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Serial No. 269,265

ALIEN PROPERTY CUSTODIAN

ELECTRICAL CALCULATING APPARATUS

Fritz Mezgcr Parls, France; vested in the Alicn
Property Custodian

Application filed April 21, 1939

This invention relates to electrieal calculat-
ing apparatus and may be embodied in machines
for muitiplving or adding two multi-denomine-
tional terms together or for summing a series ¢f
guch terms or & machine for effectipg any two or
more of such operations so as to evaluate, for ex-
ample, arithmetical expressions of the form
D+AB cr ZAB,

The apparatus according tp the inventlon op-
erates in a succession of sta,ges to obtain a.t each
stage a result digit in a norma] system of nota-
tion and comprises a serfes of possible groups of
circuits, the circuits of each group being adapted
to be completed by a source of current and, “with
the exception of these in the last groupJ compns-
ing at least one connecting winding controlllng
at least one contact in a circuit of the succeeding
group, In a manner analogous to the links of a
chain, the first group of which, correspondlng to
the 1ntr0duct10n of the known quantities, com-
prises circuits allotted to each of the character-
istic digits possible in the different denomina-
tions of the terms A, B and D which the opera-
tions for which the calcu.lating apparatus is pro-
vided may involve, a second group of clrcuits al-
lotted to each of the partial products to be added
and to each of the digits of the term with which
they have to be totalised in the case of the opera-
tion D+ AB for the calculation of the result digit
in each of the denominations and each dependent
on the introduction circuits for the characteris-
tic digits, which furnish the said partial prod-
ucts or which correspond to the digits of the said
term, a third group, a bundle for totalisation in
said normal system of notation, under the de-
pendence of the sets of connecting windings of
the second group, with, In another bundle hav-
ing a common point with the other, members ef-
fecting a different totalisation by using another
system of notation, or by neglecting one of the
terms to be totalised, for permitting the determi-
nation of the transfer by comparison of the ranks
of the wires under current at the end opposite to
the common point, a fourth group of bundles for
the result of the partial totals in said normal sys-
tem of notation, the circuits of the second group,
which correspond to the exploration of the term
D being also under the dependence of the circuits
of the fourth group for recording the successive
totals ZAB.

In the application of the invention to an ap-
paratus only for adding two terms, the first group
therefore comprises circuits each allocated to one
of the digits possible in the different denomina-
tions of one of the terms, the second group of cir-
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cults each comprlses a contact controlled by one
of sald first group and a contact controlled ac-
cording to the stage of the opera,tmn Eo complete
the circuit or circuits perta.m.ing to “the diglts of
the appropriate denomination, and thé third
group comprises addition switches controlled by
the connectmg windings of the second group and
making cross- connectlons between an 1nput bun-
dle for the introduction, stage by stage, of ‘the
dlgits of the other term and an output 'bundle for
the results.

Since an addition device forms an essential part
of an appa.ra.tus for multiplying together two
multi-denominational factors by the “Arabic
method (for adding the partial products and the
iransfer from one denomination to the mext), it
follows that such a multiplication apparatus may
be derived from an addition apparatus by suitable
modification and extension of the circults w;th-
cut destroying its distinctive character.

A multiplication apparatus according to the in-
vention miay thus be regarded as a modification
of s basic addition apparatus, and will comprise
a first group comprising circuits each allocated to
one of the digits possible in the differenf denomi-
nations of the two factors, a second group com-
prising circuits each comprising a contact con-
trolled by one of the first group pertdining to one
of the factors and a contact controlied by one of
the first group pertaining to thé other factor and
terminating at as many sets of connecting wind-
ings as there are denominations in one of the fac-
tors, each set comprising connecting windings
characteristic of the possible units and tens of
the partial products involving one denomination
of said one of the factors, and the third group
comprising additlon switches controlled by the
connecting windings of the second group and
making cross-connections between an input bun-
dle for the introduction of the transfer resulting
from the previous stage and an output bundle for
ihe results.

By including in the third group of circuits of the
addition apparatus plus and minus switches for
effecting alternative connections in the input
bundle, the plus switch connecting wires of equal
rank and the minus switch connecting wires of
complementary rank, it 1s posslble to’ ada.pt the
a.pparatus for subfraction as well as addition.

A further additlon to or modification of the ad-
dition apparatus, permifting the tots,Iisatlon of a
zeries of multi- -denomination terms compnses the
provision of a ﬁr$t group of c1rcu1ts (addmona.l
to or replacing those already menticned) includ-
ing contacts controlled by the output bundle of the



2

third group, and controlling recording relays hav-
ing contacts in the second group.

The Invention will be further deseribed with
reference to ah example of an apparatus com-
prising in combination multiplication and addi-
tion apparatus having the features slready set
forth and permitting the evaluation of expressions
of any of the forms AB, DxAB and =AB, that
is to say for effecting a product and the algebraic
sum of this product with a known term, which
latter may be the result of the algebraic sum of
the previously calculated products.

This apparatus possesses with the electrical
devices of known calculating apparatus common
points which place it In & very speclal group of
such apparatus. These points will first of all be
set forth.

An apparatus of this type comprises multiple-
contact switches allocated to different numerical
values (0 {0 9 In the decimal system) which are
capable of intervening to effect a partial opera-
tion, any one of said switches connecting by its
contacts two bundles of wires in an order such
that an Input wire of given rank is connected to
an output wire, the rank of which is determined
both by the rank of the input wire and by the
numerical value to which sald switch is allocated.
This mode of connection being effected hetween
an input bundle In the electrical calculating de-
vice, whereof the wires may be connected sep-
arately to a source of current, and an output
bundle of wires, whereof each wire is allocated to
one of the numerical values which g given de-
nomination of the result may assume, it follows
that when the switches allocated to the numerical
values of the different terms intervening in the
partial operations relating to this denomination
are closed, there corresponds to & predetermined
wire under current at the input of the device, a
predetermined wire under current at the output,
that i1s to say a wire which is allocated to the
numerical value of the digit of this denomination
of the result of the operation effected.

In such a device, for effecting the product of
two numbers, the operation of multiplication is
decomposed in accordance with the Arabic
method, according to which all the inter-digital
partlal products corresponding to a given de-
nomination of the result are effected consecu-
tively, while ascending at each operation from
ohe denomination to the next higher denomina-
tion and effecting for each denomination the
sum of the calculated partial products, taking
into account the carry-over or transfer from the
corresponding sum in the preceding denomina-
tion.

The inter-digital products of digits of a given
denomination may contain units and tens; but
only the units appear in the sum of the partial
products pertaining to the same denomination of
the result, the tens appearing only in the sum
of the partlal products pertaining to the next
higher denomination of the result. Thus, each
sum of partial products relating to a particular
denomination of the result contalns in addition
to any possible transfer, both the units of the
products of two digits corresponding to that de-
nomination and the tens of the products of two
digits corresponding to the preceding lower de-
nomination.

In the electrical calculating device which
forms the subject of our prior Patent No, 483,906
and is applicable to the calculation of arithme-
tical expressions of the general foriln D+AB, for
the calculation of each denomination of the re-

&t

10

20

40

G0

70

75

269,265

sult there is established, by means of a general
commutator constlituted for example by a rotary
cylinder, between the same input bundle and
the same output bundle, a serles of multl-contact
switch groups which, in sald serles, are allocated
alternately to the units of the partial products
of the pairs of diglts of the same denomination
and to the tens of the partial products of the
palrs of digits of the preceding denominsation,
each multi-contact switeh belng closed or open
according to whether the numerical value to
which it is allocated corresponds or not to the
result of the calculation being effected, In addi-
tion, for calculating the number which has to be
carried over or transferred from the sum of the
partial products pertalning to a certain denomi-
ratlon into the sum of the partial products per-
talning to the next denomination, supplemen-
tary wires are provided in the bundles, such that
sald bundles comprisc 8 number of wires corre-
sponding to that of the different possible nu-
merical values in an auxlllary notation, for ex-
ample, eleven wires for the hendecadal system,
and there 1s effected In the device the addition
in the decadal system of notatlon and in the
hendecadsal system of notation, the value of the
carry-over which has to be transferred to the
next denomination being deduced from the dif-
ference of the units of the sums of the partial
products in these two systems.

In the accompanying drawings, Figures 1 to 3
are tables and diagrams relating to the pre-
liminary explanation and Figures 4 to 10 show
in the form of electric wirlng dlagrams two ex-
amples of calculating apparatus constructed ac-
cording to the invention. For facllitating the
explanation the apparatus shown is designed sole~-
ly for the calculation of products of factors of
two diglts, and consequently of results of four
digits at the most, and for the algebraic sum of
such products with a known term of four digits,
according to the expressions D+AB and

(xA:BitAaBat . . . £An—1Br—1) = 4nBs

Figures 11 and 12 are timing diagrams relating
to the two constructions described.

Flgure 13 is a front view of & machine em-
bodylng the electrical device according to the
invention, the front wall of its casing having heen
removed.

Figure 14 {s a diagrammatic representation of
the same with the numerical references of the
varlous electrical members.

PFigure 15 is a side elevation of the right-hand
side of the casing as shown on Figure 13.

Flgure 16 is a partial horizontal section of the
casing alone along line 16—I148 of Figure 15.

Figure 17 is a vertlcal section along line {T—I7
of Figure 13, at an enlarged scale.

Flgure 18 is a rear view of part of the machine
at a Ievel correspondlng to said section.

Figures 19 and 20 show a detail In elevation
and section.

Flgure 21 Is a vertical section along line 21—21
of Figure 13.

Figure 22 is a rear view of the upper left-hand
side part of the machine as shown on Figure 13.

PFigure 23 Is a section along llne 23—23 of Fig-
ure 13.

Figure 24 is a sectional view of an analysing
device for perforated cards, for controlling the
introduction of the digits of the factors and term
of an operation,

Figure 25 shows a detall, at an enlarged scale,
in section taken along Hne 25—25 of Figure 24.
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Of Figures 4 to 10;

Pigure 4 shows the members for iniroducing
and recording the digits, units and tens of one
of the factors (B) and the departure of the
“second circuit” bundles of wircs (“second link”
of the chain),

Figures 5 and 6 represent together the mem-
bers for introducing and recording the digits of
the other factor (A) with the termlnation of the
bundles of the “second link"”, Figure 5 corre-
sponding to the unit digits of the said factor and
Figure 6 to the tens digits.

Pigures 7 and 8 represent the bundles and
switches for the addition of the partlal products
in the “third circuit”, Flgure 7 comprising in
addition the members for recording and intro-
ducing the transfer.

Figure 9 represents the members [or introduc-
Ing the term D or

(xA1Bi+A4:B:+ . ., =An1Bn-1)

and for recording this term and the members
and circuits for calculating the algebraic sum
D=+AB or ZAB, and also the departure of the
“fourth circuit” (results).

Figure 10 represents a modification of the con-
trol members and circuits shown in Figures 4 to
9 in the viclnity of the members dependent upon
them.

The diagrams shown in Figures 4 to 9, once as-
sembled, constitute the assembly of the electrical
device for calculating the operation D+AB or
=AB in the case in which each of the terms A
and B only comprises two denominations, units
and tens, and in which the term D to which It
is necessary to add algebraically the product AB
comprises & number of denominations equal to
that of the maximum result of said product, that
1s to say four denominations, units, tens, hun-
dreds and thousands.

Por assembling these diagrams, the diagrams
4, 5 and 6 must be aligned from right to left so
as to cause the wires of the same references of
the horizontal bundles of these diagrams to cor-
respond. Figures 7 and 8 are placed respectively
below sheets 5 and B, causing the vertical wires
which enter the former while leaving the second
to correspond, and Figure 9 is finally placed on
the left of the group of the assembled Figures 6
and 8, the horizontal wires of the bundles leaving
on the left of Figures 6§ and 8 being made t0
correspond with those which leave on the right
of Fgure 9.

In the case of the device comprlslng the con-
trol members according to the modification shown

in Figure 10, it is necessary to assemble this °

figure wlth Figure 7, replacing the transfer de-
vice shown on the right of Figure 7 by the same
transfer device shown on the left of Figure 10.
In the complete device thus cbtained, it is fur-
thermore necessary to omit the control members
of Pigures 4 to 9 which are duplicated by the
modifications of Figure 10.

After a preliminary explanation concerning the
number of switches necessary for calculating the
products AB, reference will be made first of all
to the electrical calculating device, illustrated by
the assemblage of Flgures 4 to 9, while explain-
Ing successively the constitution and operation
of the partial devices relating:

To the introduction by the “first circuit” group
and the recording in the “second circult” group
of the factors A and B, and to the calculation
of the partlal products pertaining to successive
denominatlons of the result, the factors whereof
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are thus recorded (Figures 4 to §) : “Multiplica-~
tion glving partial products’;

To the recording of the partial products in
the “third eircuit’” group by the connecting wind-
ings of the second circuilt, and to the addition of
these partial products to give by successive de-
nominations the result AB and also to the cal-
culation and recording of the transfer pertain-
ing to this sum (Figures 6 and 7): “Addition of
partial products™;

To the totalisation in the “third circuit” group
by successive denominations of the result D+=AB
or

(+=A1B1+A2Ba+ . . . =An—1Bnr-1) *AuBr

of a product AB calculated {n the preceding par-
tinl devices and of a known term prellminarily
introduced and recorded, and to the introduc-
tion of the results AB and D+AB or ZAB In the
“fourth circuit” group (Figure 9): “Totalisa-
tion™;

To the control of the whole of the device (Fig-
ures 4 to 9) ; “Control”.

Then, the modification of Figure 10 will be
explained.

Finally, reference will be made to Figures 13
to 25 illustrating a machine in accordance with
this invention having the circuit arrangement
shown on the assemblage of Figures 4 to 9 modi-
fied as shown on Figure 10.

Number of switches

Asg stated in the foregoing, the calculation of
the product AB 1s effected according to the
Arabic multiplication, that is to say, the digits
of lhe increasing denominations of the result
ate calculafed successively by the addition of the
digits of the same denomination of all the inter-
digital partial products of the factors A and B.
These digits to be added are, for each denomi-
nation, in addition to the possible carry-over
from the preceding addition, the units of the
partial products of the same denomination and
the tens of those of the preceding denomination.
Their nuwnber, apart from the carry-over, is
therefore at the most equal to iwice the number
of digits of one of the faclors, and it may be
eonsidered as constant by replacing the missing
digits by zero. Furthermore, these products are
those whleh appear in the Pythagorean table,
and their units are comprised between 0 and 8
and their tens between 0 and 8 (9x9==81).

It would iherefore be necessary, in the ‘‘third
circuit” group which comprises In series the
groups of multiple switches allocated to the pos-
sible digits of the partial products, te provide 10
switches in each group of the units and 9 swltches
In each eroup of the tens, However, a simpli-
fication 1s possible. In fact, a digit of the units
(0 to 9) may be replaced by the sum of two
digits selected respectively from the two groups
0,1and 0, 2, 4, 6, 8 and a digit of the tens (0
to 8) by the sum of two digits selected respec-
tively from the two groups 0, 1, 2 and 0, 3, 6.

This makes 1t possible, for the units, to reduce

5 lhe number of switches to seven, each being

?,llocated to one of the digits of the two groups
in series, a swilch heing closed in each group
for any digle (0 to 2) which has to intervene
in the addition.

Likewise, the number of switches of the tens
may be reduced from nine to six.

This double decomposition of the partial prod-
ucts into units and tens on the one hand and
into two groups for the units and two groups
for the tens on the other hand, may be repre-
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sented by the complementary Pythagorean tables
shown in Figure 1, In which the units digit of
the result of multiplylng one of the dlgits of
the horizontal row (factor ) by one of the digits
of the vertical column (factor &) is obtained
by adding the numerical values read from the
two tables.

On examining any one of these tables, that
of the second group of the units for example,
it will be seen that the same elementary result
digit corresponds to the products of different
factors @, b. Therefore, the connecting winding
of the “second ecircuit” controlllng the multjple
switch allocated to said dlgit must have current
passing through it for each of these products.
This would be possible by terminating at this
winding as many wires in parallel as the number
of times this digit appears in the table, each
of said wires comprising two switches allocated
to the numerical values of the two factors a and
b of these various products, and for the whole
of the table it would be necessary to have a
hundred wires. However, a simplification is pos-
sible.

This simplification is based on ihe observation
that two values @1 and ai of ¢ different from
5 glve the same digit when b is even-numbered
and different units digits when b is odd-num-
bered. These values a1 and as differing from 5
being one even-numbered and the other odd-
numbered there has been provided, as will here-
inafter appear, in series in the line common to
the products b.a1 and b.az two switches in par-
allel, one of which is closed when a is even-
numbered and the other when a is odd-numbered
and which establish the connection to the cor-
rect winding.

By effecting in the preceding tables the group-
ing of the factors e different from five and by
writing side by side the result digits corregpond-
ing to ¢ even-numbered and a odd-numbered,
we obtain the “Tables II” shown in Figure 2.

