)=
20— (s+20.

The digit 9 is the complement of 1, the digit 8
is the complement of 2, the digit 7 1z the comple-
ment of 3 and the digit 6 is the complement of 4.
With the present circults the same connhections
between the lines ¢’’’ and k are established both
for 1 and 9. The lnes 1 are connhected to the
lines a’’ both for the digits 3 and 7. The lines
m and n are used In the same manner for the
digits 2 and 8 and for the digits 4 and 6 respec-
tively.

Thus when the switch SAo 1s set to register 6,
7. 8 or 9, it will establish the same cirenit con-
nections from the lines ¢’’’ to the lnes p as when
it is set to register 4, 3, 2 or 1 respectively and
these connections will serve to comiplete. a cleuit
corresponding to the complement of the units
digit of the product instead. of. that eorresponding
to the units digit of the produet. Further when
the switch SAe 13 set to represent 6, 7, 8 oz 9, 1t
will close the eentacts a?’ and conneot the Lites ¢
to the lines @’’’ in inverted order so that the line
a’’’ whieh i3 alive correspends to the complement
of the diglt represented by the line @ which i
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allve. Thus the complement of the diglt s will
be added to the complement of the units digit ¥
of the result and the line p which is alive will
correspond to the difference between 20 and the
required result digit.

The lines p are connected to the departure
lines { by means of two groups of contacts p of
the switch SAes. The left-hand group of contacts
Do to »s are closed when the swltch SA is set to
record 1, 2, 3 or 4 and serve to connect the lines
Po to ps to the lines {1 to is respectively. The lines
o to ps correspond to the diglts 1 to 9 of the re-
sult and are therefore connected directly to the
required lines i. The line ps which corresponds to
10 is permanently connected to the line 410 since
the result 10 1s always equal to 10 whether it is
the true number or the complement of the true
number,

When the result is a complement, the line pis,
will correspond to the complementary result 19
and therefore to the true result 20—19=1. The
contacts e of the righthand group pie to pis
serve therefore to connect the line pis to the line
#1. This right-hand group of contacts pie to p1sis
closed when the switch SAo 1s set for 8, 7, 8 or 8.
The other lnes pio to P17 are stmilarly connected
s0 that the complementary result represented by
the energlsed line pio to pis I1s converted into a
true result represented by an energised line 11
to i1,

The above is explalned as to how the units
diglt required is arrived at when the sum (s+ab)
1s 10 or less, If the sum 1s more than 10 and Is
a true amount, one of the lines p1o to P18 will be

alive and this line must be connected to the .

appropriate line po to ps so as to complete the
circult through the proper departure line 41 to 4.
For this purpose & commutator s provided which
is shown to the right of the lines p in Flgure 20D
and comprises a plurality of segments deslgnated
0 to 8 and 10 to 18 connected each to the corre-
sponding line pe to ps and pw to pe and two
rows of bridging contacts labelled “base 10” and
“hase 117, The bridging contacts labelled "base
10” bridee the contacts when the calculation Is
proceeding on the decadal notation and serve to
connect the line piwo corresponding to the result
11 to the line po corresponding to the result 1
and so on, When the calculation is proceeding
on the hendecadal hotation the bridsing contacts
labelled “base 117 bridge the contacts 0 to 18
and connect the lne pu corresponding to 12 to
the line po corresponding to 1 and so on. Thus
the result computed by the switch parts SAe and
SBo under consideration will be expressed in the
decadal or the hendecadal notation and carried
forward to the next pair of switch parts. The
same commutator serves to make the proper con-
nections when the result 1s a complement of &
sum more than 10 but in this case the connections
will arrive through one of the lines po to ps and
will leave through one of the lines pio to pis
instead of vice versa. It will be appreciated that
only one of these two groups of lines p can be
connected to the group of lines i so that only one
circuit can be completed.

In the above description it was assumed that
the digit b was a significant digit. If the digit b
is 0 the setting of the switch SBo causes the con-
tacts k, I, m and n opposite the left-hand part
of the table headed Switch B to be closed so as to
connect whichever of the lines &, I, m or =, that is
alive to & line ¢. The effect of this connection
is that when the diglt g is not 0, each arrival line
a is connected to the Iine g for the same diglt.
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If the digit a is 1, 2, 3 o 4, the léft-hand group
of contacts go to qu of the switch SAoc will be
closed and will connect the lines go to g0 each to
the corresponding line fo t0 i10 5O that each line g
will be connected to the corresponding line i,
which 1is correct since the produet ab is zero.
If the dlgit a 1s 6, 7, 8 or 9, the setting of the
switch 840 will connect the lines a to the linesa’’’
in inverted order so that the lines g will be con-
nected to the lines ¢ In Inverted order also. In
view of thls the switch SAp 1s arranged to close
the right-hand group of contacts ¢o to ¢ when
the dieit a is 6, 7, 8 or 9 so as to invert the con-
nectlons between the lines ¢ and the lines i and
correct inversion between the lines a and the lines
aﬁf!-

If the digit a is even and the digil b is 5, their
units rroduct Is ncecessarily zcro. The switch
8Bo is therefore arrangad to close the contacts
ma to 70 and 76 to 710 when it is set to record 5.
Since one or olther ¢of the two grecups of lines m
and n is includ=d in the circuit when the digit a
is even, this will have the result of cohnecting
lines a to the lines ¢ whenever the digit a 15 even
and the digit b 1s 5. Thc case where the digit a
is odd and the digit b is 5 is taken care of by the
contacts k and I of the switch SBs in the manner
previously described.