It wlll be seen that the digits to be differen-
tinted according to whether @ is even or odd-
numbered are:

First group Second group
Unlte. .. .. LU} 04, 48, 82, 24, 60
Tens. . e 0(,02,10,12,20,21 03, 30, 38, 60,06

It wlll also be remarked that these tables com-
prise identical columns for several values of b,
namely, the table of the units, first group, for
all the odd-numbered values of b on the one hand,
for all the even-numbered values of b on the
other hand, in the tens tables, for =0, and
b=-1, in the first group, and for b=0, b=1, b=2,
b=3 in the second group. This makes it possible
to employ the same wire for a numnber of values
of b.

The simplification which has been indicated
ahove and which has been applied in the device
which will now be described is obvlously only
one example of those which are possible. It
makes it possible to reduce the multiplication
switches to 7 for each denomination of the fac-
tor A and the addition switches to 7 for the units
of a partial product and to 6 for the tens.

A similar division has been employed in the
clreuits of the second group for introducing the
term D which 1s assimilable to a produet (DX1).
The following tables of decomposition Into two
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groups 0, 2, 4, 6, 8 and 0, 1 for the units corre-
spond thereto.

Jroup 0, 2, 4,8, 8 Group 0, 1
Multiplier: 1 Multiplier; 1
[ d
o1 00 01 .01
23 22 23 01
45 44 415 01
67 66 47 01
50 B3 B 01

A second selection is necessary in the second
group (0, 1) according as to whether d is even or
odd. As the product D1 only comprises digits
of the units order, there is no tens table. The
decomposition results in a reduction in the num-
ber of addition swltches necessary.

Another method of decomposing the Pytha-
gorean tables could be selected and other group-
ings in the tables obtalned could be effected, for
eXxample for the units a decomposition into the
groups 0,5and 0,1, 2, 3, 4.

It will likewise be recalled that the electrical
calculating device has been shown as provided
for the operations D+AB and ZAB comprising
factors A and B of two digits. As numerical ex-
ample, D=6158, A=69, B=48, has been chosen in
the operation 6158 +69x48=6158+3312.

The multiplication is shown diagrammatically
in Figure 3, in which it will be secen that the
partial product digits are completed to make up
four by zeros in each of the additlons corre-
sponding to the four denominations of the result.

Multiplication giving partial products

The part of the device relating to the calcu-
lation of the partial products comprises on the
one hand the switches allocated to the factor B
(Pigure 4, units and tens), and on the other
hand the switches allocated to the factor A (Fig-
ure 5 for the units and Figure 6 for the tens),
the latter being connected by the assemblages of
wires aub and adb, each comprising four bundles
of wires, namely, b2 corresponding to group 1
units and comprising two wires, one for the even
values of b, which as seen from the Table II,
Units, group 0, 1, sll cortespond to the same re-
sult 00, and one for the odd values of & which
similarly all correspond to the same result 01:
b?u corresponding to group 2 units and comprising
ten wires since as seen from Table II, Units,
group 0, 2, 4, 6, 8 the results are different for
each value of b: bld corresponding to group 1
tens and comprising nine wires since as seen from
the tables the values 0 and 1 of & correspond to
the same results: and b3 corresponding te group
2 tens and comprising seven wires since the same
results correspond to the values 0, 1, 2 and 3 of b.

Referring first of all to Pigure 4, it will be seen
that there are ten multiple switches per denomi-
nation; these switches are denoted by the refer-
ences bu(n) and bd(n), where n is one of the
digits 0 to 9, and % and d indicate the units and
tens denominations respectlvely. (Where, as in
this instance, the letter n is in parenthesis it is
intended to indlcate that it is replaceable by
alternative specific digits or groups of digits to
Indicate one member of a group Indicated gener-
ically by the remainder of the reference.) Each
switch is under the dependence of a control! de-
vice (which for the sake of simpliclty of ex-
pression will be denoted by the name of “electro-
magpet”) Bu(n), Bd(n) having two windings,
one of which, the closing winding 7 is the con-
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necting winding of the "“first circuit” and Is
adapted to receive the current of a line Li, when
& punched card analysing device, for example,
establishes a connection of the introduction mem-
ber EBu(n), EBd(n) pertalning to said line with
the corresponding contact. The numerical value
to which this winding is allocated is recalled in
the figure and any member whatsoever can be
denoted by its generic reference, in which = is
replaced by the said value (for example winding
f of the electro-magnet Bd3). The second wind-
ing, or opening winding o is connected by a con-
tact o of the corresponding switch to a release
current input line 1. The direction of the arrow
indicating the output of the current of the wind-
ings f and o (second pole of a source, the first pole
of which is connected to the current input line
L1 or 14) recalls the operation of said winding;
said arrow for the closing winding is directed to-

wards the switch and for the opening winding in o

the opposite direction. This switch may be con-
structed as Indicated in specification No. 487,260,
that Is to say, it may be a switch having two
separate positions, an open position and a closed
position, the movable member of the switch be-
ing controlled in one direction and in the other
by two separate windings. Each multiple switch
comprises In addition to the contact o, elght con-
tacts connecting respectively to one wire out of
each of the elght bundles forming the assem-
blages aub, adb, four palrs of wires terminating
for each denomination at four contact banks e,
Ca, €3, €, (for the units of B) and es, cs, ¢, ¢s (for
the tens of B). Each bank has four contacts I,

2, 3, 4 in front of which ig adapted tp move a :

movable contact connected to the current line La
of the “second circuit” and controlled by an elec-
tro-magnet winding C on the known step-by-step
principle. The eight banks of contacts pertain
to the same step-by-step distributor, referred to
as “principal distributor” which forms part of
the control members to be described hereinafter.
The remaining two stationary contacts of each
bank are connected directly to the first wire of
one of the elght bundles aub, adb (wire allocated
to b=0).

The two assemblages of wires aub, adb, leaving
on the left of Flgure 4, enter Figure 5 (Unlts of
A), across which the assemblage adb passes with-
out interruption and proceeds to Figure 6 (tens
of A).

Referring first of all to Figure 5, 1t will be seen
that there are seven multiple switches au{n), con-
trolled by electromagnets Au(n) having two wind-
ings, one of which, the closing winding /. is
adapted to receive current from the line L: of
the “first circuit” through the introduction mem-
bers EAu(n) (n—=0 to 9), the other, the open-
ing winding o, is adapted to receive current from
a release current line 13 through a contact o
of the corresponding switch. The switches form
two groups In series, one of five switches allo-
cated to groupings of valuesof ¢ 0 and 5, 2and 7,
4 and 9, 6 and 1, 8 and 3, the other of two switches
allocated to the differentiation of the results of
each of these groups, according to whether a is
even-numbered (by switch au0) or odd (by switch
aul). The two groups of switches are connected
by bundles #2u, tid, t3d, composed respectively of
grouped result digit wires 04, 48, 82, 26, 60 (for
the units) 01, 02, 10, 12, 20, 21 and 03, 30, 36, 60,
06 (for the tens). The contacts of the switches
aud and sul connect these wires to one of the
wires of three bundles of partial result wires cor-
yesponding to the groups 0, 2, 4, 6, 8 (for the
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unjts) 0, 1, 2 and 0, 3, 6 (for the tens). The
bundle bz which corresponds to the “first group”
of the units terminates directly at the differen-
tiation switches. Furthermore, it only comprises
two wires, one for the even-numbered values of b
(wire 0) the other for the odd-numbered values of
b (wire 1) and, as s shown by Table IT, Units,
group 0, 1, only the result digits of the odd-
numbered values of b have to be differentiated
(single wire #!uz connected by a contact of each
of the switches aul, aul to the wires of the bundle
plu of partial results of the group 0, 1 (first group
of units}). The wires of the two units partial
product bundles p'u (0, 1) and 22u (0, 2, 4, 6, 8)
terminate at the closing windings 7 of electro-
magnets having two windings |—Su({n) (n=0 or
1) and 1—S2uin) (n=0, 2, 4, 6 or 8). ‘These
windings f, which control the units swliches
(shown in Figure 7 in the addition device) are
connecting windings of the “second circult.” The
second windings o are the opening windings of
the same switches., The bundles p'd (0, 1, 2)
and pd (0, 3, 6) lssue from Figure 5. (They ter-
minate at the closing windings of the tens
gwitches shown in Figure 7). The wires leaving
the switches au0-5, au2-7, . . . corresponding to
the grouped result digits which do not require to
be differentiated are connected directly to the
corresponding wires of the partial product bun-
dles.

Referring to Figure 6, exactly the same device
will be found, allocated to the tens of A (in the
references u is replaced by d): switches ad(n)
(n=0-5, 2-7, 4-9, 6-1, 8-3, 0 or 1), controlled by
the electro-magnets Ad(n), the closing winding f
whereof receives current from the line L through
the medium of the Introduction memhers EAd(n)
(n=0 to 9); the wires of the bundles adb are
connected in the same way, elther directly, or by
the contacts of the switches and the bundles #1u,
{2u, fld, t3d, to the wires of the partial product
bundles plu, 224, p'd, p’d; the electromagnets
2—8'uin) (n=0orl) 2—S%uin) (n=0, 2, 4, 6 or
8) are allocated to the units; the bundles p'd
and p?d issue from Figure 6§ and terminate at the
tens electro-magnets (Figure 8). However, each
of the differentiation switches comprises a sup-
plementary contact i, the function of which will
he Indicated in the description of the control de-
vice, together with that .of the control members
sliown In the upper left-hand corner of Flgure 6.

If the factors B and A had each tnore than
two digits, it would also be necessary to have on
the one hand for the factor B an introduction
and recording device for each of the other digits
of B (hundreds, thousands and so forth) equal
to one of those shown in Figure 4 for the units
or tens (haif of Pigure 4), and furthermore for
the factor A, an introduction and recording de-
vice for each of the other digits of A (hindreds,
thousands and so forth) egual to one of those
shown in Figures 5 and § for the units and the
tens, and supplementary assemblages of connec-
. each assemblage com-
prising as many bundles bu, bd, be, bm , . . as
the factor B has digits.

The operation af the multiplication device is
as follows: The line Li being under current
(source on the left-hand side of Figure 6), when
a punched card having perforatlons correspond-
ing to the charncteristic digits of the factors A
and B passes through the analysing device, the
analysers enter said perforations (one per char-
-acteristic digit), thus establishing the connection
between the line In and the wire of the closing
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winding 7 of the recording electro-magnet corre-
sponding to said digit. Thus, In the example
chosen, where A is equal to 68, B Is equal to 48,
analysing of the punched card establishes the
connection of the Mne L. with the following

windings: oo
Figure 6 (tens of A=6): winding f of Ad0 and

AdG—I.
Figure 5 (units of A=9) : winding f of Auil and

Aud—9,

Figure 4 (tens of B=4): winding / of Bda
(units of B=8) : winding / of Bu8.

From the energised windings J the current
returns to the other pole of the source, thus com-
pieting the “first circult”. .

The current of the first circuit source passing
through the closing windings of the recording
electro-magnets, the lnes of contacts of switches
corresponding to these electro-magnets are closed
and remain closed; they will only be re-opened
by the passage of current through the opening
winding of each of these electro-magnets, which
will be produced for the factor B (Figure 4) by
the passage of current in the release line 14, for
the factor A (Figures 5 and 6) by the passage of
current through the release line 13, The contact
lines remaining closed, the digits introduced are
therefore recorded. Due to this fact, the punched
card which was employed for the introduction
of these digits is no longer necessary and the
next card can now come to the analysing posi-
tion ready for analysing.

The current of the second circuit arrives at the
device for calculating the partial products by the
line 1.a (Figure 4) from the source L (middle of
right-hand side of Figure 8). The principal
step-by-step distributor establishes at each oper-
ative stage (that 1s to say for each of the four
denominations of the result) the connection be-
tween the line Ls and the contact of the corre-
sponding number (1 for units, 2 for tens, 3 for
hundreds and 4 for thousands) of the eight banks
of contacts ¢1 to cs. The passage from the con-
tacts of a certain rank to the contacts of the
next rank (“advancement”) at the end of each
operative stage s ensured by the electro-magnet
C, the winding of which is put under current at
the desired moment by the control device, In
the first operative stage (contacts I) there is
only one partlal product diglt to calculate (de-
composed into two parts), units of the product,
a1, b1, where a1 and b1 are the digits of the least
denomination of the two factors A and B (see the
diagram of the Arabic multipllcation, Figure 3,
the other three digits of partial products having
to be 0. For this reason, the contacts | of all
the contact banks other than ¢: and ca2 are con-
nected to the wires @ of the corresponding bun-
dles. ‘The contacts | of these banks of contacts
c1 and ca are under current and it will be seen
that as the switch bud is closed, the wire @ of the
by and the wire 8 of the bundle b are under
current in the assemblage aub which passes to
the switches of the units A. In all the other
bundles, the wire 0 is under current. Referring
to the multiplication scheme it will be seen that
there are three digits to tbe calculated in the
second operative stage (contact 2 of the contact
banks) and that only the bundles bld and b*d
should have the wires 0 under current, this tak-
ing place by the fact that the contacts 2 of the
banks ¢r and cs are connected directly to said
zero wires.

Tt will be seen furthermore in the multiplica-
tion diagram, that each horizontal line of partial
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product digits comprises two Zeros, and as there
corresponds to each of these lines two bundles
(flrst line b'u and b2u of aub, second line bld and
b2d of aub, third line bz and b3u of adb, fourth
line b'd and b»3d of adb) each bank of contacts
comprises two contacts connected to the wires 0
of the corresponding bundles (contacts 3 and 4
of ¢1 and c2, | and 4 of ¢ and ¢4 and ¢s and cs,
f and 2 of ¢7 and cs).

Referring to Flgure 5, it will be seen that the
wire 0 of b'u being under current in the flrst
operative stage, the wire 0 of plu 1s under current
and the winding 7 of (—S'uf is energised, thus
producing the closure of the corresponding addi-
tion switch of the “third circuit”. In the bundle
b2u, the wire 8 is under current and as the switch
oud-9 is closed (a1=9), the wire 2 of p?u is under
current (direct connection without differentiation
because b Is even-numbered and the winding / of
1—Ful is energised and the corresponding ad-
dition switch of the “third eircuit” closed. The
partial product digit (042) =2 {s the units digit
of 8 9=12, Likewise, the wires 0 of b'd and bd
being under current, the wires 0 of pld and »°d
are under current.

It must be pointed out that @1 being odd-num-
bered, the differentiation switch eul is closed.
The multiplication scheme and the grouping
tables show, however, that in the second operative
stage, the tens digit of the second line for ex-
ample, which corresponds to the bundles bd of
aud, is 7. In each of the bundles bid and b2d the
wire 8 is under eurrent, which through the me-
dium of the switch ou4-89, puts under current
the succeeding wires of group result diglts: 01 of
t'd, 36 of t3d (as Indicated by the tables); the
following wires of digits of partial products are
then put under current through the medium of
the switch aul: 1 of p'd and 6 of p?d (as indicated
by the tables}.

It will llkewlse be seen that for each operative
stage, that is to say for each position of the mov-
able contacts of the contact banks of the princl-
pal step-by-step distributor there is in each of the
bundles of digits of partial products (Figures 5
and 6) a wire and only one wire which is under
current, whereby the corresponding “second cir-
cuit” connecting winding is energised.

Addition of partial products

The part of the device relating to the addition
of digits of partial products, that is to say, to the
calculation of the digits of the result of the prod-
uct AB, comprises on the one hand the groups of
switches allocated to the diglts (units and tens)
of the partial products relative to the units of A
(Figure 7) and the groups allocated to the par-
tial products relatlve to the tens of A, the highest
order in the constructional example selected (Fig-
ure 8) on the other hand the “transfer device”
recording the carry-over from the sum corre-
sponding to one denomination of the result for
adding it to the sum corresponding to the next
denomination (Figure 7).

Referring first of all to Figure 7, there will be
seen in the upper part the two groups of units
switches (grouping 0, 1 on the right, grouping
0,2, 4,6, 8 on the left) and, In the lower part, the
two groups of tens switches (grouping 0 1, 2 on
the right, grouping 0, 3, 6 on the left), allocated
to the partial products involving the units of A.
These switches are denoted by the references
su(n) for the units and sd(n) for the tens, n be-
ing the digit of the partial product to which g
switeh is allocated; a digit In the index position
refers, as previously for the references of the
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multiplication device, to the “group” of which
this switch forms part and the number 1 placed
in front of the reference refers to the fact that
the switch forms part of the partial addition de-
vice corresponding to the denomination 1 (last
digit on the right) of the factor A. Each swiich
1s under the dependence of an electro-magnet
having two windings, whereof one, the closing
winding f, is the connecting winding of the “sec-
ond circult” and receives current when the digit
obtained in the multiplication has for lts nu-
merical value that to which the said winding is
allocated. This numerical value is shown in the
fleure. The second winding, or opening winding
o, is connceted by a contact o of the switch to a
release current input line l. The current out-
puts of these windings are indicated by arrows
directed towards the switch for the winding f
and in the opposite direction for o. The control
windings of the units switches t—S'¢(n) and
—S2u(n), as has been seen, are shown in Figure
5, but the connecting wires of the eontacts o of
said switches connecting them to their windings o
are denoted by the figures 0, 1 and 0, 2, 4, 6, 8 of
the two groups of units. The tens control wind-
ings (—Std(n) and 1—82d(n) are shown in the
lower part of the figure. Each switch also com-
prises, in addition to the opening contact o, 21
contacts, 10 for the decadal bundle &, 11 for the
hendecadal bundile 5, the hendecadal system of
notation being selected as the auxiliary system in
the constructional example shown. The two
bundles & » run parallel to one another in the
diagram starting from the position fi. The as-
semblage of wires formed by these two bundles
passes in parallel through all the switches of each
of the groups and these successive groups in se-
ries: thus starting from the position fi the as-
semblage of wires extends te the right and left
and then upwardly in parallel through the
switches 1—s¢'u0 and |—slul of the first group
0, 1 of the units to the position f2. From this po-
sition the assemblage passes downwardly in par-
glle! through the switches 1—s?u(n) (n=0,2,4, 6
or 8) -of the second group of the units to the po-
gitlon ¥3. From fi the ‘assemblage passes down-
watdly in parallel through the switches 1—sid(n)
(n=0, 1 or 2) 'of the first group of the tens to the
positioh f4+. Finally, from fi the assemblage passes
upwardly in parallel through the switches
1—s2d(n) (n=0,3 or 6) of the second group of
the tens to the position 81 where it leaves Figure 7
to enter Figure 8.