Finally, when the dielt a is 5 the units digit of
the product will be 0 if the digit b 1s even and
5 if the dlgit b is odd. When the switch SAp is
set for 5 it closes the contacts Oo to O to estab-
1ish circuit through a group of lines O which can
be connected to the lines p in the proper manner
on the closure in Figure 18A of a group of con-
tacts Op to Ow of the switch SBo. These contacts
are closed whenever the digit b is odd. It will be
noted that the contacts a’* are closed when the
switch SAo is set for 5 so that the result obtained
1s a complementary result. Ii is therefore con-
verted into the true result in the same way as
when the digit a is 6, 7, 8 or 9. When the digit
b is even, a group of contacts Oo to Ow of the
switch SBo (Figure 18B) is closed and serve to
connect the lines Q¢ to O to the lines i to 410
in the proper manner, allowance being made for
the fact that the contacts a’’ are closed so that
each line e is connected to the corresponding
line i,

The construction of all the switches SA is the
same and the constructicn cf all the switches SB
1s the sae, so that the explanation just given in
connection with Figures 18A, 188, 20C and 20D
serves also for the co-operation of the units parts
of the switches SA1, SBe and SAo, SB1 which occur
in position | and involve Figures 18A, 18B, 21C,
21D and 154, 19B, 20C and 20D respectively, for
the co-operation of the units parts of the switches
SA2 8Bo and SA:, SB1 which occur in position 2
and Involve Figures 184, 1818, 22C, 22D and 19A,
19B, 21C and 21D respectively, and for the coop-
eration of the units parts of the switches SAz, SB,
which occurs in position 2 and involves Flgures
194, 18B, 22C and 22D, In other words, Flgures
18A and 19A are identical as are also Figures 18B
and 19B; 20C, 21C and 22C; 20D, 21D and 22D,

Turning now to the cass when the tens part
of a switch SB is followed by the tens part of
a switch SA, and taking as an example the co-op-
eration of the tens part of the switch SBo with
the tens part of the switeh SAs, which occurs in
position ! and involves Figures 18C, 18D, 20A and
20B arranged in the order shown in Pigure 26,
position !, the current will arrive by a wire { (Fig-
ure 18C) of the switch SBo and depart by a wire g
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of the switch SAy. If the digit b is 0 or 1, the tens
digit of the product ab will necessarily be 0 and
therefore the sum of the tens digit of the product
ab and the digit s introduced through the wire i
will be equal to the diglt 5. Thus the switch SBo
is arranged to close lts contacts de to @10 when it
is set to represent 0 or 1 and to connect the lines §
directiy to the lines a in the normal order.

When the digit b is 2, 3 or 4 the switch SBo will
connect the lines i to groups of lines d, e, or f
respectively. The switeh SAe will connect the ap-
propriate group of llnes d, e or F to lines ¢ of
which there are 14. These lines return to the
switch BB¢ and are connected by the switch SBe
to lines ao to a3 by the contacts co to ci13. These
lines correspond to the results from 0 to 13 In
value ahd the lines a0 to ai3 are connected, in
accordance with the hendecadal or the decadal
notation and by the commutator indicated below
them, to the lines ao to gz in the same manner
as was previously described with reference to Fig-
ures 18A, 18B, 20C and 20D. The circuits are
similar to those described with reference {o Fig-
ures 184, 18B, 20C and 20D for the digits 1 to 4
except that they are arranged to effect the ad-
dition of the tens digit of the product to the digit
introduced from the earlier switches instead of
units digit of the product.

When the diglt b is 5, the switch SBo connects
the lines i to lines ¢ which are connected by the
switch SAo to lines 4o to a4 in the appropriate
manner and these lines are connected to the de-
parture lines ao to aw througeh the notation-
changing commutator or directly in the manner
described previously, If the switch SBois set for9,
the contacts i’” will be closed instead of contacts {’
and the lines { will be connected in the switch
in the complementary manner instead of the di-
rect manner. The swiich SBo will also close its
contacts ko to R 50 as to connect the lines A
to the lines i and the lines 2 will be systemati-
cally connected to the lines ao to @18 in accordance
with the values of the tens digits of the various
products but the connections will be so made as
to allow for the fact that the lines i are connected
in a complementary manner. For example, the
line ko which is connected to the line 0 will be
connected to the line 410 and not the line ao when
the switch SAo is set for 0. The contacts 2 of the
switch SAp are arranged to give the complement
of the tens digit and this digit is added to the
complement of the digit introduced by the lines i;
the complementary is then reconverted back to
its proper form.