The bundles é and 5 at /i1, at the input of the
addition device, have their first wires connected
by the bundles r and 71 to the transier device.
The bundle r termihating at the first wires of the
detadal Bundle & starting from the wire 0 and
through which the current from the transfer de-
vice enters, comprises three wires in the example
shown. It has been seen in fact that the addltion
of the digits of partial products reiating to a
certain denomination of the result AB comprises
two units digits (0 to 9) and two tens digits (0 to
B, since 9 9=81), one at least of these digits be-
ing a zero (see the multiplicatlon scheme). The
partial total of a denomination ignoring any car-
ry-over from the preceding dénomination, can-
not therefore exceed 9-48-9-40—=26 and even
with this carry-over it cannot have more than
two tens. The transfer is therefore on of the
digite:0, 1, 2. The bundle.r:, 'which relgtes to the
hendecadal bundle », ought then to have five
wires, because, as will be explaiied, the difference

.of -rafk between the wires under éurrent in r and 7
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r1 is equal to the transfer, at the most equal to 2.

The transfer device comprises two exactly iden-
tical halves; each of them comprises three
switches (In the example shown where the great-
est transfer is 2): I#(n) for the first half, 2r{n)
for the second half (=0, 1 or 2). Each switch
is controlled by an electro-magnet IR{(n} or
2R (n) having two windings, o closing winding f
and an opening winding 0. Allocated to each
half of the transfer device (in the scnse that the
energisation of its electro-magnet is cohtrolled
thercby) is a supervising relay (U for the first
half, 2U for the second hall, which relays com-
prise threc contacts I, 2, 3 controlllng the con- -
nection of a current supply line L to the secondary
lines which will be indicated hereinafter.

Each switch comprises:

A contact o, one terminal of which is conhected
to the opening winding of the corresponding elec-
tro-magnet, the other to an opening line lo or
2o according to whether said switch pertains to
the first or second half of the transfer device,

A contact u, one terminal of which is con-
nected to the line L. and the other by the line (L
or 2L to the winding of the supervising relay U
of the half of the transfer device of which it forms
part.

A contact r, cne terminal of which is connected
to the secondary current line |Lj or 2L; connected
to the line L respectively by the contacts 2, at
rest, of the relays 2U zand U, and the other ter-
minal of which is connected to the wire of the
corresponding bundle r, that is to say 0 for the
switches r0, | for the switches r1 and 2 for the
switches r2;

Finally, three contacts 0, 1, 2, one terminal of
which is connected to the wire of the bundle 71,
the rank of which is equal to its reference in-
creased by the numerical reference of the switch
of which It forms part (thus, for the switches ri1,
the contact | is conhected to the wire 2 of the
bundle ri1), the other terminal being connected
to the closing winding f of the switch of the other
half of the transfer device which has for its nu-
merical reference the refcrence of said contact.

In the lower right-hand corner of the flgure is
again shown the winding C of the eletiro-mag-
net for advancing the principal step-by-step dis-
tributor, of which, as has been seen, eight banks
of contacts c1 to cp serve to distribute the “second
circuit” current in the multiplication device.
This winding itself receives current from & bank
¢ of four contacts 1, 2, 3, 4 corresponding to the
four operative stages of the constructional ex-
ample described. The odd-numbered contacts of
said bank are connected to the current line Li,
which is itself connected to the line L by the con-
tact 1, at rest, of the relay 1T, the contact 2 to
the line Li#i, connected to L by the contact { at
rest of 2; and the last contact (4> of the bank is
connected to a line « which is normally eonnected
to the line Lii as will later be explained. A sec-
ond bank of contacts co has its contacts 1,2, 3, 4
connected in a reversc manner to the preceding
contacts, odd-numbered contacts to Lii, even-
numbered contacts to Li, and its movable con-
tact connected to the line La which feeds the elght
contact banks €1, ¢z . . ., cs (Figure 4) of the
multiplication device. A bank of contacts » has
its odd-numbered contacts (I, 3) connected to the
contzct 3 of 2U and its even-numbered contacts
(2, ) to the contact 3 of (U, when these relays
are energised: its movable contact is on the release
line &1 of the addition device and also supplies

the current of the line L to two contact banks o
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and !, The contact bank o has its odd-numbered
contacts (I, 3) connected fo the opening line lo
of the first half of the transfer device and its
even-numbered contacts (2, 4) to the opening
line 20 of the contacts of the second half of the
transfer device. Finally, the bank ! comprises
three dead contacts and a last contact connected
to the release line Iz of the multiplication device.
This contact may likewise be connected to a syn-
chronising member of the analysing device.

Referring to Figure 8, exactly the same addl-
tion switch device as in Flgure 7 will be found,
with the swliches which, in this case, are allo-
cated to the digits (units and tens) of the par-
tial products of the digits of B and of the tens of
A (2—su(n) and 2—sd(n); these switches are
controlled by the windings o and f of the electro-
magnets 2—Std(n) and 2—S?d(n) for the tens,
and 2—Stu(n) and 2—S?u(n) for the units (Fig-
ure 6), the numerical value to wh'ch they corre-
spond being recalled in Flgure 8).

'The assemblege of wires s1 formed by the bun-
dles 3 and » entering on the right-hand side, after
following the path ei, 2—slu(n), f5, 2—su(n),
fa, 2—sid(n), f1, 2—s2d(n), leaves at sr to enter
the lower right-hand corner of Figure 5 where,
on the one hand, the wires of the same rank of
the two bundles 3 and » are connected together,
this belng possible because the hendecadsl bun-
dle has no eleventh wire in the assemblage 33, said
eleventh wire stopping at the second terminals of
the corresponding contacts of the last group of
switches (2—s?d(n) in the example shown), and
on the other hand these wires each terminate at
a relay P(n) (n=0t0 9) of the result AB (lower
left-hand corner of Figure 9).

The operation of the addition device is as fol-
lows. One of the wires of the bundle r is under
current. For example, at the commencement of
the operation, the switch Ir0 of the iransfer
device being closed, because the transfer is 0 (we
shall see hercinafter how the closing of this
switch is ensured) the wire O of the bundle r is
connected to the llne L; -+, L, contact 2 at rest of
2U, IL3, contact r of ir0, wire 0 of r; conse-
quently, the wire 0 of the decadal bundle § &t /i
is under current. The operation of multiplica-
tion having heen effected for the first denomina-
tion of the result, the connecting windings of Lhe
“gecond circuit” have closed a switch in each
group of the addition device, i. e. as has been
seen, for the numerical example selected: |-—slul,
I—s2ul and 0 switches of all the other groups.
The current arrlving in the wire 0 of the bundle
& at f1 passes through all these closed switches in
series (with a displacement of two ranks at the
switch |—su2) and, in the bundle 5 at sz (Figure
8) the wire 2 is under current In Figure 9, as
already described, the wires of corresponding
rank of the bundle 5 and 5 are connected to-
gether, therefore, current enters the wire 2 of the
hendecadal bundle » at 82 and returas through
the closed switches to the wire 0 of the bundel r,
(Figure 7). There is no transfer and the current
takes the following path in the transfer device:
wire 0 of r1, contact 0 of 170 (closed), winding f
of 2r0, which is closed and remalns closed, thus
recording the transfer to ithe next denomination.

More generally, it will be seen that, starting
from the wire r representing the transfer from
the preceding denomination, the circult passes
successively through a serles of switchos selected
by the multiplication device and each represent-
ing a partial product. By the passage through
each switch the rank of the wire under current is
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increased by the numerical value allocated to that
switch, only the units digit of the sum being re-
tained in each case. Upon arrlving at the posi-
tion sz In Figure 9 the wire under current there-
fore represents the units digit of the denomina-
tlon of the product AB bheing calculated during
the particular stage in progress. Part of the cur-
rent then enters and fiow through the hendecadal
part of the addition device, passing through the
same series of swiiches but in the reverse order.
In each switch a subtraction In the hendecadal
system is effected of the digit represented by the
swltch from the digit represented by the wire en-
tering the swltch (subtraction in the hendecadal
system merely differs from that in the decadal
system in that when a larger digit is to be sub-
tracted from a smaller digit, eleven is added in-
stead of ten to obtaln a positive result digit). By
the time the circuit arrives at the bundle of wires
r1, It follows therefore, that the rank of the wire
71 which is under current corresponds to the dif-
ference between the hendecadal sum of the par-
tial products and the decadal sum of the same
partial products and of the transfer from the pre-
ceding denomination. Consequently, the differ-
ence between the diglts represented by the wires
r and r1 under current gives the transfer to the
next denomination. In the case of the numerical
example under consideration this transfer is zero
in the first stage.

The transfer device comprises two identical
halves each comprising separate switches through
which current may be suppiied to one of the wires
of the group r. In the present example the group
r comprises three wires, since as already pointed
out the transfer can only be 0, 1 or 2, and there
are therefore three switches in each half of the
transfer device. In each stage, after passing
through the switch of the transfer device and
the decadal part of the addition device, part of
the current returns through the hendecadal part
to a wire r1 ag already described and then passes
through the same switch of the transfer device,
this passage In effect subtracting the transfer
digit 50 that the wire leaving the switch corre-
sponds in rank to the transfer digit to be added
in at the beginnhing of the next stage. The wire
leaving the switch is connected to the closing
winding of the switch in the other group which
is allocated to that transfer digit, so that this
switch is closed ready to teke part In the next
stage.

In more detail, the operation of the transfer
device Is as follows. In the first operative stage,
the movable contacts of the contact banks are In
position 1. Due to the fact that the switch irDd
is closed, the relay 1U 1s energized: -+, L, contact
u of Ir0, winding of 1U, —. The closing of the
switch 2r0 puts the winding of 2U under current:
+, L, contact # of 2r0, winding of 2U, —. The
relay 2U being energlsed attracts Its armature
with the following results:

Coniact 1 —Opening: breaking of the cohnec-
tion L—ILi;

Contact 2.—Opening: breaking of the connec-
tion through switch (70 of L— wire o of r:

Contact 3—Closlng: +, L, ~ontact 3 of 2U,
contact | of the bank X, 11, contacts 0 and elec-
tromagnets o of all the additlon swltches, —;
this results in the opening of these switches;

-+« 11, contact { of the bank o, lo, contact o of
Ir(n} (in particular of 170), winding o of IR(n),
—; this results in the opentng of the closed switch
of the first half of the transfer device,

The consequence of the opening of the switch
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Ir0 1s to break at the contact # the energlsing
circuit of {7, the armature of which 1s released
with the following effects:

Contact 1.—Closlng: -+, L, contact | of 1T at
rest; 14, contact | of the bank ¢, winding of the
advancement electro-magnet C; this produces
advancement by one step (contact 2 of ¢, line
Lif which 1s not under current) .

Then, after the advancement; . . . Li, contact
2 of the bank co, La, contact banks of the princi-
pal step-by-step distrlbutor at the contact 2;
this initiates the multiplication for the second
denomination of the result AB (Figures 4 to 6)
and the closing of the addition switches corre-
sponding to the diglts of calculated partial prod-
ucts (Figures T and 8) .

Contact 2—Closing: -+, L, contact 2 of (U at
rest; contact r of 20 (which is closed), wire 0
of r, addition switchesg Referring to the

multiplicatlon scheme, it will be seen that in the 2

numerical example selected, the digits to be add-
ed in the second operative stage are 6, 7, 8, 0, the
total of which is 21. The output wire | of the
decadal bundle 3 at sz being then under current,

it 1s the same with the input wire of the same .

rank | of the hendecadal bundle » at sz, and
as the hendecadal bundle comprises the same
closed switches ag the decadal bundle, the rank
of the wire under current in the bundle ri is equal
to 2 (2-0=tens digit of the sum 21); it is there-
fore the contact 2 of 2r8 (¢closed) which receives
the current and the winding f of IR2 is ener-
gised; the switch ir2 closes, recording the trans-
fer 2 (same number as the reference of the con-
tact through which the transfer current has
passed) .

Contact 3—Opening: bhreaking of the connec-
tion L—bank A,

The following remarks result from the fore-
going:

The transfer is recorded alternately in one of
the halves of the transfer device and in the
other, said recording consisting in the closing of
a switeh, the numerieal reference of which is the
value of the transfer;

The closing of a switeh recording the transfer
causes the energising of the supervising relay of
the half of the transfer device of which this
switch forms part;

The addition circuit of the next stage comprises .

the switch thus closed;

The transfer current of the addition circuit of
this next stage closes a switeh of the other half
of the transfer device, thereby energising the
other relay;

The energlsing of this other relay defermines
the release of the first half of the transfer de-
vice;

Conversely, the opening of the first switeh
causes the armature of the first relay to drop,
thereby producing the advancement and the
closing of the addition circult comprising the
switch of the new transfer.

The operation of the transfer device thus com-
prises two phases per operative stage, that Is to
say per digit of the result.

During the first phase. cne of the supervising
relays is energised and the “third circult” closed
by the corresponding half of the transfer device,
for the addition.

In the second phase, the fransfer current pro-
duvees the energis!ng of thc other supervising
relay (both relays are then energised, and the
transfer is recorded in the half of the transfer
device corresponding to said second relay.
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This recording results in the release of the first
relay, whence release of the first half of the trans-
fer device and of the addition device, advance-
ment, commencement of the first phase of the
next stage, closing of the “second circult,” re-
cording of the digits of partial products, addition.

The cycle has thus recommenced by this new
operative stage.

It comprises:

In the first phase {(one relay energised) : multi-
plication, addition with the transfer recorded, re-
cording of the new transfer.

In the second phase (second relay energised):
release of the addition device, clearing the old
transfer, advancement.

The preparation of the transfer device for an
operation to be effected and the manner in which
tlie principal step-by-step distributor stops at the
end of this operation will be described herein-
after, in connection with the control device.

Totalisation

The part of the device which relates to total-
isation (Figure 9) comprises on the one hand the
switches allocated to the digits of the known
term, to which the result of the calculated prod-
uct AB has to be added algebraically, and on the
other hand, the members for introducing and re-
cording the known term D or the result AB
which will then act as known term in a fresh
totalisation. Figure 9 likewise shows the output
of the “fourth ecircuit” (inscription of the re-
sults). Pinally, the control members to bhe de-
scribed hereinafter are also shown.

From the paint of view of the inscription of the
results, the device furnishes the term AB and the
sum D*+AB or

(xA:1B1+A2B2+ . . . :+An1Ba1) +AnBw

dencmination hy denomination in both output
bundles AB and = (at the bottom and on the left
of Figure 9) each of 10 wires, 0 to 9, each of
which may control an inscription device of any
known type (not shown), such as for example, a
rotor stbjected to the action of two windings at
right-angles to one another and receiving cur-
rents proportional to the rank of the wire under
current relatively to the extreme wires of the
bundie of which it forms part and carrying a con-
tact moving in front of fixed segments as de-
scribed in French specification No. 789,434 of the
13th March, 1935.

The two bundies AB and Z may be connected
respzactively to a eurrent line Ls and 3Ls, by lines
of contacts p and ¢ which are under the depend-
ence of the “connecting windings” of the “third
circuit,” windings P(n) and T(n) (n=0to %) at
which terminate the ten wires of the bundles fp
and fi of the “product” AB and of the “total” of
the algebraic sum calculated. The wires of the
bundle fp are connected directly to the wires of
the same rank of the bundles of the assemblage 82
leaving the addition device. The wires of the
bundle ft are connected to these same wires
through the medium of the totalisation switches.

Totalisation may consist either of an addition
or a subtraction. The addition is efected by the
same process as for the digits of partial produets,
that is to say, the device comprises two groups In
serfes of switehes in parallel allocated to digits
composing two by two the numerical values 0 to 9
which may intervene in the addition. The first
group comprises the even-numbered digits 0, 2,
4, 6, 8, represented by the switches tl(n) (=0-1,
2-3,4-5, 6-7, 8-9) and the second group the digits
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0, 1, represented by the switches {3(n) (r=0, 1).
For subtractlon, Instead of subtracting the digit ¥
of a certain denomination of the product AB from
the digit # of the same denomination of the
known term, 1ts complement relatively to 8 (9—)
is added to it. A correct dlgit is obtalned, how-
ever, only on condition that 1 is added to the digit
of the lowest denomination. We have in fact
4+ (9= +1=(x—9)+10, of which result the
characteristic digit of this denomination is the
same as that of r—y. The 1, added once in the
lowest denomination, is Introduced automatically
in the next denomination by the transfer of the
extra 10. Thus, in the numerical example se-
lected where AB=3312, to obtain the difference
D—AB there will be added to D:

6687 4-1=—=(9999—3312) 4-1--10,000-3312

To take into account the possible carry-over of
1 to be transferred from one dencomination to the
next, there has been provided in the second group
0, 1 an additional switch 2 s0 a5 to replace the
switches 9, { by the switches {, 2 and thus to in-
troduce this transfer t. To form the complement
relatively to 9 of a digit to be subtracted, to which
corresponds a wire under current at the output
of the addition device, said wire is connected to
the wire of complementary rank of the totalisa-
tion bundle.

Referring to Figure 9, there will be seen in the
lower right-hand part two multi-contact switches
mearked 4+ and — establishing connections betwen
wires of rank complementary to one another of
the bundle 8 at sz and the bundle at f;. From
fs the bundle passes in parallel through the
group of switches £1(n) (first group: n=0-1, 2-3,
4-5, 6-7 or 8-9) to fe, and from f» in parallel
through the group of switches 22(n) (second
group: n=>0, 1 or 2) tothe bundle f£. Each switch
is dependent upon an electromagnet P, M, T'(n),
T2?(n) having two windings, closing winding f
which for T'(n), T2(n) s the connecting wind-
ing of the second circuit allocated to the digit of
the known term which corresponds to its refer-
ence, opening winding o which, except for P and
M, are connected by a contact of the correspond-
Ing swltch to the release current arriva] line &
(common to the addition and totalisation de-
vices).

Above the switches of the second group will be ;

seen two “dilsplacement relays” 0¥ and I'Y hav-
ing two windines (, 2 and five contacts 1,0,y m, o.
The control winding { is connected for 0Y to the
wire ILp, for 1Y to the wire iLm, which the
normally open contacts I, 2 of a “sorting relay”
PM cah connect respectively to the wires Lp and
Lm, to which are respectively connected the wind-
ing f of P, the winding o of M and the winding
o of P, the winding f of M. The winding 2 ¢hold-
ing winding) is connected in series by the con-
tact m {open at rest) of its own relay and by the
contact o (closed at rest) of the other relay, to
an auxiliary source of current. The contacts 0
and | (open at rest) of the displacement relays
have respectively a terminal connected t{o the
closing windings of T?0 and T2I for 0Y and of
T2 and T?2 for 1Y, the other terminal being
connected to the wires led and lel. Finally, the
contacts » connect the winding of a relay Tp
to two wires terminating at supplementary con-
tacts » of the — switch for 1Y and of the +
switch for tY. The switches ¢18—9 and {22 each
have a supblementary contact », these two con-
tacts p being In series between an auxiliary
source of current and the winding of a relay Tp.
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Corresponding to each of the relays T9 ... T0,
Te 1s a contact 9 . . ., 0,p, closed at rest, said
contacts forming a chain #r and each having,
except the contact p, their fixed tcrminal con-
nected to one of the terminals of a contact of
the same rank 9 .. ., 0 of a line pp and to one
of the terminals of a contact of complementary
rank 0, . . ., & of a line pm, said contacts be-
ing opened at rest and controlled by the relays
P(n}), and being connected by their second ter-
minal to the line 3Ls through the medium of a
second supplementary contact p or m of the 4+
or - switches. The fixed terminal of the con-
tact p and the movable terminal of the contact 8
of the chaln of contacts ir are respectively con-
nected to the lines ILp and ILm by two contacts
3, 4, closed at rest, of the sorting relay PM. The
contact p» comprises s second fixed terminal con-
nected to the line (Lm. The closing windings
of the eleciromagncts T!(n) are connected to the
wires le(n) (n=0-1, .. ., 89) which, with the
wires le(n) (n=0, 1) are the ‘“second circuit”
wires allocated to the digits of the two groups
into which the possible numerical values (0 to 9)
of the diglts of the known term are decomposed.

Conhcerning the recording of the known term
D or (x4Bi+ ... *As-1Bs-1), it should
at once be remarked that Figure 9 shows the
circuits and members corresponding to all the de-
nominations of this term, namely, for the con-
structional example selected, the units #, the tens
d, the hundreds ¢, the thousands m. In the up-
per part will be seen four rows of mcmbers for
the introduction of the term D, analogous to those
of the factors A and B and denoted by the generic
references EDu(n), EDd(n), EDec(n), EDm(n),
allgned in ten columns, above which are recalled
the numerical references 0 to 9 which . represents
and the contacts of which may be connected to the
“first circuit” current line Li, for example by
punched card analysers. Below this introduction
device are four rows of recording relays Du(n),
Dd(n), De(n), Dmin), corresponding to the same
denominations of D, and two supplementary rows
Da(n}, Da{n), the function of which will be set
forth hereinafter (n=0-1, ..., 8% G or 1).. The
relays of the same numerical reference of the six
rows of relays are arranged in a column above
which sald reference is marked. Each relay has
two windings i, 2 controlling two contacts open
at rest, a holding contact o and a contact ¥ which
Is a “second circuit” contact connecting a cur-
rent arrival wire Ly or L?u, Lid, or Ld, L!3 or
123 to one of the analysing wires le(n) of the
same numerical refercnce as itself (nm=—0-1,
... 89,0 o0r 1D. The winding | acts both as
control winding of the armature of the relay and
holdlng winding and for this purpose, one of its
terminals is connected on the one hand {o the
introduction members of the digits of the same
denomination to which the relay is allocated, and
on the other hand, through the medium of the
contact o to an auxiliary current lne s con-
nected to its source by the contact g, closed at
rest, of a release relay Q, the other terminal be-
ing connected to the output wire lo of the cor-
responding row. The winding 2 is connected by
one terminal to the wire Iv of the correspond-
ing row, terminating at the winding of a relay

"{Dd, Dc, Dm, Da, D3, Du) controlling a contact

of the line Io of the next row, and by the other
terminal to the wire of the same numerical refer-
ence as its relay in one or the other of the bundles
etland et? corresponding to the two groups. These
bundles terminate at two lines (¢ and 2f of ten
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contacts (0 to 9), open at rest, each of which is
controlled by the relay T{(n) of the same rank
and connects to the negative pole the wire which
has the same reference as itself If it pertains
to the contact line {¢, and the wire 0 or the wlire
1, according as to whether its reference is an even
or odd-numbered digit, if it pertgains to the con-
taet Iine ¢,

On the right of Figure 9. are shown {wo con-
tact banks c» and cw of the “principal step-by-
step distributor” controlled by the electromagnet
C (also shown in Figures 4 and 7), each com-
prising four fixed contacis I, 2, 3. 4. These con-
tacts, for the bank ¢s, are connected respectively
to the wirss Liu, L!d, L'e, I'm of the group |
and for the bank ciwo to the wireg L2u, L2d, Lc,
I#m of the group 2 of the recording relays.
Their movakble contacts are connected respec-
tively to the second circuit current arrival lines
ILz and 2L2. Above these contact banks of the
principal siep-by-step distributor is shown an
auxiliary step-by-step distributor controlled by
an electromagnet Ci1 the advancement bank € of
which has gix fixed contacts I, 2, 3, 4, 5, 6, that
is to say, two contacts more than there are de-
nominations in the result, The odd-numbered
contacts are connected to the line Li and the
even-nianbered contacts to the line L#i, with the
exception of the last, which is connected to the

line Lw (L4, Lii and Lw extend through Figure 8§ ;

to Figure 7). The electromagnet Ci controls the
movable contacts of three cohtact banks ee, e1,
ea, of six contacts each. These movable contacts
are respectively connected to the “fourth circuit”
current arrival line 214 and “second eircuit” cur-
rent arrival lines 3La, 4L2, The contacts u, d, c,
m, a, 8 of the bank eo are connected to the dif-
ferent wires Iv of the recording relays, while
the contacts c, m, a, g, %, d, of the banks €1 and
ez are cohhected respectively to the lines Llc,

Lin . . . L'd and L%, I»m . . . 12d of the same
numerical index of the six rows of recording
relays.

The wire Le terminating at the winding of
the sorting relay PM (shown ihree times at dif-
ferent points of the figure in front of the dif-
ferent contacts it controls) and the wires Lp
and Lm terminating at the winding f of the elec-
tromagnets P and M enter on the right of Figure
9 leaving Figure 6, where the wires Lyp and Lm
are connected to the ccntacts of the introduc-
tion members Ep and Em for the signs + and
--, and are connected to any source of current
(they are here connected to Ln). The wire Le

may be disconnected from the circuit or con-

nected to either of thesc wires Lp, L directly
or through the analysing device due to the switch
1t having four contacts §, =, +, —.

The cperation of the totalisation device will
now be explained, For studying this operation,
we shall consider first of all the recording of the
digits of ihe term I», then the intervention of
the term D thus rccorded in the calculation of
the total D=AB (AB being a product which is
being calculated), that is to say, on the one
kand the exploration of the successive rows of
recording relays, the effect of which is the closing
of certain totalisation switches, and on the other
hand the passage of the current, arriving through
the bundle 5 at s: through said switches flor
terminating at the winding of a certain relay
T(») controliing the inscription of the total re-
sult, Tt will be seen on this cccasion how, if
necessary, the device effects the transfer to the
next denomingation of the digit carried over from

@
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& certain depomination in the case of addition,
and ih the case of subtraction. It wil! then be
seen how in the case of the operation Z AB, the
calculated total

(A4:Bi+ . .. *An—1Br1)

is recorded, then how this recording is explored
for totelising with sald known term a new prod-
uct AnBn that is calculated.

Recording of the data—When a punched card
liaving perforations corresponding to Lhe char-
acteristic digits of the term D passes through
the analysing device, the analysers establish for
eaCh denomination the connection of the line Ia
with the windings { of the relays allocated to
the numericel value of the digit of that denomi-
nation. These windings are energised and are
maintalned energised due to the closing of the
holding contacts 0. The corresponding contacts
v are theretore closed, Thus, for the numerical
example selected D-—=6158, there are, for the unis,
the following circuits in the first group:

-+, L1 EDuB, winding { of Du8--9, Io of the
row u, contact of Du at rest, Lo, . , ., —; the
armature of Du8—9 is attracted:

Contact o: closure: contact g, Is, contact o
of Du8—98. winding | of Du8—8, fo . . . ; the
contact v is held closed. The contact of the relay
Du remaining in the position of rest, the holding
circuit will only openh by the breaking of the
holding eircuit, namely, by the opening of the
contact ¢ when the relay Q is energised for the
release of all the recording D.

Likewise, in the second group, ihe contact v
of the relay Dud is closed.

This recording is effected in the same way for
all the rows of the relays, that is to say, for
all the denominations of the term D.

Exploration of the recording—Starting with
the principal step-by-step distributor in the po-
sition 1 (contact | of the banks ¢» and cwe) the
exploration eircuits (second circuit) are the fol-
lowing:

+, ... ILz, contact | of ¢s, contact v of
DuB—9, [e8—9, winding f of T!'8—9: closing of
the switch 118—9;

+, . .. 20z, contact ! of ¢, contact v of
Dug, Ie0, contact 0 of 0Y or (Y (it will be seen
later that one of these relays Is encrgised), wind-
ing f of T20 or T3l; closing of the corresponding
switch.

The totalisation switches being thus closed,
they will remaln so until the release wire 1 Is
under current (after the recording of the transfer
resulting from the addition of the digits of par-
tial products by the transfer device).

Intervention of the sign of totalisation—The
signs + and — may lkewise be introduced by
meanhs of punched cards, and according to the
sign, the wire Lm or Lp is put undar current at
the moment cf analysing, It will be supposed
first of all that in each case the wire Le is like-
wise under current (=% contact of the switch Iz,
Figure 65). That one of the electromagnets M
and P whose winding f is under current closes
its switch and the current arriving through one
of the wires of the bundle 5 at sz follows the
path: . . . s2 switch — or +, fs, a switch {'(n),
fs, a switch t2(n), ff, T(n): the armature of the
resull relay T(n) is attracted and the correspond-
ing contact of the line of contacts ¢ in particular
is closed, connecting the line 3Ls to one of the
wires of the bundle 2. Furthermove, simultane-
ously, the relay P(1i) corresponding to the wire

+

 under current at sz is energised and the contact
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of the same rank of the line of contacts p con-
nects the line L4 to the corresponding wire of
the bundle AB. The digits of a certain denomi-
nation of the product AB and of the total are
transmitted simultaneously to the Inscription de-
vices for the results.

Case o} addition—When at the moment of
anealysing, the wire Lp Is under current, the +
switch closes and remains closed, and its contact
p connects the contact line pp to the current
line 3Lsa. The wire Lo also recelving current,
the relay PM is energised, whereby its contacts
I, 2 are closed, thus connecting ILp to ILp and
Lon to 1L, and its contacts 3, 4 are opened.
The wirc ILp being under current, the winding
I of the DY is also. This relay attracts its arma-
ture with the following effects;

The contact 0 in opening breaks the holding
circuit of IY: 4+, contact o of 0¥, contact m of
1Y, winding 2 of IY, —; neither of the two wind-
ings of IY belng any longer energised, the ar-
mature of this relay drops and its contact o
closes;

The contact m of 0Y in closing establishes
the holding circuit through the contact o of Y
and winding 2 of 0Y; the armature of this relay
will therefore remain attracted as long as the
relay 1Y is not energised.

The contact » (the function of which will be
seen hereinafter) and the contacts 0, | are closed,
these two latter connecting the exploration wires
Ie0 and lel to the windings f of T?0 and T2i.
When analysing is terminated, the current is
broken in the wires Le and Lp. The armature
of the relay PM drops and its contacts [ and 2
open, breaking the connections of Lp and Lm
to ILp and I1om, and its contacts 3 and 4 close,
connecting these two latter wires to the ends
of the chain of contacts 2r. The 4 switch re-
mains closed, the displacement relay 0Y remains
energised (non-displaced or direct connection of
the second circuit in the second group of the
known term).

In the numerical example D+AB, 615813312,
it has been seen that for the units, the explora-
tion wire led was under current. The switch
120 1s therefore closed and the current arriving
in the wire 2 of the bundle 3 at sz passes through
the switches 4, t'8—9, 120, and the winding of
the relay T0 (84+2=10). A carry-over of 1 has
therefore to be transferred to the next denomi-
nation. For this purpose, 1t is merely necessary
that during the ecalculation of the diglt of this
next denomination, the relay 1Y should be ener-
gised in place of the relay 0Y, because that adds
one unit to the digit of the “second group” of D.

This ‘displacement” is effected automatically.
It is based on the following considerations, Let
z be the digit of the actual denomination of D, ¥
the digit of the same denomination of the prod-
uct AB (bundle fp), 2z the units digit of thelr
sum (bundle /). There are two cases to be con-
sldered.

First case.~The sum of x}¥ is less than 10.
In this case z 1s equal to one of or greater than
either of the terms of this sum, and in particular
equal to or greater than the term ¥. The clos-
ing of the contact of the line pp corresponding
to ¥ puts under current the wire arriving at the
contact of the same rank of the chain of contacts
tr: 3Ls, contact p of the 4+ switch, ppy, fixed
terminal of #ry. The current cannot pass
through the chain of contacts of higher rank
because the contect 2 forms part of this chain
and is open. It passes through the chain of con-
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tacts of lower rank and arrives at the line ILp
through the contact 3, closed at rest, of the relay
PM, and to the closing winding | of the relay 0¥,
which, as has been seen, Is already energised.
No change is produced.

Second case—The sum z-}¥ is equal to or
greater than 10. In this case, 2 which is equal
to z4+¥—10 is smaller than either of the terms
of this sum, particularly the term y. Thus a
contact of lower rank than that which receives
the current from the line of contacts pp is open
in the chain of contacts tr and the current of the
line 3L+ passes through the chain of contacts of
hilgher rank, thus putting the line ILm under
current. The closing winding | of the relay {Y
is energised, which breaks the holding circuit of
0Y, the armature of which drops and closes the
holding eircuit of 1Y, the armature of which re-
mains attracted, establishing by its contacts 0
and ( the displaced connection lel, lef to T2,
T?2 for the calculation of the digit of the next
denomination. .

It should he remarked that when there is a
transfer (1) which is added to the total of the
digits x and ¥ of a certain denomination, what is
compared withy Is In realityz+1. Asz=z4y—10,
24+1=z+y—9, however, and it may happen that
2z+1 is equal to ¥. This will be the case when
r=9. Desplte this, the relay |'Y should be ener-
gised. In this case, however, during the explora-
tion of the digit of this denomination of the term
D, on the one hand, the exploration wire le8—8
has been under current and the switch ¢!8—9 is
closed, and on the other hand the exploration
wire lel has been under current and In conse-
quence of the “displacement” which introduces
the transfer, the switch #22 is closed: the wind-
ing of the relay Tp has heen connected by the
contacts p of the two switches to the auzillary
source of current. The armature of this relay
has been attracted and the contact p has con-
nected the corresponding end of the chain of
contacts tr to the wire ILm. It is therefore still
this wire which receives the current, as is neces-
sary for ensuring the transfer to the next de-
nomination.