The circuits established when the digit b is 6,
7 or 8 are based upon the following considerations.
If b1 and bz are complementary digits,  is the
tens digit of the product bixai, ¥ 1s the tens
digit of the product baxa: and z is the tens digit
of the product 9a: then z-+y==z. For example, if
2 and 8 are the complementary diglts b1 and b
and a1 ' 7; = will equal 1, since twice 7 is 14; ¥
will equal 5, since 8X7=>56; z will equal 6, since
9%x7=63. 1+5=6. When the digit b is 6, 7 or
8, the contacts i*’ of the switch SBo are closed so
that the circult established will correspond to s
where s is the digit corresponding to the energised
line {. In addition the circuit will include one
of the lines d, e or f corresponding to the com-
plement of the digit which the switch SBo is set
to represent. Thus, if the switch SBo is set to
represent b1 and the switch SAoe is set to repre-
sent a1, the circuit established will correspond
to a1, bz where bz is the complemernt of tn. The
requlred result is s+ but the eirtults established
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will correspond to —s-4y. The circuit will in-
clude the lines co and ci13 which are connected by
the row of contacts A of the switch SBe (Figure
18D). This row of contacts 2 are closed when
the switch 1s set to record 6, 7 or 8. The circuits
continue in exactly the same way as when the
switch SBo was set to represent 9 except that in-
stead of the line corresponding to the comple-
ment of s, or to —s, belng rendered alive by being
connected to the allve line i, the llme 2 corre-
sponding to (—s+y) is rendered alive by being
connected to the alive line ¢. As previously ex-
plained the contacts k of the switch SAs serve
to select the lines corresponding to the comple-
ment of the tens digit of 9 times the digit for
which the switch SAe !s set. Since the switch
SAo is set to represent the digit a: the circuit
completed will correspond to (—s+y—z) where 2
1s the tens diglt of the product 9a:1 as before.
Now y—z=-—1r so that the connection corresponds
to —s—zx or —(s+x). As previously explained
the contacts iz of the switch SAo correct for the
fact that the result is in a8 complementary form
so that the circuit selected is the correct one
namely that corresponding to (s4+x).

PFinally, when the switch SAo is set to register
5, special circuits are completed when the switch
SBois set for 6,7, 8 or 9. These circuits are com-
pleted through the group of wires b and need no
speclal explanation.

The explanation just given in connection with
Figures 18C, 18D, 20A and 20B serves also for the
cooperation of the tens parts of the switch SBo,
SA1 and SBi1, SAe which oecur in position 2 and
involves Figures 18C, 18D, 214, 21B and 19C, 19D,
20A and 20B respectively, for the co-operation of
the tens parts of the switches SBo, SA: and SBi,
SA1 which occur in position 3 and involve Flgures
18C, 18D, 22A, 22B and 19C, 19D, 21A and 21B
respectively, and for the co-operation of the tens
parts of the switches SBi1, SAz which occurs in
position 4 and involves Figures 19C, 19D, 22A and
22B. In other words, Figures 18C and 18C are
identical as are also Pigures 18D, 19D; 204, 21A
and 22A; 208, 21B and 22B.

A complete connection table for the switches
SA Is shown in Figure 27 while FPlgure 28 is a
glmilar table for the switches SB. In these tables
each lead 1s designated by s letter which is shown
to the left of the table and a figure. It will be
noted that the tables are divided into groups and
connections are made by the switch between the
leads occurring in a vertical column in each group
of the table but not between the leads in two dif-
ferent groups of the table. Whether or not a
connection is made beitween a pair of leads oc-
curring in the same table depends upon the set-
ting of the switch and is indicated by the dashes
In the left-hand part of the table., 'This part of
the table is divided into ten vertical ¢columns cor-
responding to the ten possible positions of the
switch. If a dash occurs in a column opposite a
horizontal Iine of leads In the right-hand part, a
connection can be made {o any of those leads.
Two leads occurring in a vertical column will be
connected together In a particular setting of the
switch if dashes occur opposite both those leads
In the column corresponding to that setting of
the switch. For example, in position 3 of the
switch SA, the leads co, do and eo (Figure 4) are
connected together, the leads e1, d1, et and fo are
connected together, the leads ¢z, ds, ea and f1
are connected together and so on. In position 4,
on the other hand, the leads co and do will be
connected together, the leads ¢, di1, € and f
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will be connected together and so on. It will be
noted that many of the leads are duplicated.
This is of course merely diagrammatic in order
that the connections established in the varlous
positions may bz made apparent. TFor example,
the leads eo to e are shown 3 times. ‘This is be-
cause In the positions 0, 1, 2, and 3 they have to be
connected respectively to the lines co to cw, in
the positions 4, 5 and 6, they have to be con-
nected to the lines i1 to ¢11, and In the positions
6, 1, 8 and 8, they have to be connected to the
lines ¢z to ¢12. These three different schemes of
connections have been shown Ly repeating the
line three times in different relative positions to
the lines ¢ and by providing dashes in the appro-
priate columns to the left of the table,

One method of materialising these fables will
be explained as applied to group | of Flgure 27,
In this method each designation comprising the
letter d, e or f and a number shown in the table
denotes a pair of contacts connected between the
line having the same designation and the line co
to c1z at the head of the column containing the
designation. Thus, there are two sets of eleven
contacts do to dio, One set connects the lne do
to the line ¢o and so on, and the other the line do
to line c¢: and so on. The flrst set are ¢losed for
the positions 0 to 4 of the switch and the second
set for the positions 5 to 10. In the same way
there are three groups of contacts €o to e and
four groups of contacts fo to fw. This is the
method of showing the contacts adopted in Fig-
ures 18A to 22D incluslve bul Is not the only
method or necessarlly the best method.

The system of connections shown {n Figures 27
and 28 produce exactly the same results as those
shown in Figures 184 to 22D inclusive but are not
abselutely identical. The principal difference is
that in Ptgures 18A to 22D the contacts a’ and a’”’
are provided for the purpose of obtalning the
complement of the digit introduced whereas in
Flgure 27 the same result is obtained by providing
two alternative methods of connection hetween
the lines a and &, ¢ and !, a and m, a and =. One
of these methods of connection is a direct method
and the other Is an Inverted method. The effect
of the connections shown in Figure 27 is that in-
stead of providing the contacts ¢’ and a’’ there
will be provided duplicate contacts k, I, m and =

for connecting the corresponding wires to the -

wires In an Inverted manner instead of a direct
manner. It will be noted that the arrangements
shown in Figure 20C result In an economy since
only two sets of contacts are required instead of
four. In a similar manner the contacts i and ¢
of Pigure 18C replace the alternative connections
d, g, and f shown in Pigure 28.

The 28 leads of each switch SA denoled in Fig-
ure 27 by the reference letters a to i, excluding
the leads a1+ to @0 which are Internal leads, are
connected to the correspondingly lettered leads
of the switch SB as shown in Figure 28, The 101
leads of the same switch SA denoted in Figure 27
by the reference letters £ to g, but excluding the
leads #1e to {0 which are Internal leads, are con-
nected to the corresponding lettered leads of an-
other switch SB, These connections are effected
by means of a commutator so as to connect the
switches together in a different ordered series at
each stage of the calculation. The arrangement
of this commutator, shown at 28 in Flgure 114,
will be described later.

The wiring for each of the switches 8D is shown
in Flgure 23. The switch receives current from
the Une g or the line ¢ which is allve and corre-
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sponds to the units digit of the sum of all the
units and tens product digits which are summed
at a particular stage of the computation. The
function of the switch 8D is to subtract this digit
from the digit which is registered by the setting
of the switch. The sSwiich closes a group of
eleven contacts in each of its positions so as to
connect each line @ or { to one of ten lines co to
ciwe corresponding to the difference between the
two digits if the digit recorded by the switch SD
is the larger. For example, if the switch is set to
record b and the alive line a or i represents 8, the
circuilt will be completed through the line labelled
az or {3, the diagonal line labelled 3 and the line
cz. If the diglt represented by the switch SD is
the smaller, it 1s necessary to subtract the digit
represented by the line g or i from ten plus the
digit represented by the setting of the switch 1f
the calculation is proceeding on the decadal no-
tation and from eleven plus the digit represented
by the setting of the switch iIf the calculation is
proceeding on the hendecadal notation. There
are thus two possible values of the result digit un-
der the latter condition and the circuit continues
from the line a or ¢ through one of the lines cio
to ¢ and hence through the notation-controlling
commutator and either through the segments
marked base {0 or the segments marked base i1
to the lines ¢o to c». For example, if the switch
8D is set for § and the digit to be subtracted 1s 7
the circuit will include the line ar, the disgonal
line labelled 7, the line ¢11 and then either the
line ¢s or the line ce. The first case corresponds
104-5—7 on the decadal notation and the second
case to 114-5—7 on the hendecadal notation.
The connection table for the switches SD f{s
shown in Figure 28, The switches 8D are con-
nected as follows. The leads #o to i10 of the switch
S8Dp (Flgure 11A) are permanently connected re-
spectively to the corresponding leads io to 410 of the
switches SBe. The switch 8D1 is connected In
the same way to the switch 8B: and so on up to
the switch S8Dn, the switch SBn being the switch
for the highest denomination of the factor B.

5 The leads ao to awe of the switch SDw+1) are per-

manently connected to the corresponding leads
of the switch 8Ao, the switch 8Dm+2) 1s connected
to the switch SA1 and so on.