Case of subtraction.—It has been seen that in
the case of a subtraction which Is effected by
adding to the successive digits of D the comple-
ments relatively to 9 of those of AB, It is neces-
sary in the lowest denomination, thercfore at
the commencement of the operation, to add 1
to the total of this additlon. This is effected
asutomatically. At the moment of analysing, the
wires Le and Lm are under current. The — switch
is closed and the relay PM is energised, thus
putting the wire ILm under current by its con-
tact 2. The relay (Y is energlsed and establishes
the displaced connectlon necessary for adding a
unit to the total. It will remain energised in the
next stage of operatlon for which. the relay PM
being inoperative, its winding | is connected to
the contact 9 of the chaln #r, only if the sum
z-+(9—¥) equals or exceeds 10, in this case, the
comparison employs the contact line pm in cir-
cuit: ILa, contact m of the — switch, pmy, fixed
contact of &r(9—z).

Capacity of the calculating device.—The relay
T serves for controlling a signalling device which
operates when the capacity of the calculating
device is exceeded. If has been shown that at
the commencement of the operation, the relay
0Y js energised in the case of an addition and
the relay 1Y in the case of a subtraction. As the
operation continues, the relay 1Y is energlsed
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whenever the sum of two digits of a denomina-
tion equals or exceeds 10, that is to say, whenever
there is & transfer to the next denomination,
whether the digit of the product intervenes by
itself (case of addition) or by its complement
(case of subtraction). If the capacity of the
machine is not to be exceeded, it is necessary
that in the last operative stagc, there should be
no transfer in the case of an addiition and on
the conirary that there should be a transfer in
the case of subtraction. This Is evident in the
case of addition. In the case of subtraction, if
the product to be deducted exceeds the known
term, which would give a negative total, the
complement of this product is less than the com-
plement of the known term. It follows that the
sum of the known term and of the complement
of the product is less than 10,000 and that there
15 no transfer from the addition of the thousands
digits. In the contrary, there Is a transfer if the
product is less than the known term, the case
for which the capacity of the machine is not ex-
ceeded. It follows that if the capaclty of the
machine is exceeded, the relay I'Y in the case of
addition and the relay 0Y in the case of sub-
traction is energised at the end of the last opera-
tive stage., In the first case (case of addition)
the current arriving at the end of this stage Into
the line lg from the line I3 (end of operation

release, last position of the principal step-by- .
step distributor bank Z on right-hand side of

Figure 7) energises the relay Tq: .. . I, Ig, In,
contact 4 of the + switch, contact 4 of 1Y, wind-
ing of the relay T —. The armature of Ty is

attracted and its contact connects the line 3L. -

to the wire U which terminates at the signalling
member (not shown). In the case of subtrac-
tion, the relay 0Y being energised if the capacity
of the machine is exceeded, the relay Tn receives
current by the contacts of the — switch and of
the relay 0Y, which llkewise puts under current
the wire U of the signalllng member.

Recording of the characteristic digits of a pre-
viously calcwlated product AB and exploration of
this recording—This recording is effected when
ZAB is calculated. For such an operation, the
auxiliary step-by-step distributor is employed in
place of the banks ¢s and c¢uwo of the principal step-
by-step distributor. It has been shown that each
time a wire i1s under current in the bundle f¢, the
relay T(n), corresponding to the result digit to
which the wire is allocated, is energised. It then
closes the corresponding contacts of the lines of
contacts IZ and 2¢. These contacts cohnect to
the negative terminal two wires of the bundies
et! and et?, namely, those wlose references corre-
spond to the two digits of the groups (0-1, 2-3,
6-7, 8-9 and 0, 1) into which the digit of the re-
sult Is decomposed. In the row of recording re-
lays corresponding to the denomination of this
digit, two relays are energised. Thus, If we as-
sume that the first product A1B1 of the series to
be totalised is the product 3312 of the numerical
example previously taken, the first operation con-
sists In adding this product to 0000, For this
purpose the totalisation switches -+, {0 and #20
are closed by means of preparation members
forming part of the control device described later.
When in the first stage (units denomination) the
relay T2 is energised, the closing of the contacts
2 in the contact lines I and 2¢ establishes the
following circuits:

- contact 2 of I, wire 2,3 of et? ... ;
—, contact 2 of 2¢, wire D ofet? ... ;
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The cholce of the row of recording relays corre-
sponding to the denomination in question Is ef-
fected by the bank of contacts eo of the auxillary
step-by-step distributor. Thus, the movabie con-
tact of this bank on u, the recording circu ts are
completed as follows:

... wire 2, 3 of et!, winding 2 of Du2—3, wire Iv
of the row u, contact u of 2o, 2L, ..., +;

.. . wire 0 of ¢1?, winding 2 of Du0, wire v of row
..., +.

The relays Du2—3 and Dul are closed, recording
the digit 2 in the row u.

For the exploration, the auxiliary step-hy-step
distributor intervenes by its bank of contacts e,
ez, establishing a connection between the current
input lines 3Lz, 4L2 and one of the wires Lu, 1o,
... L3, L8 of the six rows of relays of the two
groups Duin) . . Dg(n). Thus, for the ex-
ploration of the row u (fifth contact u of the
banks e1 and es) the following circuit will be es-
tablished for the second group (if the recorded
digit 1s 2):

+, ..., 4L, contact & of es, I, contact v of Dub,
wire Ze0, . , . '

I} is therefore possible to record denomination
by denomination the digits of the products AB as
they are calculated, and to explore denomination
by denomination the rows of relays of a record-
ing. The processes of these recordings and ex-
plorings are combined In such a manner that
each row of relays is aiternately explored and
records & fresh digit. The digits of all the de-
nominations of the known term have to remain
recorded at the same time until they intervene
in the caleulation of the digits of the successive
denominations of the next totalisation, and
therefore the recording of a fresh digit can only
be effected In the supplementary rows of relays.
According to the form of construction shown, two
thereof have been provided « and g and the rows
% ... pintervene by rotation. In this case, there-
fore, the references wdem no longer serve to dis-
tinguish the lines pertaining to particular denom-
inations.

Recording and exploring process.—For exam-
ining this process, it will be supposed for example
that the movable contacts of the auxiliary step=
by-step distributor are at the second position
from the top. The following circuits are estab-
lished:

Contact bank ¢o: contact d: 4, ..., 2Ix, con-
tact d of es, wire Iv of the row d, . . . : this wire
being under current the row d records the diglt
corresponding to the closed contacts of the lines
of contacts it and 2¢; furthermore, the winding
of the relay Dc Is under current; this relay be-
ing energised attracts its armature and is con-
tact in opening breaks the holding circult of the
recording relays of the row c, the armatures of
which drop. These relays are therefore now re-
leased and are thus able to record the digit of the
next denomination of the totgl.

Banks of contacts ey and es: contacts m: 4 ...,
3Lz, contact m of e, Lim, ... ; and: +, ...,
41a, contact m of ez, I%m, . . . ; whercby explora-
tion of the row m is ensured.

Thus, while the row d records & digit, the row
¢ is released and the row m is eXplored. At the
commencement of the calculation TAB, when
*+4A1B1 Is recorded, the rows c¢ to g, which are
explored as the dlgits +=AiBi1 starting from the
lowest order are recorded in the rows z to m are
set to record zero (relay 0—I of group 1 and 0
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of group 2 energlsed in each row) by the prepara-
tion members of the control device described
later, so that at each operative stage, the totali-
sation switches are closed and allow the current
to pass. When all the diglts of =A:Bi1 have been
recorded, and as the calculation of the digits
of A:Bz is proceeding, the total A1Bi1+A3Bz Is
recorded, the units of this total being recorded
In the row a, the tens In the row g, the hundreds
in the row # (which had been explored durlng
the recording of the units of the total and re-
leased during the recording of the tens . . . ete.

Finally, the recording of the digits of the suc-
cessive denominations is effected at each opera-
tive stage In a row situated after the explored
row and separated from it by the released row,
this being done according to a closed cycle. The
linking together of these successlve denomina-
tions follows from the fact that the contacts of

the banks of contacts of the auxiliary step-by- o

step distributor are arranged In an endless chain
according to any device well known in the ari.

Control

The control members of the device are shown
in the various Figures 4 to 9 in proximity to those
dependent upon them in order to avold excessive
complicatlon. While collected under the same
name, they have nevertheless varlous functlons.
Some are subjected to an externsal intervention.
These are the preparation and starting members
for preparing the calculating device for an opera-
tion to be effected and for starting its automatic
operatlon. The others are automatic devices.
These are the safety members for producing stop-
page in the case of an incldent in the operation.

Preparation and starting of the whole of the
calculating device—Referring to Figure 6, there
will be seen in the upper left-hand part:

A general reversing switch IG having four
contacts I, 2, 3, 4 and capable of assuming two
positions, one A on the right corresponding to
the case in which the “known term” ijs D (opera-
tion D+AB), the other £ on the left, correspond-
ing to the case In which the “known term” is the
total of a preceding operation, recorded by the
recording relays {(operation £AB):

In the A position, this reversing switch estab-
Iishes the following connections:

Contact 1.—Dead segment.

Contacts 2 and 3.—Connection of the second
circult current line Lz to the lines I1a, 2Le feed-
ing the banks cs, cio of the principal step-by-step
distributor.

Contact ¢ —Connection to negative of the out-
put wire of the winding of the release relay Q:
this relay is then In shunt circult on the released
wire Iz of the switches of factor A and is ener-
gised when the opening current of these switches
passes through sald wire (contact 4 of the con-
tact bank I, Figure 7); its contact g (Figure 9)
In opening then breaks the holding current
line Is of the recording relays, the armatures
whereof drop, thus clearing the recording of the
term D in all the rows of relays.

" In the = positlon, the reversing switch IG
establishes the following connectlons:

. Contact 1—Connection of a “first circuit”
gsource with the line 2ILa feeding the bank eo of
the auxillary step-by-step distributor, and with
a lne iLs feeding a preparation member shown
in Figure 9. *

Contacls 2 and 3.—Connection of the second
clrcult current line La to the lines 3La, 4La feed-
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ing the banks ei, ez of the auxiliary step-by-step
distributor.

Contact 4 —Connection to Lhe negative of the
output wire e of the winding of the advance-
ment electro-magnet C: of sald auxiliary step-

" by-step distributor.
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A switch Ib which, in one position, connects
the release wires L, Is in such a manner that
the opening current for the switches of the factor
A produces the opening of those of the factor B
and, in the other, connects the release wire 1a of
B to a wire Is which is only under current during
the “preparation.”

A switch Id which In one position connects
negative to the output wire Iy of the winding of
the release relay Q (D variable at each opera-
tlon) and the contact of which, in the other
position is on a dead segment (D constant for a
number of operations).

The sign switch It which, as has been shown,
in the posltion 0, disconnects the wire Le and
which allows said wire to be connected by the
analysing device to either of the wires Ip and
Im in the =+ position and connects the wire Le
to the wire Lip or Lm ln the + or — posltions.
It Is thus possible, in a sequence of products AB
to totallse all the terms, whether they have a
+ sign or a — sign, or to totalise only the terms
having one or the other of these signs. It has
been seen, in fact, that the said wire Lo termi-
nates at the winding of the sorting relay PM
and that this relay should be energised for the
selection of the displacement relay 0¥ or (Y ap-
propriate to the operation to be effected. This
sorting relay PM comprises in sdditlon a con-
tact g which, as will be seen, controls thz put-
ting Into circuit of the auxillary step-by-step
distributor each tlme the wire Le is under cur-
rent, that is to say, each time the term ApBp
calculated has a sign such that this term should
be totalised. If this is not the case, the auxillary
step-by-step distributor remains out of circuit
and the totalisation switches which have been
opened by the current of the release wire I1 re-
main open, breaking the connection of the thire
circult terminating at the totalisation relay T(n).

A bipolar switch provided with a preparation
button Io connecting the windings of a relay K
and a relay J to an auxiliary source.

The relay K or preparation relay is likewise
shown in Figures 8 and 9 with preparation con-
tacts for the transfer device and totalisation de-
vice. In Figure 6 there has been shown only one
of these contacts k&, holding contact closing, when
the relay K is energised, a holding circuit com-
prising the contact j, closed at rest, of the relay
J which is a delayed release relay. The winding
of the relay K may likewise be connected to an-
other auxillary current source by the contacts ¢
of the switches ad0 and adl.

The operation of the preparation relay K is as
follows. When the preparation button Io iz de-
pressed, the relays K and J are energised. The re-
lay K attracts its armature (its contacts are then
in the preparation pdsition), the holding contact
k is closed, but the contact 7 opens and the hold-
ing circult K remailns interrupted. Conversely,
when the preparation button Io is released, the
contact k¥ opens but the contact 7 only closes with
delay so that the holding circuit of the relay K
is open at k before being closed at 5. When, In
the course of the operation of the calculating
device, the two switches ad0 and ad( are closed at
the same time (which in the case of control by
vunched cards may occur if there is no longer any
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card passing below the analysers, for example
when the card magazine is empty), the winding
of the relay K is put under current through the
medium of the contacts ¢. Its armature is at-
tracted to the preparation position and held by
the holding circuit, closed by the contact j at rest,
until the button Io is depressed. Obviously, the
contacts ¢ could be provided on other switches
which are not {o be closed at the same time and
an equivalent safety device would be obtained.

Preparation and starting of the transfer de-
vice. Referring to Figure 8, there will he seen
the relay K, its contact k and its contacts I, 2, 3,
4 relative to the preparation of the transfer de-
vice and connected respectively to the wires Lii,
L4, Lu, 0Lo. At rest, these contacts establish the
following connections:

Contact | connects Lii to Le.

Contacts 2 and 8 are on dead segments,

Contact 4 connects to negative the wire 0Lo
(output of the winding o of the electro-magnet
IRO of the transfer device). When the arma-
ture of the relay K is attracted (preparation):

Contact | connects Lii to ILo (wire connected
to the release wire lo of the first half of the trans-
fer device).

Contacts 2 and 3 put under current the lines Li
and Lz (Lu is connected to the winding f of the
electro-magnet IRO of the transfer device).

Contact 4 breaks the connecticn of wire Lo to

negative.

Referring to Figure 7, it will be seen that, the
line Li being under current, the odd-numbhered
contacts of the advancement bank ¢ receive cur-
rent. If therefore the movable contact of this
bank is on an odd-numbered contact, advance-
ment to the next even-numbered contact takes
place. On the other hand, the line Lu being
under current, the closing winding of the electro-
magnet of the switch Ir0 is energised and this
switch closes, because the circuit of the corre-
sponding opening winding is broken at the con-
tact 4 of the relay K. Thig switch, in closing con-
nects by its contact » the line L to the winding of
the relay I1U. The armature of this relay is at-
tracted and by its contact 3, which closes, the re-
lease current arrives at the even-numbered con-
tacts of the bank A, thereby determining through
the medium of the bank o the passage of the re-
lease current through all the opening windings of
the second half of the transfer device. If the re-
lay 2U was under current, bccause one of the
switches of this second half of the transfer device
was closed, this current is then intcrrupted and
the armature of the relay 2U drops. Closing of
the contact | of this relay follows ang the cur-
rent arrives at the line Lii, that is to say, at the
even-numbered contact 2 of the advancement
bank c¢. It follows that the principal step-by-
step distributor moves with a continuous move-
ment. However, it stops at the last contact (4)
of the advancement bank, because the connection
of the line Lii to the line Lw is Interrupted at the
contact | of the relay K. It should be remarked
that as the first half of the transfer device also
receives the release current, due to the connec-
tion by the contact 1 of the relay K of the line Lii
to the line (Lo, all the switches Ir(n) except 170
open, even if the contact bank being in its last
position at the commencement of the preparation,
the wire lo cannot receive the current of the con-
tact bank ¢. 'Thus, at all events, at the last po-
sitlon the step-by-step distributor is stopped and
the switch 170 alone Is closed. Furthermore, the
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Jease wire Iz (last contact of the bank D, which
effects at the same time as the opening of the ad-
dition switches, the opening of the switches of the
factor A, the opening of the switches B being ef-
fected due to the connection of the wire 14 to the
Wwire [z if the release switch Ib (Figure 6§) connects
I3 to I+. (If the switch Ib conhects I+ to ls, the
release of B Is effected, as will be seen herein-
after, as soon as the preparation button Io is de-
pressed which puts the wire Is under current.)
When a synchronising member is provided for
synchronising the analysing device, this member
receives current when the principal step-hy-step
distributor has arrived in its last position. From
that moment, the analysing device is ready to ef-
fect analysing and may be held stopped In this
position.

When the preparation button Io is released and
the armature of the relay K drops, its contacts 2
and 3, in opening, interrupt the current in the
lines I# and L, the effect of which is to Interrupt
the current at the odd-numbered contacts of the
advancement bank ¢ and In the closing winding
‘'of the electro-magnet IR0. The circuit of the
opening winding of this electro-magnet is no
longer interrupted by the contact 4 of the relay
K, but the opening current cannot pass becalse
the movable contact of the bank ¢ is on an odd-
numbered contact. The line Lii s still under cur-
rent through the medium of the contact | of the
relay 2U at rest, and as the contact I of the relay
K now establishes the connection between the
line L4 and the line Le, the last contact (4) of
the advancement bank ¢ receives current and the
principal step-by-step distributor advances by
one step and comes to the position | (because the
contacts of the banks form an endless chain).
The opening circuit of the switch 170, however,
remains open at the contact | of the relay 2U
and this switch remains closed. The contact | of
the bank co connects the line Lif to the first cir-
cuit current line Lz and the operation commences
as soon as the introduction of the factors is pro-
duced (by analysing a punched card). It has
been seen in fact (operation of the transfer de-
vice) that at this moment the multiplication de-
vice calculates the digits of the partial products
of the first denomination, that the corresponding
addition switches are closed and that current is
sent into the wire 0 of the bundle r, connected to
the line iLa by the contact r of 170, the llne 11
being connected to the line L by the contact 2, at
rest, of the supervising relay 2U. It has likewlse
been seen that after the starting calcuiation pro-
ceeds automatically.

Preparation and starting of the totalisation
device, Referring to Figure 9, there will be seen
the relay K, its contact %, and its contacts 5, 8, 1
and B, 9, 10 relating to the preparation of the
totalisation device, and connected respectively to
the wires Lo, Lo, I14 (T and &), a source of cur-
rent, and the wire 3Ls. At rest, these contacts
establish the following connections:

Contacts § and 6 connect the common wires Lo
and Lo to negatlive.

Contacts T and 8 are on dead segments.

Contact 8 connects the source of current to the
“fourth circuit” current line Ls.

Contact 10 closes the line 3Lx.

When the armature of the relay K is atiracted
(preparation) :

Contacts 5 and 6 break the connection of the

, wires Lo and Lo to negative.
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Contacts T and 8 connect the line L4 respec-
tively to line L{ and to line 0Lx.

Contact 9 connects the source of current to the
wire ls for the final release of the factor B (re-
lease switch Ib (Flgure 9) connecting 4 to ls and
not to i3).

Contact 10 preaks the line 3La.

It will be seen hereinafter what occurs when
the button Io is depressed (preparation) snd then
released (starting).

Below the relay K is shown a preparation switch
~ which serves for recording 0 in the four rows
of recording relays ¢ . . . g for starting the cal-
culation ZAB, and which is under the dependence
of an electro-magnet I having two windings, a
closing winding f connected to the line 0L« and
an opening winding o connected to one of the
terminals of the first contact | of the switch ~,
the other terminal whereof is connected to the

line Ls. When the switch « is closed, the con-

tacts 2 and 3 connect the wires 8 of the bundles
et! and et? to negative. The contacts g, o, m, €
then connect to 014 the wires Iv of four rows of
recording relays 8. «, m, ¢. The last contact o
connects the common wire Lo to negative,

On thie right of Pigure 9, the summation relay
H will be seen between the electro-magnets C
and Ci of the two step-by-step distributors. This
relay comprises two windings 1, 2 and four con-
tacts A, |, 2, 3. The winding | is connected on

the one hand to Ig, that is to say to &3, and on the -

other hand directly to negative. The winding 2
on the contrary is connected to the negative
through the medium of the contact g of the sort-
ing relay PM, and connected to a source of cur-
rent by the contact h of its own armature when
the relay H is energised. This contact connects
to the source the line 314 when it is st rest. Like-
wise at rest, the contacts I, 2 and 3 close the lines
41e, Li, 3la. They are each on a dead segment
when the relay H is energised.

In regard to the operation, there are two cases
to consider.

Case of the operation D+AB. The general re-
versing switch IG is in the A position. The line
ILs is therefore not under current, but the line
314 is connected to the “fourth circuit” source
by the contact 2 at rest of the relay H and the
movable contacts of the banks cv and cuw of the
principal step-by-step distributor are connected
to the “second eircuit’” current line La.

When the preparation button is depressed and
the relay K is consequently energised, the mov-
able contacts of the banks ¢s and cio advance to
the last position (4), being aciuated by the elec-
tro-magnet C of the principal step-by-step dis-
tributor, which as has been seen, Is under current
until this position is attained (the circuit of the
winding of the electro-magnet Ci is broken at the
contact 4 of the general reversing switch IG).
The hclding circuits of the recording relays are
broken at the contact 5 of the relay K. Purther-
more, when the princlpal step-by-step distributor
has arrived at its last position, these holding cir-
cults are also broken at the contact g of the relay
@ which {s then energised, and the armatures of
all these relays being at rest, the “second clrcuit”
is broken by their contacts 2. Likewise the
“fourth circuit” is hroken at the contacts 8 and
10 of the relay K. On the contrary, the wire k
is under current, resulting in the opening of the
switches of the factor B if the release wire s is
connected to the wire ls by the switch Ib, It will
thus be seen, considering the release produced
by the transfer device, that the entire calculating
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device Is in the releaise position and that the four
principal circuits are open.

The principal step-by-step distributor will only
advance to the position | at the moment of start-
ing, when the armature of the relasy K drops,
puting the line Lw under current. At the same
time, the wire Lo of the holding circuits of the
recording relays will be connected to negative, as
also will be the “first circuit” output wire Lv of
the three rows of relays m, «, . The fourth cir-
cult is again closed. The device will be ready to
operate and as soon as analysing commences, cal-
culation will also commence,

Case of the operation T AB. It has been seen
that in this case, the gencral reversing switech IG
(Z position) connects the lines 1Ly and 214 and
hence the movable contact of the bank ce of the
auxiliary step-by-step distrlbutor to a source of
current, and those of the banks ¢1 and ¢z to the
second circuit current line Lal the output Ie of
the winding of the electro-magnet Ci of this step-
by-step distributor being connected to negative.
(The electro-magnet of the principal step-by-
step distributor is obviously not out of circuit, but
as its banks ¢s and cio are not connected to the
line Lz, they do not receive current,) It should
be remarked that as the connection of the wind-
ing of the relay @ to negative is broken, this relay
cannot be energised,

When the preparation button is depressed and
the relay K is consequently energised, the odd-
numbered contacts of the advancement hank e
of the auxiliary step-by-step distributor receive
current even if the relay H has remained ener-
gised, because the line Li is connected to the line
IL4. The even-numbered contacts, except the
last, are also under current, because they are con-
nected to the line Lii which, as has been seen, is
under curreni during the preparation. The aux-
lliary step-by-step distributor therefore advances
to its last position (contact 8) and stops there
because the line Lw is not under current.

The attraction of the armature of the relay K,
by closing the contacts T and 8, puts the second-
ary line 8La under current; the closing winding
f of the electro-magnet I {s energised and the
switch ~ closes, connecting to negative hy lts
contacts ¢, M, «, § the wires iv of the last four
rows of relays (the connection to negative by the
commcen wire Lo of the wires v of the last three
rows Is cut at the contact 8 of the relay K) and
by its contact o the commen wire Lo, the con-
nection of which to negative has been interrupted
by the contact 5§ of the relay K. However, as the
breaking at the contact 5 is produced with the
closing of the swilch v, the recording relays have
been released before the output wires of their
windings | are re-connected to negative. The
and 8Ls being under the current, the wires I of
the last four rows are under current, and the
following ecircuits are established, for example,
for the relays of the group | of the row a:
+ ..., IL4, contact 8 of the relay K, 0L, con-
tact « of 4 wire v of the row «, winding 2 of
DaO—1, wire O.I of et! contact 2 of v, —.

The four rows ¢, m «, g record 0.

When the armature of the relay K drops (start-
ing), the fourth circuit is closed at the contact 8.
The line I« being under current, the opening
winding g of the electro-magnet I' recetves cur-
rent through the medium of contact | of its
switch y. The Iatter opens, breaking the con-
nection to negative by the switch + of the wire
Lo and the connection of the last four rows to
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the wire 8Ls. 'The connection of the wire Lo to
negative is re-established at the contact § of the
relay K, the windings Dg, De and DS o negative
at the contact 8 of the relay K. The wires Lv
of the remaining rows are already connected to
negative through the windings Du, Dd and Dec.
At the same time, the fourth circult is likewise
reestablished at the contact 10! of this relay.
Furthermore, the line Le as has been seen being
under current, the auxiliary step-by-step dis-
tributor advances by one step to the posltion I,
and as soon as analysing commences, calculation
commences. It should he remarked that if the
sign switch It is at the position @, or if no sign
is Introduced during analysing, the wire Le and
hence the sorting relay PM does not receive cur-
rent and the summatlon relay H, which is ener-
gized by the release current, arriving at the. wire
lg through the release wire I3, remains energised
(holding circult closed: <+, 2, winding 2 of H, g,
—3, the auxlliary step-by-step distributor does
not then receive current and remaing in position
I, since the line Li is broken at the contact 2 of
the relay H and is no longer connected to the
line {Ia4 under current by the contact T of the
relay K.

Safety members.—It has been seen that when
the two multiplication switches ad8 and adl are
closed at the same time, the relay K 1s energised
and remalns so until the preparation button Ic
is depressed.

The summation relay H also functlons as a
safety member. In fact, when during the calcu-
lation TAB, the first term +A1B1 has been calcu-
lated (and recorded If necessary), the principal
step-by-step distributor arriving at its last con-
tact produces, as has been seen, the release of
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the factor A (or of the factors A and B) putting -

the release wire I3 under current (contact 4 of
the bank I, Figure 7); the relay H is energised
disconnecting the auxiliary step-by-step distrib-
utor. If the next term AzBz has a sign for which
the sorting relay PM is energised, the armature
of the summadtion relay H drops and the auxillary
step-by-step distributor is brought into circuit
again; the tofalisatlon device calculates and re-
cords the sum of this term AaBz and of the term
+Ai1B) already recorded the auxiliary step-by-
step distributor advancing by one step at each
operative stage from the contact 5 of the ad-
vancemcnt bank e at which it was stopped (re-
cording of the units in the row «, of the tens
in g, the hundreds in u, of the thousands in &)
and stopping at the contact 3 of the bank e at
the end of this operation. It will be seen that
the auxiliary step-by-step distributor always
stops at an odd-numbered contact. If, on the
contrary, any one of the terms AqBq during cal-
culation has a sign for which the sorting relay
PM 1is not energised, the armature of the sum-
mation relay H is held by its holding circuit and
the auxiliary step-by-step distributor remains
out of circuit; it remains stopved on the odd-
numbered contact of the bank e which it has
attained, hecause the line Li to which this con-
tact is connected does not receive current.

On the other hand, it has been seen that when
the sorting relay PM, at the commencement of
the calculating operation of a term ApBp which
has to be totalised, has current passing through
it, the closing of its contacts | and 2 puts under
current one of the displacement relays 8Y or |Y.
Each of these relays controls the holding circuit
of the other connected permanently to a scurce
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of current, and therefore one of these relays is
always energised,

Modiflcation of the distribution -

The distribution, that is to say, the control of
the circuits of the calculating device for each
operative stage, is attained In the construction
shown in Figures 4 to 9, by means of step-by-
step distributors similar to those employed in
automatic telephony. According to the modifi-
cation shown in Figure 10, the principal and aux-
iliary step-by-step distributors are replaced by
chains of electro-magnets or relays.

The left-hand part of Figure 10 reproduces
the transfer device of Figure 7 with the eXcep-
tion of the principal step-by-step distributor and
with the sole differcnce that the contacts 3 of
the supervising relays are directly In series be-
tween the lne I1 and a source of release current,
The right-hand part of the figure shows the two
chains, the centre one replacing the principal
step-by-step distributor and that on the right
the auxillary step-by-step distributor.

It will be recalled that for the example con-
sidered in which there are four operative stages
(four denominations of the result), each bank
of contacts of the principal step-by-step dis-
tributor of the construction which has been de-
scribed comprises four fixed contacts, each cor-
responding to a different stage. To the ten fixed
contacts, for example, the contacts § (or 2, 3, 4)
which correspond in the ten banks ¢, ¢3, . . .,
¢ of contacts to a given operative stage, there
corresponds in Figure 10 a bundle of ten wires
for said stage, which bundle comprises a multi-
contact stage switch xi (or 2, =3, d4)., The
line Lz of Pigure 7 is not required. Each stage
switch is controlled by an electromagnet X!, X2,
X3, X4, having two windings, a closing winding
f, and an opening winding o. The linking to-
gether of the electro-magnets X is obtained by
the connection of the closing winding of one
of them to the opening winding of that which
is two ranks in front of it: thus, the closing
winding of X3 is connected to the opening wind-
ing of X{ and so forth. FPurthermore, the clos-
ing winding of cach of the electromagnets is
connected to a terminal of an eleventh contact T
of the switch corresponding to the preceding
electromagnet, the other terminal of said con-
tact being connected to one of the wires Li, Lii,
Lw according to the rank of the electromagnet
considered: even-numbered rank to L, odd-
numbered rank to Lii, except that of rank 1,
whieh is connected to Lw in such a manner that
the current passing in said line produces the
opening of the last switch z4. The switch zd
comprises a twelfth contact o, onc terminal of
which is connected to the relcase wire Iz of the
multiplication device. The contacts { to 10 of
the odd-numbered bundles on the one hand and
the contacts | to 10 of the even-numbered bun-
dles on the other are connected to the ten con-
tacts of alternation switch iz and 2z, the first
eight wires of these bundles (distribution to the
multiplication device) directly and the last two
{(distribution to the totalisation device D==AB)
through the medium of the four contacts 24, 3i,
and 2ii and 3 of the general reversing switch
IG: which replaces the general reversing switch
I1G of Figure 6. In each alternation switch, the
ten contacts are connected by their second ter-
minal to the line Le (connected to Lii during
operation) or to the line Li according as to
whether they correspond to odd-numbered or
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even-numbered stages (alternation switches Iz
or 2x), the first eight directly by wires I1Lw and
2L4, the last two through the medium of lines
{Lz and 2Lx and contacts | and 2 of the summa-
tion relay Hi which replaces the summation relay
H of Figure 9. Each of the alternation switches
is controlled by an electromagnet, (X or 2X,
comprising a closing winding f and an opening
winding o. The closing winding f of (X and the
opening winding o of 2X are connected to the
opening line 2o of the second half of the transfer
device. The closing winding / of 2X and the
opening winding o of IX are conhected on the
onie hand to the opening line lo of the first half
of the transfer device and on the other hand to
the wire 0Lo (normally connected to negative},

Assoclated with the supervising relays (U and
207 are 1V and 2V, each having two windings, one
| being connected, for the relay 2V, by the wire i
to the llne Li and for the relay IV by the wire ii
to the line L« (normally connected connected
to Li)). The second winding 2 is a holding wind-
ing. Each relay comprises three contacts I, 2, 3,
the contact | closed at rest, connecting the re~
lease wire I1 of the addition device to one of the
opening lines lo or 20, according as to whether
it pertains to 2V or IV; the contact 2, open at
rest, establishes the connection of the holding
winding 2 of its own energised relay, IV or 2V,
with a wire IL» or 2Lv connected to positive by
the contact 3, at rest, of the other relay 2V or
IV: these two wires, ILv and 2L» are “fourth
circuit” lines connected to the contacts 8 and 4,
closed at rest, of the summation relay Hai.

The device just described serves for distribut-
ing the current for the calculation of totals
D=AB. Its operation is as follows. If has been
seen that during the operation of the transfer
device, any cperative stage, that is to say. the
duration of operation for the calculation of the
diglt of a given denomination of the result, is
decomposed Into two phases. In the first phase,
one of the supervising relays (1U for example,
odd-numbered stage), is energised and the cur-
rent is supplied to the addition device by the
contact 2 of the other relay (2U) which is at
rest. In the second phase, that is to say, after
the digit of the result has been obtained and
the transfer has been recorded in the half of
the transfer device corresponding to the second
relay, the latter is energised by the current which
passes through the contact # of the switch closed
for recording the transfer, and the release llne
Ui and the opening line (o or 20) of the first
half of the transfer device have current passing
through them. The opening of the switch which
was closed in this half of the transfer device
interrupts the energising of the first supervising
relay, the armature whereof drops (first phase of
the following stage), which, through the contact
i of said relay, sends current to the line Li
and through the contact 2 of said relay, to the
addition device for the calculation of the digit
of the partial result ¢f the next denomination
(even-numbered)}. Thus, in the first phase of
an coperative stage, only one of the supervising
relays is energised, while in the second phase
of the same stage, the supervising relays are
both energised simultaneously. The two auxil-
iary supervising relays IV and 2V operate on the
contrary slternately., When in an operative
stage one has heen energised by the current pass-
ing into its first winding through the contact
! of the supervising relay, the armature of which
has dropped, said auxiliary relay has attracted
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its armature; the latter is held by the holding
circuit comprising its own contact 2 and the
contact 3, at rest, of the other auxiliary relay.
until the first winding of the latter is energised
in the next operative stage. Thus, these auxil-
iary relays 1V and 2V are under the dependence
of the supervising relays (U and 2U, the relay
IV being energised when at the commencement
of an odd-numbered stage IU remains energised
and the current of the third circuit passes
through the first half of the transfer device, the
relay 2V when, in an even-numbered stage, the
current passes through the second hall of the
transfer device, That one of the auxiliary relays
which is energised during an operatlve stage re-
maing energised for the entire duration of said
stage, and in the second phase of this stage,
when the transfer is recorded and the second
supervising relays is energised, the line U1 being
then connected to its source of current hy the
contacts 3 of the two supervising relays, the
release current of this line passes through the
contact |, at rest, of the other auxillary relay,
to the opening line of the half of the transfer
device to which said first relay corresponds, that
is to say, to the line (o for an odd-numbered
stage and to the line 20 for an even-numbered
stage. While the two supervising relays are both
energised, the third circuit (addition) is broken.