As already explained, Figure 26 is a key diagram
showing the order in which Figures 184 to 23 In-
clusive are arranged to ehable circuits to be traced
through in the five positions 0 to 4, and the cir-
cuits established by the switches for a numerical
example 7538— (4B 62} =4562 will now be indi-
cated:

Position 0a (decadal notation)

Current enters 20C by 4o, a’"'w, mwo (SAi=8)
to 18A, piz (BB=2) through 18B to 20D, i
(8A0=8) through (8B to 23, c1 (8D¢=8),

result e __ 2
Posgition 0b (hendecada] notation)
The circult in this position is unchanged, re-
17 & 2

Position 1a

Current enters 21C by ao, 70 (SAc=4) to 184,
pr (SBp=2) through 18B to 21D, i3 (8BA1=4)
through (8B to 18C, ds (8Bu=2) to 204, v
(8A0=8) through 20B to 18D, as (8BBo=2)
through 20B to 20C, a’’’:, mu (SAs=8) to
t8A, p2 (SB1=6) to 20D through notation-
changing commutator to piz, iv (8A1=8)
through (8B to 23, 13 (8D1=3) through no-
tation-changing commutator to cs, result___ 6



209,832

Pogition 1b

The circuit in this position is the same as for
position le up to the first notation-changing
commutator (on Pigure 20D) which makes
a connection to pi, # (SAc=8) through 19B
to 23, cia (8D1=3) through nctation-chang-
ing eommutator to cs, result_ ____ . ______ 8

Position 2a

Current enters 22C by @z, a’’'’3, i (SA:=0)
through 22D and (8B to 18C, dz (SBo=2) to
2{A, Ca (SA1=4) through 2IB to (8D, as
(SBo=2) through 2I1B to 2IC a''’3, mna
(SA1=4) to 19A, p5 (SB1=6) through 19B to
21D, is (SA1=4) through 9B to 19C, f.
(8B1=6) to 204, c7 (SAe=8) through 20B to
19D, k7 (8B1=6) through 19C and (9D to
20B, an (BAo=28) to 23, cus (SD3=5) through
hotation-changing commutsator tc c¢s, re-
sult

Position 2b

The circult in this positicn 1s the same as for
position 2g up to the notation-changing com-
mutator in Figure 23 which makes a connec-
tion to s, reswit_ e 6

Pogition 3a

Current enters 18C by i1, d1 (8§Bo=2) to 224,
¢1 (SAi=0) through 22B to 18D, a: (SBy=2)
through 22B to 22C, a’'’"1 (8A3=0) to 22D,
i1 (SAz=0) throueh (9B to 19C, fa (SB1=6)
to 21A, cio, (SA1=4) to 19D, hw (SB1=6)
through 19C and 19D to 2(B, a; (SA1=4) to
23,04 (STh=T),restltec oo oo 4

Posgition 3b

The circuit in this position is the same as for
position 3a, resutte e . 4

Pogition ¢ (decadal only)

Current enters (9C by fo, fo (SB1=6) to 22A,
¢o (SAa=0) through 22B to 19D, ko (SB1=6)
through (9C and 19D to 22B, aw (SA=0)
through notation-changing commutator to
a@o, resutt_ ______ . 0

The commutator 209 (Figure 1) which controls
the varlous connections in accordance with the
stage of the operation rotates continuously

through a quarter revolution for each ealculation -

to perform the following functions:

(1) To establish the different series of switches
appropriate to each stage of the calculation in
turn by connecting the various leads of each
switch to the corresponding leads of two other
switches on either side of it in the serles.

(2) For the first stage it must connect the lead
ao of the switch Sao te the source of current, and
for the succeeding stages it must connect the
single contact 20 (Figure 11A) of the appropriate
differential switch DSe, DS1, DSz or DSa to the
source of current.

(3) At each stage of the operations it must ad-
just the circuits first to gilve the result on the
decadal notation and then on the hendecadal
notation.

(4) Pinally, it must connect the departure lines
Co to Cio of each switch 8Do, SIh etc. to the cor-
responding leads of the two indicators for the cor-
responding denomination of the result register
and these connections must first be made to the
leads of the decadal indicator and then to the
leads of the hendecadal indicator.

All these functions are carried out by the single
complex commutator 209, but to enable the op-
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eratlon to be more readily followed the com-
mutator has been divided into parts in the dia-
gram of Figures 11A and 11B,

The commutator part 26 for carrying out the
funetion (2) has already been described with ref-
erence to Figure 1, and commutators for carrying
out the function (3) have been referred to in
connection with Figures 18A to 23 inclusive. On
Figures 11A and 11B all the commutators are
shown diagrammatically and these figures will
now be further explained.

On the right hand side of Figure 11B are the
indicators of the result register which, as already
described, co-operate in palrs to actuate the dif-
ferential switches DSo to DS: shown on the left
hand side of Figure 11A. These differential
switches co-operate with the commutator 26 in
the upper left hand corner of Figure 11A to con-
nect the positive pole of the source of current to
the appropriate input lead of the first switch of
each serles. The switches SAo, SA1 and SAz are
grouped together at the bottom of Figure 11A and
are each represented by two rectangles, for the
units and tens parts respectively, Joined by an
arrival line ao. These lines ao are selected as
typlcal of the eleven arrival lnes ao to a1 of the
switches SA. In a similar manner the switches
SBo and 8B; are represented at the top of Figure
11A by pairs of rectangles jJolned by typical ar-
rival lines io.