The passage of the current to the line lo in
the second phase of an odd-numbered stage pro-
duces the opening of the alternation switch Iz
and the closing of the alternation switch 2z.
When the armature of the supervising relay (U
has dropped In the first phase of the nexi stage
{even-numbered) the line 2L{ is under current
likewise the line 2Lz connected to Li by the con-
tact 1, at rest, of the relay Hi. The current
therefore arrives in the course of the first phase
of said stage at the even-numbered bundles and
will pass to that one of these bundles whereof
the switch x(n) is closed. If the switch x2 is
closed (stage corresponding to the calculation of
the second digit of the result), the current pass-
ing through the contact r of said switch ener-
gised the cpening winding of the electromagnet
X1 and the closing winding of the electromagnet
X3. The switch 3 is closed for the next stage.
In this stage (first phase) the passage of the
current through the contact x of x3 will result
in the opening of x2 and the closing of x4, ete.
There is, therefore, always at least one switeh
closed, and that cne the reference of which cor-
responds to the actual operative stage recelves
in the first phase the current of the alternation
switch I1X or 2X, according to whether said stage
is odd-numbered or even-numbered. The pas-
sage of the current through this switch produces
the opening of the cne which precedes it and
the closing of the one which follows it. Conse-
quently, in the second phase, the switch which
follows it is closed and 1s ready for the next
stage.

The distribution action is briefiy as follows:

©Odd-numbered stage: “third circuit” compris-
ing a switch of the first half of the transfer de-
vice for the calculation of the result digit of
rank r+1 (odd-numbered) .

PFirst phase: Alternation switch Ir and stage
swltch £ (r41) closed; supervising relay 10U and
auxiliary relay IV energised; sending of current
through the second and third circults; opening
of £ = ¢losing of x (x4-2),
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Second phase: relays (U, IV, 2U energised;
opening of the transfer switch lr(n) gnd of the
alternation switch |z, closing of 2r; during this
phase the second and third circuits are broken.

Even-numbered stage (result digit of rank
+2)

First phase~—supervising relay 2U and auxil-
fary supervising relay 2V energised: current sent
through the second and third circuits; opening of
Z(r+41) closing of z(xr+42).

Second phase.—relays 2U, 2V, IU energised;
opening of the transfer switchh 2r(n) and of the
alternation switch 2z, closing of Iz interruption
of the second and third circuits.

In the case of the calculation of successive
totals ZAB, the current distrlbution is effected by
the chaln of relays shown on the right-hand of
Pigure 10, This chailn tomprises six relays, Zu,
Zd, Zc, Zm, Za, Z8 corresponding to the different
rows of recording relays and ensuring the dls-
trlbution In the same way as the banks e, €1, ez,
of the auxiliary step-by-step distributor of Figure
9, each of said relays comprising two windings I,
2 and five contacts I, 2, 3,4, 5. 'The first two con-
tacts are connected in the linking cireuits of the
relays. Of the last three contacts of each of these
relays (Zu, . . . Zg) the contact 3, open at rest,
serves to establish the connection of the line It
of the row of recording relays of the same ref-
erence (%, . . . @) of the totalisatlon device with
the line ILo or 2L» according to whether the re-
lay is of odd-numbered rank (u, c, o) or even-
numbered rank (d, m, 8) and the contacts 4 and
5, open at rest, serve to establish the connection
of the exploration lines L?c and Llc or L#m and
Lim, or . . ., of the two groups of relays of the
row of recording relays (¢, m, . . . d) with the
lines 3Lai and 4Lai or ILedi and 4Lgii, according
as to whether the relay of the chain is of even-
numbered or odd-numbered rank., The control
winding | of each relay is connected to the line iv
of the relay of preceding rank, its holding winding
2 is connected by the contact 2, open at rest, to
the contact I, closed at rest, of the second relay
situated after it and by this contact to the line
214 through the medium of the contact 13, closed
at rest, of the preparation relay K, except for the
relay Zc for which Lhe connection to the llne z2La
is direct.

The distribution is effected in the following
manher. At the commencement of the opera-
tion, the relay Zu ls, as will be seen, energised.
The auxiliary supervising relay tV being ener-
gised and the relay 2V at rest, the wire 1Lv being
therefore under current, the recordlng wire Ivu
receives current, the winding | of the relay Zd
is energised and the armature of this relay is at-
tracted and held by the holding winding 2 until
the relay Zm is energised. At the same time, due
to the fact that the wire lvu is under current, the
first digit of the total is recorded in the row u
of recording relays and the armatures of the re-
lays of the row d drop; the wires 3Lz2i and 41z
being under current (contacts 9 and (0 of the al-
ternalion switch Iz which is closed) the row ¢ of
recording relays is explored by wires Llc and Lfe.
At the next stage, the relay Zd heing closed and
the recording wire lpd under current, the relay
Zc is energised, which breaks the holding clrcuit
of the relay Zu, the mrmature of which drops,
while at the same time the second diglt of the
total is recorded in the row of recording relays d,
the row ¢ being liberated and the row m explored.
We thus have agaln, in the process of recording
and exploring, the successive intervention of the
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rows of recording relays according to a closed
cycle. In the presemt form of construction, how-
ever, the succession of ene row Lo the next does not
require the delay corresponding to the time re-
quired: for the advancement of the step-by-step
distributor. The relay in activity in fact prepares
the relay which follows in the chain and the de-
lay is reduced to that of the operation of the
supervising relays U,

In regard to the control of the calculating de-
vice, Figure 10 shows some of the conirol mem-
bers of first construction provided with the index
I in the case where they are modified. The
preparatlon relay K coemprises three contacts 11,
12, 13 in addition to the contacts | (o 10, not
shown, of Figures 8 and 9 (the contact 1, Figure
9, is however, omitted), The contacts 11 and 12
connect to positive, when the relay K is ener-
gised, the line 20 and the line Lz, which terminate
at the closing winding of the last stage switch
(x4} ; the contact 13 then connects the winding |
of the relay Zu to the line zLs; it has been scen
that at rest this contact conuects this line to the
contacts 1 of all the relays except the third, Zec,
which is alrcady connected. The gcneral revers-
ing switch IG: effects the same reversals of cir-
cult ag-the reversing swilch IG, but with doubling
of the contacis 2 and 3. The summation relay
H: which corresponds to the relay H, comprises
four contacts f, 2, 3, 4, closed at rest, in addition
to the contact A, the first two between the lines
Li, Lw and 2Lz, {Lz, the last two on the lines IL2,
and 2L#». The sorting relay PM hag likewise been
shown with its contact g of the holding cirvcuit
Ha, the release relay Q, the winding of which is on
the line I connecled to the release linc I3 and com-
prising the switch Id shown in the position for
which D varies at each operation.

When the preparation button Io (not shown in
Figure 10) is depressed, it has been seen that the
armature of the preparation relay K is attracted,
and that the confacts, 1 to 4 on the onhe hand
and 5 to 10 on the other effect the necessary
connections for the preparation of the transfer
device (closure of 1rQ, energising of 1U) and of
the totalisation device, Furthermore, the coh-
tacts LL and (2 put the lines 20 and Lxr under
current and the winding / of the alternation
clectro~-magnet iX and the electro-maghet X4
of the stage switch are energised; the alterna-
tion switch Iz and the stage switch z8 are closed,
while the switches of the second half of the
transfer device are opened and the armature of
the relay 2U In dropping puts by means of its
contact | the line Lif under current; it is known,
however, that the line Lii instead of being con-
nected to the line Iw, 15 connected to the wire
Lo (contact 1 of the relay K). It follows that
iLo is put under current which produces the open-
ing of the switches of the first half of the fransfer
device except 170, because the winding o of its
electromagnet 1s not connected to negative. For
the same reason and although the line {o con-
nected to 1Lo is now under current, the windings
/ of 2X and o of IX are not energised; the alter-
nation switch Iz alone remains closed. On the
contrary, the lines lo and 2o being both under
current the same is the case for the line h con-
nected to one of these lines by the contact ( of
the auxiliary supervising relay, the armature of
which has dropped, hbecause these relays, each of
which controls the holding circult of the other,
cannot remain energlsed at the same time. The
current passing through L releases the addition
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device, On the other hand, the stage switch 24
in closing has connected by its contact o the line
I3 to the line 20, which produces the release in
the “second circuit”, and by its contact x the
closing winding of X, to the line Li which is
under current, thereby closing the switch =zl,
For timing the analysing with the calculation &
synchronisation device may be provided on the
analysing device and be connected by a line Le
to one of the closing windings of the stage switch
x| or z2, according to the manner in which syn-
chronising 1s effected.

In the case In which the general reversing
switch IG; is In the A position shown (calcula-
tion of D-+4AB), the lines IIx and 2Is4 do not
receive current; all the relays Z are at rest and
their chain remains unused. In this case, when
the button Io Is released (starting), the armature
of the relay K drops and the lines 2o and Lz no
longer receive current, but the line Li{ under
current is now connected to Lw. It follows that
the auxiliary supervising relay IV is energlsed
and the lines ILw and ILx cause current to arrive
at the alternation switch Iz which is closed, and
to the stage switches of odd-numbered ranks.

‘When the general reversing switch IG: Is on
the contrary in the 2 position (calculation of
=AB) the line ILu corresponding to that of the
same reference in Figure 9 and the line 2Ia are
under current during the preparation, the arma-
ture of the relay K being attracted. The con-
tact 13 then connecting to the line 2L4 the wind-
ing 1 of the relay Zu, the latter Is energised and
attracts its armature which is held by the hold-
ing circult: +, ... zLa, contact | at rest of Ze,
contact 2 closed of Zu, winding 2 of Zu, —. When
the llnes 1Ly, 3Lai and 4La! recelve current, the
wires v, Llc, L% are then under current. As
before, the calculation commences when the ar-
mature of the relay K having dropped, the wires
I to 8 leaving the switch xl are themselves also
under current. Furthermore, the contact 13 of
the relay K, being now at rest, connects to their
current source the contacts [ of the circufts of
the holding windings of the relays of the chain.

The tables shown in Figures 11 and 12 indicate
the pertods of passage of the principal currents
of the calculating device in the four operative
stages, comprised by ah operation D+AB, in the
constructional example selected where the result
comprises four characteristic digits at the most.
Flgure 11 relates to the first method of distribu-
tion, Figure 12 to the modification. Each table
comprises on the right in addition to a column
relating to the analysing, four columns relating
to the operative stages 1 to 4. On the left are
indicated the references of the principal mem-
bers of the device, In the right-hand columns,
the passage of a current through the member
referred to In one of the lines of the lef{-hand
column is Indicated by different letters accord-
ing to the circuit, said letters being juxtaposed
onh a length of this line which corresponds to the
time of passage of such current, referred to the
duration of an operative stage shown by the
width of one of the columns 1 to 4. The letters
referring to the nature of the current are as
follows:

eeeeee.__| First cireuit enreent
xxixxx..| Beeond clrcult current
598585_...| Third circuit eurrent
rerrrr.... | Fourth alreult eurrent
000000 .| Releaas current

z22z2Zz...| Holding curreni
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For convenience, the following key is given re-
lating to the references of the first column:

Figure 11

Au(n)—Ad(m), Bufn)—Td(x} | Eloetro-maenats for recording the
factors A and B

Relay for recording the tarm D

Elvetro-magnets of the sign of tho +
ar — totalisation

--| Serting relay

| Sumtnation relay

.| Displacement relay

Electro-magnets of the addition and
totalisation switches

Relays of the result AB and of the
total res

Dulr)—Dm{n) . ...
PorM ...

1RMmY_ .. ... ... ___...__.__._| Electro-magnet of a switch of the
first half of the transfer device.

L Corresponding supervising relay

2RR) e Elcelro-magnet of & switch of the
second half of the transfer deviee.

2U. .| Corresponding supervising relay

oI -| Electro-magnet for advancing the
principal step-by-step distributor
Rclease relay.

Figure 12

An(n)—Ad(n), Bu(n)—Bd(n)_ .| Eleetro-magnets of the recording
switehes
Relay for recording tha tertn D
g‘elag for reloagn% trﬁ]e term D
iy ro-mmfne of the sign of the 4
or — totalisation
-| Sorting relay
~_-.| Summation relay
.| Displacemoent relay
Electro-magnets of the addition
and totalisation switches
Relay of the result AB and of the
total result
Eloctro-magnet of 8 switeh of the
first half of the transfer device
Corresponding supervising relay
Electro-magnet of a switch of tha
second half of tho transfer devico
« -| Corresponding sapervising relay
-..| Auxiliary supervising relay of 1U
.| Electro-magnet of the odd-num-
beted alternation switch
Auxiliary supervising relay of 2U
-| Electro-magnet of the even-num-
bered alternation switch.

P{r)and T(r). ... ___._._.
W{n)

Referring now to Figures 13 to 25, the machine
will be described which comprises the electrical
calculating device of Figures 4 to 9 and the ¢on-
trol members according to the modification shown
in Flgure 10. All elactrical members forming
part of the calculating device, with exception of
the introduction members and sources of current
are accommodated in a casing (Fig. 13) standing
upon g base 50 and having front, top and back
formed by metal sheets 5¢ joined at Lhe corner by
angles iron §2. A number of frames 53 run round
the interior of the casing and vertically from top
to bottom in the middle of the same, and serve to
support horizontal bars such as 94, 55 and 56 (Fig.
17} having serewed on them the various electri-
cal members of the calculating device. Aper-
tures 51 and 58 are provided at the bottom of the
side walls for the passage of the cable of currnont
supply and of the cable of the result bundles of
wires AB and .

In the lower part of the casing there are several
superposed rows of multiple switches 59, the nu-
merical references of which are given by Figure
14. Going from bottom upward, there is a first
row of muitiple switches comprising the two
groups of ten switches corresponding to the units
and tens denominations of the factor B, bu(n)
and bdi(n). The second and third rows comprise
the muliliple switches allocated to the digits of
the factor A and of the partial products, the sec-
ond row comprising the seven switches of the
units denomination of the factor A, au(n) and
the thirteen switches allocated to the digits of
the corresponding partlal products I—s(n),
(groups f—su(n) and [-—sd(n)) the third row
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comprising the seven switches of the tens de-
nomination of the factor A, ad(n) and the thir-
teen switches allocated to the digits of the corre-
sponding partial products 2—s(n) which, as al-
ready explained, form groups identical to those of
I—s{n). A further row comprises, on the left-
hand side as shown on Figures 13 and 14, the ten
multiple switches of the totalisation device, 1. e.
the switches + and —, and the two groups #'(n),
t3(n). On the same row, but on the right-hand
part, there are provided the two groups of three
transfer switches Ir and 2r and the four multi-
contact stage switches z! to i,

In the upper part of the casing there are ac-
commodated the various relays 60 of thc caleu-
lating device, the siX relays columns of the total-
isation deviee (Fig. 9) being grouped together
above the totalisation muiti-contact switches
ti(n), t3(n). Starting from the left-hand side of
the casing as shown on Figures 13 and 14, there
is first the column of relays Pu . . . Dg, then the
seven columns allocated to the digits of the two
groups into which each denomination digit of D
is decomposed. These relays form the six rows
Du(n) ... Dg(n) to which correspond the re-
lays of the chaln of relays Zu . . . Zg for the
current distribution to the totalisation device
forming the ninth column Z. A further column
comprises sorting relay PM, displacement relays
0Y and 1Y, relay T« and relay Tp. The other
relays T form a row of ten relays 10 . . . T3 at
the uppermost part of the casing. On the same
row, but on the left-hand side of the casing, there
are the ten relays P(n). Another row, below
sald relays P(n) comprises the supervising re-
lays 1U, 20, 1V, 2V, preparation relay K, divided
into two relays Ki and Kz mounted in parallel,
and having a common delayed release relay J,
summation relay H: and release relay Q. Below
sald row of relays there are further multiple
switches comprising the preparation switch v and
the two alternation switches Iz, 2z and a board
61 (Flg. 13) bearing control members 62 and 63.
These members comprise (Fig. 14) the general
reversing switch IGi, the release switches Ib and
Id, the sign switch I, the preparation button Io
and a further switch I for the general control of
current supply for the various circuits of the de-
vice,

The varlous electrical membhers included in the
machine will now be described and an explana-
tion given of the manner in which the connec-
tlon between the similar members are made. In
fact, all the multi-contact switches are of the same
construction and &ll the relays are of the same
type, comprising a number of contacts appro-
priate to their function.