The switches SDe, S, SD2 and SDs are shown
as rectangles arranged in & vertical group in
the upper right hand corner of Flgure 11A. In
the first stage of the operations the switch SBo
is followed by the swiich SDo (see Figure 15)
and this {s indicated by the typical line io con-
necting the switch SBo to the switch SDo. In
the second stage of the operations the switch
SBi iz followed by the switch SDh (see Figure
16) and this is indicated by the typical line 4
connecting the switch 8B:1 to the switch BDu.
Similarly, in the third and fourth stages the
switches SAo and SA) are followed by the switches
SI» and SDs respectively, and the connections
are indicated by the typical lines @o. As already
explained, for the fifth stage no switch SD ig re-
auired, and the typical line @o¢ from the switch
842 is therefore shown proceeding direct to the
upper part of the commutator 2T which connects
this line and the typlcal lnes Co from the
switches SD alternately to the appropriate result
lines OReo, OR1, ORz, OR3 and OR: of the decadal
result indicators and to the appropriate result
lines OR'%, OR‘1, OR’'z and OR’; of the hen-
decadal result indicators. The lines Ci to Cu
and a1 to awe from the switches SD and SA:
proceed in a similar manner to the commutator
27 but are not completely shown. The llnes Ci
te Cs and a1 to as are omitted entlrely, but the
commutator ends of the lines as, Co, a0 and
C1e are shown,

In the first part of the first stage of the oper-
ations the commutator 27 is in the position shown
in Figure 11B and connhects the lines Co to Cs
from the switch SDo to the result Ilnes ORe
to 8Ro of the units decadal indicator UD in the
manner shown for the lines Cov and ORs. Of
these connections only the first indicated by a
heavy line, and last are shown, For the second
part of the first stage the commutator 27 is
advanced one step in the direction of the arrow
and then connects the lines Co to Cio from the
switch SDyw to the result llnes OR’c to 10R'g
of the units hendecadal indicator UH. Of these
connecticns only the first and the last two are
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shown. For effecting each of these connections
s similar set of contacts has been shown on
the commutator 27, but it will appreclated that
ag the lines aw and Cwo have only to be con-
nected to the hendecadal indicators, some of
the contacts of the corresponding part of the
commitator are redundant and could be omitted,
For the first part of the second stage the com-
mutator is advanced a further step and then
connects the lines Co to Ce from the switch 8D
to the result lines OR1 to 8R1 of the tens decadal
indicator TD. The second part of the second
stage and the subsequent stages follow in a sim-
ilar manner, and it need only be pointed out that
the last stage comprlses only one part, in which
the lnes ao to @ from the switch SAa are con-
nected to the result lines OR4 to 9Rs of the ten
thousands decadsal indicator TID.

At 28 is indicated the nota.thn—cha.nging com-
mutator pertaining to the switches 8D. Only
part of this commutator is shown, but it will
be understood that for each swltch SD there Is
a pair of horizonta] rows Of contacts serving to
connect the lnes Cio to Cuo leaving the switch
to the Unes Co to Ce in the manner explained
in connection with Figure 23. )

In the first stage of the operations the units
part U of the swlich SAs has to be connect_ed
to the units part U of the switch SBo (see Fig-
ure 15), and this is effected by ‘means of the
commutator 29. A typical lead i is shown in
heavy lines leaving the units part of the switch
SAo, passing across the commutator and joining
the lead fo of the unlts part of the switch S5Be.
A similar connection can also he traced between
the leads po of these two swltclges. The same
connectlons are maintained during both parts
(decadal and hendecadal) of the first stage, and
in order that all the commutator parts may be
arrahged on a common cylinder, the contacts of
the commutator 29 are made sufficlently long soO
that a change of connectlon takes place only
on every other step. For the second stage, there-
fore, the commutator 28 advances two steps In
the direction of the vertical arrow and then
connects the typical lines i and po leaviqg the
units part of the switch SA1 t0 the llnes i and
po of the units part of the switch SBo, also the
typical lines ¢o and mo leaving the tens part of
the switch SBo to the lines ¢ and go of the tens
part of the switch SAn, and also the typical lines
io and po leaving the units part of the switch
SAp to the lines io and po of the units part of
the switch SBi. ‘These connections correspond

to the serles of switches shown in Pleure 16. For !

the third stage the commutator moves a further
two steps and then connects the switches In a
similar manner in the order shown in Plgure 17.
In order to simplify the diagram only two typli-
cal lines have been shown between the switches,
but it will be understood that by providing a
sultable number of contacts on the commutator
the remaining 99 lines connecting the units parts
of the switches and the remaining 96 lines con-
necting the tens parts of the switches may be
commutated in the same way. It will be noted
in this connection that the lines from each switch
run in palirs to adjacent brushes on the com-
mutator, each pair comprising & line from the
tens part and & line from the units part. Thus
the lines Do and co and i» and ao are paired.