The construction of a multi-contact switch 5%
will Airst be described, with reference to Figure 17.
It comprises a ring of fixed contact 64, 65 mount-
ed Insulated In a frame 66. The contacts 64 are
wider then the contacts 65 and are arranged al-
ternately therewith. Each contact 64, 66 is pro-
vided with a tab 6T for making soldered connec-
tion to the wirlng. A ring of splitted moving
contacts 68 are embedded in a disc 6% of Insulat-
ing material mounted on a spindle T8 supported
in bearings in the frame 66. The disc 69 carry-
Ing the movable contacts is driven in reciproca-
tory rotation about its spindle T0 by one end of a
lever 11 pivoted to the frame 66 at T2 and form-
ing at its other end a movable armature 13 placed
between the poles T4, 15 of two electro-magnets
18, T1. When the magnet 16 is energised, the
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means of a pin T8 on its right-hand end on Figure
17 moves the insulating disc 69 in an anti-clock-
wise direction, so that one part of the slit of the
movable contacts T8 moves off a wide fixed con-
tact 64 onto the adjacent narrow fixed contact 5.
Each wide contact 64 is thus electrically connect-
ed to the adjacent narrow contact 65. The ex-
citation of the other electro-magnet TT converse-
1y returns all the moving contacts to the pasition
shown on Figure 17. These electro-magnet op-
erated units are mounled in the casing with an
arrangement as have bcen described with refer-
ence to Figure 13, each been screwed on and be-
tween two horizontal bars such as 54 and 55,
with their electro-magnets in front as shown on
Flgure 13. PFrom the tabs 6T a number of wires
forming a bundle T3 lead to a connection frame
fixed on the rear part of the casing and by means
of which the wiring between the switches of a
row of switches is effected.

This frame comprises a serles of similar bars of
insulating material 80 (Figs. 17 to 20) with metal
blades 81 embedded therein. Each blade 81 is
internally to the har shaped so as to form notches
82 for locking them in thc insulating material
and splitted externally at B3 at both external
ends, On each bar, the.blades form two rows in
staggered arrangement. To each multi-contact
switch corresponds & bar 80, all the bars of the
same row being aligned between two bars 56 and
screwed on these bars. The blades 81 of the var-
ious bars are thus aligned in the transverse direc-
tion of the bars, as shown on Figure 18, so that
they may be connected by wires 84 engaged Into
the slits 83 and soldered on the blades. Thus the
wires may be easily disconnected, for instance
when there is necessary to take a switch out of
the casing, what can be effected after the screws
have been removed by pulling from the front

part of the casing the assemblage formed by the

switch 58 and its bar 80.

The portions of connection frames shown on
Figure 18 correspond to the four first multi-con-
tact swilches of the two rows of switches relat-
ing to the addition of partial products when
starting from the right-hand wall of the casing
as shown on Figure 13. On this figure, the wir-
ing bears the same numerical reference as used in
the diagram (Figs. 7 and 8). For Instance the low-
er frame comprises the assemblage /1 of bundles
8, 7 connecting the swltches of the first group 0, 1
of the units and the assemblage f3 of bundles 3, ¢
connecting this group of switches to the five
gwitches of the group 0, 2, 4, 6, 8 of the units
and the assemblage f: of bundle 5, n connecting
this group of swliches to the first group of
switches allocated to the tens. The coils of the
electro-magnets of each multi-contact switch are
the closing winding f and the opening winding o
to which reference has been made in connection
with the electrical diagrams. The blades of the
lowermost row of blades ag shown on Plgure ls
which correspond to the positive terminal of the
closing windings are each connected to the respec-
tive wire of the bundle plz and p?x. The blades
of the second row, which correspond to the posi-
tive terminal of the opening windings are con-
nected to the release current input Ir. The blades
of each of the last two rows at the top of the
frame which correspond to the negative terminal
of the windings are soldered to wires denoted by
the slgn —, connecting them to negative.

The type of relays used in the machine will now
be described, for example, with reference to Fig-
ure 21. Such a relay comprises a frame 85 bolted
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on the corresponding horizontal bar 54, Each
relay has a number of blades 86 in superposed ar-
rangement supported by the frame 85 by means
of Insulating blocks. According to the number of
connection to be made by the relay, there are
one, two or three groups of blades 88 which are
operated by a common oscillating armature 88
actuated by the coil 88 of the relay. The two re-
lays shown on Figure 21 correspond to the relay
T8 and Dul. The relay Dul has only the two
contacts o and ©. The relay T8 has three groups
of contacts disposed along the width of 1ts mov-
able armature. The middle group comprises the
contact B closed at rest of the chain of contacts ir
and the contact of the same rank opened at rest
of the line of contacts t and the groups on hoth
side have each only the contact of the same rank
opened at rest of the lines of contacts It and 21.

For the wiring between the relays there is pro-
vided & cohnhectlon frame similar to that used
for the wirlng between the multi-contact switches,
and comprising a bar 80 for each column of re-
1ays. Figure 22 shows the portion of this frame
corresponding to the relays T9 to T5 and to the
six rows (u, d,...p) of relays Du ..,  Dg and
Dui{s) ... Dg{n) (n=1,0, 89, and 6-7). The
numerical references which # represents are
recalled on the bar 80. All the bars 80 are
screwed In transverse alignment on two hori-
zontal bars 90, 56 fixed on the frame irons 53 of
the casing., Some of the blades 81 are left stay-
ing on the bars and receive connecting wires 84
in the transverse direction of the bars, other have
been bent sidewise as shown at 90 on Figures 19
and 20 to have soldered on them connecting wires
92 paralle! to the length of the bars and In &
plane different from that of the transverse wir-
ing. The numerical references for the wires are
the same as used on the dlagram of the totalisa-
tion device showh on Figure 9. Further refer-
ences have been devised for wires which are not
denoted on this diagram. The blades of the up-
permost row have soldered on them the wires
¢9, 08 . . . (not shown) of the result bundle =
and are connected to a terminal of contact ¢ of
the corresponding relays the other terminal of
which is connected by means of the blades of
the second row to wire 3L4, Then, there are
two rows of blades for the connhections of the
chain of contacts tr (wires ire, trb) the connec-
tion to the chain of contacts pp and pm (Flg. 9)
being made directly by wires forming a bundle
not shown. Two further rows of blades con-
nected to one terminal of the contacts (£, 2¢ are
affected to the connection of these contacts in the
lines of contact they form the numerical refer-
ences Indicating the wires of the bundle etlet? to
which these cross connections are connected in
turn, a further row corresponding to the other
termineal of said contacts and belng connected to
negative by the wire denoted by the slgn —. The
bhlades of the next row, which are connected to
a terminel of the coll of the corresponding re-
lays, receive the corresponding wires of the bun-
dle ft (not shown) from the row of the totallsa-
tion switches, while the other terminal is con-
nected to the wire —. Other transverse connec-
tlons are made corresponding to a wire lo, a
wire Iy and & wire Is for each row of relays
Duin} ... Dp(n) and for cross connection be-
tween one terminal of the contact v of these re-
lays, the corresponding wires belng denoted by
the numerical reference of the lines L'u ... and
11g and Iz . . . 1?8 recelving current from the
corresponding contacts of the distribution relays
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Z. The blades 80 on one side of each har 80
corresponding to a column of relays D(n) which
are connhected to the other terminal of the con-
tact v of these relays receive the wire le(n) con-
nected to the closing winding of the correspond-
ing totalisation switch. The blades 80 on the
other side of each bar 80 receive a wire ef(n)
of the bundles ef! and ei? for the energisation
of the relays Din) for recording of the char-
acteristic digits of a previously calculated prod-
uct, a further blade ed(n) of the type 81 being
connected for each relays to a wire for record-
ing of the characteristic digits of the known term
D when the calculation proceeds with such a
known term. The blades 90 of one side of the
bar corresponding to the column of relays
Du . .. Da receive the wire denoted as Lo and,
on the other side, the wire denoted as Lv estab-
lishes the connection betwech one terminal of the
windings of the relays Dm, Da, D3 and the other
terminal is connected to the wire Lo of the same
row. For the relays Du, Dc, Dm, the first ter-
mina) of the windings are connected to the pre-
viously mentioned wire—the end of which is
soldered on the corresponding blades 90.

Regarding the control members of the device,
it has been seen with reference to the diagram
shown on Figures 4 to 9 and the modification
of Figure 10, that there are four control switches
and a control button. As already mentioned, the
switches are fixed on the board 61 and a further
control switch I is provided for the interruption
of the feeding currents of the device. All the
control switches are denoted by the same refer-
ence number 62 whilc the preparation button is
denoted by 63 on the board shown on Figure 13.
As shown on Figure 23, the board 61 s fixed
against the rear face of the front plate 51 and
on two horizontal bars 54, 86 in front of the
frame §3 by screws 93 passing through spacing
sleeves 98, The switches 62 are accommodated
in the space thus formed. A!l these switches are
of the same construction each comprising, in ac-
cordance with the circults it has to control, a
number of fixed contacts 85 embedded in insula-
tion disc in superposed arrangement. A central
spindle having an external handle 91 bears In-
sulatcd movable contacts 98 circularly disposed
on the shaft and which close or open the corre-
sponding circults, according to the position of the
handle. The return spring preparation button
63 may close two contacts 188 and (84 for the
control of the relay K and J.

The connections hetween the various electrical
members of the machine other than the wirings
described with reference to the connection
frames are to be seen on the diagram of Flgures
4 to 10.

The two bundles of ten wires, AB and Z issu-
ing from the relay P(n) and T(n) form the cable
leaving the machine by the aperture 58 and serve
to control electrical punching machines of the
type shown in Unlted States Patent No, 1,772,188.
Such a machine comprises a carriege feeding the
card step by step through a punching mechanism
operated by a number of electro-magnets allo-
cated to the figures 0 to 9 and which will be
connected to the ten wires ¢ to 9 of one of these
result bundles.

The calculating device receives current from
the various source of currents and from the in-
troduction members for the digits of the factors
and term, through a bundle of wires forming a
cable passing through the aperture 57 of the cas-
1ng. 4
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An electrical sensing machine will now be de-

scribed which allows it to introduce in the cal-
culating device the sald digits recorded on per-
forated cards. Such a device is shown on Figure
24, A frame 182 houses in its lower part an
hor{zontal main shaft 103 carried by bearings in
the frame. On this shaft is keyed a gear 104
in mesh with a gear 105 mounted idle on g shaft
106 and forming part of an electromagnetically
operated clutch of known construction compris-
ing a plate t0T keyed on the shaft 106; this lat-
ter bears a pulley 108 driven through a belt 108
by an electrical motor {10. The clutch is brought
into gear by the energisation of a magnet re-
celving current from the wire Le connected to
the closing winding of the stage switch zl of
Figure 10. Declutching is effected by a contact
111 connected to the release magnet of the clutch
and operated by a boss 112 of a clrcular cam {13
keyved on shaft {08. This cam has & slotted face
for actuation of the feeding mechanism and the
sensing device which will now be described. In
the slot 114 runs a roller 115 pivoted at the end
of an horizontal rod 118 adjustably mounted on
a rod 11T, their assembly being reciprocably
guided by bearing (I8 and (9. A boss 120 on
rod {17 is lodeged In a slot 121 of a lever 122 piv-
oted at 123 and comprising an adjustable rod 124
connected by a crank 125 to a card pusher 126
sliding in the frame and acting on the lowermecst
perforated card 127 contained in a magazine (28.
These cards are made of insulation material.
When picked out from the magazine 126 by the
pusher 126, the card will be driven by feeding
rollers 129 in continuous rotation and thrown on
the table 130 of the sensing device agalnst & stop
131 fixed on the side of a vertically reciprocable
pins box 132. The table {30 is insulated from
the frame and conhected to the closing winding
of the electro-magnet of the stage swiich z2
shown on Figure 10. The pins box 132 is fixed
through insulation to a vertically reciprocable
yvoke 134 on which is pivoted a roller 135 run-
ning in the slot 1184 of the cam 113. The sensing
pins 136 are suided in the box and returned to
thelr upper position by spring 137. There are
elght rows of ten pins allocated to the digits 0 to
9 of the various denominations of factors A and
B and of term D, They receive current from the
table 130. Above this table, a plate of insulation
material 138 fixed to the frame comprises con-
tacts 139 embedded therein. These contacts are
shown at an enlarged scale on Figure 25. There
are two types of contacts according to the rows
of the sensing pins to which they correspond.
Some of them 140 for the introduction of factor
B are single contacts and the other 141 for the
Introduction of factor A and term D are double
and separately connected to corresponding wind-
ings of the electro-magnets or relays of the two
groups In which the digits of these factor or
term are decomposed. To these contacts are sol-
dered wires forming a bundle which join the lines
from the sources of current to form the cable
entering the calculating device at §1. When the
stop 131 is in its lower position, the card is thrown
out of the sensing device by a known roller (not
shown) continuously driven and resiliently con-
tacting said card. This latter is driven by rollers
142 in continuous rotation and thrown into the
receptacle 143. A control switch 144 is provided
on frame 102 to control the motor.

The operatlon of the sensing machine in con-
nection with the calculation i1s as follows., A
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of the factors and term are placed in the maga-
zine 128, The motor 110 is started and drives
shaft 188 in contlnuous rotation. The clutch
being out of gear, shaft 103 and cam [{3 remain
at rest. The handles of the switches 62 corre-
sponding to numerical references IG:, Ib, Id, It
are driven into the desired position. Then the
control switch I is closed, supplying current to
the calculating device, which operates as has been
explained with reference to the modification
shown on Pigure 10. Depression of control but-
ton Io energised relay K which effects the neces-
sary connection for the preparation of the trans-
fer device and the totalisation device, It has
been seen that the closing winding of the stage
switch zi is then energised by the current re-
ceived from contact = of z4 (Fig. 10). This cur-
reat also energises the closing electro-magnet of
the clutch of the sensing apparatus and the clutch
is broueght into gear. Then shaft 103 is driven
and slot cam 113 rotates pulling the sensing bhox
downward and the actuating rod 116-—117 in the
direction of the left-hand side of Figure 24. Dur-
ing the downward stroke of pins box 132, stop
131 is depressed and the card which was kept in
the sensing device thrown out into the receptacle
143, After half a revolution of the cam, the card
pusher 126 begins its feeding stroke pushing a
card into engagement with rollers 129 which
throw it into the sensing device where it is
stopped by stop 131 which begins its upward
movement together with the pins box. The pins
which fall into perforation are brought into con-
nection with the fixed contacts 139, and pins box
remains at its uppermost position while contact
111 has been closed by boss 112 of the cam (3
thus energising the releasing magnet of the
clutech, No current more passes through the pins
until the first calculation stage is reached when
the closing winding of the stage switch z2 re-
ceives current together with the table 30 which
is conhected to this winding. The digits recorded
by the perforated card are thus introduced in
the calculation devlce and the calculation starts.

The current is cut off at the end of the first
phase of the first stage, but the card remains in
the sensing device and the pins in their sensing
position until the calculation s completed when
the closing winding of tlhie last stage switch x4
again receives current and the closing magnet of
the clutch is again energised. Then the card is
thrown out of the sensing device and replaced
by the next card and a new calculation starts
without interruption,

In the course of each calculation the result
digits are successively recorded by perforations
on 3 card fed through the punching machine.

It should be recalled that the constructional ex-
ample described and shown has been provided for
the calculation of operations comprising at the
most four denominations of the result, If one of
the factors A or B had a number of digits greater
than two, it would be necessary to provide on the
one hand devices for introducing and recording
the digits of these factors corresponding in num-
ber to the denominations of said factors and ad-
dition switch groups in a number corresponding
to the total number of digits of the two factors,
and on the other hand in the distribution devices,
contacts for each bank of the principal step-by-
step distributor, or stage switches in a number
equal to said total. Likewise, there would be
necessary, in a number equal to this total in-
creased by two, rows of recording relays and of
contacts per bank of the auxiliary step-by-step
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distributor or relays of the chain of relays. Flnal-
1y, the transfer device would have to comprise a
number of switches equal to the digit of the
largest transfer which may intervene in the cal-
culatlon. Furthermore, it is evident that the cal-
culatlng device according to the invention is ca-
pable of effecting operations on decimal numbers,
although in the preceding description the last
digit on the right has been termed the units
digit. In order to effeet an operailon compris-
ing numbers with more or less decimals, each
number will be glven as many declmals as the
number which has the most by adding zeros. The
last digit on the right will be taken ag the units
digit and the decimal point will be replaced In
the result of the operation.

As has been seen, the device described makes
it possible to effect not only operations AB,
D=+AB, ®AB, but also to effect operations by
keeping B constant and for the totalisetions by
keeping D or B, or D and B constant and to total-
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ise the products, irrespective of their gign or only
those which have one of the slgns plus or minus,
Finally, the totalisation device shown in Figure 8
in itself constitutcs, Independently of the other
partial devices, a device which may be used for
carrying out additlons and subtractions.

In addition, the invention is by no means lim-
ited to the particularly described constructlon of
the clrcuits necessary for the operations. In par-
ticular, relays may be employed In place of the
various multi-contact switches having two control
windings, an opening and a closing winding, ap-
pearing in the diagrams and vice-versa. The cir-
cuits may likewise be adapted to other groupings
of the digits of the Pythagorean tables, comprise
the use of other systems of notation and undergo
maodifications of arrangement or control, while
remaining within the scope of the appended
claims.

FRITZ MEZGER.