The notation-changing commutators shown
separately in the group of Figures 18A to 22D are
shown as the single commutator 30 in Figure 11A.
Like the commutator 28, this commutator com-
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prises pairs of horizontal rows of contacts and
rows of brushes contacting with every alternate
row of contacts. The first row of brushes com-
prises a set connected to the lines po to P18 leaving
the units part of the switch 8As, in the manner
shown In Pigure 20D, and & set connected to the
lines ao to a1s leaving the tens part of the switch
SAs, in the manner shown in Figure 20B. Of
the first set, only the brushes p1, P11, po and Pu
have been shown in Figure 11A, and only the
connection of po 1s shown completed, and of the
second set only the brushes ai, g1, @ and @i
have been shown, and only the connectlon of ao
is shown completed. In a similar manner the
second and third rows of brushes comprise sets
connected to the lines leaving the units and tens
parts of the switches SAi: and SAas.

In Figures 11A and 11B the heavy line indi-
cates a typical circuit which may be set up dur-
ing the first part of the first stage (units decadal)
of the operations. This circuit will be completed
if the switches BAo, SBo and SDo were all set at
zero and gives the result zero. The circult estab-
lshed during the hendecadal part of this stage
would be the same except that the part of it to
the right of the commutator 27 would follow the
heavy dotted line instead of the heavy full line
and would thus extend through the units hen-
decadal result register UH. This change 1s
brought about by the movement of the commu-
tator 27 through one step. The other commu-
tators also move but make ho alterations in the
circults.

Figures 12A and 12B are identical wlth Figures
11A and 11B except that the commutators have
been moved through three steps to the tens hen-
decadal position. On these Figures a typleal cir-
cuit has been indicated on the heavy line, the
arrows on this line indicating the direction in
which current flows from the positlve to the nega-
tive pole. This circuit would be established if
the switch DSo were at zero, there being no trans-
fer from the preceding stage, and if all the
switches SA., SA1, SBy, 8B1, and 8D: were set at
The clrcuit extends through the differen-
tial switch SDo, the units part of the switch SAl,
the units part of the switch SBo, the tens part of
the switch SBa, the tens part of the switch SA,,
the units part of the switch 8Ao, the units part
of the switch SBi, the switch S8D: and hence
through the commutator 2T to the tens hen-
decadal Indicator TH. It will be nited that this
circult does not actually extend through the units
part of the switch 8Bi1. This i5 because, as ex-
plained previously, the adjustment of the switch
5B: has no effect on the result required if the
switch SA1 is set for 0 so that the switch 8A:
connects its arrival wire ao to 1ts departure wire fo
which 1Is connected directly through to the wire
io of the switch SB: and the latter wire ¥ 1s
conneced directly to the switch SDx.

It will be appreciated that the above circuit
would only be established for the particular set-
ting of the switches mentioned. If there had been
a transfer from the preceding stage of the opera-
tions, the switch DSo would have been In a differ-
ent position and the circuit would have included a,
different one of the arrival wires ao to @10 of the
switch SAe. Purther, If the other switches had
been set for slgnificant digits, the circuit would
have passed over different connections hetween
the switches to those shown in heavy lines.

Similar connections hetween the switches SA
and 5B may be traced on Flgures 12A and 12B
through the leads po and ¢o of the switches and
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It will be noted that all these connections ex-
tend through the upper group of elght segments
of the commutator 28 while the connectlons
through the leads @0 and i extend through the
lower group of elgeht segments of this commu-
tator. Thus, the part of the commutator shown
serves to make connections between four leads
from each switch and the groups of segments will
be repeated so0 as to deal with all the leads from
each switch, each group of segments dealing with
two lines from each switch. It iIs of no im-
portance which two lines from the switch are
related to a2 particular group of segments pro-
vided that one of such pair of lines is connected
to the tens part of the swiich and the other
is connected to the units part. Each group of
seements wlll, of course, be related to the corre-
spondine pairs of lines from all the switches SA
and SB.

The commutator is constructed in the usual
manner &8s a rotatable cylinder of insulating ma-
terial having conducting segments Inset in it. The
segments are disposed and connected together as
shown in Figures 11A and 11B. Each lead ex-
tending to the commutator terminates in a brush
bearing on the surface of the cylinder so that
a clrcuit can be completed through it If it en-
gages a conducting segment. The circuit through
this lead wlll he Interrupted if its brush rests on
the insulating portion of the commutator. While
the commutator 29 has been shown In Flgures
11A and 11B as extending only in the peripheral
direction, it will be understood that a number of
such contact groups are as shown In Figure 1
in order to avoid the use of & commutator of un-
necessarily large diameter. Actually, for the
commutator 29 there are spaced round the com-
mutation cylinder 208 in the peripheral direction
four sets of eight contacts interconnected as
shown in Figure 11A, the sets being separated by
two blank spaces, and in the longitudinal direc-
tion of the commutator this arrangement is re-
peated twenty-five times. The contact groups
pertaining to the commutators 26, 27, 28 and 30
are also of course repeated four times round the
periphery of the cylinder 208.

The arrangement of the commutator 28 is
shown more generally in the connection table
shown in Figures 30, 31A and 31B.

Figure 30 shows the manner in which the lines
ao and ig of the five switches SA’ and SB’ are
connected together at each stage in the opera-
tion., This figure only shows the connection for
one of the 98 or 101 leads between each palr of
switches but the connections for the other leads
will be strictly analogous. At each stage in the
operation the leads, which are indicated by the
same sign in Fgure 30, must be connected fo-
gether for this stage. For example, for position
2b, the lead SAsi is connected to the lead SBai,
the lead SAidao is connected to the lead SBoo, the
lead SAtio 1s connected to the lead 8Biiv and the
lead SActo is connected to the lead S5Biaoe. Fig-
ures 31A and 31B give an extension of this table
for the lead ad to ad and #0 to id of the five
switches. Each column of Figure 31A corre-
sponds to a brush connected to the lead (of the
switches SAo, SAr, SAz 8Bo and SBi1) indicated
at the head of the column. The letters a, b, ¢
etc., correspond to the different contact segments.
The top line marked position 0 indicates the posi-
tion of the various contaets relatively to the
brushes for the position 0 and the successive
lower lines Indicate how the contacts move rela-
tively to the brushes as the commutator is ro-
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tated. In other words each letter corresponds to
a single contact in Figure 31A and the repetition
of the letier merely shows the various posltions
which those contacts assume as the commutator
rotates.

Figure 31B shows the position of the relative
hrushes and contacts associated with other leads
of the switches SAe, SA:, SAz, SBo and SB: for
the various positlons of the commutator and it
will be appreciated that each contact which is in-
dicated by a letter in Figure 31A is connected to
the contact indicated by the same letter in Pigure
31B, i. e. the contact ¢ (Figure 31A) is connected
with the contact ¢ in Figure 3118,

It will be appreciated that the switches SA,
SB and SD are set initially by means of the keys
223, 224 and 225 (Figure 2). Then as the com-
mutator is rotated, upon operating the motor
switch 238, it will establish all the proper con-
nections between the various switches and the
result register in the proper sequence. As each
system of connections s established a unigque
circuit will be completed through the contacts
and the proper denomination of the result reg-
ister and a pulse of current will pass which will
adjust the appropriate result indicating device.
The commutator can be thus turned at a rela-
tively high speed.

It will be appreciated that the switches SD
could equally well be connected to perform addi-
tion as subtraction (e. g. by reversing the digits
on the index by which each switch 8D is set) so
that the machine can be made to evaluate an
expression in the form of DJAB instead of
D—AB. The reason for arranging the switches
SD2 so that the expresslon D—AB is evaluated is
that it enables division to be performed. For
division the dividend is set up by the switches
8D as the factor D and the divisor is set up as
the factor A. The required quotient is to be the
factor B. The value of B is found by a process
of trial and error. For this purpose a suitable
value for the quotient is decided on by inspection
and is set up by means of the switches SB. The
machine is then operated and determlnes a re-
mainder R which is the difference between the
dividend and the product of the divisor and the
estimated quotient. If the quotient is too large
this result will be negative and the fact that it is
ncgative will he rendered evident by the fact that
the highest denomination of the result register
will contain a sighificant digit instead of zero.
This denomination is in fact only used for this
purpose so that there is no point in providing a
corresponding switch SD. If the result is correct
the remainder must bhe positive and it can be
determined from inspection whether this remain-
der is greater than the divisor, in which case the
guotient digit is too small, or is less than the
divisor or zero, in which case the quotient is cor-
rect. If the quotient is not correct it is modified
by adjusting the switches SB and further trials
are made until the correct quotient is obtained.

In order to effect multiplication, the switches
SD are set at 0. The result obtained is the com-
plement of the true result and provision may be
made for converting this complementary result
into the true result by reversing the connections
between the induction windings and the resist-
ances W of the indicating mechanism. It is also
possible to calculate an expression of the form
AB/C by first calculating the termm AB. The
product AB is then set on the switches SD as the
factor D and is finally divided by C by the method
previously described.
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The invention has been described as applied
to a manually operable machine for the sake of
clarity but 1t will be appreciated that it is not
restricted to such machines as its basic princlples
are also applicable to machines controlled by
perforated cards.

In the apparatus described above each resuit
digit 1s obtained first in the decadal notation and
then In the hendecadal notation. The resuit

digit could he obtained in both notations simui- 10

taneously by duplicating all the circuits, one
group of circuits being arranged for the decadal
notation alone and the other for the hendecadal
notation alone. This would allow of the simul-
taneous closure of two clreults to give the result
digit in both notations, in which case the use of
notation-changing ecommutators wouid be avold-
ed and the speed of working could be doubled.

FRITZ MEZGER.



